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Instructions 

Medical Cannabis Registry 
 

PETITION TO ADD A DEBILITATING MEDICAL CONDITION IN 2020 

1.   ALL items on the form MUST be completed. 
2. Petitions and any supporting documents may be submitted as follows: 

 

a.  Email to: medicalmarijuana@doh.hawaii.gov before the close of business (4:30PM) on Thursday, April 30, 2020. Please use 
the subject line: Petition to Add New Condition.Note that the DOH will not make public any information that is protected 
pursuant to Chapter 92F,HRS,the Uniform Information Practices Act.  

b.  Postal mail to: 4348 Waialae Avenue, #648, Honolulu, Hawaii 96816.Mailed petitions must be received by Thursday, April 
30, 2020. 

c.  Hand delivered to: Kinau Hale at 1250 Punchbowl Street, Honolulu, Hawaii 96813 before the close of business (4:30PM) on 
Thursday, April 30, 2020. Hand delivered petitions must be left with the security guard and addressed to the MedicaI 
Cannabis Registry Program ATTN: Petition to Add New Condition. 

 
3.  For best results, complete and thorough petitions that include substantiated and reputable research have the best chance of 

succeeding. DOH recommends that you do the following for items #2- #8 on the petition form: 
 

a.  Please cite research, published evidence, or findings using the standard American Medical Association (AMA) format for 
each piece of research, published evidence, or findings that you reference in your submittal or at a minimum the following: 

 

Author's Name;Title of Article;Name of Publication;Date of Publication;Volume/Section/Chapter/Page/Line as 
applicable;and URL (if applicable). 

 
b.  Please attach a PDF copy of the cited material to your submittal. These documents will NOT be returned. 

 
c.  Please be sure to indicate the specific section, page(s), lines, etc., of the attachment that you want reviewed/considered 

as evidence. 
 

4.   To view a list of current conditions click here: Current Debilitating Medical Conditions 
 
Petitioner 

 
Name        

 
I am a  Physician/APRN 

 

  Potentially qualifying patient (a person who has been diagnosed with the medical condition for 
which the petition is being made) 

 

Street Address       
 

City        
 

State                  
 

Email        
 

I prefer the following and give my consent for all notifications about my petition to be by: 
 

 Mailing address 
 

 Email address 
 

 Both mailing and email addresses 
 

If I have indicated communication via email,and  if for any reason email communication is not successful (i.e. email provided bounces or 
is kicked back to DOH),than I further understand that communication will be by regular U.S.postal service to the mailing address that I 
have provided.I also take full responsibility for any inaccurate email or U.S.postal mail address provided. 



 

 

Petitioner Content 

 

(1) State the specific medical condition or its treatment for which the petition is being made. 

 Insomnia    

 

(2) State the reason(s) why the medical condition or its treatment should be added to the list of qualifying debilitating medical 
conditions for which medical cannabis may be used. For best results, please cite research, published evidence, or scientific 
findings AND attach a PDF copy to your submittal. Indicate specific lines, page, section. Please use standard AMA format as outlined 
in the instructions. 

Insomnia is a widespread, serious and debilitating condition, to which the current traditional treatments are dangerous (alcohol,  
ambien) or have a low success rate (relaxation, exercise, glass of milk). Patients with other qualifying conditions report that 
cannabis helps with insomnia. As cannabis is non toxic and highly effective for insomnia, insomnia should be added to the list of 
qualifying conditions for those people who do not currently have a qualifying condition. 

(REF #65) https://www.ncbi.nlm.nih.gov/books/NBK19961/ 

Institute of Medicine (US) Committee on Sleep Medicine and Research; Colten HR, Altevogt BM, editors.  

Washington (DC): National Academies Press (US); 2006. 

It is estimated that 50 to 70 million Americans chronically suffer from a disorder of sleep and wakefulness, hindering daily 
functioning and adversely affecting health and longevity. There are around 90 distinct sleep disorders; most are marked by 
one of these symptoms: excessive daytime sleepiness, difficulty initiating or maintaining sleep, and abnormal events 
occurring during sleep. The cumulative long-term effects of sleep loss and sleep disorders have been associated with a 
wide range of deleterious health consequences including an increased risk of hypertension, diabetes, obesity, depression, 
heart attack, and stroke. After decades of research, the case can be confidently made that sleep loss and sleep disorders 
have profound and widespread effects on human health. 

(REF #99) The National Academy of Sciences Institute of Medicine, in its 1999 report on marijuana, found that many serious and 
debilitating conditions had the symptom of insomnia and that medical marijuana was able to safely treat insomnia by inducing 
sleep. 

Page 83 of the pdf: 

The most commonly reported effects of smoked marijuana are a sense of well-being or euphoria and increased talkativeness and 
laughter alter- nating with periods of introspective dreaminess followed by lethargy and sleepiness (see reviews by Adams and Martin, 
1996,1 Hall and Solowij,59 and Hall et al. 60).  

Page 164: 

Victims of spinal cord injury reporting at IOM workshops noted that smoking marijuana reduces their muscle spasms, 
their nausea, and the frequency of their sleepless nights. 

 

(REF #40) The National Academies of Sciences, Engineering, and Medicine reviewed all marijuana research conducted and 
published from 1999-2016 and published a comprehensive report on cannabis and health. 



 

 

National Academies of Sciences, Engineering, and Medicine 2017. The Health Effects of Cannabis and Cannabinoids: The Current 
State of Evidence and Recommendations for Research. Washington, DC: The National Academies Press. 
https://doi.org/10.17226/24625  

https://www.nap.edu/catalog/24625/the-health-effects-of-cannabis-and-cannabinoids-the-current-state  

Page 13: 

There is moderate evidence that cannabis or cannabinoids are effective for:  

Improving short-term sleep outcomes in individuals with sleep disturbance associated with obstructive sleep apnea 
syndrome , fibromyalgia, chronic pain, and multiple sclero- sis (cannabinoids, primarily nabiximols) (4-19)  

  

A safety profile of Medical Marijuana can be found in the first year report of the Minnesota medical marijuana program. The 
Minnesota Department of Health surveyed 1500+ medical marijuana patients enrolled in the program. 

(REF #11) https://www.health.state.mn.us/people/cannabis/about/firstyearreport.html  

Adverse Side Effects: At this point, the safety profile of the medical cannabis products available through the Minnesota 
program seems quite favorable. Approximately 20-25% of enrolled patients report negative physical or mental side effects 
of some kind, with the majority – around 60% - reporting only one and 90% reporting three or fewer. The vast majority of 
adverse side effects, around 90%, are mild to moderate in severity. An assessment of the 30 patients reporting severe side 
effects, meaning “interrupts usual daily activities,” found no apparent pattern of patient age, medical condition, or type of 
medical cannabis used. The most common adverse side effects are dry mouth, drowsiness, and fatigue. Fortunately, up to 
the present no serious adverse events (life threatening or requiring hospitalization) have been reported. 

 

Medical Marijuana's mild to moderate side effects of dry mouth, drowsiness and fatigue are easily tolerated by the vast majority of 
patients. Fatigue means being tired, and is the desired effect for people who suffer from insomnia and wish to feel tired so they 
can sleep. 

 

(REF #77) https://www.mass.gov/files/documents/2019/07/09/MBHS-full-report-final.pdf 

https://www.mass.gov/report/massachusetts-department-of-public-health-marijuana-research  

The Marijuana Baseline Health Study (MBHS)  

A legislative mandate required the Massachusetts Department of Public Health (DPH) to conduct a baseline study to 
investigate marijuana use in Massachusetts. The report published confirms the consensus that marijuana use improves 
sleep and treats insomnia for a large percentage of people.  

Page 148: 

Results from this survey suggest that respondents appear to be treating a wide range of medical conditions, and often 
more than one at a time. The top 5 medical conditions being treated were anxiety (60% or all respondents), chronic pain 
(46%), insomnia (43%), depression (42%), and stress (41%), and the average number of conditions being treated by 
medical marijuana is 4.7.  

 



 

The CDC says “Insufficient Sleep Is a Public Health Problem”. https://www.cdc.gov/features/dssleep/index.html  

 

The National Department of Transportation estimates drowsy driving to be responsible for 1,550 fatalities and 40,000 nonfatal 
injuries annually in the United States.  

https://one.nhtsa.gov/people/injury/drowsy_driving1/Drowsy.html  

A lack of sleep among the U.S. workforce is costing approximately $411 billion and losing 1.2 million working days per year, 
a new study has found.  

http://fortune.com/2016/11/30/sleep-productivity-rand-corp-411-billion/  

The most widely prescribed medication for insomnia is Ambien, which can cause its users to sleep walk, sleep drive, sleep eat and 
other actions while unconscious.  

http://www.huffingtonpost.com/2014/01/15/ambien-side-effect-sleepwalking-sleep-aid_n_45897 43.html  

Ambien, a drug that can make people sleepwalk and get into cars and drive - causing numerous accidents and deaths, is Schedule 
4. Marijuana is Schedule 1. Ambien was first discovered in the early 1980s and used for insomnia in France in 1988, USA in 1992.  

http://www.emedexpert.com/facts/zolpidem-facts.shtml  

The choice for relief of insomnia is between an FDA approved "BLACK BOX" drug that is 30 years old and still has unknown side 
effects, or medical marijuana which has been used safely and effectively by humans for thousands of years by every country 
inhabited by humans on the entire planet.  

Comparing medical marijuana to other insomnia medications shows that medical marijuana has less side effects, no toxicity and is 
safer.  

 

Benadryl is another FDA approved treatment commonly used to treat Insomnia:  

Overall driving performance was the poorest after taking diphenhydramine, and participants were most drowsy after 
taking diphenhydramine (before and after testing). The authors concluded that diphenhydramine clearly impairs driving 
performance, and may have an even greater impact than does alcohol on the complex task of operating a motor vehicle.  

https://one.nhtsa.gov/people/injury/research/job185drugs/diphenhydramine.htm 

While the study of marijuana and driving is clear: http://blog.caranddriver.com/marijuana-doesnt-pose-significant-risk-in-car-
crashes-nhtsa-says/  

https://one.nhtsa.gov/people/injury/research/job185drugs/cannabis.htm  

Which reports on a study by NHTSA: 

When factoring age, sex, and race, there was no “significant increased risk of crash involvement” due to marijuana use.  

http://www.nhtsa.gov/staticfiles/nti/pdf/812117-Drug_and_Alcohol_Crash_Risk.pdf  

A general consensus has developed from population-based studies that approximately 30% of a variety of adult samples 
drawn from different countries report one or more of the symptoms of insomnia.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1978319/  



 

 

 

(REF #8) In 1889, Dr Ed Birch published case reports of patients and documented that cannabis was a “well known remedy for 
insomnia” in the Lancet journal.  

I prescribed the cannabis simply with a view to utilising a well-known remedy for insomnia, but it did much more than 
procure sleep.  

As evidenced by the included medical marijuana patient surveys in other states and countries, adults are using medical marijuana 
to treat this disease. Patients will continue to use medical marijuana to treat symptoms whether or not you approve this condition. 
Approving this condition to the list of Qualifying Conditions in the Hawaii Medical Cannabis Program has the only effect of 
protecting sick people from arrest or penalty. These patients are currently breaking the law by using a safe and non-toxic plant that 
they can grow themselves. The alternative are prescriptions that cost thousands of dollars per month, that the FDA approves even 
if it is toxic and poisons and kills many Americans each year.  

 

 

(3) Describe the extent to which the medical condition is generally accepted by the medical community as a valid, 
existing medical condition. For best results, please cite research, published evidence, or scientific findings AND attach a 
PDF copy to your submittal. Indicate specific Iines, page, section. Please use standard AMA format as outlined in the 
instructions. 

Insomnia is a common and serious debilitating medical condition, accepted by the medical community, affecting millions in the US 
each year. Veterans suffer from debilitating insomnia in percentages more than the general population. 

(REF #68) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5930488/ 

Insomnia in Military Veterans 
Chronic Insomnia Disorder is a common behavioral sleep disorder clinically defined as dissatisfaction with sleep quantity or quality 
marked by complaints of difficulty falling or staying asleep, waking up earlier than desired, or sleep that is non-restorative and the 
cause of significant daytime impairment. Such problems are not related to other medical or sleep disorders, exist despite adequate 
opportunity and environment for sleep, and are endorsed three or more nights per week for three months or longer (American 
Psychiatric Association, 2013). Insomnia and/or insomnia-like symptoms are present in 27–54% of military personnel and veterans 
(Hoge, W. et al., 2008; Mysliwiec, McGraw, Smith, Trapp, & Roth, 2013), rates that are two to three times higher than in the 
general U.S. adult population (Ford, Cunningham, Giles, & Croft, 2015; Roth, 2007). The rate of incident insomnia cases in military 
personnel saw a 19-fold increase from 2000 to 2009 (Mysliwiec et al., 2013). The prevalence of insomnia among Veterans Health 
Administration (VHA) users is expected to continue to rise as many troops who served after September 11, 2001 continue to retire 
from military service and begin accessing VHA healthcare in the coming years (Campbell, Shattuck, Germain, & Mysliwiec, 2015). 

Consequences of Insomnia 
Persistent insomnia can lead to poor health outcomes and chronic conditions (Fernandez-Mendoza & Vgontzas, 2013; Taylor et al., 
2007), exacerbate symptoms of traumatic brain injury (Macera, Aralis, Rauch, & MacGregor, 2013), reduce overall quality-of-life 
(Katz & McHorney, 2002), and increase risk for morbidity and premature mortality (Dew et al., 2003; Kripke, Garfinkel, Wingard, 
Klauber, & Marler, 2002). Chronic sleep problems can also negatively impact day-to-day outcomes including task performance 
(Pilcher & Huffcutt, 1996), stress coping (Hamilton, Delwyn, & Karlson, 2007), and management of chronic health conditions (Ahn, 
Jiang, Smith, & Ory, 2014). 



 

Function, Performance and Health Management  

Chronic insomnia impairs function and performance across cognitive, emotional, social, and physical domains (Killgore, Balkin, & 
Westensten, 2006; Killgore et al., 2008; Pilcher & Huffcutt, 1996). Adequate functioning in these areas enables veterans to adapt 
to and cope with daily hassles and reintegration stressors noted earlier. However, impairments in one or more domains can reduce 
ability to cope with acute and ongoing stressors. As a result, functional performance and independence decline, thereby 
decreasing the likelihood of successful reintegration into civilian life (Institute of Medicine, 2013; Pilcher & Huffcutt, 1996). 

Many of these aforementioned impairments can also reduce a veteran’s capacity to cope with health-related stressors, a concept 
of particular interest to clinicians and health services researchers within the VHA. Medically complex patients, defined as 
individuals with two or more chronic conditions, who are challenged by managing such conditions (Shippee, Shah, May, Mair, & 
Montori, 2012), represent a growing subgroup of veterans utilizing VHA healthcare (Yoon, Schott, Phibbs, & Wagner, 2011; Yu et 
al., 2003). Medical complexity is often marked by a cycle of ongoing acute and chronic health-related stressors. Patients cycle 
through these stressors and strive to achieve and maintain a balance between workload demands (i.e. management of chronic 
diseases) and physical and psychological resources (Zullig et al., 2016). Successful balance and management of stressors is 
bolstered by high physical and psychological reserve and capacity (Zullig et al., 2016). These new models of complexity support the 
idea that capacity is malleable and can be impacted by resources, behaviors, and events on individual and community levels. 
Although sleep problems, including insomnia, are gaining more attention within the VHA, sleep patterns and behaviors are not 
explicitly addressed in these models. 

Mental Health  

Insomnia symptoms are common among veterans with mental health disorders. In one study, more than three-quarters reported 
difficulty falling or staying asleep and just over one-half reported being at least moderately distressed about sleep that was restless 
or disturbed (Ulmer et al., 2015). Although this research sample was designed to over-recruit veterans with mental health 
symptoms, this same study drew attention to the notably high prevalence of sleep difficulties in veterans without a mental health 
diagnosis, including approximately seventy percent who met clinical criteria for poor sleep quality, defined as a score of five or 
greater on the Pittsburgh Sleep Quality Index (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989). 

The high rate of sleep problems among veterans without mental health diagnoses is alarming given that research with veteran and 
non-veteran populations has found that chronic sleep problems predict incident mental health diagnoses (Baglioni et al., 2011; 
Breslau, Roth, Rosenthal, & Andreski, 1996; D. Ford & Kamerow, 1989; Perlis et al., 2006) and suicidal ideation (Pigeon, Britton, 
Ilgen, Chapman, & Conner, 2013; Pigeon, Pinquart, & Connor, 2012) as well as persistence of existing mental health problems, 
including depression (Pigeon, Unutzer, & Perlis, 2008), and increased risk for readmission to a partial hospitalization psychiatry 
program (Koffel, Thuras, Chakravorty, Germain, & Khawkaja, 2015). In a large study of OEF/OIF service members, researchers 
found that military personnel with predeployment insomnia symptoms had greater odds of developing depression, anxiety, and 
PTSD at follow-up (Gehrman et al., 2013). Another longitudinal study found that insomnia measured at four months post-
deployment was a significant predictor of depression and PTSD at 12-months post-deployment (Wright et al., 2011). 

  

https://medlineplus.gov/insomnia.html 

What other problems can insomnia cause? 
Insomnia can cause daytime sleepiness and a lack of energy. It also can make you feel anxious, depressed, or irritable. You may 
have trouble focusing on tasks, paying attention, learning, and remembering. Insomnia also can cause other serious problems. For 
example, it could make you may feel drowsy while driving. This could cause you get into a car accident. 

 

 

 



 

(4) Describe the symptoms and other physiological or psychological effects experienced by an individual suffering from 
the medical condition or its treatment and the extent to which these symptoms and physiological or psychological 
effects are debilitating. Note:"Debilitating" generally means impairing the ability of a person to accomplish activities 
of daily living. For best results, please cite research, published evidence, or scientific findings AND attach a PDF copy to 
your submittal. Indicate specific lines, page, section. Please use standard AMA format as outlined in the instructions. 

 

(REF #65) https://www.ncbi.nlm.nih.gov/books/NBK19961/ 

Institute of Medicine (US) Committee on Sleep Medicine and Research; Colten HR, Altevogt BM, editors. 

Washington (DC): National Academies Press (US); 2006. 

It is estimated that 50 to 70 million Americans chronically suffer from a disorder of sleep and wakefulness, hindering daily 
functioning and adversely affecting health and longevity. There are around 90 distinct sleep disorders; most are marked by 
one of these symptoms: excessive daytime sleepiness, difficulty initiating or maintaining sleep, and abnormal events 
occurring during sleep. The cumulative long-term effects of sleep loss and sleep disorders have been associated with a 
wide range of deleterious health consequences including an increased risk of hypertension, diabetes, obesity, 
depression, heart attack, and stroke. After decades of research, the case can be confidently made that sleep loss and 
sleep disorders have profound and widespread effects on human health. 

 

(REF #66) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1978319/ 

Roth T. (2007). Insomnia: definition, prevalence, etiology, and consequences. Journal of clinical sleep medicine : JCSM 
: official publication of the American Academy of Sleep Medicine, 3(5 Suppl), S7–S10.  

Due to its chronicity, insomnia is associated with substantial impairments in an individual's quality of life. In 
several studies, insomniacs reported decreased quality of life on virtually all dimensions of the 36-item Short Form 
Health Survey of the Medical Outcomes Study (SF-36), which assesses 8 domains: (1) physical functioning; (2) role 
limitation due to physical health problems (role physical); (3) bodily pain; (4) general health perceptions; (5) vitality; (6) 
social functioning; (7) role limitations due to emotional health problems (role emotional); and (8) mental health.16–18 One 
study compared SF-36 results in groups of mild and severe insomnia patients with groups of patients diagnosed with 
depression or congestive heart failure (CHF).19 Severe insomnia patients had numerically greater loss of function than 
patients with CHF in reported pain, emotional effects, and mental health effects. Additionally, insomnia patients also 
reported more physical problems than patients with depression.19 

Research has shown that among the daytime consequences of insomnia, the increased occurrence of accidents poses the greatest 
health risk. Insomniacs are 2.5 to 4.5 times more likely than controls to have an accident.20,21 In a sample of 8,625 community 
respondents in France, Léger et al. reported that 8% of insomniacs and 1% of non-insomniacs had an industrial accident in the past 
12 months.22 Work productivity is also compromised among insomniacs due to work-related problems (ie, higher rates of 
absenteeism, decreased concentration, and difficulty performing duties). Kuppermann and colleagues23 found that individuals 
reporting a current sleep problem were more likely than good sleepers to have decreased job performance and to have been 
absent from work in the last month due to health problems. Simon and VonKorff24 evaluated insomnia in a staff-model health 
maintenance organization population (N=1,962). After adjusting for age, gender, and chronic disease, days of restricted activity 
due to illness and days spent in bed were about twice as common among insomniacs compared with non-insomniacs. Additionally, 
mean total health care expenditures were 60% higher in the insomnia group relative to the controls. 

Population- and clinic-based studies have demonstrated a high rate of psychiatric comorbidities in patients with chronic insomnia. 
In fact, insomnia is more frequently associated with psychiatric disorders than any other medical illness.25 For example, in the 
Epidemiologic Catchment Area study, 40% of insomniacs had a comorbid psychiatric disorder compared with 16.4% of those with 



 

no sleep complaints.8 Additionally, depression and anxiety are the most common comorbid psychiatric disorders in insomniacs. It 
has traditionally been assumed that insomnia is secondary to the psychiatric disorder; however, given the chronicity of insomnia, it 
is possible that in some, if not most, cases the insomnia precedes the psychiatric disorder. In fact, it is possible that insomnia 
represents a significant risk for the development of a subsequent psychiatric disorder. In a large-scale European population-based 
study (N=14,915), it was found that insomnia more often preceded rather than followed incident cases of a mood disorder.26 This 
effect is even more pronounced for relapses of the mood disorder, where in 56.2% of cases, insomnia symptoms preceded 
symptoms of a mood disorder relapse. In contrast, in chronic insomnia patients with a comorbid anxiety disorder, the first 
occurrence of anxiety or a relapse preceded insomnia in most instances. 

To further understand the relation of sleep and psychiatric disorders, several longitudinal studies have examined the evolution of 
psychiatric disorders among insomnia patients. These studies used follow-up periods ranging from 1 to 40 years, with the majority 
using a 1- to 3-year follow-up period. In all of these studies, insomnia has been found to confer a substantial risk for the 
development of a depressive disorder.27,28 Typically, the relative risk was approximately 5 (range 2–40), and in all cases it was 
statistically significant. While some studies also reported an increased risk for anxiety or drug abuse, neither of these was 
consistently found. Finally, longitudinal studies in subjects with affective disorders show that depressed patients who experience 
improvements in sleep will also experience a more rapid antidepressant response; while those patients whose insomnia persists 
will have a short time to relapse.29,30 What is clearly needed are clinical trials to assess the impact of insomnia therapy on 
incidence of depression as well as the time to relapse in depressed patients who are in remission. 

The question then arises as to whether insomnia causes depression, vice versa, or both. The close association of insomnia with 
depression is likely related to common underlying pathophysiological mechanisms for sleep and mood regulation that make the 
individual vulnerable to both conditions. Data have shown that both the diagnosis of insomnia and the severity of the sleep 
disturbance are related to overactivation of the hypothalamic-pituitary-adrenal (HPA) axis and the hypersecretion of cortisol.31 
Recent evidence suggests that there may be some neuroendocrine and clinical similarities between insomnia and depression. 
Corticotropin-releasing factor (CRF) dysregulation has been implicated in the pathogenesis of psychiatric disorders such as 
depression32 as well as in the mediation of hyperarousal seen in primary insomnia.33 This abnormality might represent the 
common risk factor, and therefore, it is quite possible that both disorders would respond to the same therapeutic intervention (eg, 
corticotropinreleasing hormone antagonists). 

 

 

(5) If one or more treatments for the medical condition, rather than the condition itself, are alleged to be the cause of 
a person's suffering, describe the extent to which the treatments causing suffering are generally accepted by the 
medical community as valid treatments for the medical condition. For best results, please cite research, published 
evidence, or scientific findings AND attach a PDF copy to your submittal. Indicate specific lines, page, section. Please use 
standard AMA format as outlined in the instructions. 

This petition is for the medical condition of insomnia, not the treatment of insomnia. 

The prescription medication treatment of insomnia causes zombie like side effects when awake, and sleepwalking effects when 
asleep. 

(REF #69) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4689974/ 

Residual medication effects—such as feelings of being drowsy, groggy, or sluggish the next day, difficulty 
concentrating/remembering, or sleeping too much—were reported by approximately four out of every five individuals currently 
using prescription sleep medication. Overall, findings showed significant burden experienced by patients reporting residual sleep 
medication effects relative to those not reporting such effects. 

Though patients with and without perceived residual effects suffered a similar number of nights with sleep problems (falling 



 

asleep, staying asleep, waking before the alarm, or any problem), the experience of residual effects was associated with an 
average of one more day per week of “unrestful sleep.” One potential explanation is that the residual effects of the sleep 
medication itself are responsible for the difference, though this is only speculation; the present analysis was not designed to 
identify the cause. Patients reporting residual effects were also less satisfied with their medications. Moreover, there were clear 
relationships between increasingly severe residual symptoms and decreased satisfaction, as well as increasingly severe residual 
symptoms and greater work and activity impairment, and greater sleep-related interference in home management, ability to work, 
and social relationships. Though respondents reporting residual effects indicated they experienced more psychiatric 
symptomatology and other comorbidities than those not experiencing such effects, the relationships between functioning and 
residual symptom severity remained significant after these and other relevant covariates were accounted for. 

... 

Ultimately, patients who experience residual sleep medication effects represent a group with significant impairment of workplace, 
home, and social life activities; as the perceived severity of the residual symptoms increases, so does the burden. Thus, thorough 
medical and psychosocial/behavioral assessment of individuals experiencing residual effects is recommended (especially for the 
elderly). Also, improved management of insomnia would be beneficial. Behavioral and cognitive interventions have essentially no 
side effects and have been shown to lead to long-lasting, sustained improvements in sleep symptoms and parameters over 6 
months to 24 months [28]. However, the degree of sleep medication use in this sample demonstrates that many may prefer, or 
need, pharmacotherapy for insomnia, highlighting a need for medications with fewer residual symptoms. The development of 
sleep medications with reduced residual effect profiles will be important for treatment of this patient population.  

(REF #69) 
Of the hypnotics, benzodiazepines and non benzodiazepine hypnotics with longer half-lives tend to produce residual 
impairment or “hang over,” particularly with middle-of-the-night dosing and regular use [17, 18]. Residual effects of 
hypnotics include sedation, cognitive impairment, motor incoordination, ataxia, dizziness, and gastrointestinal upset. In 
the elderly, the use of sedating drugs is dangerously associated with increased fall risk [19].                   
 
Meanwhile, the use of some antidepressants to treat insomnia has been associated with increased suicidal ideation, 
increasedmania  / hypomania in patients with bipolar disorder, and exacerbation of restless legs syndrome [20]. Further, 
the use of anticonvulsants (e.g., pregabalin) can produce daytime sedation, dizziness, and cognitive impairment [13]. 
Finally, the use of antipsy-chotics has been correlated with exacerbation of restless legs syndrome and increased mortality, 
particularly in elderly individuals [11]. From the standpoint of concern for public safety, insomnia treatments have been 
shown to impair next-day driving and increase the risk of motor vehicle accidents, particularly in women [21]. 

 

Ambien and other sleep medications have side effects of amnesia, sleep walking, sleep driving, sleep eating, sleep sex, and other 
activities done while unconscious. This pharmaceutical treatment is generally accepted by the medical community as a treatment 
for insomnia.  

(REF #67) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762721/ 

https://abcnews.go.com/Health/MindMoodNews/story?id=8160299&page=1 

https://www.nbcnews.com/health/health-news/sleeping-pills-raise-car-crash-risk-study-finds-n373891 

https://www.today.com/health/while-i-was-sleeping-shopping-sprees-sugar-binges-other-confessions-1D80287242 

(6) Describe the availability of conventional medical therapies other than those that cause suffering to alleviate 
symptoms caused by the medical condition or its treatment. For best results, please cite research, published evidence, 
or scientific findings AND attach a PDF copy to your submittal. Indicate specific lines, page, section. Please use standard 
AMA format as outlined in the instructions. 



 

 

Treatments include lifestyle changes, counseling, and medicines: 

• Lifestyle changes, including good sleep habits, often help relieve acute (short-term) insomnia. These changes might make it 
easier for you to fall asleep and stay asleep.  

• A type of counseling called cognitive-behavioral therapy (CBT) can help relieve the anxiety linked to chronic (ongoing) 
insomnia  

• Several medicines also can help relieve your insomnia and allow you to re-establish a regular sleep schedule  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2924526/ 

First line pharmacotherapy 
These drugs carry the highest level of evidence supporting efficacy and safety. 

Benzodiazepines  

Benzodiazepines are frequently prescribed to treat insomnia. These hypnotics reduce latency to sleep onset and total awakenings 
by increasing total sleep duration. Benzodiazepines enhance the effect of the inhibitory neurotransmitter gamma-amino butyric 
acid (GABA) by increasing the affinity of GABA for its receptor. Benzodiazepines non-selectively bind to an allosteric site and affect 
the GABA-A receptor complex to allow a greater number of chloride ions to enter the cell when GABA interacts with the receptor 
and therefore enhance the inhibitory action of GABA. This accounts for their sedative, anxiolytic, myorelaxant, and anticonvulsant 
properties. Five benzodiazepines (estazolam, flurazepam, quazepam, temazepam, and triazolam) have an FDA-approved indication 
for the management of insomnia. Dose, distinguishing pharmacokinetic properties (absorption rate, distribution, and elimination 
half-life), and risk-benefit ratio should be considered when selecting the most appropriate medication. The lowest effective dose 
should be used to minimize side effects, and long-acting benzodiazepines with active metabolites should be avoided in the elderly. 

Major side effects of short-acting benzodiazepines include rebound insomnia and anterograde amnesia. Intermediate-and longer-
acting benzodiazepines are less effective for inducing sleep, but are indicated for sleep maintenance and decreasing nocturnal 
awakenings.[44] Long-acting medications are best indicated for people with insomnia as well as concomitant daytime anxiety. 
Accumulation of active metabolites is problematic in elderly patients and in those patients with impaired liver function as it can 
cause confusion and cognitive dysfunction. Benzodiazepines are contraindicated in patients with acute alcohol intoxication with 
depressed vital signs, a history of substance abuse, and during pregnancy. 

Benzodiazepines should be used cautiously in patients with chronic pulmonary insufficiency or untreated sleep apnea. They are 
frequently used in mood disorders but a worsening of the dysphoric symptoms and precipitation of suicide has been noted in 
depression, while hypomania or frank mania and paradoxical hyper-excited states can also occur.[42] However, long-term use 
(beyond 4 weeks) is associated with dependence, discontinuation syndrome, difficulty in new learning abilities, and blunting of 
emotions.[45] 

Non-benzodiazepine hypnotics  

Non-benzodiazepine hypnotics include zopiclone, zolpidem, and zaleplon. 

Zopiclone  

Zopiclone is a non-benzodiazepine hypnotic of the cyclopryrrolone class. It is effective for reducing sleep latency and nocturnal 
awakenings and increasing total sleep time. Zopiclone delays the onset of rapid eye movement (REM) sleep but does not reduce 
consistently the total duration of (REM) periods. Rebound effects have been reported but are minimal. The incidence of adverse 
effects is low at recommended doses (3.75–7.5 mg).[46] 



 

Zolpidem  

Zolpidem is a non-benzodiazepine hypnotic of the imidazopyridine class. It exhibits hypnotic effects with minimal myorelaxant, 
anticonvulsant, and anxiolytic properties, as it preferentially binds with the GABA-A receptor complexes with an alpha-1 subtype. 
Zolpidem is effective for reducing sleep latency and nocturnal awakenings and increasing total sleep time. Rebound effects are 
minimal. Common side effects include drowsiness, dizziness, and headache.[47] 

Zaleplon  

Zaleplon, like zolpidem, belongs to the imidazopyridine class of non-benzodiazepine hypnotics. The pharmacology of these two 
drugs is similar; however, zaleplon has an ultra-brief duration of effect.[48] It is effective for reducing time to sleep onset, but is 
not as effective for reducing nighttime awakenings or increasing total sleep time. No next-day sedation or rebound insomnia is 
documented with zaleplon at recommended doses (5–10 mg). 

Eszopiclone  

Eszopiclone, which is the active stereoisomer of zopiclone, acts as an agonist at benzodiazepine (BNZ) receptors. Well absorbed 
orally, about 3 mg of eszopiclone is equivalent to 10 mg of diazepam.[49] Although FDA approved for the management of chronic 
insomnia, there have been several reports of adverse effects like headaches, day-time drowsiness, loss of coordination, GI effects, 
decreased sexual desire, painful menstruation, and breast enlargement in males, leading a major reviewer to comment that the 
risk-benefit ratio should be weighed carefully due to the possible adverse effects such as cancer, infection, and death.[50] 

Ramelteon  

A melatonin agonist, it acts by selectively binding to the melatonin receptors (MT1, MT2) in the suprachiasmatic nucleus (SCN). It 
has also recently been approved for the treatment of insomnia and is the only non-scheduled prescription drug available in the 
United States for the treatment of insomnia. It has been shown to be effective in the elderly.[51] 

No specific agent within this group is recommended as preferable to the others in a general sense; each has been shown to have 
posi-tive effects on sleep latency, total sleep time (TST), and/or wake after sleep onset (WASO) in placebo-controlled trials.[52-55] 

Second line pharmacotherapy 
These drugs have moderate level of evidence supporting their efficacy and tolerability. 

Antidepressants  

Tricyclic antidepressants (TCAs) such as amitriptyline, doxepin, and nortriptyline are effective for inducing sleep and improving 
sleep continuity.[56] These agents should be used at their lowest effective dose to minimize anticholinergic effects and to 
minimize cardiac conduction prolongation, especially in the elderly. The overdose potential of TCAs is greater than with other 
hypnotic agents, and daytime sedation can be significant. 

Trazodone  

Trazodone is a potent sedating antidepressant. Trazodone improves sleep continuity and is an attractive option in persons prone 
to substance abuse, as addiction or tolerance is not a problem.[57] Trazodone is also used in conjunction with stimulating 
antidepressants such as some SSRIs and bupropion in depressed patients with insomnia. Adrenergic blockade can result in 
oversedation and orthostatic hypotension, especially in elderly patients. The risk of priapism, a condition of painful, prolonged 
erection in men, is rare. Other antidepressants used include Mirtazapine due to its sedative properties. Evidence for their efficacy 
when used alone is relatively weak and hence no specific agent within this group is recommended as preferable to the others in 
this group.[58-61] 

Antihistamines  

Antihistamines are found in many over-the-counter (OTC) sleep aids. These agents are effective for mild insomnia; however, next-
day sedation may be a problem. Antihistamines commonly cause psychomotor impairment and anticholinergic effects. Tolerance 
may also develop with repeated use and evidence for their efficacy and safety is very limited.[62] 



 

Alternative medications 
These are drugs with variable evidence and are useful only in individual cases. 

Valerian is a perennial plant that appears to increase GABA concentrations in animal studies, but its exact mechanism is not 
known. Valerian should not be used for the acute management of insomnia because its hypnotic effect is delayed for 2–4 weeks. 
Valerian appears to be well tolerated; however, it can cause headache and daytime sedation[63] and is currently still being 
evaluated.[64] 

Other herbs used to promote sleep include skullcap, passion flower, California poppy, and Lemon balm.[65] Melatonin and l-
tryptophan are two other molecules undergoing evaluation for the treatment of chronic insomnia.[66] There is currently very little 
evidence for their use.[67] Indiplon, a novel GABAA potentiator, till recently being studied,[68] has now been abandoned due to its 

toxicity. 

 

This week the Food and Drug Administration (FDA) announced that several prescription sleep medications now have to 
carry a “black box” warning alerting consumers of the potential for serious or life-threatening side effects. This is the 
agency's most prominent warning for medications. May 2, 2019 

https://www.healthline.com/health-news/why-fda-issued-a-black-box-warning-for-sleep-aids-such-as-ambien  

 

(7) Describe the extent to which evidence supports a finding that the use of cannabis alleviates symptoms caused 
by the medical condition or its treatment. For best results, please cite research, published evidence, or scientific 
findings AND attach a PDF copy to your submittal. Indicate specific lines, page, section. Please use standard AMA 
format as outlined in the instructions. 

1. http://doi.org/10.1002/cbdv.200790150  
Sativex patients and their caregivers have remarked to their physicians how the medicine had transformed their lives 
through its ability to allow them more restful sleep, increase their daytime level of function, and markedly improve their 
quality of life. Its addition to the pharmacopoeia may be welcomed by patients, families, and physicians.  

2. https://harmreductionjournal.biomedcentral.com/articles/10.1186/1477-7517-2-18 

Approximately three quarters of participants (71%) claimed to have experienced a return of their symptoms or condition on 
stopping cannabis, especially: pain (53% of those who claimed a return of symptoms), depression or anxiety (30%), insomnia (11%) 
, spasm (10%) and nausea/vomiting or lack of appetite (9%).  

Positive ratings were ("great" or "good" relief) were also typical for its ability to relieve specific symptoms (Table 3 ). In addition, 
several other symptoms were noted, primarily insomnia (13% used for insomnia; of these 82% derived "great" relief).  

3. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3998228/ 
Ninety-seven per cent of respondents used cannabis primarily for chronic pain. Average pain improvement on a 0–10 pain scale 
was 5.0 (from 7.8 to 2.8), which translates to a 64% relative decrease in average pain. Half of all respondents also noted relief from 
stress/anxiety, and nearly half (45%) reported relief from insomnia. Most patients (71%) reported no adverse effects, while 6% 
reported a cough or throat irritation and 5% feared arrest even though medical cannabis is legal in Hawai‘i. No serious adverse 
effects were reported.  

These results suggest that Cannabis is an extremely safe and effective medication for many chronic pain patients. Cannabis 
appears to alleviate pain, insomnia, and may be helpful in relieving anxiety. Cannabis has shown extreme promise in the treatment 
of numerous medical problems and deserves to be released from the current Schedule I federal prohibition against research and 
prescription.  



 

4. http://doi.org/10.1016/j.smrv.2007.12.004  
Several studies have shown that acute administration of THC decreases sleep latency,38 and is associated with reports of greater 
ease in getting to sleep  

5. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3929256/ 
In addition, sleep improvement appears to be a primary motivator for coping-oriented use. Additional research is needed to 
examine the health consequences of this pattern of cannabis use and whether alternative sleep promoting interventions (e.g. CBT-
I) could reduce the reliance on cannabis for adequate sleep among those with PTSD.  

6. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3673028/ 
Mental health disorders were the next largest group of diagnoses made (22.9%), followed closely by sleep disorders (21.3%).  

Non-prescription therapies tried by applicants seeking medicinal marijuana allowances included physical therapy (48.6%), 
chiropractic services (37.2%), surgery (21.9%), psychological counseling (20.7%), and acupuncture (19.6%). Thus, these data do not 
suggest that applicants immediately seek marijuana recommendations as the first strategy to deal with their symptoms. In many 
cases, these individuals tried more traditional forms of medicine.  

7. https://www.ncbi.nlm.nih.gov/pubmed/26195653 
While further research into cannabinoid treatment effects on PTSD symptoms is required, the evaluated evidence indicates that 
substantial numbers of military veterans with PTSD use cannabis or derivative products to control PTSD symptoms, with some 
patients reporting benefits in terms of reduced anxiety and insomnia and improved coping ability.  

8. http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(00)30567-0/fulltext 
I prescribed the cannabis simply with a view to utilizing a well-known remedy for insomnia, but it did much more than procure 
sleep.  

9. https://www.ncbi.nlm.nih.gov/pubmed/12185373 
In a survey of 15 chronic pain patients who admitted to using cannabis medicinally pain, sleep and mood were most frequently 
improved, while doses used were modest. 
Small doses of smoked cannabis may improve pain, mood and sleep in some patients with chronic pain.  

10. http://doi.org/10.1213/ANE.0b013e3181c76f70  
Thirty-one subjects were enrolled and 29 completed the trial (26 women, mean age 49.5 yr). Although sleep was improved by both 
amitriptyline and nabilone, nabilone was superior to amitriptyline (Insomnia Severity Index difference = 3.2; 95% confidence 
interval = 1.2-5.3). Nabilone is effective in improving sleep in patients with FM and is well tolerated. Low-dose nabilone given once 
daily at bedtime may be considered as an alternative to amitriptyline.  

11. http://www.health.state.mn.us/topics/cannabis/about/firstyearreport.html 
At this point, the safety profile of the medical cannabis products available through the Minnesota program seems quite favorable. 
Approximately 20-25% of enrolled patients report negative physical or mental side effects of some kind, with the majority – 
around 60% - reporting only one and 90% reporting three or fewer. The vast majority of adverse side effects, around 90%, are mild 
to moderate in severity. An assessment of the 30 patients reporting severe side effects, meaning “interrupts usual daily activities,” 
found no apparent pattern of patient age, medical condition, or type of medical cannabis used. The most common adverse side 
effects are dry mouth, drowsiness, and fatigue. Fortunately, up to the present no serious adverse events (life threatening or 
requiring hospitalization) have been reported.  

12. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845302/ 
Studies examining the effect of cannabis on objective sleep measurements obtained either by an experienced observer rating 
sleep by polysomnography (PSG) largely confirm the subjective reports. For instance, an observer-rated study showed that 
administration of 10, 20, or 30 mg of THC decreased total time to fall asleep, and a PSG study showed both shorter sleep latency 
(SL) , and decreased time awake after sleep onset (WASO).  



 

13. https://www.ncbi.nlm.nih.gov/pubmed/28749704 
At Time 1, 25% of students reported using at least one substance (alcohol, marijuana, or over-the-counter medications) for sleep 
aid in the past two weeks.  

14. https://www.ncbi.nlm.nih.gov/pubmed/4337346/ 
Although subjective effects of oral THC are reported to appear within 30 to 60 minutes, the increment in Stage 4 sleep suggests 
that the onset of drug action occurred about 3 hours after ingestion. These observations indicate the insensitivity of the latency to 
sleep onset measure to any initial hypnotic properties of THC, since subjects were asleep well before the drug could have taken 
effect. The decrease in time spent awake after sleep onset and the increase in Stage 4 sleep, however, could be interpreted as 
indicating, respectively, less disturbed and "deeper" sleep, thereby empirically supporting the attribution of sedative properties to 
THC.  

15. http://doi.org/10.1016/j.neuropharm.2011.08.013  
Patients with post-traumatic stress disorder (PTSD) frequently complain of having sleep disturbances, such as insomnia and rapid 
eye movement (REM) sleep abnormality. Cannabidiol (CBD), a psycho-inactive constituent of marijuana, reduces physiological non-
REM (NREM) sleep and REM sleep in normal rats, in addition to generating its anxiolytic effect.  

16. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5101100/ 
Cannabidiol oil, an increasingly popular treatment of anxiety and sleep issues, has been documented as being an effective 
alternative to pharmaceutical medications. This case study provides clinical data that support the use of cannabidiol oil as a safe 
treatment for reducing anxiety and improving sleep in a young girl with posttraumatic stress disorder.   

17. https://www.ncbi.nlm.nih.gov/pubmed/24095000 
Patients reported using cannabis to treat multiple symptoms, with sleep, pain, and anxiety being the most common. Cannabis was 
perceived to provide effective symptoms relief across medical conditions. Patterns of use were also consistent across medical 
conditions. Notable differences were observed with regard to modes of access.  

18. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4758425/ 
Marijuana was customarily used to treat insomnia and as an antiemetic before the onset of specific therapies in the 1930s.  

19. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1654142/ 
Cannabis, in herbal form, is widely used as self-medication by patients with diseases such as HIV/AIDS and multiple sclerosis 
suffering from symptoms including pain, muscle spasticity, stress and insomnia.  

21. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3068013/ 
Even less attention has focused on inhaled “street” cannabis. Data show that 36%–43% of patients with MS have at some time 
smoked cannabis. The figure for current use, 14%–18%, is more modest, but indicates that a substantial minority of patients with 
MS find cannabis helpful for relief from pain, spasticity, insomnia , bladder problems, tremors, and emotional distress.  

22. https://www.ncbi.nlm.nih.gov/pubmed/15184623/ 
The symptoms reported by medical cannabis users to be most effectively relieved were stress, sleep, mood, stiffness/spasm, and 
pain.  

23. http://doi.org/10.1016/j.jns.2008.06.037  
The VAS evaluation of self-reported clinical modifications after cannabis medicinal use showed a wide range of improvement that 
was mainly perceived in sleep disturbances , pain, tremor, and muscle spasms  

24. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4578915/ 
Many people suffering from PTSD often have interrupted sleep, with many seeking medical marijuana as a means of helping them 
treat their sleep issues  

25. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4157067/ 



 

Our survey reports that cannabidiol-enriched cannabis is behaviorally well tolerated and may have beneficial effects on cognition 
and mood. Many parents reported that their children experienced better sleep , increased alertness, and better mood while taking 
cannabidiol-enriched cannabis . These beneficial side effects are rarely reported with pediatric use of other AEDs (anti epileptic 
drugs).  

26. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5312634/ 
Finally, preliminary clinical trials suggest that high-dose oral CBD (150–600 mg per day) may exert a therapeutic effect for epilepsy, 
insomnia, and social anxiety disorder. Nonetheless, such doses of CBD have also been shown to cause sedation.  

27. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5165161/ 
In addition, we have assessed the role of the cannabinoid system and marijuana constituents in neuroprotection as well as 
considered other beneficial effects of marijuana. M  arijuana has been shown to improve nonmotor symptoms of PD such as 
depression, pain, sleep, and anxiety. Moreover, components of cannabis have been demonstrated to have neuroprotective effect 
due to their anti-inflammatory, antioxidative, and antiexcitotoxic properties. 
Effect of Cannabinoids on Sleep Disorders 
Sleep disorders are common in PD patients and negatively affect the quality of life. The reported prevalence ranges from 25% to 
98% and this wide variation could be due to differences in study design and diagnostic tools used [ 297 ]. The causes of the sleep 
disturbances in PD are multifactorial and include neurodegeneration and the medications used to treat motor symptoms of PD [ 
298 ]. Various sleep disorders including rapid eye movement sleep behavior disorder, insomnia, sleep fragmentation, excessive 
daytime sleepiness, restless legs syndrome, and obstructive sleep apnea have been described in PD patients [2 99 , 300 ]. 
Cannabidiol, the major nonpsychotic component of marijuana, has been reported to improve rapid eye movement sleep behavior 
disorder in PD patients [ 68 , 6  9 ]. Marijuana has also been shown to improve nonmotor symptoms of PD including sleep [ 65 ]. In 
clinical trials involving 2000 patients with various pain conditions, nabiximols has been demonstrated to improve subjective sleep 
parameters [3 01 ]. Thus, marijuana could be used to enhance the quality of life of PD patients by alleviating sleep disorders and 
pain.  

28. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4604191/ 
The 1854, the US Dispensatory listed cannabis to treat neuralgia, depression, pain, muscle spasms, insomnia , tetanus, chorea, 
insanity, and other disorders.  

29. https://www.ncbi.nlm.nih.gov/pubmed/26317379 
367 medical marijuana patients in Arizona were surveyed. 
145 patients reported using medical marijuana for treatment of Insomnia. 
31 patients reported using medical marijuana for treatment of Sleep Apnea. 
General relief from Insomnia symptoms was 82.7% and 58.1% for Sleep Apnea 
Relief by medical marijuana compared to other medications was 77.4% for Insomnia and 85% for Sleep Apnea. 
Less frequent use of other medications was 81.9% for Insomnia and 66.6% for Sleep Apnea.   

30. https://www.ncbi.nlm.nih.gov/pubmed/28189912 
In regards to conditions, pain-related conditions were the most common, reported by 53% of participants (n = 144; chronic pain 
36%; (n = 98), arthritis 12% (n = 32), headache 5% (n = 14)). The second most prominent class was mental health (eating disorder, 
PTSD & psychiatric disorder), reported by 15% (n = 41). Other prominent conditions included gastrointestinal I disorders (11%, n = 
29), insomnia (7%, n = 18) and multiple sclerosis (4%, n = 11). 
In regards to symptoms; the most highly endorsed were chronic pain (73%, n = 197), stress (60%, n = 162), insomnia (57%, n = 155) 
, depression (46%, n = 126) and headache (32%, n = 87). Gastrointestinal (GI) issues also featured prominently, with 29% (n = 79) 
citing appetite loss and another 29% (n = 79) nausea. Cannabis was perceived to be very effective at symptom relief, with 95% (n = 
257) reporting that it “often” or “always” helped alleviate their symptoms.  

31. http://doi.org/10.1111/j.1742-1241.2004.00271.x 
Over the period 1998–2002, 3663 questionnaires were dis- tributed, and 2969 were returned (81% response rate).  



 

14 patients reported using medical marijuana to treat Insomnia for (1–8) years.  

Overall Effectiveness. Of 948 reported users, 648 (68%) reported that cannabis made their symptoms overall much better, 256 
(27%) said a little better, 36 (4%) said no differ- ence and eight subjects said a little worse (four subjects) or much worse (four 
subjects).  

Effectiveness Compared to Other Medications. When asked how cannabis compared to other medications overall, 412 of 916 
subjects (45%) said it worked much better than pre- scribed medications, 261 (28%) said it was somewhat  better and 45 (5%) said 
it was about the same; only 27 subjects said that prescription medicines worked better than cannabis (18 somewhat better and 
nine much better). One hundred and seventy-one (19%) subjects said it was impos- sible to tell. 

 
Side Effects Compared to other Medications. When asked to compare the undesirable effects of cannabis to those of pre- scribed 
medicines, 872 subjects responded, of whom six found that cannabis produced much worse side effects, 23 found somewhat 
worse side effects and 54 said the side effects were about the same. Two hundred and sixty-four (30%) subjects stated that side 
effects of prescribed medicines were somewhat worse and 294 (34%) said they were much worse. Two hundred and thirty-one 
(26%) stated that it was impos- sible to tell. 

 
Effects on Other Medication Use. Of the 909 subjects responding to this question, 374 stated that their use of cannabis had 
changed their use of other medications, while 521 said it had not. Fourteen were not coded. 
Return of Symptoms on Stopping. Of the 876 subjects responding, 673 said their symptoms returned or got worse when they 
stopped using cannabis, and 203 denied any worsening on stopping cannabis.  

32. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4277530/ 
Most of the respondents (from the clinic and online groups) reported that cannabis improved their mood, pain, muscle spasms, 
and sleep .  

33. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2683812/ 
Sleep problems 
Nine teens in our sample described using marijuana to help them sleep. The "trouble" they had with sleeping was a constant 
problem that many had experienced for years. One 16-year old, who also experienced mild depression, indicated that she 
"stopped sleeping for two years." Not only did the problem affect their school performance, but it was deeply disturbing to them. 
As another female described, 
“I have a really hard time sleeping. I can lay there for about four to five hours, just laying there. And I just finally had it, and I just 
feel like screaming I don't want to wake anyone up. So I go downstairs and ask my gran or my brother [for some marijuana] or I 
have a roach or two sitting around.” [16 years, non-daily use] 
Although one teen indicated that she had spoken to her mother about her problems sleeping, others indicated that the adults in 
their lives did not offer any support.  
“I have trouble going to sleep and waking up... My mum wanted to get the doctor to put me on sleeping pills but he said at such a 
young age it would cause like an addiction to them. ..I've had these problems since elementary school...I just, I can't go to sleep at 
night and then I like to sleep during the day.” [Female, 14 years, non-daily use] 
Many teens turned to pot and found almost immediate benefits in helping them sleep. Likened to a "magic sleeping pill" by one 
young male, the teens found it calmed their "busy minds," helped them relax and fall asleep quickly.  

34. https://www.ncbi.nlm.nih.gov/pubmed/11210205 
This article reports on an exploratory study of medical cannabis users. Interviews were completed with 50 self-identified medical 
cannabis users recruited through notices in newspapers and on bulletin boards. They reported using cannabis for a variety of 
conditions including HIV-AIDS-related problems, chronic pain, depression, anxiety, menstrual cramps, migraine, narcotic addiction 
as well as everyday aches, pains, stresses and sleeping difficulties .  



 

35. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3480566/ 
There are no studies on marijuana for treating RLS, but there is considerable anecdotal evidence from patients as to its 
effectiveness. Typically, only 1 or 2 puffs of a marijuana cigarette or vaporizer is sufficient to relieve RLS symptoms. It is not clear 
how long the relief lasts, as most patients use this at bedtime, but they do report the very rapid disappearance of their symptoms, 
which then helps them fall asleep.  

36. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4537525/ 
These findings suggest that tolerance to the somnolent effects of THC may have occurred, but results should be considered 
preliminary due to design limitations.  

37. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5053383/ 
A 57-year-old, married male patient reporting fibromyalgia for 5 years, and osteoarthritis, torn shoulder tendon, and spinal 
stenosis for over 20 years was referred to our clinic. His initial in-clinic recorded pain score was 8/10 on a numerical rating scale. 
The patient also had a history of severe obesity, sleep apnea, restless legs syndrome, and anxiety. Signs of neuropathic pain 
included widespread allodynia and positive DN4 score. At the time of meeting, the patient was taking several prescribed pain 
medications, including Percocet 5/325 mg as needed and Oxyneo 40 mg daily. Physiotherapy, corticosteroid injections, codeine, 
and a number of anti-inflammatory medications were unsuccessful at achieving adequate analgesia. The patient was 
inexperienced with cannabis, except for intermittent use on weekends.  

The patient was prescribed 1.5 g per day of a strain of cannabis containing 5% THC and 8% CBD to be administered by a vaporizer. 
After 2 weeks of trial, the patient reported a lack of success, and a strain of 12% THC was added to the other strain, with 
instructions to mix the strains in equal parts. At 60 days of follow-up, the patient’s pain was lowered to a weekly average of 3/10 
on a numerical rating scale, and he lowered his use of Percocet from four pills per day to three pills per week, on average.  

38. https://www.ncbi.nlm.nih.gov/pubmed/15118485 
It would appear that the cannabinoids, THC and CBD, when given in the doses and in the combinations used in the present study, 
are unlikely to have adverse clinical effects on sleep. THC would appear to be a sedative compound, whereas CBD would appear to 
have some alerting properties. The distinct activity of these compounds suggests that they could be complementary in clinical 
practice. The alerting activity of CBD may be particularly useful in the concomitant administration of THC and CBD when the 
therapeutic activity of both compounds is sought.  

99. https://www.nap.edu/catalog/6376/marijuana-and-medicine-assessing-the-science-base 

Victims of spinal cord injury reporting at IOM workshops noted that smoking marijuana reduces their muscle spasms, their nausea, 
and the frequency of their sleepless nights.  

40. https://www.nap.edu/catalog/24625/the-health-effects-of-cannabis-and-cannabinoids-the-current -state   

There is moderate evidence that cannabis or cannabinoids are effective for: 
• Improving short-term sleep outcomes in individuals with sleep disturbance associated with obstructive sleep apnea syndrome, 
fibromyalgia, chronic pain, and multiple sclero-sis (cannabinoids, primarily nabiximols) (4-19)  

 

(8) Provide any information, studies, or research reports regarding any beneficial or adverse effects from the use of 
cannabis in patients with the medical condition. For best results, please cite research, published evidence, or scientific 
findings AND attach a PDF copy to your submittal. Indicate specific lines, page, section. Please use standard AMA format 
as outlined in the instructions. 

 

Minnesota has undertaken the most comprehensive research on the medical cannabis patients in its medical cannabis program.  
Including surveys by both the patients and their physicians.  Tracking which medical cannabis products they purchase , use and 



 

continue using to treat each qualifying condition.   

The Minnesota Department of Health publishes reports of the medical cannabis patients and how medical marijuana helps them 
with insomnia and sleep problems. In its first year of reports, the Minnesota DOH published patient comments about the beneficial 
effects of the medical marijuana. 

https://www.health.state.mn.us/people/cannabis/about/firstyearreport.html 

(REF #94) https://www.health.state.mn.us/people/cannabis/docs/about/appendixa.pdf 

My insomnia is so much better,my muscle spasms have calmed down some,I have an appetite now,my muscle pain has 
lowered quite a bit to the point I can get some things down around the house,I was walking with a cane but I am no longer 
at this point...I believe my balance over all is better at this moment in time.  

With my cancer diagnoses and treatment, I've found relief while taking the cannabis!!! I get relief from pain, relief from 
nausea, relief from insomnia.  

Further reports in the following years also track which patients under each condition report benefits of medical marijuana on 
insomnia and sleep problems. 

https://www.health.state.mn.us/people/cannabis/about/omcreport.html 

https://www.health.state.mn.us/people/cannabis/about/cohort.html 

(REF #93) https://www.health.state.mn.us/people/cannabis/docs/about/cohort/2015_2016_benefitspse.pdf 

The patient self-evaluation is required for patients to complete prior to each medical cannabis purchase.  It includes 
questions to assess symptom severity, some of which are administered to all patients (standard set of 8 symptom 
measures) and some of which are tailored to symptoms for a given condition (condition-specific symptom measures).  
Since symptom data is collected prior to each patient’s first medical cannabis purchase, symptom changes can be assessed 
over time and compared to baseline (baseline = patient responses to symptom questions just prior to their first medical 
cannabis purchase) 

These reports are useful to show that medical marijuana patients find a greater than 30% reduction in depression symptoms, and a 
large percentage of patients continue to maintain that reduction of depression for 4 months. 

Of patients included on the standard 8 symptom analysis (n = 1512), more than half experienced moderate to severe 
symptoms at baseline on all measures except for vomiting(32%).Of patients experiencing moderate to severe symptoms at 
baseline, anywhere between 36% and 60% achieved at least a 30% reduction in symptom severity (symptom 
improvement) within 4 months of their first medical cannabis purchase. The lowest proportion of patients reporting 
symptom improvements in the initial 4-month period were for pain (36%) and fatigue (40%) symptoms, while the greatest 
proportion of patients reporting symptom improvements were for vomiting (60%), depression (57%), and nausea (56%) 
symptoms.  

(REF #92) https://www.health.state.mn.us/people/cannabis/docs/about/cohort/2016_2017_benefitspse.pdf 

(REF #91) https://www.health.state.mn.us/people/cannabis/docs/about/cohort/c2015_2017_benefitspse.pdf 

MDOH publishes Adverse Side Effects reports.  I urge you to read them all as it shows how small the number of adverse side 
effects reports are.   

https://www.health.state.mn.us/people/cannabis/about/cohort.html 

(REF #90) 



 

https://www.health.state.mn.us/people/cannabis/docs/about/cohort/appendix_c_2015_2016_patientreportednegativeeffects.pd
f 

(9) Attach letters of support from physicians or other licensed health care professionals knowledgeable about the medical 
condition. 

    See attached   





 

 
Dr. Saqib Nakadar D.O.  37300 Dequindre Rd Ste 110 Phone: 586-983-4200 

Internal Medicine Sterling Heights, MI 48310 Fax: 586-983-4226 
 

 

May 26, 2020 

 

Dear Review Board, 

My name is Dr. Saqib Nakadar, and I am a licensed physician practicing internal medicine. I am writing                  
this letter in support of adding Insomnia to the medical cannabis program. Based on my 10 years of                  
experience treating patients who have chosen to try medical cannabis after trying and failing with               
traditional prescription and therapy treatments, my patients have reported great success in reducing the              
severity of Insomnia using medical cannabis. 

 

 

 

Dr. Saqib Nakadar D.O. 



777 Concord Ave. Ste 104 
Cambridge, MA 02138 

  

 800-645-0807 
www.cannabis-specialists.org 

 

 
 
 

        May 27, 2020 
 
Dear Madam/Sir: 
 
I write to you to support the petitions before you to include anxiety, depression, and insomnia 
as qualifying conditions for medical cannabis treatment in Hawai’i.   
 
I am a cannabis medicine specialist.  I went to Harvard Medical School and trained in Internal 
Medicine at the Brigham & Women’s Hospital in Boston.  I have been in practice for over 25 
years, the last nearly decade exclusively focused on cannabis medicine.  I am president of the 
Association of Cannabis Specialists – an international professional organization, and I am an 
Instructor of Medicine at Harvard Medical School.  
 
In Massachusetts, where I live and practice, we do not have qualifying conditions per se.  We 
are afforded the freedom to treat patients who have any condition that is medically 
appropriate to treat with cannabis.  I think this is an ideal approach that returns the ability and 
responsibility to follow the science and medical best practices to the physicians who are best 
able to judge that medical necessity.   
 
The literature on medical cannabis specifically for the indications of anxiety, depression, and 
insomnia is clear.  These studies have been presented by the petitioner and I would be happy to 
address any questions about these that you may have.  Cannabis can be very effectively used to 
treat all three of these problems.   
 
Dosing is the critical element dividing success or failure, particularly for these specific 
conditions.  As with any medication, cannabis can be used successfully or it can be misused.  
Cannabis can be used in conjunction with many conventional medications to achieve better 
benefit than with either alone.  I have personally treated thousands of patients with these 
specific illnesses, and the results are impressive.   
 
As a practical matter, to improve the outcomes for patients in HI, I would suggest greater 
requirement of clinicians to be specific about dosing and delivery methods, and absolute 
adherence by the dispensary agents to a clinician’s treatment plan.   



777 Concord Ave. Ste 104 
Cambridge, MA 02138 

  

 800-645-0807 
www.cannabis-specialists.org 

 

Please refer to the Association of Cannabis Specialists’ website and the document entitled A 
Federal Framework of Regulation for Medical Cannabis Use which can equally well be applied 
to states’ programs.  
 
I, and the medical literature, strongly support the addition of anxiety, depression, and insomnia 
to the list of conditions clinicians are able to treat with medical cannabis in HI.  I urge you to 
add these conditions to the approved list.  
 
Sincerely,  
 
 
Jordan Tishler MD 
President, CMO inhaleMD 
President, Association of Cannabis Specialists 
Instructor of Medicine, Harvard Medical School 

 



James Berg, MD 
PO Box 371 
Hawi, HI  96719 
808-889-1822
Barefootmd@gmail.com

Aloha, 

I am licensed medical doctor from the Big Island of Hawaii, board certified in both Family Medicine and 
Integrative Medicine.   I have been in practice for over thirty years treating my clients with a 
reasonable balance between medical and natural approaches to healing.  I co-direct a school of natural 
medicine called the Barefoot Doctors’ Academy, a nonprofit organization operating continuously since 
1983, devoted to natural approaches to community medicine. In my career, I have been on the clinical 
teaching faculty of two medical schools, three traditional oriental medical colleges, two massage 
schools, and lecturer on scientifically oriented natural medicine.   I am writing this letter of support to 

 three petitions submitted to the Hawaii Department of Health which adds depression, 
anxiety and insomnia to the medical qualification permitted for medical cannabis certification. 

According to my records, I have taken care of over 6,000 patients in Hawaii who have used cannabis 
legally.  I have taken their testimony, examined them, and followed up with many of them at least annually 
for the past 15 years.  I have seen the medical cannabis program go through many changes, and would 
especially like to thank the Department of Health for their kind and skillful transformation of the Medical 
Cannabis Program since they took the helm from the Narcotics Enforcement Division.  They have worked 
out many of the administrative kinks and have sincerely honored the clinical necessity of cannabis.  A few 
years ago, they expanded the list of medical qualifications, and recognized Post Traumatic Stress Disorder 
as a qualification.   That was the first psychological condition allowed to that date. 

There are many conditions that cannabis is helpful for, but there are three conditions that cannabis 
is especially helpful for, yet even after twenty years of the program, depression, anxiety and 
insomnia remain off the qualification list .  Cannabis has been labeled in the past as an “euphoric agent” 
because it relaxes people and helps them feel good.  These days we call these kinds of medicines, 
“antidepressants” and “anti-anxiety medicines”.    Let me say emphatically, that I recognize that cannabis 
can cause the very same negative effects in some people.   In my experience, at least 90% of my clients 
already know how cannabis helps their condition.  They come and explain to me, their doctor, how it has 
helped them, and they seek certification so they can use this medicine legally.  I want to testify that of 
all the conditions I have heard the greatest praise for the benefits of cannabis from my clients over the 
past fifteen years, it has been for this medicine’s help with sleep, anxiety and depression. Keeping 
them off the list seems medically ethical at this point. 

 has laid out in detail, various scientific studies giving evidence beyond my anecdotal testimony 
for these three ailments.  I want to support his petition.  As a Medical Cannabis Specialist, I witness the 
answers to these studies every day in my practice.  I believe that depression, anxiety and insomnia are 
the conditions most helped by cannabis.  I hear, patient after patient, testifying to me how they can 
finally sleep the night through simply by sucking on a medicated lozenge;  How one puff can avert a panic 
attack;  How they finally feel bright spirited and motivated.   Cannabis has been a true blessing for 
many of my patients with insomnia, anxiety or depression, who have been qualified by another 
condition that the state recognizes.  Unfortunately, that list excludes those without severe pain, nausea, 
muscle spasms, etc. 



Yet they still have a severe problem that they know is helped by cannabis.  That is self-evident in their 
experience.  We do not need more studies to prove to them that they slept the night through, or didn’t 
escalate into a panic attack, or that they actually feel happy for the first time in a long time.  They know it 
helps with minimal side effects and that is proof enough to them.    
 
In this case, science and politics needs to catch up with the clinical experience.  As a practicing physician, 
I have seen medical cannabis be used far more safely than any pharmaceutical anti-depressant, anti-
anxiety med, or sleeping pill commonly prescribed for insomnia, depression and anxiety. One day, I predict 
that cannabis, or an analogue, will be the medical standard for the first line of attack for mild to moderate 
depression, anxiety and insomnia.    I speak for these sincere patients who already know that cannabis 
helps them.  Please recognize these patient’s needs and  add depression, anxiety and insomnia onto the 
list of recognized qualifications for medical cannabis certification.   
 
Sincerely, 
 
 
 
James Berg, MD  
HI medical license # 11755 
 
 
 
 
 
 





Richard Podolny M.D. LLC 
1188 Bishop Street,  ST E 3306 

Honolulu, Hawaii,  96813 
Phone   808 524 0754  Fax  808 545 4268 

Email:  contact@podolnymd.com 
 

 

 

 

5/25/20 

 

To whom it may concern: 

 
 I am writing this letter in support of  three petitions submitted to the Hawaii Department of 

Health, which adds depression, anxiety, and insomnia to the medical qualifications permitted for medical 

cannabis certification. 

The mind and body are connected. The effects of insomnia, depression, and anxiety upon the physical well-

being of an individual are significant and well documented.  Current pharmaceutical interventions for these 

conditions can have severe side effects and risks.  There is scientific evidence to support the use of medical 

cannabis for these disorders—a medicine with far less potential for addiction or abuse.   

After witnessing the knee jerk, draconian response to the opioid crisis, I am concerned for that moment in 

time when someone realizes that a severe hypnotics problem also exists.  I need to know that when severe 

restrictions our placed on hypnotics, my patients will have a safe and legal alternative.  Medical cannabis is 

that alternative.  

I have learned that if you close one door for a patient to escape their pain—they will find another.  If you 

close or restrict the pharmaceutical options, they WILL find other ways to relieve their suffering.   The 

inclusion of the three diagnoses recommend by  for the use of medical cannabis will provide a 

far safer option for these vulnerable patients. 

 

Richard Podolny M.D.  
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SUPPLEMENT

PREVALENCE OF INSOMNIA

Estimates of the prevalence of insomnia depend on the cri-
teria used to define insomnia and more importantly the popula-
tion studied. A general consensus has developed from popula-
tion-based studies that approximately 30% of a variety of adult 
samples drawn from different countries report one or more of 
the symptoms of insomnia: difficulty initiating sleep, difficulty 
maintaining sleep, waking up too early, and in some cases, non-
restorative or poor quality of sleep.2 Conclusions from the NIH 
State-of-the-Science Conference held in June 2005 indicate that 
the addition of a diagnostic requirement that includes perceived 
daytime impairment or distress as a function of the insomnia 
symptoms results in approximately 10% prevalence of insomnia.3 
Finally, the application of more stringent diagnostic criteria, such 
as the Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV),4 which includes the additional require-
ments that insomnia symptoms persist for at least 1 month and do 
not exclusively occur in the presence of another sleep disorder, 
mental disorder, or the direct physiological effects of a substance 
or medical condition, yields current prevalence estimates of ap-
proximately 6%.5

Several well-identified risk factors for insomnia were reported 
by the State-of-the-Science Conference in June 2005.3 Age and 
gender are the most clearly identified demographic risk factors, 
with an increased prevalence in women and older adults. While 
the cause of this increased risk in the elderly is not well defined, it 
may be due to the partial decline in functionality of sleep control 
systems that may contribute to insomnia in this older population. 
Importantly, the presence of comorbid medical conditions is also 
a significant contributor to the increased prevalence of insomnia 
in the elderly. Additionally, in women, insomnia is more preva-
lent with both the onset of menses and menopause.6 Comorbid 
medical disorders,7 psychiatric disorders,8 and working night or 
rotating shifts9 all represent significant risks for insomnia. It is 
important to recognize that these factors do not independently 
cause insomnia, but rather they are precipitants of insomnia in 
individuals predisposed to this disorder. In fact, chronic illnesses 
are a significant risk for insomnia. It is estimated that the major-
ity of people with insomnia (approximately 75%-90%) have an 
increased risk for comorbid medical disorders,7 such as condi-
tions causing hypoxemia and dyspnea, gastroesophageal reflux 
disease, pain conditions, and neurodegenerative diseases. Impor-
tantly, a variety of primary sleep disorders as well as circadian 
rhythm disorders are frequently comorbid with and often lead to 
insomnia. Among the primary sleep disorders, restless legs syn-

DEFINITION OF INSOMNIA

The term insomnia is used in a variety of ways in the medical 
literature and popular press. Most often, insomnia is defined by 

the presence of an individual’s report of difficulty with sleep. For 
example, in survey studies, insomnia is defined by a positive re-
sponse to either question, “Do you experience difficulty sleeping?” 
or “Do you have difficulty falling or staying asleep?” In the sleep 
literature, insomnia is sometimes used as a term to describe the 
presence of polysomnographic evidence of disturbed sleep. Thus, 
the presence of a long sleep latency, frequent nocturnal awaken-
ings, or prolonged periods of wakefulness during the sleep period or 
even frequent transient arousals are taken as evidence of insomnia.1 
Thus, insomnia has been thought of both as a symptom and as a 
sign. However, for the purpose of this paper, the term insomnia will 
be used as a disorder with the following diagnostic criteria: (1) dif-
ficulty falling asleep, staying asleep or nonrestorative sleep; (2) this 
difficulty is present despite adequate opportunity and circumstance 
to sleep; (3) this impairment in sleep is associated with daytime 
impairment or distress; and (4) this sleep difficulty occurs at least 3 
times per week and has been a problem for at least 1 month. 

What qualifies insomnia to be considered a disorder? A disorder 
is a condition associated with negative consequences, and impor-
tantly, these consequences are not a normal result of the condition 
but rather the result of some sort of pathological response. In the 
present discussion, the consequences of insomnia can not merely 
be the normal consequence of sleep loss. 

Insomnia: Definition, Prevalence, Etiology, and Consequences
Thomas Roth, PhD

Sleep Disorders and Research Center, Henry Ford Hospital Detroit, MI
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drome (RLS),10 periodic limb movement disorders (PLMD), and 
sleep-related breathing disorders (snoring, dyspnea, sleep apnea) 
often present with an insomnia symptom.11 This is especially true 
among the elderly. Among younger individuals, difficulty falling 
asleep is often associated with a phase delay syndrome. However, 
in the elderly, phase advance syndrome results in reports of dif-
ficulty initiating sleep, maintaining sleep, and experiencing early 
morning awakenings.12-14 

The most common comorbidities associated with insomnia 
are psychiatric disorders. It is estimated that 40% of all insom-
nia patients have a coexisting psychiatric condition.8,15 Among 
these psychiatric disorders, depression is the most common, and 
insomnia is a diagnostic symptom for depressive and anxiety dis-
orders.11 

CONSEQUENCES OF INSOMNIA

Due to its chronicity, insomnia is associated with substantial 
impairments in an individual’s quality of life. In several studies, 
insomniacs reported decreased quality of life on virtually all di-
mensions of the 36-item Short Form Health Survey of the Medical 
Outcomes Study (SF-36), which assesses 8 domains: (1) physical 
functioning; (2) role limitation due to physical health problems 
(role physical); (3) bodily pain; (4) general health perceptions; 
(5) vitality; (6) social functioning; (7) role limitations due to emo-
tional health problems (role emotional); and (8) mental health.16-18 
One study compared SF-36 results in groups of mild and severe 
insomnia patients with groups of patients diagnosed with depres-
sion or congestive heart failure (CHF).19 Severe insomnia patients 
had numerically greater loss of function than patients with CHF in 
reported pain, emotional effects, and mental health effects. Addi-
tionally, insomnia patients also reported more physical problems 
than patients with depression.19

Research has shown that among the daytime consequences of 
insomnia, the increased occurrence of accidents poses the great-
est health risk. Insomniacs are 2.5 to 4.5 times more likely than 
controls to have an accident.20,21 In a sample of 8,625 community 
respondents in France, Léger et al. reported that 8% of insomni-
acs and 1% of non-insomniacs had an industrial accident in the 
past 12 months.22 Work productivity is also compromised among 
insomniacs due to work-related problems (ie, higher rates of ab-
senteeism, decreased concentration, and difficulty performing 
duties). Kuppermann and colleagues23 found that individuals re-
porting a current sleep problem were more likely than good sleep-
ers to have decreased job performance and to have been absent 
from work in the last month due to health problems. Simon and 
VonKorff 24 evaluated insomnia in a staff-model health mainte-
nance organization population (N=1,962). After adjusting for age, 
gender, and chronic disease, days of restricted activity due to ill-
ness and days spent in bed were about twice as common among 
insomniacs compared with non-insomniacs. Additionally, mean 
total health care expenditures were 60% higher in the insomnia 
group relative to the controls. 

Population- and clinic-based studies have demonstrated a high 
rate of psychiatric comorbidities in patients with chronic insom-
nia. In fact, insomnia is more frequently associated with psychiat-
ric disorders than any other medical illness.25 For example, in the 
Epidemiologic Catchment Area study, 40% of insomniacs had a 
comorbid psychiatric disorder compared with 16.4% of those with 
no sleep complaints.8 Additionally, depression and anxiety are the 

most common comorbid psychiatric disorders in insomniacs. It 
has traditionally been assumed that insomnia is secondary to the 
psychiatric disorder; however, given the chronicity of insomnia, 
it is possible that in some, if not most, cases the insomnia pre-
cedes the psychiatric disorder. In fact, it is possible that insomnia 
represents a significant risk for the development of a subsequent 
psychiatric disorder. In a large-scale European population-based 
study (N=14,915), it was found that insomnia more often preced-
ed rather than followed incident cases of a mood disorder.26 This 
effect is even more pronounced for relapses of the mood disorder, 
where in 56.2% of cases, insomnia symptoms preceded symp-
toms of a mood disorder relapse. In contrast, in chronic insomnia 
patients with a comorbid anxiety disorder, the first occurrence of 
anxiety or a relapse preceded insomnia in most instances.

To further understand the relation of sleep and psychiatric dis-
orders, several longitudinal studies have examined the evolution 
of psychiatric disorders among insomnia patients. These studies 
used follow-up periods ranging from 1 to 40 years, with the ma-
jority using a 1- to 3-year follow-up period. In all of these studies, 
insomnia has been found to confer a substantial risk for the de-
velopment of a depressive disorder.27, 28 Typically, the relative risk 
was approximately 5 (range 2-40), and in all cases it was statisti-
cally significant. While some studies also reported an increased 
risk for anxiety or drug abuse, neither of these was consistently 
found. Finally, longitudinal studies in subjects with affective 
disorders show that depressed patients who experience improve-
ments in sleep will also experience a more rapid antidepressant 
response; while those patients whose insomnia persists will have 
a short time to relapse.29,30 What is clearly needed are clinical tri-
als to assess the impact of insomnia therapy on incidence of de-
pression as well as the time to relapse in depressed patients who 
are in remission.

The question then arises as to whether insomnia causes depres-
sion, vice versa, or both. The close association of insomnia with 
depression is likely related to common underlying pathophysi-
ological mechanisms for sleep and mood regulation that make 
the individual vulnerable to both conditions. Data have shown 
that both the diagnosis of insomnia and the severity of the sleep 
disturbance are related to overactivation of the hypothalamic-pi-
tuitary-adrenal (HPA) axis and the hypersecretion of cortisol.31 
Recent evidence suggests that there may be some neuroendocrine 
and clinical similarities between insomnia and depression. Cor-
ticotropin-releasing factor (CRF) dysregulation has been impli-
cated in the pathogenesis of psychiatric disorders such as depres-
sion32 as well as in the mediation of hyperarousal seen in primary 
insomnia.33 This abnormality might represent the common risk 
factor, and therefore, it is quite possible that both disorders would 
respond to the same therapeutic intervention (eg, corticotropin-
releasing hormone antagonists).

PATHOPHYSIOLOGY OF INSOMNIA

Insomnia is thought to be a disorder of hyperarousal experi-
enced throughout the entire day. This hyperarousal may exhibit 
itself as a state of hypervigilance during the day and difficulty 
initiating and maintaining sleep at night.34,35 This arousal is cur-
rently explained by both cognitive and physiological models of 
insomnia. The cognitive model suggests that worry and rumina-
tion about life stresses disrupt sleep, creating acute episodes of 
insomnia, especially in initiating sleep and returning back to sleep 

T Roth
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after an awakening.36 Then, once an individual begins to experi-
ence sleep difficulties, worry and rumination shift from life events 
to worries about sleep itself and about the daytime consequences 
of not getting enough sleep. This negatively-toned cognitive ac-
tivity is further fueled if a sleep-related threat is detected or a 
sleep deficit is perceived. 

In parallel with the cognitive models, another model of the evo-
lution of insomnia proposes that hyperarousal is primarily due to 
physiologic or neurophysiologic factors. Physiological arousal has 
been evaluated through measurements of the whole body metabolic 
rate, heart rate variability, neuroendocrine measures, and functional 
neuroimaging. Whole body metabolic rate may be measured by ox-
ygen consumption (VO2). Recent studies compared good sleepers 
with patients diagnosed with insomnia. The insomnia patients ex-
hibited significantly higher metabolic rates (measured at intervals 
across the 24-hour day) than the healthy controls. Heart rate vari-
ability may provide a measure of arousal in that it is regulated by 
both sympathetic and parasympathetic nervous system activities. 
A 36-hour study37 found that average heart rates were increased and 
variability was decreased in all stages of sleep in insomnia patients 
compared to healthy normal sleepers.

The neuroendocrine system may also provide evidence of 
arousal as demonstrated by chronic activation of the stress re-
sponse system. Several studies measuring 24-hour urinary free 
cortisol excretion have found high levels in poor sleepers.38, 39 Uri-
nary free cortisol levels have also been positively correlated with 
total wake time, and urinary catecholamines have been correlated 
with stage 1 sleep percentage and wake time after sleep onset.38, 40 
Plasma measures of cortisol and adrenocorticotropic hormone 
(ACTH) have been evaluated in insomnia patients and healthy 
normal sleepers. Although the evidence is somewhat mixed, pri-
mary insomniacs appear to have higher levels of these compounds 
in their plasma, with the most significant differences seen in the 
evening and the first half of the night.38,39,41 Both the urinary and 
plasma measures of cortisol and ACTH suggest that the HPA axis 
is associated with the pathology of chronic insomnia.

Finally, positron emission tomography (PET) has been used to 
assess cerebral glucose metabolism, an indirect measure of whole 
brain metabolism, in patients with insomnia.42 Compared to 
healthy subjects, patients with insomnia exhibited greater cerebral 
glucose metabolism during waking and non-rapid eye movement 
(REM) sleep states. Furthermore, the insomnia patients demon-
strated smaller reductions in relative metabolism from waking to 
non-REM sleep in wake-promoting regions of the brain. These 
findings suggest interacting neural networks involved in the in-
ability to fall asleep, which include a general arousal system, an 
emotion-regulating system, and a cognitive system.

CONCLUSION

Chronic insomnia is highly prevalent and affects approximately 
30% of the general population. Insomnia impairs cognitive and 
physical functioning and is associated with a wide range of im-
paired daytime functions across a number of emotional, social, and 
physical domains. Compared with good sleepers, people with per-
sistent sleep disturbances are more prone to accidents, have higher 
rates of work absenteeism, diminished job performance, decreased 
quality of life, and increased health care utilization. Various risk 
factors associated with increased prevalence of chronic insomnia 
include older age, female gender, and comorbid medical and psy-

chiatric conditions. Approximately 40% of adults with insomnia 
also have a diagnosable psychiatric disorder—most notably depres-
sion. A comorbid psychiatric disorder such as depression or anxiety 
may be a consequence of—as well as a risk factor for—disrupted 
sleep. Recent research suggests that insomnia and depression share 
common pathological processes that make individuals vulnerable 
to both conditions—specifically, abnormal regulation of CRF. CRF 
regulation has been extensively implicated in the pathogenesis of 
depression, and hyperactivity of the HPA axis and CRF neurons 
could account for the hyperarousal and sleep disturbances associ-
ated with chronic insomnia. Studies that improve the knowledge 
of the neurobiological mechanisms controlling regulation of sleep 
homeostasis, circadian rhythms, physiological hyperarousal, ge-
netics, stress, and cognition are needed to adequately evaluate the 
causes and mechanisms of insomnia. Effective pharmacologic and 
behavioral interventions to treat insomnia rely on accurate neu-
robehavioral and neurobiological information. 
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Sleepwalking or somnambulism, is a parasomnia consist-
ing of a series of complex behaviors usually initiated dur-

ing arousals from slow wave sleep and commonly culminate 
in walking with an altered state of consciousness and impaired 
judgment.1 Sleep related eating disorder (SRED) consists of 
recurrent episodes of involuntary eating during arousals from 
sleep.1 Parasomnias such as sleepwalking, SRED, and sleep-
driving can coexist and are rare side effects of zolpidem. In a 
2005 National Institutes of Health consensus statement for the 
treatment of chronic insomnia in adults zolpidem was consid-
ered a hypnotic with limited risk.2 Two post-marketing studies 
of zolpidem reported sleepwalking incidences of 7 of 1972 pa-
tients (0.3%)3 and 1 of 96 patients (1%).4 We present a patient 
with zolpidem-induced sleepwalking, SRED, and sleep-driving. 
A fluorine-18-flourodeoxyglucose positron emission tomogra-
phy (18F-FDG-PET) was obtained one month after discontinu-
ation of zolpidem. A second 18F-FDG-PET was acquired the 
following day, 1 h after oral administration of zolpidem 10 mg 
(Figure 1). The cerebral glucose metabolism rates of the 2 stud-
ies were then compared, using statistical parametric mapping 
analysis. We also review the literature regarding unintended ef-
fects of zolpidem use.

Case RepoRt

The patient is a 51-year-old African American woman with 
past medical history of hypertension, mild obstructive sleep ap-
nea, hyperlipidemia, and depression. Previous diagnostic poly-
somnogram revealed an apnea-hypopnea index of 10 events/h. 
Medications included paroxetine 20 mg once a day, extended 
release metoprolol 25 mg twice per day, and simvastatin 40 mg 
once a day. History for alcohol, tobacco, or illicit drug use was 
negative. The patient reported no personal or family history of 
sleepwalking or other parasomnias. The patient did not have a 
history of daytime eating disorder. At age 44 the patient was 
started on non-extended release zolpidem 10 mg at bedtime for 
insomnia. A few weeks after starting zolpidem. she began sleep 
related walking, eating, and one episode of driving.

Episodes of sleepwalking, SRED, and sleeptalking occurred 
3 nights per week, 1-2 h after sleep onset. The patient would 
speak incoherently using short phrases with her eyes closed and 
would then open her eyes when questioned by her husband. She 
would also leave her bedroom to go to her kitchen where she 
would eat a loaf of bread, cold cereal, or leftover food. The fol-
lowing morning she would have abdominal fullness, find her 
kitchen messy, and have complete amnesia for the event. The 
patient would also leave her home and walk on her front porch 
or on her front lawn. As a preventive measure, she installed 
nocturnal alarms on her doors to wake her or her family from 
sleep if she opened one. Other reported events included one 
occasion of urination in the hallway, and one episode when 
the patient drove her automobile 10 miles from her home and 

Zolpidem-Induced Sleepwalking, Sleep Related Eating Disorder, and Sleep-Driving: 
Fluorine-18-Flourodeoxyglucose Positron Emission Tomography Analysis, and a 

Literature Review of Other Unexpected Clinical Effects of Zolpidem
Romy Hoque, M.D.; Andrew L. Chesson, Jr., M.D.

Sleep Disorders Center, Department of Neurology, Louisiana State University School of Medicine, Shreveport, LA

submitted for publication December, 2008
Submitted in final revised form April, 2009
Accepted for publication April, 2009
Address correspondence to: Romy Hoque, M.D., Department of Neurol-
ogy, Louisiana State University School of Medicine, 1501 Kings Highway, 
Shreveport, LA; Email: romy.hoque@gmail.com

Case RepoRt

Zolpidem is a hypnotic which acts at the GABAA receptor and is in-
dicated for short-term insomnia. Sleep related disorders including 
somnambulism, sleep related eating and sleep-driving have been re-
ported with zolpidem. A 51-year-old insomniac who used zolpidem 10 
mg nightly starting at 44 years of age is described. A few weeks after 
starting zolpidem she began walking, eating, and had one episode of 
driving while asleep. Episodes of sleep related eating, sleepwalking, 
and sleeptalking occurred 3 nights per week, 1 to 2 h after sleep onset. 
After her evaluation, the patient’s zolpidem was gradually discontin-
ued, and all sleep related activities immediately ceased. An 18F-FDG-
PET was obtained 2 months after discontinuation of zolpidem. The 
following day, FDG was administered 1 h after oral administration of 

10 mg zolpidem, and then a second PET was performed. We report 
the results and a review of the literature regarding other unintended 
effects seen with zolpidem use. 
Keywords: Zolpidem, fluorine-18-flourodeoxyglucose positron emis-
sion tomography, sleep related eating disorder, sleepwalking, sleep-
driving
Citation: Hoque R; Chesson AL. Zolpidem-induced sleepwalking, 
sleep related eating disorder, and sleep-driving: fluorine-18-flourode-
oxyglucose positron emission tomography analysis, and a literature 
review of other unexpected clinical effects of zolpidem. J Clin Sleep 
Med 2009;5(5):471-476.



Journal of Clinical Sleep Medicine, Vol.5, No. 5, 2009 472

R Hoque, AL Chesson

was found asleep behind the wheel by police. She had a vague 
recollection of this event, but thought that she was dreaming. 
After her evaluation, the patient’s zolpidem was gradually with-
drawn; all sleep related activities immediately ceased and have 
not recurred during 6 months of follow-up.

18F-FDG-PET Analysis

The first PET study in our patient was performed after dis-
continuation of zolpidem for 2 months. A second PET study 
FDG was administered 1 h after the administration of 10 mg 
zolpidem. The patient was asleep in the scanner during both 
PET studies. Statistical parametric mapping comparison be-
tween our patient’s 2 studies demonstrated no significant dif-
ferences (Figure 1).

DIsCUssIoN

Zolpidem is an imidazopyridine drug indicated for short-
term insomnia at a dosage usually ranging from 5 to 10 mg 
per day.5 Though considered a non-benzodiazepine since its 
imidazopyridine structure differs from benzodiazepine fusion 
of benzene and diazepine, zolpidem is a benzodiazepine recep-
tor agonist with high binding affinity for the GABAA (gamma-
amino butyric acid type A) receptor expressing the α1 subunit. 
Benzodiazepines and benzodiazepine receptor agonists like 
zolpidem bind to the GABAA receptor at sites that are distinct 
from the GABA binding site, thereby allosterically affecting the 
activity of the ligand-operated chloride channel.

GABA is the main inhibitory neurotransmitters in the mam-
malian central nervous system (CNS). GABAA receptors exist 
as pentameric protein complexes, assembled from a combina-
tion of at least 19 subunits from 7 distinct gene families (α, β, 
γ, δ, ε, θ, and π). Synaptic GABAA receptors are responsible 
for modulating benzodiazepine sensitivity and typically contain 
α1, 2, 3, or 5, β2 or 3, and the γ2 subunits.6 GABAA receptor sensitivity 
to benzodiazepines is mediated through α subunits. Benzodi-
azepines bind to synaptic GABAA receptors containing α1, α2, 
α3, or α5 subunits with comparable affinity. The GABAA recep-
tor expressing the α1 subunit corresponds to the benzodiazepine 
ω1 receptor.7 GABAA receptors containing the α1, α2, α3, or α5 
subunits correspond to ω2 benzodiazepine receptors. The ω3 
benzodiazepine receptor is not related to the GABAA receptor. 
Extrasynaptic GABAA receptors are primarily composed of α4-6 
subunits in combination with δ subunits, and are insensitive to 
benzodiazepines. The current benzodiazepine receptor nomen-
clature (ω1, ω2, and ω3) replaced the previous anatomical local-
ization classification (central benzodiazepine receptor type 1, 
central BZ-1; central benzodiazepine receptor type 2, central 
BZ-2; and peripheral benzodiazepine receptor type 3, BZ3) 
because of the existence of “central” benzodiazepine receptors 
with peripheral localization, and “peripheral” benzodiazepine 
receptors with central localization.

Zolpidem was developed as a drug with a structure differ-
ent from benzodiazepines, allowing affinity for only a given 
subset of central benzodiazepine receptors resulting in hypnotic 
properties without additional anticonvulsant and myorelaxant 
properties of benzodiazepines. In contrast to benzodiazepines 

Figure 1—18-fluorine-flourodeoxyglucose-positron emission tomography (18F-FDG-PET) of a patient with zolpidem induced sleepwalking, 
sleep related eating disorder, and sleep-driving. A: 18F-FDG-PET off zolpidem. B: 18F-FDG-PET on zolpidem. FDG was administered to pa-
tient 1 h after ingestion of 10 mg zolpidem. Statistical parametric mapping comparison of the 2 sequences shows no significant differences.
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Zolpidem’s Unexpected Clinical Effects

like clonazepam, diazepam and flunitrazepam, which lack se-
lectivity for the ω1, ω2, or ω3 benzodiazepine receptor subtypes; 
zolpidem has a high affinity for ω1.

8

A possible explanation for zolpidem-induced nocturnal 
events is that after an arousal from sleep into wakefulness, noc-
turnal activity (i.e., walking, eating, or driving) occurred and 
was subsequently not recalled after returning to sleep because 
of the sedation-mediated amnestic properties of zolpidem. An-
other possibility is that an arousal occurred out of slow wave 
sleep with the parasomnia occurring in electroencephalographi-
cally verifiable sleep. We felt our patient experienced the later, 
given her incoherent interactions with her husband during her 
nocturnal events. Patients who do not recall waking events on 
zolpidem are typically cognitively functional, and retain the 
ability to speak in coherent short phrases.9

Sleepwalking is a relatively common condition affecting 10% 
of adults.1 Recently hotels across the United Kingdom reported 
an increase in the number of hotel guests found to be sleepwalk-
ing.10 Though the incidence of zolpidem induced sleepwalking 
has been reported to be low, it is possible that many cases of 
unexplained sleepwalking may be secondary to zolpidem given 
its widespread use.3,4

Along with sleepwalking, SRED, and sleep-driving para-
somnias, zolpidem has been anecdotally reported to produce a 
range of unexpected beneficial effects. These include improve-
ment in the following conditions: post-stroke Broca’s aphasia; 
blepharospasm; quadriparesis of central pontine myelinolysis; 
catatonia of schizoaffective disorder; dementia with apraxia; 
post-anoxic minimally conscious states; bradykinesia, akinesia, 
and dystonia in Parkinson disease; post-levodopa dyskinesias 
in Parkinson disease; vertical saccadic eye movements and 
parkinsonism in progressive supranuclear palsy; restless legs 
syndrome; post-anoxic spasticity; and spinocerebellar ataxia 
(Table S1 summarizes the available reports of improvement in 
varied neurological conditions with zolpidem use). Effects were 
usually noted within 30 min of ingestion of the non-extended 
release formulation and lasted for 2 to 4 h, corresponding with 
a time to peak plasma contraction of approximately 1.2 h and a 
half-life of approximately 2.5 h.

Zolpidem effects might be mediated through its anti-anxi-
ety effects, its benzodiazepine receptor agonist properties, its 
GABAergic activity, or some combination of all three. For ex-
ample, symptoms of Parkinson disease worsen with anxiety. 
The improvement noted in Parkinson disease with zolpidem use 
may be secondary to its anxiolytic effect through a GABAergic 
effect on the limbic system or elsewhere. The improvement 
seen in blepharospasm, catatonia, and restless legs syndrome 
may be caused by the benzodiazepine ω1 receptor agonist ac-
tivity of zolpidem. However, opposing this theory of purely 
benzodiazepine agonist mediated effects, is that parasomnias 
like sleepwalking are often treated with benzodiazepines like 
clonazepam; yet zolpidem seems to induce parasomnias in a 
susceptible subpopulation.

The action of zolpidem via synaptic GABAA receptors with 
α1 subunits may produce different clinical responses depend-
ing upon regional distribution of receptor subtypes. Benzodi-
azepines bind to all the synaptic GABAA receptors, which are 
expressed throughout the nervous system. Even though zolpi-
dem is a preferred α1 agonist, α1 subunits are expressed widely 

throughout the CNS.11 Benzodiazepine-insensitive extrasynap-
tic GABAA receptors containing α4-6 subunits show much more 
regional specificity than benzodiazepine-sensitive synaptic 
GABAA receptors containing α1, 2, 3, or 5.

Zolpidem has a less recognized but limited binding affinity 
to ω2 benzodiazepine receptors. ω1 and ω2 receptors are also 
widely expressed throughout the human brain.12 At higher dos-
es these lower binding affinities may be expressed resulting in 
unexpected clinical outcomes. For example, anecdotally there 
appears to be differential efficacy of high dose zolpidem (70 
mg/d) for blepharospasm, and low dose zolpidem (5-10 mg/d) 
for parkinsonian features. (Surprisingly at the high doses used 
by Garretto et. al for blepharospasm and Evidente for early on-
set Parkinson disease, 5 of 6 patients reported no somnolence, 
and only one patient had to discontinue the medication second-
ary to drug-induced diarrhea.13,14 Somnolence was overcome 
with slow dose titration.)

The potential clinical significance of preferred GABAA α1 
subunit/ω1 receptor activation is unclear. For example, it was 
previously thought that zolpidem did not possess significant 
myorelaxant properties similar to benzodiazepines. Howev-
er, anecdotal reports of efficacy for zolpidem in post-anoxic 
spasticity, parkinsonian dyskinesias/tremors, blepharospasm, 
and restless legs syndrome provides anecdotal evidence to the 
contrary. Zolpidem may affect many neurological diseases 
through binding at a variety of locations simultaneously (Fig-
ure 2). Zolpidem binding at one anatomical location is unlikely 
to explain all of its myriad effects. Also, electrophysiological 
studies suggest that different GABA subunit combinations may 
mediate different physiological and pharmacological properties 
of the ligand-operated ion channel.11 Therefore, even though 
zolpidem has a high affinity for GABAA receptors with the α1 
subunit, different pharmacological responses may results from 
different subunit combinations with the α1 subunit. As a result, 
clinical efficacy in a given disease is difficult to correlate with 
binding and receptor activation at a single GABAA/benzodi-
azepine receptor type, at a single anatomic site, or at a single 
dose.

An intriguing theory on the etiology of sleepwalking and 
SRED concerns the presence of theoretical cerebral pattern 
generators (CPGs).15,16 CPG are thought to be neuronal col-
lections in the brain, brainstem or spinal cord that can poten-
tially control innate motor behaviors essential for survival like 
feeding and locomotion. Diffuse zolpidem cortical binding 
may cause release of CPGs associated with evolutionarily con-
served motor patterns such as walking and eating, leading to 
subsequent disorders of arousal like somnambulism and SRED. 
Since some CPGs may reside in the cortex, zolpidem use also 
release cortical patterns associated with overlearned behaviors, 
such as driving.

In an attempt to identify zolpidem-induced changes in cerebral 
glucose metabolic rates, an 18F-FDG-PET was performed in our 
patient on and off zolpidem. Gillin et al. compared the effects 
of 10 mg zolpidem and placebo on cerebral glucose metabolic 
rates in 12 young normal volunteers (mean age: 22.5 y) using 
18F-FDG-PET.17 In that study FDG was administered about 1 
h after oral administration of zolpidem while the patient was in 
electroencephalographically (EEG) verifiable stage 2 sleep and 
at a time of expected zolpidem peak concentrations (1.2 ± 0.2 h) 
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somnias are thought to emerge. Future 18F-FDG-PET studies 
in patients with zolpidem induced parasomnias could be at-
tempted during EEG verified SWS on and off zolpidem to iden-
tify differences in glucose metabolic rates not seen in our analy-
sis. However, this may prove to be difficult given the variable 
presence of SWS and the need to wait 1 h after FDG injection 
prior to the PET scan. By the time the patient receives the FDG 
injection and the scan is performed, the patient may no longer 
be in SWS. And though parasomnias tend to emerge in SWS, 
they can potentially arise from any NREM stage.

Temporal resolution is not a major limitation of PET studies 
in that in order to scan a brain the cortical area is divided into 
thirds and scanned in 3 successive 5-min sessions that are then 
compiled together to form an entire cortical scan. As a result, 
the PET findings in any particular cortical area are an estima-
tion of glucose metabolic rate over a five minute time window. 
Despite this small time window, 18F-FDG-PET findings would 
be difficult to correlate with a particular arousal in a period of 
SWS. Similar studies may be performed on and off medica-

in plasma (and presumably brain). Gillin et al. found that across 
all cortical areas glucose metabolic rates were not significantly 
different on placebo versus zolpidem. Our patient’s results were 
similar to those seen in Gillin’s normal volunteers.

Compared to wake, whole brain cortical glucose metabolic 
rates decrease in NREM and REM stage sleep.18 One would ex-
pect a decline in cortical glucose metabolic rate with the use of 
sleep-inducing hypnotics like zolpidem. However, our results, 
along with those of Gillin show otherwise. The reasons for this 
are unknown.

One possible explanation may be that PET is too insensitive 
a tool to detect subtle localized or generalized glucose metabol-
ic rate differences on and off zolpidem in the normal brain. If 
such differences could be identified, then patients who are sus-
ceptible to developing parasomnias could be identified prior to 
use. More importantly, this may also provide insight into other 
extraordinary anecdotal effects of zolpidem.

A limitation of our PET analysis was that the scan was not 
performed in EEG verified slow wave sleep (SWS), when para-

R Hoque, AL Chesson

Figure 2—Regional distribution of zolpidem binding, and the potential clinical consequences. Zolpidem is a benzodiazepine receptor 
agonist with high binding affinity for the GABAA (gamma-amino butyric acid type A) receptor expressing the α1 subunit. Benzodiazepines 
and benzodiazepine receptor agonists like zolpidem bind to the GABAA receptor at sites that are distinct from the GABA binding site, 
thereby allosterically affecting the channel. GABAA receptor sensitivity to benzodiazepines is mediated through α subunits. Zolpidem’s 
action via synaptic GABAA receptors with α1 subunits may produce different clinical responses depending upon regional distribution of 
receptor subtypes. Benzodiazepines bind to all the synaptic GABAA receptors, which are expressed throughout the nervous system. Even 
though zolpidem is a preferred α1 agonist, α1 subunits are expressed widely throughout the CNS. Given zolpidem’s many binding sites, 
the improvement noted across a range of neurological disorders are difficult to localize to binding at a single anatomic location. GABAA 
α1 subunits/ω1 benzodiazepine receptors are widely distributed throughout the central nervous system, in many more areas than indicated 
in this simple schematic figure.
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al patients may also provide insight into potentially identifiable 
pharmacogenetic vulnerabilities/susceptibilities. These exciting 
and unexplored avenues of research may be used in the treat-
ment of disease previously thought untreatable.
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tion in NREM and REM to assess differences in brain cortical 
glucose metabolic rates, though the procedural limitations de-
scribed above would still apply.

Single photon emission computed tomography (SPECT) 
studies have been used successfully to show increased cerebral 
blood flow in a range of cortical areas after zolpidem admin-
istration despite a more limited spatial resolution than PET. 
SPECT has been used to show increased regional blood flow 
in the frontal cortex in Broca aphasia, the cerebellum in spi-
nocerebellar ataxia, and the contralateral hemisphere in hemi-
paretic patients.19-21 In normal baboon models, SPECT has been 
used to demonstrate that zolpidem does not cause changes in 
regional cerebral blood flow in normal baboons. However, in 
baboons with cortical injuries, zolpidem increased blood flow 
to the injured areas.22 Zolpidem mediated increase in regional 
cerebral blood flow to injured cortical areas on SPECT was at-
tenuated by the use of flumazenil, a benzodiazepine receptor 
antagonist.23 The baboon studies correlate to the case report of 
Brefel-Courbon et al. of a patient in a post-anoxic minimally 
conscious state showing arousal on clinical exam and increased 
cerebral glucose metabolism on 18F-FDG-PET in the bilateral 
post-rolandic territories and frontal lobes after zolpidem ad-
ministration.24 The normal baboon SPECT study findings also 
correlate with the 18F-FDG-PET findings in our neurologically 
intact patient and Gillin’s normal volunteer cohort.17

To date no large scale randomized controlled trials exist as-
sessing the efficacy of zolpidem for aphasia, blepharospasm, 
catatonia, central pontine myelinolysis, dementia with apraxia, 
Parkinson disease, progressive supranuclear palsy, restless legs 
syndrome, post-anoxic spasticity, or spinocerebellar ataxia. The 
clinical benefit of zolpidem for patients in minimally conscious 
states is currently being explored in clinical trials.25 These re-
sults may also help to further understand sleep-wake mecha-
nisms and the function of hypnotics.

The anecdotal benefits of zolpidem have provided hope that 
damage to brain tissue after strokes anoxic insults previously 
thought to be permanent may actually be reversible. Zolpidem 
may reactivate cortical areas that have undergone injury-in-
duced dormancy, or there may be more redundancy built into 
our brains than previously believed, e.g. CPGs. GABAergic 
hypnotics like zolpidem through diffuse cortical binding may 
somehow unmask this redundancy.

Future studies may also shed light on whether different suscep-
tibilities to zolpidem induced parasomnias and its other effects 
may depend upon the formulation used. For example, Chiang et 
al. reported 2 patients who experienced zolpidem induced sleep-
walking and SRED on only the extended release formulation and 
not the non-extended release formulation.26 Validation of these 
anecdotal findings and investigations into the new sublingual 
formulation of zolpidem may provide insight into how formula-
tion dependent pharmacokinetics may influence an individual’s 
susceptibility to zolpidem-induced parasomnias.27

Investigations into the mechanisms of action of GABAergic 
induced parasomnias may overturn therapeutic nihilism for a 
variety of neurological disease. Capitalizing upon zolpidem’s 
myriad anecdotal serendipitous effects, basic science research 
using animal models of non–sleep-wake related neurological 
disorders may provide us with a of understanding how the brain 
reorganizes itself after injury. Also genetic analysis of individu-
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Zolpidem’s Unexpected Clinical Effects
Table S1—Zolpidem: A Spectrum of Unintended Effects and Potential Uses. SRED: sleep-related eating disorder.

Reference Age, sex, and clinical state Dose Description of response

Aphasia

Cohen et al. 200419 52, female, stroke of left 
insula, putamen, and superior 
temporal gyrus with resultant 

Broca aphasia

Zolpidem 10 mg once/d
Time to response: 20 minutes

Duration of response: unknown

Patient regained effective speech, 
naming, and repetition. 

Blepharospasm, 
Meige syndrome 
(oromandibular 
dystonia and 
blepharospasm)

Garretto et al. 200413 Three patients
Patient 1: 57, woman, Meige 

syndrome
Patient 2: 63, male, 

blepharospasm
Patient 3: 66, male, Meige 

syndrome

Patient 1: Zolpidem 10 mg every 2-3 h 
(70 mg/d)

Time to response: 30 min
Duration of response: 3 h

Patient 2: Zolpidem 10 mg 3 times/d
Time to response: 20-30 min

Duration of response: 3 h
Patient 3: Zolpidem 10 mg twice a day

Time to response: 30 min
Duration of response: 3 h 

Blepharospasm improved in all 3.
Effect on oromandibular dystonia 

in the 2 patients with Meige 
syndrome was not mentioned. 

Catatonia

Thomas et al. 199728 21, woman, schizoaffective 
disorder. One month 

after discontinuation of 
haloperidol, patient developed 
severe oppositional behavior, 
mutism, staring, posturing, 

and refusal of food. 

Zolpidem 10 mg once/d
Time to response: 15 min
Duration of response: 4 h

All behavior and motor symptoms 
resolved on zolpidem. 

Central pontine 
myelinolysis

Wang et al. 200729 51, female, post-surgical 
complication resulting in 

central pontine myelinolysis 
with spastic quadriparesis and 

pseudobulbar palsy

Zolpidem 10 mg once/d
Time to response: 20 min
Duration of response: 4 h

Regained facial expression, 
effective speech, and smooth limb 

movements

Compulsive behavior 
while awake

Tsia et al. 200730 Three previously healthy 
patients

Patient 1: 34, female
Patient 2: 40, female
Patient 3: 50, female

Zolpidem 10 mg once/d
All 3 patients exhibited compulsive 
behaviors (cleaning, shopping, and 

eating) with anterograde amnesia for 
the events. 

Events were not considered to 
be sleepwalking because patients 

were able to communicate 
fluently and perform normally 

beyond the compulsive activity. 
Events stopped with cessation of 

zolpidem in all 3 patients.

Dementia with 
apraxia

Jarry et al. 200231 60, woman, alcoholic, 
reduced cognition, memory 

loss, apraxia, inability to join 
in conversation 

Zolpidem 10 mg once/d
Time to response: 45-60 min

Duration of response: 3 h 

Improvement in cognition and 
praxis. Regained the ability to 

perform simple chores around the 
home.

Minimally conscious 
states

Claus et al. 200032 28, male, motor vehicle 
accident resulting in post-

anoxic minimally conscious 
state

Zolpidem 10 mg once/d, 
Time to response: 15 min

Duration of response not explicitly 
stated

Interacted spontaneously and 
responded to simple questions 
with short appropriate answers



Journal of Clinical Sleep Medicine, Vol.5, No. 5, 2009 s2

R Hoque, AL Chesson

Reference Age, sex, and clinical state Dose Description of response

Claus et al. 200633 Three patients: 
Patient L: 31, male, 
Patient N: 31, male, 
Patient G: 29, male. 

 All 3 had motor vehicle 
accidents resulting in post-
anoxic minimally conscious 

state

Doses unknown. 
Time to response: L: 20-30 min, N: 1 
h; G: 20-30 min. Duration of response 

was 4 h for all 3 patients. 

L: meaningful interactions/
conversations with caregivers, 
purposeful response to stimuli, 

voluntary behavior.
N: Cessation of random 

screaming episodes. Watched 
television and laughed at funny 
scenes. Stated his name and age.
G: Meaningful interactions with 
caregivers. Lifted hands, counted 

to 5, and smiled on command. 

Brefel-Courbon et al. 
200724

48, male, suicide attempt by 
hanging resulting in post-

anoxic encephalopathy with 
minimally conscious state

Zolpidem 10 mg once/d
Time to response: 20 min

Duration of response: 2-3 h

Increased arousal; communicated 
with family; swallowed food; 
moved spontaneously in bed

Cohen et al. 200834 35, male, cardiac arrest 
resulting in post-anoxic 

encephalopathy with 
minimally conscious state

Zolpidem 5 mg once a day → 10 mg in 
the morning and 5 mg in the evening → 

10 mg twice/d, 
Time to response: 1 h 

Duration of response: 3-6 h depending 
on dosing

Zolpidem 5 mg once a day: 
Increased arousal and more 

interactive with caregivers. Could 
toss a football

Zolpidem 10 mg/ 5 mg:
Walked with assistance

Zolpidem 10 mg/ 10 mg:
Spoke more frequently and 
fluently. Walked unassisted. 

Shames et al. 200835 50, woman, cardiac arrest 
resulting in post-anoxic 

encephalopathy with 
minimally conscious state

Zolpidem 10 mg once/d
Time to response: 30 min
Duration of response: 3 h

Increased arousal. Alert and 
oriented to self and place. 

Cessation of athetoid movements. 
Regained full voluntary 

movements of all 4 extremities. 

Parkinson disease, 
Parkinsonian 
features

Daniele et al. 199736 10 patients, mean age 69.9 Zolpidem 10 mg once/d
In the responders (6/10 patients): 

Time to response: 45-60 min 
Duration of response: 2-4 h

6/10 patients showed motor 
improvement in facial expression, 

rigidity, akinesia, bradykinesia, 
posture and gait

Ruzicka et al. 200037 45, female, Parkinson disease 
with generalized choreic 
dyskinesia post-levodopa 

administration

Zolpidem 5 mg per day
Time to response: 30 min
Duration of response: 2 h

Limb and trunk dyskinesia ceased 
on zolpidem

Farver et al. 200138 31, male, schizoaffective 
disorder, illicit substance 

abuse (cocaine, 
amphetamines, marijuana)

Patient developed 
parkinsonian rest tremor on 
antipsychotic medications. 
Tremor failed to respond to 
lowering the antipsychotic 

dose, adding anticholinergic 
or dopaminergic medications, 

or switching to novel 
antipsychotics.

Zolpidem 5 mg 4 times/d The patient’s tremors resolved 
within 1 month of zolpidem. 

With withdrawal of zolpidem the 
tremors returned. They ceased 
once again when zolpidem was 

restarted. 
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Reference Age, sex, and clinical state Dose Description of response

Evidente 200214 Three patients with X-linked 
early onset parkinsonism with 
dystonia (Lubag syndrome)

Patient 1: 41, male
Patient 2: 38, male
Patient 3: 36, male

Patient 1: Zolpidem 10 mg every 2 h
Time to response: 15 min
Duration of response: 2 h

Patient 2: Zolpidem 10 mg twice/d
Time to response: 40 min
Duration of response: 3 h

Patient 3: Zolpidem 10 mg twice/d
Time to response: 45 min
Duration of response: 2 h

All three patients had 
improvement in dystonia and 

parkinsonism on zolpidem

Progressive 
supranuclear palsy 
(PSP)

Daniele et al. 199939 10 patients with PSP, mean 
age: unknown

Crossover trial: All patients received 
zolpidem 5 mg once a day, zolpidem 10 
mg once a day, levodopa-carbidopa 250 

mg-25 mg, and placebo.
Time to response to zolpidem: 40-60 min
Duration of response to zolpidem: 2 h

Zolpidem, unlike levodopa-
carbidopa or placebo, improved 
saccadic eye movements in 4/10 
patients on Zolpidem 10 mg/d

Mayr et al. 2002 40 61, male Zolpidem 5 mg/d
Time to response and duration of 

response: unknown

Patient showed improvement 
in vertical gaze palsy and 

parkinsonism. Patient showed 
response for 4 weeks. Second 

trial of zolpidem 2 months later 
showed no benefit. 

Psychostimulant 
effect

Gericke et al. 199441 33, male, depression Zolpidem 80 mg/d. Patient self-
increased the dose from 10 mg per 
day due to insomnia and accidently 

discovered a stimulant effect at higher 
doses with improvement in depression.

Time to stimulant response: 20 min
Duration of response: 5-6 h

Generalized tonic-clonic seizure 
occurred at 80 mg per day. 

Restless legs 
syndrome

Bezerra et al. 200242 8 patients, 3 male,
Mean age: 50.8

Zolpidem 10 mg once/d
Time to response: mean of 4 days

Continued response on medication with 
no relapses

Positive response was noted in 
all patients, regardless of age and 
severity of restless legs syndrome

Sleepwalking with 
or without sleep 
related eating 
disorder (SRED)

Sauvanet et al. 19884 Post-marketing study showed 
1 of 96 patients developed 
sleepwalking on zolpidem

Dose unknown Data not available

Mendelson 199443 20, male, participant in 
clinical study of nocturnal 

effects of sedative 
medications

History of sleepwalking as a 
child. 

Zolpidem 10 mg at bedtime before 
polysomnogram. 

Investigator initiated auditory 
tone aroused patient out of stage 4 
sleep. Patient stood up and walked 
on the bed. He was confused when 
sleep technician entered room and 

asked him to sit. 
He had vague memory of the 

events 

Ganzoni et al. 19993 Post-marketing study showed 
7 of 1972 patients developed 

sleepwalking on zolpidem

Dose unknown Data not available
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Reference Age, sex, and clinical state Dose Description of response

Harazin et al. 199944 46, male, shift work related 
insomnia

Negative history for 
sleepwalking

Zolpidem 10 mg at bedtime Within 4 days of initiation of 
zolpidem he would arise at night 
to prepare a meal and eat it. He 
had no memory of the events. 
Medication was discontinued. 

Unknown whether events 
recurred off zolpidem. 

Morgenthaler, et. al. 
200245

Five patients
Mean age: 61.4, 3 male

All 5 patients had restless legs 
syndrome, 3 had obstructive 

sleep apnea
All 5 patients had a negative 

history for sleepwalking

Zolpidem 10-20 mg once/d All exhibited sleepwalking and 
SRED

4/5 had vague memory of the 
events. 

Events ceased in all patients with 
zolpidem discontinuation

Sattar et al. 200346 47, male, bipolar disorder. 
Negative history for 

sleepwalking. 

Citalopram 40 mg once/d, valproic 
acid 250 mg twice/d, Zolpidem 5 mg at 

bedtime

Sleepwalking started when 
valproic acid was added to 

citalopram and zolpidem. He had 
no memory of the events. 

Events ceased when valproic acid 
was withdrawn and returned when 

valproic acid was restarted. 

Sharma et al. 200547 19, male, schizoaffective 
disorder

Negative history for 
sleepwalking

Zolpidem 10 mg at bedtime Within a few days of initiation of 
zolpidem he started to sleepwalk 
and talk incoherently. He had no 

memory of the events. 
Events ceased with zolpidem 

discontinuation. 

Najjar 200748 46, female, depression, 
obstructive sleep apnea on 
continuous positive airway 

pressure therapy
Negative history for 

sleepwalking or parasomnias

Zolpidem extended-release form 6.25 
mg once/d

Sleepwalking and SRED began 
immediately after initiation 
of zolpidem use and ceased 

immediately after it was 
discontinued. 

Chiang et al. 200826 Two patients:
Patient 1: 75, female
Patient 2: 70, female

Both patients had restless legs 
syndrome, obstructive sleep 
apnea , and used continuous 

positive airway pressure 
therapy

Both patients had a negative 
history for sleepwalking or 

SRED

Both patients had sleepwalking and 
SRED on zolpidem extended release 

12.5 mg once/d. Neither patient 
experienced sleepwalking or SRED 
on the immediate release form of 

zolpidem.

Both patients experienced 
sleepwalking and SRED 

immediately after initiation of 
extended release zolpidem use 
and ceased immediately after it 

was discontinued

Sansone et al. 200849 51, female, Zolpidem 10 mg at bedtime Arose at night to prepare a meal 
and eat it. She had no memory of 

the events.
Events stopped with cessation of 

zolpidem.

Post-anoxic 
spasticity

Shadan et al. 200450 28, male, cardiac arrest 
resulting in post-anoxic 

spasticity 

Zolpidem 10 mg once a day 
Time to response: 20 min

Duration of response: 2-4 h

Decrease in muscle rigidity, 
spasticity and dystonic posturing

Spinocerebellar 
ataxia

Claus et al. 200421 5 members of a family, 3 
male, Mean age: 33

Zolpidem 10 mg once/d
Time to response: 1 h

Duration of response: unknown

4/5 patients showed improvement 
of ataxia with zolpidem
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Abstract

Marked by difficulty falling or staying asleep and/or poor sleep leading to daytime dysfunction, 

insomnia contributes to functional impairment, poor health, and increased healthcare utilization 

when left untreated. As many as two-thirds of Iraq and Afghanistan military veterans complain of 

insomnia. Older veterans of prior conflicts report insomnia occurring since initial service, 

suggesting a chronic nature to insomnia in this population. Despite insomnia’s high prevalence 

and severe consequences, there is no theoretical model to explain either the onset or chronicity of 

insomnia in this growing patient population. Existing theories view insomnia as an acute, 

unidirectional phenomenon and do little to elucidate long-term consequences of such problems. 

Existing theories also fail to address mechanisms by which acute insomnia becomes chronic. This 

paper presents an original, integrated theoretical model that draws upon constructs from several 

prominent behavioral medicine theories to reconceptualize insomnia as a chronic, cyclical problem 
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that is both a consequence and predictor of stress. Additional research examining the relationships 

between stress, sleep, resilience, and outcomes of interest could inform clinical and research 

practices. Addressing sleep problems early could potentially enhance adaptive capacity, thereby 

reducing the risk for subsequent negative outcomes.

Keywords

insomnia; sleep; stress; coping; resilience; veterans

Sleep is a basic biological need responsible for a range of restorative functions including 

emotion regulation and memory consolidation, muscle and tissue repair, and stress hormone 

regulation (Dement & Vaughan, 1999). Despite its necessity, sleep is often ignored as a core 

health behavior, rarely addressed within biopsychosocial assessments or routine primary 

care visits, and generally not integrated into chronic disease management programs. Sleep 

problems are particularly common among United States military veterans, with one-half to 

two-thirds of the 2.5 million U.S. military troops who served in Afghanistan (Operation 

Enduring Freedom, OEF) and Iraq (Operation Iraqi Freedom, OIF) complain of insomnia 

problems on returning home (Amin, Parisi, Gold, & Gold, 2010; Seelig et al., 2011). 

Insomnia complaints are also prevalent among veterans of earlier wars, including Vietnam 

and Korea conflicts. Additionally, many of these older veterans report that sleep problems 

initially began during or immediately following their military service and have persisted in 

the decades since separating from the military (Hughes & Martin, 2015; Ryden et al., 2015).

These findings suggest insomnia problems are chronic within veteran populations; yet, a 

lack of longitudinal data prohibits researchers from identifying mechanisms that contribute 

to such chronicity and from understanding how such problems change over a veteran’s life 

course. Given sleep problems are tied to a number of negative physical and psychological 

outcomes (Fernandez-Mendoza & Vgontzas, 2013), it is critical that researchers and 

clinicians develop a better understanding of this growing problem. The overarching goal of 

this paper is to offer a theoretical model of insomnia in the veteran population. Although this 

model can be applied to veterans of all ages and military cohorts, a major goal of the model 

is to place insomnia-like sleep problems of returning OEF/OIF veterans into a larger, 

lifespan context as a means of advocating for additional research on the role sleep problems 

may play in longterm health and aging. While military-specific stressors will be addressed, 

we believe that elements of this integrated model can be applied to other patient populations, 

including those who have experienced significant stress or trauma.

Insomnia in Military Veterans

Chronic Insomnia Disorder is a common behavioral sleep disorder clinically defined as 

dissatisfaction with sleep quantity or quality marked by complaints of difficulty falling or 

staying asleep, waking up earlier than desired, or sleep that is non-restorative and the cause 

of significant daytime impairment. Such problems are not related to other medical or sleep 

disorders, exist despite adequate opportunity and environment for sleep, and are endorsed 

three or more nights per week for three months or longer (American Psychiatric Association, 

2013). Insomnia and/or insomnia-like symptoms are present in 27–54% of military 
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personnel and veterans (Hoge, W. et al., 2008; Mysliwiec, McGraw, Smith, Trapp, & Roth, 

2013), rates that are two to three times higher than in the general U.S. adult population 

(Ford, Cunningham, Giles, & Croft, 2015; Roth, 2007). The rate of incident insomnia cases 

in military personnel saw a 19-fold increase from 2000 to 2009 (Mysliwiec et al., 2013). The 

prevalence of insomnia among Veterans Health Administration (VHA) users is expected to 

continue to rise as many troops who served after September 11, 2001 continue to retire from 

military service and begin accessing VHA healthcare in the coming years (Campbell, 

Shattuck, Germain, & Mysliwiec, 2015).

Risk Factors

Both modifiable and non-modifiable risk factors contribute to insomnia. This paper 

addresses the role of stress regulation and coping in sleep problems with a behavioral 

etiology. Insomnia-like sleep problems may be a function of an individual’s stress response 

whereby poor sleep is a function of inadequate coping and/or poor regulation of stress across 

physiological, cognitive, and/or emotional processes. In this context, stress refers to any 

event or stimulus that causes a disruption in balance, or homeostasis. Laboratory studies 

indicate that higher baseline levels of stress reactivity are associated with insomnia and 

predict future cases of the disorder (Drake, Friedman, Wright, & Roth, 2011; Drake, 

Richardson, Roerhs, Scofield, & Roth, 2004). In addition, individuals with insomnia have 

been shown to report experiencing more daily stressors and negatively evaluating such 

stressors (Morin & Ivers, 2003).

Initial military involvement, including enlistment and basic training, present a range of 

different stressors and often trigger sleep disturbance due to irregular schedules and ongoing 

physical, social, and emotional demands (Peterson, Goodie, Satterfield, & Brim, 2008). 

Deployment to a war region typically requires several days of laborious travel and crossing 

of multiple time zones that can disrupt one’s natural circadian rhythm, or sleep schedule, 

and trigger sleep difficulties (Troxel et al., 2015). Deployment typically involves irregular 

work schedules, overnight watch demands, exposure to warzone and combat-related 

stressors, and risk of physical and psychological injury, including traumatic brain injury. 

While no research has formally documented the cause, or trajectory, of insomnia in military 

personnel, it is likely that one or more of the aforementioned factors served as an initial 

trigger of insomnia symptoms.

Recent research has focused on sleep problems among active duty military personnel, 

including increasing rates of incident insomnia and sleep apnea diagnoses (Mysliwiec et al., 

2013), heightened mental health risks associated with insomnia symptoms (Gehrman et al., 

2013), and the link between sleep and impaired work performance (Seelig et al., 2016; 

Troxel et al., 2015). Less research has focused on sleep after military retirement. Stressors 

related to military separation, or retirement, and reintegration into civilian life can also 

trigger insomnia (Bramoweth & Germain, 2013). Additionally, many service members 

experience an inability to return to a “normal” sleep schedule after experiencing short sleep 

duration or irregular schedules while deployed (Castro, Kintzle, & Hassan, 2015; Haynes, 

Parthasarathy, Bootzin, & Krakow, 2013). Additional reintegration-related stressors include 

readjustment to family and social circles, securing civilian employment, maintaining 
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financial stability, and living with the physical and psychiatric comorbidities caused by 

deployment or combat-related stressors. These stressors can cause difficulty falling or 

staying asleep, or sleep that is restless and disturbed, thereby creating new sleep problems or 

exacerbating existing problems that began prior to or during deployment.

Consequences of Insomnia

Persistent insomnia can lead to poor health outcomes and chronic conditions (Fernandez-

Mendoza & Vgontzas, 2013; Taylor et al., 2007), exacerbate symptoms of traumatic brain 

injury (Macera, Aralis, Rauch, & MacGregor, 2013), reduce overall quality-of-life (Katz & 

McHorney, 2002), and increase risk for morbidity and premature mortality (Dew et al., 

2003; Kripke, Garfinkel, Wingard, Klauber, & Marler, 2002). Chronic sleep problems can 

also negatively impact day-to-day outcomes including task performance (Pilcher & Huffcutt, 

1996), stress coping (Hamilton, Delwyn, & Karlson, 2007), and management of chronic 

health conditions (Ahn, Jiang, Smith, & Ory, 2014).

Function, Performance and Health Management—Chronic insomnia impairs 

function and performance across cognitive, emotional, social, and physical domains 

(Killgore, Balkin, & Westensten, 2006; Killgore et al., 2008; Pilcher & Huffcutt, 1996). 

Adequate functioning in these areas enables veterans to adapt to and cope with daily hassles 

and reintegration stressors noted earlier. However, impairments in one or more domains can 

reduce ability to cope with acute and ongoing stressors. As a result, functional performance 

and independence decline, thereby decreasing the likelihood of successful reintegration into 

civilian life (Institute of Medicine, 2013; Pilcher & Huffcutt, 1996).

Many of these aforementioned impairments can also reduce a veteran’s capacity to cope 

with health-related stressors, a concept of particular interest to clinicians and health services 

researchers within the VHA. Medically complex patients, defined as individuals with two or 

more chronic conditions, who are challenged by managing such conditions (Shippee, Shah, 

May, Mair, & Montori, 2012), represent a growing subgroup of veterans utilizing VHA 

healthcare (Yoon, Schott, Phibbs, & Wagner, 2011; Yu et al., 2003). Medical complexity is 

often marked by a cycle of ongoing acute and chronic health-related stressors. Patients cycle 

through these stressors and strive to achieve and maintain a balance between workload 

demands (i.e. management of chronic diseases) and physical and psychological resources 

(Zullig et al., 2016). Successful balance and management of stressors is bolstered by high 

physical and psychological reserve and capacity (Zullig et al., 2016). These new models of 

complexity support the idea that capacity is malleable and can be impacted by resources, 

behaviors, and events on individual and community levels. Although sleep problems, 

including insomnia, are gaining more attention within the VHA, sleep patterns and behaviors 

are not explicitly addressed in these models.

Mental Health—Insomnia symptoms are common among veterans with mental health 

disorders. In one study, more than three-quarters reported difficulty falling or staying asleep 

and just over one-half reported being at least moderately distressed about sleep that was 

restless or disturbed (Ulmer et al., 2015). Although this research sample was designed to 

over-recruit veterans with mental health symptoms, this same study drew attention to the 
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notably high prevalence of sleep difficulties in veterans without a mental health diagnosis, 

including approximately seventy percent who met clinical criteria for poor sleep quality, 

defined as a score of five or greater on the Pittsburgh Sleep Quality Index (Buysse, 

Reynolds, Monk, Berman, & Kupfer, 1989).

The high rate of sleep problems among veterans without mental health diagnoses is alarming 

given that research with veteran and non-veteran populations has found that chronic sleep 

problems predict incident mental health diagnoses (Baglioni et al., 2011; Breslau, Roth, 

Rosenthal, & Andreski, 1996; D. Ford & Kamerow, 1989; Perlis et al., 2006) and suicidal 

ideation (Pigeon, Britton, Ilgen, Chapman, & Conner, 2013; Pigeon, Pinquart, & Connor, 

2012) as well as persistence of existing mental health problems, including depression 

(Pigeon, Unutzer, & Perlis, 2008), and increased risk for readmission to a partial 

hospitalization psychiatry program (Koffel, Thuras, Chakravorty, Germain, & Khawkaja, 

2015). In a large study of OEF/OIF service members, researchers found that military 

personnel with predeployment insomnia symptoms had greater odds of developing 

depression, anxiety, and PTSD at follow-up (Gehrman et al., 2013). Another longitudinal 

study found that insomnia measured at four months post-deployment was a significant 

predictor of depression and PTSD at 12-months post-deployment (Wright et al., 2011).

While it is too early to examine the long-term effects of military service on OEF/OIF service 

members’ health, a great deal can be learned from studying the aging trajectories of veterans 

from earlier conflicts, including the Vietnam War. By better understanding how early or mid-

life military service contributed to long-term outcomes in these cohorts, researchers and 

clinicians can develop new practices that can be translated into more effective and 

preventive-oriented care for veterans of more recent conflicts (Marmar, 2009). For example, 

nearly 40 years after the conclusion of the Vietnam War, Marmar and colleagues (2015) 

noted that lifetime and current diagnoses of PTSD and major depression were prevalent 

among veterans.

PTSD has been linked to increased healthcare utilization and costs in veterans of recent and 

earlier war conflicts (E. Hoge, Austin, & Pollack, 2007; Schnurr, Spiro IIII, & Paris, 2000). 

A growing line of research suggests that some veterans involved in earlier war conflicts 

experience premature functional decline and accelerated aging (Lohr et al., 2015; Wolf et al., 

2016) as a result of service-related experiences and injuries, including PTSD. Much of this 

research points to the detrimental effects of PTSD, yet little research has isolated 

mechanisms that link early or mid-life military experiences to PTSD and subsequent decline. 

While sleep problems were not measured directly in the aforementioned studies, sleep 

problems are a core component of PTSD diagnostic criteria (American Psychiatric 

Association, 2013). Given this common symptom pattern, it is possible that untreated sleep 

problems of Vietnam Era veterans partially contributed to mid- or late-life PTSD. However, 

the lack of longitudinal data and absence of sleep questionnaires in this data prevent this 

hypothesis from being confirmed. The model presented here illustrates one potential 

pathway through which early life trauma and insomnia problems may impact mid- or late-

life physical and mental health.

Hughes et al. Page 5

Clin Psychol Rev. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Insomnia and Resilience as Missing Links between Military Service and Poor Outcomes

Insomnia problems contribute to negative health outcomes and can become chronic, 

surfacing repeatedly over one’s life course. However, mechanisms contributing to this 

chronicity have not been identified. The mechanisms linking sleep problems, including 

insomnia, to new mental health diagnoses remain unclear. However, one hypothesized 

explanation is that chronic poor sleep reduces one’s coping abilities. As a result, when 

subsequent stressors do arise, individuals with sleep problems respond with reduced coping 

abilities (Gehrman et al., 2013). A reduced capacity to positively cope with stress may lead 

to a more negative stress outcome, such as PTSD (Benight & Bandura, 2004).

Researchers studying active duty military and veteran populations have a growing interest in 

resilience and its role in everything from operational readiness during deployment period to 

mental health and readjustment in the post-deployment period (Seelig et al., 2016; Stanley, 

Schaldach, Kiyonga, & Jha, 2011; Troxel et al., 2015; Young-McCaughan, Peterson, & 

Bingham, 2011). A recent RAND report suggested that healthy sleep is critical to resilience, 

operationalized as service members’ performance and operational readiness, during 

deployment (Troxel et al., 2015). Despite this growing interest, no consensus definition of 

resilience has been established nor have any theories describing the relationship between 

sleep, resilience, and health outcomes been proposed or tested. Further, most research has 

focused on active duty service members with a paucity of research on the role resilience, 

particularly when defined as a psychological construct rather than mere outcome, might play 

in sleep problems among veterans.

Much of the early resilience research was rooted in developmental psychology where 

researchers largely focused on resilience as a positive outcome in children who had 

experienced early-life stress or adversity (Garmezy, 1971; Werner, 1995). However, much of 

this early research only examined major life events or stressors and failed to recognize how 

daily stressors or hassles, such as strains related to social, occupational, or financial 

hardships, impact resilience. Much of the stress and coping literature suggests that the 

cumulative impact of daily hassles is more stressful and more detrimental to an individual’s 

overall psychological and physical health (Charles, Piazza, Mogle, Sliwinski, & Almeida, 

2013; DeLongis, Coyne, Dakof, Folkman, & Lazarus, 1982) compared to major life events. 

Additionally, early resilience research ignored the concept of stress proliferation, or the idea 

that “stress begets stress,” meaning that individuals who experience major life stressors are 

more susceptible to experiencing the effects of subsequent stressors (Pearlin, Schieman, 

Fazio, & Meersman, 2005; Pearlin & Skaff, 1996). As suggested earlier, veterans may face a 

series of stressors during the re-integration period. While not empirically tested to date, it is 

likely that daily hassles outnumber major life events and that many of these hassles 

contribute to stress-induced sleep problems, including insomnia. Furthermore, bouts of 

insomnia may also act as daily hassles in which the cumulative effects of these repeated 

bouts trigger additional stress and resulting sleep problems.

More contemporary approaches recognize resilience as a dynamic, multilevel, and 

multicomponent capacity for adapting to stress (Masten, 2001, 2007). This capacity draws 

on adaptive processes and abilities across behavioral, physiological and psychological 

systems. Modern conceptualizations of resilience also emphasize the role of health behaviors 

Hughes et al. Page 6

Clin Psychol Rev. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



including sleep, diet, and physical activity as important contributors to enhancing one’s 

resilience (Southwick, Bonnano, Masten, Panter-Brick, & Yehuda, 2014). By focusing on 

health behaviors, contemporary research emphasizes the importance of going “upstream” of 

resilience and working to identify pertinent mechanisms, such as modifiable health 

behaviors, that can enhance or degrade resilience.

Integrated Theoretical Model

The discussions above suggest that the causes and consequences of insomnia in U.S. 

military veterans are complex and that sleep may play an important role in longterm mental 

and physical health. Below, we present an innovative integrated theoretical model that could 

be used to better understand the growing problem of insomnia among military veterans. This 

model builds on the 3P Model of Insomnia (Spielman & Glovinsky, 1991). Widely used in 

clinical assessment and interventions, the 3P Model provides a framework for understanding 

insomnia through three interrelated, sequential factors – predisposing, precipitating, and 

perpetuating (see Figure 1). These factors encompass genetic, constitutional, environmental, 

experiential, and behavioral contributors to sleep problems, respectively. The interaction 

between and progression across the three factors (“3Ps”) transform acute insomnia 

symptoms into a chronic insomnia disorder.

Although widely regarded as the leading explanatory model of insomnia, the 3P Model 

could benefit from several additions which are addressed in the remainder of the paper. Our 

integrated model offers a more thorough understanding of insomnia by exploring the 

following additions. First, the model provides greater clarification of the mechanisms 

operating within each of the three factors. Second, unlike the 3P Model that conceptualizes 

insomnia and sleep problems as a consequence of a stressful event, this model recognizes 

sleep problems as both a stress response (consequence) and an independent stressor 

(predictor) that may trigger additional, negative reactions. Third, this model explores both 

short- and long-term consequences of insomnia, acknowledging its potential effects of 

insomnia on physiological, psychosocial, and cognitive domains. Finally, this model 

includes a dimension of time which may encourage additional studying of long-term 

consequences of sleep, including consideration of stress proliferation and cyclical patterns of 

increased stress, poor sleep, and negative outcomes that some veterans experience, including 

those of earlier wars.

The primary aim of the integrated theoretical model presented here (Figure 2) is to 

encourage a broader conceptualization of insomnia problems in U.S. military veterans. The 

proposed model integrates and expands upon the three major components of the 3P Model: 

predisposing (Boxes 1 and 2), precipitating (Box 3), and perpetuating (Box 10) factors. 

Drawing on constructs from several key behavioral medicine theories (see Figure 1), the 

model depicts potential mechanisms by which a stressful event (Box 3) contributes to 

insomnia problems (Box 11), impaired function (Box 12), reduced resilience (Box 13), and 

poor health outcomes (Box 14). Unlike existing theories that assume only a unidirectional 

relationship between stressful events and insomnia, our model proposes that insomnia is 

cyclical in nature. Here, insomnia is a consequence of stress and a predictor of additional 

stress. Insomnia impairs function, which reduces adaptive capacity, thereby increasing one’s 
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risk for subsequent stressful events. Thus, the cycle begins anew, potentially triggering what 

will become a chronic problem (Pathways U and V). As shown, this model places a 

particular emphasis on the consequences of chronic, untreated insomnia.

Predisposing factors

Predisposing factors of insomnia refer to modifiable and non-modifiable factors such as a 

genetic, biological, or psychological vulnerability to stress and/or chronic health problems. 

The diathesis-stress model suggests individuals possess a diathesis, or predisposing 

characteristic(s), that increase vulnerability to a negative stress response or outcome 

(Monroe & Simons, 1991). Such characteristics include genetic risk factors, 

sociodemographic factors, early trauma, personality traits, and biobehavioral developmental 

factors including neurological and cognitive functioning. Of note, adverse childhood 

experiences, including exposure to domestic violence, parental separation or divorce, and 

emotional or physical abuse, are more common among military servicemembers compared 

to non-servicemembers (Blosnich, Dichter, Cerulli, Batten, & Bossarte, 2014). Not only are 

early life events associated with poor physical and mental health outcomes in adulthood 

(Cabrera, Hoge, Bliese, Castro, & Messer, 2007), they may increase susceptibility to 

additional stressors, as described in above explanations of stress proliferation. When 

confronted with subsequent military or non-military stressors (Box 3), both early life events 

and personal characteristics may increase an individual’s risk for negative outcomes.

In addition, the theory of sleep-related stress reactivity posits that individuals with high 

levels of baseline stress reactivity (i.e., higher basal cortisol levels and more negative/

anxious psychological dispositions) have greater susceptibility to developing insomnia (Box 

2) (Drake, Pillai, & Roth, 2014). High sleep-related stress reactivity is positively associated 

with stress susceptibility and heightened responses across physiological and psychological 

domains. Stress reactivity is marked by a hyperactive adrenal system (i.e., elevated levels of 

stress and adrenal hormones) and poor emotional and cognitive regulation, which are 

manifested in an inability to sleep in a high stress situation (Drake et al., 2004; Harvey, 

Tang, & Browning, 2005; Perlis, Giles, Mendelson, Bootzin, & Wyatt, 1997). This diathesis, 

or predisposition to a negative outcome (Box 2), then interacts with a personal or 

environmental stressor such as military deployment, retirement, or reintegration-related 

challenges (Box 3) to trigger a stress response, as suggested by the Diathesis-Stress Model 

(Monroe & Simons, 1991).

Precipitating factors

Precipitating factors represent major life or environmental stressors that trigger insomnia-

like sleep problems. As addressed above, it is the interaction between predisposing factors, 

or diathesis, and an environmental stressor or event (precipitating factor) that triggers a 

stress response (Monroe & Simons, 1991). Multiple predisposing and precipitating factors 

can occur sequentially or simultaneously. For some veterans, deployment-related stressors 

(i.e. combat exposure, service-related injury) may trigger insomnia symptoms, whereas for 

others, stressors related to military retirement and civilian reintegration (i.e. family 

obligations, occupational or financial stress, injury and/or rehabilitation challenges) may 

initiate these symptoms. Additionally, some veterans may experience one major stressor, or 
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precipitating factor, while others may experience a series, of smaller, daily stressors. It is this 

accumulation of stressors that serves as the precipitating event for insomnia.

In addition to the interaction noted above, Lazarus and Folkman’s Transactional Model of 

Stress and Coping (Glanz & Schwartz, 2008) builds on the diathesis-stress model to suggest 

that a stress response depends on a “transaction,” or interaction, between the individual and 

environment. This model emphasizes that an individual’s appraisal of a stressor (i.e., 

precipitating event) vis-à-vis susceptibility and severity (primary appraisal) (Box 4), and 

perceived ability to cope with a stressor (self-efficacy) (secondary appraisal) (Box 5), 

directly influence the coping efforts and behaviors he or she chooses to enact (Box 8). These 

processes are moderated by dispositional coping style (Box 7) and degree of social support 

(Box 6) and mediated by coping efforts, including the use of problem- or emotion-focused 

strategies (Box 7). For example, some veterans who perceive military culture as 

discouraging stress disclosure and/or that military status artificially protects against negative 

outcomes (Box 4) may be less likely to disclose having experienced a stressful event and 

therefore less likely to seek help (Box 8). Other veterans may perceive re-integration to be 

stressful and a trigger for other negative outcomes (i.e. additional family or occupational 

stress). However, if these individuals do not have strong self-efficacy, social support or 

coping skills, they may be less likely to seek help for stress-induced insomnia problems 

(Boxes 8 and 9), and, as a result, experience significant insomnia problems and related 

consequences. Additional factors may also impact an individual’s decision to seek care, 

including the availability of and access to trained sleep specialists, prior experiences with 

sleep or other behavioral treatments, and personal treatment preferences.

Perpetuating factors

Acute insomnia problems become chronic through a combination of the perpetuation of 

unhealthy sleep behaviors and the conditioned arousal resulting from an inability to achieve 

and/or maintain sleep and the consequential shift in sleep patterns (Pathway O). Perpetuating 

factors represent unhealthy sleep behaviors used to cope with poor sleep, including 

following an irregular sleep schedule, spending excessive time in bed even when not 

sleeping, or increasing alcohol or caffeine intake to either induce sleep or wakefulness, 

respectively (Box 10) (Morin, 1993; Morin et al., 2006). In line with the constructs of the 

Transactional Model of Stress and Coping (Glanz & Schwartz, 2008), positive coping efforts 

reduce insomnia symptoms while negative coping efforts, including those listed above, 

exacerbate symptoms of poor sleep. Many of these behaviors, including spending time in 

bed while not sleeping or attaching negative cognitions to an inability to sleep, generate 

feelings of frustration, fatigue, and anxiety, each of which becomes paired, or conditioned, 

with the bed and bedroom. Over time, these negative thoughts and behaviors reinforce an 

inability to initiate and maintain quality, uninterrupted sleep. Such negative associations and 

reinforcement demonstrate core characteristics of classical and operant conditioning, 

respectively (Perlis et al., 1997).

Bandura’s Social Cognitive Theory (McAlister, Perry, & Parcel, 2008) highlights several 

constructs central to health behavior and health promotion. When applied to sleep, these 

constructs aid in further explaining the mechanisms of Spielman’s perpetuating factors 
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(Spielman & Glovinsky, 1991), particularly how cognitions co-occurring with unhealthy 

sleep behaviors become associated with sleep. First, reciprocal determinism suggests that 

unhealthy sleep behaviors and a poor sleep environment are bidirectional, constantly 

influencing and reinforcing one another. Second, prolonged unhealthy behaviors diminish an 

individual’s capacity for self-regulation and self-efficacy for maintaining healthy, restorative 

sleep behaviors. Finally, chronic problems and frustration associated with not being able to 

sleep condition an individual’s sleep-related outcome expectations to be negative rather than 

positive. Negative expectations can discourage an individual from reducing unhealthy, 

maladaptive behaviors in favor of healthier coping strategies.

Proliferation of Sleep Problems

While the 3P Model of Insomnia provides a larger framework for understanding risk, 

development, and continuation of insomnia, it was not originally designed to address 

consequences of unresolved or residual sleep problems. The 3P Model suggests insomnia is 

experienced in a unidirectional, linear fashion and assumes that insomnia is resolved by 

treating perpetuating factors. Future studies of insomnia, including new iterations of the 3P 

model, could benefit from a more longitudinal approach. Such an approach should be 

applied to both epidemiological studies examining trajectories of insomnia and to treatment 

studies.

Cognitive Behavioral Therapy for Insomnia (CBT-I) is the recommended first-line treatment 

for insomnia (National Institutes of Health, 2005; Qaseem et al., 2016). CBT-I targets 

perpetuating factors of insomnia (as shown in Box 10), including unhealthy behaviors and 

cognitions, and is effective in the short term (12–18 months) (Morin et al., 2006). CBTI-I 

and other behavioral treatments have been shown to effectively reduce insomnia symptoms 

and severity in veterans (Germain, Shear, Hall, & Buysse, 2007; Karlin, Trockel, Spira, 

Taylor, & Manber, 2015; Trockel, Karlin, Taylor, & Manber, 2014). However, some veterans 

continue to have either subthreshold or clinically significant symptoms following treatment 

(Trockel et al., 2014). The lack of long-term follow-up (i.e. beyond 6 or 12 months after 

treatment completion) makes it difficult to gauge the longterm trajectories of these 

individuals and the number who experience future bouts of insomnia. It is unclear whether 

these residual problems resulted from lack of sufficient follow-up (i.e. participants need 

additional time to adjust to a new sleep schedule and experience full treatment effects) or 

whether existing interventions could benefit from one or more revisions (i.e. booster 

sessions, general coping strategies, or tips for managing high stress reactivity). Additionally, 

veterans may experience an additional stressor that triggers insomnia after completing a 

course of CBT-I treatment. Additional research is needed to examine the extent to which 

prior CBT-I treatment remains effective after experiencing subsequent stressors.

One possible explanation for the chronicity of sleep problems is impaired and/or reduced 

coping capacity. As addressed in the first portion of this paper, poor sleep contributes to 

impaired cognitive and functional performance (Box 12). In line with these findings and 

laboratory studies demonstrating impaired performance following sleep deprivation, it is 

hypothesized that reduced function resulting from chronic sleep problems also negatively 

impact an individual’s reserve or adaptive capacity to respond to subsequent stressors (Box 
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12). This prediction is in line with health-related definitions of resilience, defined as a 

dynamic process of physiological and psychological adaptation to acute and chronic stress 

(Irwin, 2014; Lavretsky, 2014). Over time, chronic sleep problems, particularly sleep 

deprivation, lead to an ever-increasing allostatic load on physiological and psychological 

systems (McEwen, 2006; McEwen & Karatsoreso, 2015), thus contributing to excessive 

“wear and tear” on the body (Seeman, Singer, Rowe, Horwitz, & McEwen, 1997). 

Increasing allostatic load reduces the likelihood that an individual is able to successfully 

respond to or cope with subsequent stressors (Juster, McEwen, & Lupien, 2010; McEwen & 

Karatsoreso, 2015). This reduced stress capacity then contributes to poor physical and 

psychological health outcomes (Box 14).

There may be benefits to future research examining how impaired coping capacity may 

interact with high levels of stress reactivity, and what impact this combination of factors may 

have on future bouts, or relapses, of insomnia. If such an interaction is present, it may be 

that innovative hybrid interventions, such as those informed by principles of CBT-I and 

Mindfulness Based Stress Reduction (MBSR) may be effective in targeting both unhealthy 

sleep behaviors and underlying stress reactivity. MBSR has been shown to reduce 

physiological and psychological stress reactivity (Sharma & Rush, 2014) and an initial test 

of one such hybrid program, Mindfulness Based Therapy for Insomnia, which combines 

principles of CBT-I and MBSR, demonstrated promising results in reducing severity of 

insomnia symptoms (Ong et al., 2014). Although CBT-I curriculum teaches sleep-related 

coping strategies, it does not include more general stress and coping strategies. Integrating 

some of these strategies into behavioral sleep treatments may improve long-term coping and 

help reduce the likelihood of chronic insomnia.

Future directions

The proposed theoretical model highlights the etiological and clinical complexity of 

insomnia in U.S. military veterans, placing a particular emphasis on untreated insomnia 

problems. Severe sleep problems, such as insomnia, might occur at one point in time, 

typically triggered by a major life or environmental stressor, but their antecedents are found 

early in life and their consequences can extend for years or decades beyond the triggering 

stressful event(s). The model presented herein is meant to encourage researchers and 

clinicians to apply lifespan models to the problems of stress, insomnia, and health outcomes 

in veterans. While longitudinal data collection is time and resource intensive, such 

information would allow researchers to better understand the temporal nature and 

interrelationships between stressful events, sleep problems, and negative physical and 

psychological outcomes. Although not shown in this model, insomnia may co-occur with 

other sleep disorders, including sleep disordered breathing, restless leg syndrome, and 

chronic nightmares. Future iterations of the model should take a holistic approach to sleep 

and acknowledge these other common sleep disorders.

Sleep problems, particularly insomnia, are often assumed to be an acute consequence of 

deployment or reintegration. However, this model highlights the potential cyclical nature of 

insomnia, noting that chronic problems can deleteriously impact veterans’ long-term health 

and function. This model also highlights the importance of studying major life events and 
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daily stressors as both predictors and consequences of insomnia problems. Finally, as 

alluded to above, sleep and resilience are likely important yet under-studied mechanisms in 

veterans’ long-term health. Additional research focusing on the multidimensional nature of 

resilience, including how physiological and psychological adaptive capacities contribute to 

an individual’s stress response, is warranted. Future research examining these relationships 

and mechanisms could prove fruitful in both clinical and research settings, particularly as an 

increasing number of OEF/OIF veterans retire from military service and begin to utilize both 

VA and community healthcare services. As our theoretical model suggests, addressing sleep 

problems early could potentially enhance a veteran’s adaptive capacity, thereby reducing the 

risk for negative physical and psychological outcomes across the lifespan. Finally, the 

constructs and mechanism outlined in this particular model may have application to non-

veterans, including individuals who have experienced a significant life stressor or traumatic 

event. Future iterations of the model should highlight the mechanisms of insomnia and 

comorbid mental and physical health conditions.
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Highlights

• Chronic insomnia problems are highly prevalent among US military Veterans

• Existing theoretical models view insomnia as a unidirectional phenomenon

• An integrated model is proposed that explains insomnia as a chronic, cyclical 

problem

• Insomnia should be viewed as a both a consequence and predictor of stress
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Figure 1. 3P Model of Insomnia: Original Framework and Integrated Theories
Description: This model displays the three factors of the 3P Model of Insomnia – 

predisposing, precipitating, and perpetuating – as well as the series of behavioral health 

theories that are used to further describe these three factors.

Footnote: *NOTE: Original factors of 3P model enclosed in boxes outlined in solid lines. 
Authors’ original integration are indicated by dashed lines. The additions to this model are 
meant to highlight mechanisms responsible for each of the three factors and to demonstrate 
the overlap between and transition from one factor to the next.
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Figure 2. Integrated Theoretical Model of Insomnia Problems in US Military Veterans
Description: This figure displays an integrated conceptual model of insomnia. This model 

utilizes constructs from various behavioral health theories to illustrate the cyclical nature of 

insomnia in United States military Veterans.
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StudyObjective. Tomeasure the association of symptoms attributed to residual effects of sleepmedication (e.g., drowsiness, difficulty
concentrating, and impaired memory) on self-reported functioning and satisfaction with these medications.Methods. Individuals
using prescription medications for insomnia were invited to complete an Internet-based survey. Respondents were compared
according to the presence of self-reported residual effects; relationships between severity of these effects andoutcomesweremodeled
using regression.Measures included the Brief InsomniaQuestionnaire,Work Productivity andActivity ImpairmentQuestionnaire,
and SATMED-Q. Subgroup analyses were conducted with patients aged ≥65 years. Approximately 80% reported experiencing ≥1
residual effect. The severity of residual effects was associated with increased residual effect-related work impairment, including
absenteeism (RR = 1.46, 𝑝 < 0.001), presenteeism (RR = 1.12, 𝑝 < 0.001), overall work impairment (RR = 1.13, 𝑝 < 0.001), and
nonwork activity impairment (RR = 1.11, 𝑝 < 0.001). More severe residual symptoms were also associated with increased difficulty
in home management (Beta = .31, 𝑝 < 0.001), ability to work (Beta = .31, 𝑝 < 0.001), social relationships, (Beta = .32, 𝑝 < 0.001),
close personal relationships (Beta = .30, 𝑝 < 0.001), and lower medication satisfaction (Beta = −.37, 𝑝 < 0.001). Conclusions.
Individuals using medications for insomnia commonly experience symptoms considered as residual effects, and these symptoms
are associated with greater interference of sleep-related problems at work, at home, and with social relationships.

1. Introduction

Insomnia is a debilitating condition that accompanies several
sleep, medical, and psychiatric disorders. It is diagnosed
via subjective reports of persistent difficulty falling asleep,
staying asleep, and/or experiencing sleep of poor quality.
Insomnia confers significant daytime symptoms such as
fatigue, low energy, impaired cognitive functioning, mood
disturbance, andperceptions of decreased global functioning.
In fact, daytime symptoms are those which most frequently
lead patients to seek treatment [1]. Acute insomnia regularly
occurs with life events or sleep schedule changes. For some,
however, insomnia becomes unrelenting and chronic. Over-
all, insomnia has become a prevalent and costly public health

concern, associated with long-term effects on functioning
and quality of life.

Approximately 25% of U.S. adults report dissatisfaction
with their sleep, 10–15% report insomnia symptoms, and 6–
10% have an insomnia disorder [2]. Population-based longi-
tudinal data shownearly 70%of patients with baseline insom-
nia also report insomnia one year later, and 50% of those with
baseline insomnia continue to report insomnia up to three
years later [3, 4]. In fact, insomnia has become one of themost
prevalent complaints in the primary care setting [5]. More-
over, high rates of comorbidity between insomnia and med-
ical/psychiatric disorders have been described. Odds ratios
reported by the 2002 U.S. National Health Interview Survey
and theU.S. National Comorbidity Survey showed those with
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2 Sleep Disorders

insomnia to be twice as likely to present with congestive
heart failure and up to five times more likely to present with
a psychiatric disorder [6, 7]. Further, insomnia is strongly
associated with hypertension and pain conditions, as well as
greater risk of mortality, specifically in older adults [8–10].

Treatment can consist of behavioral/psychological inter-
ventions and/or pharmacotherapy. In general, it is considered
that primary insomnia and secondary insomnia respond to
both pharmacotherapy and behavioral/psychological inter-
vention [11, 12]. Common agents to treat insomnia include
over-the-counter agents (OTCs, antihistamines, melatonin,
and herbal preparations), prescription hypnotic drugs (ben-
zodiazepines, BzRAs, chronobiotic agents, and low-dose
doxepin hydrochloride), and other prescription agents not
specifically indicated for insomnia (antidepressants, antipsy-
chotics, and anticonvulsants) [13]. However, sleep-promoting
agents can produce adverse effects, particularly in the elderly
[13]. Residual sleep medication effects have the potential to
interfere with quality of life and include drowsiness, difficulty
concentrating, headaches, nausea, dry mouth, oversleep-
ing, and nightmares. Memory can also be affected, includ-
ing impaired short-term memory and periods of amnesia
reported in the literature [14–16].

Of the hypnotics, benzodiazepines and nonbenzodi-
azepine hypnotics with longer half-lives tend to produce
residual impairment or “hang over,” particularly with
middle-of-the-night dosing and regular use [17, 18]. Residual
effects of hypnotics include sedation, cognitive impairment,
motor incoordination, ataxia, dizziness, and gastrointestinal
upset. In the elderly, the use of sedating drugs is dangerously
associated with increased fall risk [19]. Meanwhile, the use of
some antidepressants to treat insomnia has been associated
with increased suicidal ideation, increasedmania/hypomania
in patients with bipolar disorder, and exacerbation of restless
legs syndrome [20]. Further, the use of anticonvulsants
(e.g., pregabalin) can produce daytime sedation, dizziness,
and cognitive impairment [13]. Finally, the use of antipsy-
chotics has been correlated with exacerbation of restless legs
syndrome and increased mortality, particularly in elderly
individuals [11]. From the standpoint of concern for public
safety, insomnia treatments have been shown to impair next-
day driving and increase the risk of motor vehicle accidents,
particularly in women [21].

As above, older patients are particularly vulnerable to
residual sleep medication effects. Meta-analysis of patients
aged 60 years and older, who were free of other psychiatric
disorders (𝑁 = 2,417), showed significantly higher odds of
adverse cognitive events, adverse psychomotor effects, and
daytime fatigue when patients used any hypnotic sedative,
compared with placebo [22]. A large (𝑁 = 15,528) study of
nursing home patients (mean age = 81), with hip fracture
documented in Medicare Part A and Part D fee-for-service
claims, showed elevated risk of hip fracture among users
of a nonbenzodiazepine hypnotic sleep drug. Effects were
particularly strong in new users [23].

Ultimately, residual sleep medication effects are associ-
ated with impaired functioning and lowered quality of life
in insomnia patients and confer safety risks for both the
patients and the public. Moreover, the literature reports older

patients to be at heightened risk for adverse side effects
[13]. Little research, however, has characterized the impact of
adverse side effects across multiple domains of functioning
in the same group of patients—particularly in the elderly.
The current study was conducted to collect information
on the relationship between self-reported residual effects
of prescription sleep medications and patient-reported out-
comes. A secondary objective of the study was to describe
the relationship between these symptoms and outcomes in
users of these medications aged 65 years and older, since, as
described above, these patients may be particularly vulnera-
ble to residual effects [13].

2. Materials and Methods

The present study was a cross-sectional survey of current and
former users of prescription medications for sleep reporting
a diagnosis of insomnia (𝑁 = 2,250). For the purpose of
estimating the burden of residual effects, only those currently
using a sleep medication (𝑛 = 1,605) were included. Those
reporting residual sleep medication effects were compared
to those reporting no residual effects, and the relationship
between severity of residual effects and outcomes was mod-
eled using regression. Subgroup analyses were conducted
with patients aged 65 years or older due to reported vulnera-
bility to adverse sleep medication effects [13].

Respondents were recruited primarily from previous
respondents to the U.S. National Health andWellness Survey
(NHWS). The NHWS is a cross-sectional survey adminis-
tered via the Internet to a sample of adults (18 years and older)
who were identified through a web-based consumer survey
panel. Members of the panel are recruited through opt-in
emails, coregistration with other panels, e-newsletter cam-
paigns, and online banner placements. All panelists explicitly
agreed to become panel members, registered through unique
email addresses, and completed in-depth demographic regis-
tration profiles. Invitations to participate in the NHWS were
sent using a random stratified sampling framework to ensure
the final sample of NHWS participants is representative of
the adult population in the U.S. according to the Current
Population Survey (CPS) of the U.S. Census (United States
Bureau of the Census, 2012) in terms of age, gender, and
white/non-white racial identification. Because of the size
of the target sample and inclusion criteria of this study,
additional respondents were also identified through the Light
Speed Research Ailment Panel, which is composed of general
panel members who have self-identified as having certain
medical conditions.

Only those who were aged 18 years or older, self-reported
a diagnosis of insomnia, and did not self-report diagnosis for
sleep-disordered breathing, narcolepsy, shift work disorder,
parasomnia, or other sleep condition were included in the
survey. For inclusion in the current analysis, respondents also
had to report current use of a prescription medication for
sleep.

2.1. Procedure. Respondents were interviewed through a self-
administered, Internet-based questionnaire between Decem-
ber 5th and 18th, 2012. The protocol and questionnaire
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were reviewed and approved by Essex Institutional Review
Board (Lebanon, New Jersey, USA) prior to recruitment of
participants.

The presence and severity of residual effects were assessed
through a series of items assessing to what extent the respon-
dent experienced each of the nine side effects when they take
their insomniamedication.Thesewere feelings of drowsiness,
difficulty concentrating, difficulty remembering, headaches,
nausea, dry mouth, oversleeping, amnesia, and nightmares,
using a Likert scale from 1 (None) to 5 (“Very Severe”).
Drowsiness, difficulty concentrating, difficulty remembering,
headaches, nausea, dry mouth, and oversleeping were also
combined by summing the ratings of severity to provide an
overall index of residual symptoms.

Respondentswho indicated at least one residual symptom
completed the Work Productivity and Activity Impairment,
Specific Health Problem (WPAI-SHP) questionnaire [24].
The specific health problem was residual symptoms, and
the term used in the instrument for residual symptoms was
“next-day effects.” Respondents were informed that this term
was meant to indicate any side effects they feel the day after
taking the medication. Four subscales (absenteeism, presen-
teeism, overall work impairment, and activity impairment)
were generated in the form of percentages, with higher values
indicating greater impairment. Absenteeism represents the
percentage of work time missed due to next-day effects of
sleep medication in the past seven days, and presenteeism
represents the percentage of impairment in the past seven
days while at work. Overall work impairment represents
the overall amount of impact to work productivity due to
either absenteeism or presenteeism (since they are mutually
exclusive) in the past seven days. Activity impairment repre-
sents the percentage of impairment experienced during daily
activities in the past seven days. Only employed respondents
provided data on absenteeism, presenteeism, and overall
work impairment but all respondents who reported at least
one residual symptom rated their activity impairment.

Information on sleep difficulties was assessed using the
Brief Insomnia Questionnaire (BIQ [25]). Information col-
lected in the BIQ included in this analysis was the number
of nights out of the past 7 with sleep problems due to trouble
falling asleep, trouble staying asleep, trouble waking too early,
waking feeling tired or unrested, and nights with at least
one of these problems. The degree to which the individual’s
sleep problems interfered with home management, ability to
work, social relationships, and close personal relationships
was also assessed in the BIQ using a modified version of
the Sheehan Disability Scales. These are scored from 0 to 10,
with higher numbers indicating greater interference. A “don’t
know” response is also provided, and those who selected this
option were excluded from analysis of the relevant item.

Insomnia Treatment History. A variety of items were used to
characterize the respondents’ treatment history for insomnia.
These include the year diagnosed with insomnia, type of
diagnosing doctor, type of prescribing doctor, type of doctor
currently managing insomnia, whether the respondent is

currently seeing a healthcare provider for insomnia, and
previous prescription medications taken for insomnia.

Satisfaction with current medication was measured by
the SATMED-Q [26]. This scale includes a total of 17 items
that measure treatment satisfaction across multiple domains,
including the presence and interference caused by side effects,
the efficacy of the medication, convenience and ease of use,
impact of medicine on everyday life, the follow-up from the
doctor, and the patient’s overall opinion of the medicine.

Health characteristics and risk behaviors incorporated in
the analysis included body mass index (BMI; underweight,
normal weight, overweight, and obese), alcohol consumption
(consume alcohol versus abstain from alcohol), cigarette
smoking (current smoker versus nonsmoker), and whether
the person reports exercising vigorously in the past 30 days.
The severity of respondents’ comorbidmedication conditions
was assessed using the Charlson comorbidity index (CCI
[27]). The CCI is calculated by weighting the presence of
the following conditions and summing the result: HIV/AIDS,
metastatic tumor, lymphoma, leukemia, any tumor, mod-
erate/severe renal disease, hemiplegia, diabetes, mild liver
disease, ulcer disease, connective tissue disease, chronic pul-
monary disease, dementia, cerebrovascular disease, periph-
eral vascular disease, myocardial infarction, and congestive
heart failure. The greater the total index score, the greater
the comorbidity burden on the patient. Because insomnia
commonly presents with psychiatric disorders, self-reported
psychiatric diagnoseswere also included in the questionnaire,
including alcoholism, anxiety, bipolar disorder, depression,
fibromyalgia, and schizophrenia.

2.2. Analysis. Analyses were conducted both on the full
sample (aged 18 and older) and among the portion of the
sample aged 65 years and older. Initial analyses compared
those experiencing no residual symptoms to those who expe-
rienced at least one residual symptom using chi-square test
for categorical variables and independent-samples 𝑡-tests for
continuous variables. The relationship between the severity
of residual effects and outcomes was also analyzed using
multivariable regression. The multivariable models adjusted
for covariates to reduce the likelihood that observed effects of
residual symptoms were due to confounding factors. Covari-
ates included gender (male versus female), race/ethnicity,
age (continuous), BMI (overweight, obese, and missing
versus normal/underweight), household income, comorbid-
ity burden according to CCI, and a variety of psychiatric
illnesses, which were found to be associated with residual
symptoms during review of bivariate analyses. Models of
treatment satisfaction were conducted using the total score
from the SATMED-Q and were conducted using maximum
likelihood linear regression. Likewise, ratings of disability
were approximately normally distributed and also analyzed
using linear models. Models of impairments measured by
the WPAI were conducted using generalized linear models
(GLMs) specifying a negative binomial distribution and a log-
link function. All analyses were conducted first in the full
sample and repeated in the subsample aged 65 and older.
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3. Results

Sample characteristics are presented in Table 1. Respondents
were 52 years old on average, 78% were female and 87% were
white. Most had their insomnia diagnosed and managed by a
general practitioner. Psychiatric comorbidities were common
among the sample, with approximately 50% reporting depres-
sion and approximately one-third of the sample reporting an
anxiety disorder.

Approximately 80% of current users (1,274/1,605) indi-
cated some level of residual symptoms.Those reporting resid-
ual symptoms were slightly younger on average, but other-
wise there were few demographic characteristics that differed
across the presence of residual symptoms (Table 2). How-
ever, health characteristics differed according to presence of
residual symptoms, with anxiety, depression, schizophrenia,
and fibromyalgia all more likely among those with residual
symptoms relative to those without residual symptoms, while
alcoholism and bipolar disorder were marginally more likely.
Psychiatrists were more often the diagnosing and prescribing
doctor for those with residual symptoms than those without.
Theburden of comorbid conditions as represented by theCCI
did not differ according to residual symptoms.

Problemswith sleep in the prior 7 nights were common in
current users of sleep medications. The presence of residual
symptoms was associated with one additional day waking
up tired/unrested, but not with the number of nights out
of the past 7 with trouble falling asleep, staying asleep, or
waking before the alarm (Table 3). In contrast, the impact
of poor sleep on functioning was greater among those
with residual effects, however, as ratings of interference in
home management, ability to work, social relationships, and
close relationships were all significantly higher among those
reporting residual effects. Likewise, those who experienced
residual symptoms were less satisfied with their current sleep
medication than those who did not experience any residual
symptoms (69.2 versus 76.0, 𝑝 < 0.001).

Correlational analyses confirmed that when present,
severity of residual symptoms was associated with worse
outcomes and lower satisfaction. All residual symptoms
were significantly associated with greater ratings of work
and activity impairment in bivariate correlations. Difficulty
concentrating and drowsiness were particularly burdensome,
which were correlated with work and activity impairment
𝑟
𝑠
= .46–.49. Likewise, the severity of difficulty concentrating

(𝑟
𝑠
= −.347, 𝑝 < 0.001) and grogginess (𝑟

𝑠
= −.366, 𝑝 <

0.001) was most associated with (reduced) satisfaction with
sleep medication (data not presented).

Regression analyses confirmed the association between
residual symptoms and outcomes. The severity of residual
symptomswas associated with lower satisfaction asmeasured
by the SATMED-Q, (Beta = −.37, 𝑝 < 0.001). The severity of
residual symptoms was also associated with increased resid-
ual symptom-related work impairment, including absen-
teeism (RR = 1.46, 95% CI: 1.34–1.60, 𝑝 < 0.001), presen-
teeism (RR = 1.12, 95% CI: 1.09–1.14, 𝑝 < 0.001), overall work
impairment (RR = 1.13, 95% CI: 1.10–1.15, 𝑝 < 0.001), and
impairment in nonwork activities (RR = 1.11, 95% CI: 1.10–
1.13, 𝑝 < 0.001). The severity of residual symptoms was also

Table 1: Respondent characteristics.

Current user
𝑛 %

Age (Mean, SD) 52.06 12.7
Age (10-year brackets)

Under 25 27 1.7
25–34 148 9.2
35–44 256 16.0
45–54 429 26.7
55–64 472 29.4
65–74 238 14.8
75 and older 35 2.2

Female 1260 78.5%
Non-white 203 12.6%
Completed college 791 49.3%
Annual household income

Below $25k 356 22.2%
$25–<50k 397 24.7%
$50–<75k 281 17.5%
$75k and above 481 30.0%
Decline to answer 90 5.6%

Employed 778 48.5%
BMI (Mean, SD) 26.6 6.6
BMI (categories)

Underweight 39 2.4%
Normal 544 33.9%
Overweight 472 29.4%
Obese (up to 35) 248 15.5%
Obese (over 35) 200 12.5%
Decline to answer 102 6.4%

Alcohol use 1050 65.4%
Current smoker 387 24.1%
Exercise in previous month 1018 63.4%
Psychiatric comorbidities

Alcoholism 60 3.7%
GAD or SAD 510 31.8%
Depression 802 50.0%
Schizophrenia 169 10.5%
Bipolar disorder 170 10.6%
Fibromyalgia 221 13.8%

Diagnosing doctor
General Practitioner/Family
Practitioner/Internist 1075 67.0

Psychiatrist 358 22.3
Sleep Specialist 103 6.4
Other 69 4.3

Prescribing doctor
General Practitioner/Family
Practitioner/Internist 1132 70.5

Psychiatrist 363 22.6
Sleep Specialist 33 2.1
Other 77 4.8

Current sleep medication
Benzodiazepine 331 20.6%
Z-drug 809 50.4%
Antidepressant 335 20.9%
Other 130 8.1%

Still using first sleep medication 341 21.2%
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Table 2: Respondent characteristics by presence of residual symptoms.

Residual symptoms
𝑝 valueNone (𝑁 = 331) One or more (𝑁 = 1,274)

𝑛 % 𝑛 %
Age (Mean, SD) 54.1 12.7 51.5 12.6 0.001
Female 259 78.2% 1001 78.6% 0.898
Non-white 40 12.1% 163 12.8% 0.729
College degree 227 68.6% 862 67.7% 0.750
Annual household income 0.032

Below $25k 73 22.1% 283 22.2%
$25–<50k 71 21.5% 326 25.6%
$50–<75k 52 15.7% 229 18.0%
$75 k and above 106 32.0% 375 29.4%
Decline to answer 29 8.8% 61 4.8%

Employed 153 46.2% 625 49.1% 0.358
BMI (Mean, SD) 27.1 6.8 28.0 6.6 0.048
CCI (Mean, SD) 0.60 1.11 0.77 1.36 0.032∗

Alcohol use 224 67.7% 826 64.8% 0.333
Current smoker 75 22.7% 312 24.5% 0.488
Exercise in previous month 207 62.5% 811 63.7% 0.706
Self-report psychiatric diagnoses

Alcoholism 7 2.1% 53 4.2% 0.081
GAD or SAD 72 21.8% 438 34.4% <0.001
Depression 128 38.7% 674 52.9% <0.001
Schizophrenia 23 6.9% 146 11.5% 0.017
Bipolar disorder 26 7.9% 144 11.3% 0.069
Fibromyalgia 31 9.4% 190 14.9% 0.009

Diagnosing doctor for insomnia 0.002
General Practitioner/Family Practitioner/Internist 240 72.5% 835 65.5%
Psychiatrist 50 15.1% 308 24.2%
Sleep Specialist 21 6.3% 82 6.4%
Other 20 6.0% 49 3.8%

Prescribing doctor 0.005
General Practitioner/Family Practitioner/Internist 246 74.3% 886 69.5%
Psychiatrist 54 16.3% 309 24.3%
Sleep Specialist 11 3.3% 22 1.7%
Other 20 6.0% 57 4.5%

Note: ∗ indicates Welch’s test was used in lieu of parametric 𝑡-test due to nonhomogeneity of variance.

Table 3: Sleep-related trouble according to the presence of residual symptoms.

Residual symptoms
𝑝 valueNone (𝑁 = 331) One or more (𝑁 = 1,274)

Mean SD Mean SD
Nights out of 7 with trouble falling asleep 5.1 2.3 5.3 2.0 0.297∗

Nights out of 7 with trouble staying asleep 5.4 2.2 5.4 2.2 0.856
Number of days out of 7 waking before alarm 4.6 2.6 4.5 2.5 0.253
Number of days out of 7 waking tired/unrested 4.6 2.4 5.6 1.9 <0.001∗

Nights out of 7 with any problem above 6.0 1.5 6.1 1.5 0.891
Sleep problems interfere with home management 3.9 3.0 5.6 2.8 <0.0001
Sleep problems interfere with ability to work 3.1 3.1 4.6 3.2 <0.0001
Sleep problems interfere with social relationships 3.6 3.2 5.3 3.0 <0.0001
Sleep problems interfere with close relationships 3.3 3.2 5.2 3.1 <0.0001
Note: ∗ indicates Welch’s test was used in lieu of parametric 𝑡-test due to nonhomogeneity of variance.
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Table 4: Respondent characteristics by experience of residual symptoms in respondents aged 65 and older.

Residual symptoms
𝑝 valueNone (𝑁 = 78) One or more (𝑁 = 195)

𝑛 % 𝑛 %
Age (Mean, SD) 69.37 4.07 69.72 4.53 0.558
Female 63 80.8% 143 73.3% 0.197
Non-white 4 5.1% 8 4.1% 0.709
Completed college 59 75.6% 145 71.4% 0.466
Annual household income 0.076

Below $25k 13 16.7% 32 16.4%
$25–<50k 13 16.7% 61 31.3%
$50–<75k 14 17.9% 34 17.4%
$75k and above 26 33.3% 53 27.2%
Decline to answer 12 15.4% 15 7.7%

Employed 15 19.2% 33 16.9% 0.651
BMI (categories) 0.968

Underweight 3 3.8% 6 3.1%
Normal 26 33.3% 66 33.8%
Overweight 28 35.9% 65 33.3%
Obese (up to 35) 11 14.1% 34 17.4%
Obese (over 35) 7 9.0% 19 9.7%
Refused 3 3.8% 5 2.6%

Alcohol use 51 65.4% 133 68.2% 0.653
Smokes 13 16.7% 23 11.8% 0.282
Exercise in previous month 43 55.1% 113 57.9% 0.671
Psychiatric comorbidities

Alcoholic 1 1.3% 6 3.1% 0.397
Anxiety 8 10.3% 45 23.1% 0.016
Depression 18 23.1% 76 39.0% 0.013
Schizophrenia 1 1.3% 33 16.9% 0.000
Bipolar disorder 3 3.8% 5 2.6% 0.570
Fibromyalgia 4 5.1% 31 15.9% 0.016

Diagnosing doctor 0.074
General Practitioner/Family Practitioner/Internist 66 84.6% 142 72.8%
Psychiatrist 5 6.4% 29 14.9%
Sleep Specialist 2 2.6% 15 7.7%
Other 5 6.4% 9 4.6%

Prescribing doctor 0.264
General Practitioner/Family Practitioner/Internist 82.1% 162 83.1% 82.1%
Psychiatrist 7.7% 24 12.3% 7.7%
Sleep Specialist 3.8% 3 1.5% 3.8%
Other 6.4% 6 3.1% 6.4%

Note: ∗ indicates Welch’s test was used in lieu of parametric 𝑡-test due to nonhomogeneity of variance.

associated with increases in sleep-related interference on the
four domainsmeasured in the BIQ in the regression analyses;
home management (Beta = .31, 𝑝 < 0.001), ability to work
(Beta = .31, 𝑝 < 0.001), social relationships, (Beta = .32,
𝑝 < 0.001), and close personal relationships (Beta = .30,
𝑝 < 0.001) were all similarly affected.

Analysis of those aged 65 and older also revealed a high
proportion (71%; 195 of 273) of current users reporting at
least one residual symptom. As in the full sample, the rates

of anxiety, depression, schizophrenia, and fibromyalgia were
higher among thosewith residual symptoms (Table 4).Unlike
the full sample, patients aged 65 or older with residual
symptoms had higher CCI scores relative to those without
residual symptoms.

Results of comparisons of sleep outcomes also mirrored
those of the full sample (Table 5). The number of nights
with different types of sleep problems were comparable
across those with and without residual symptoms except for
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Table 5: Sleep-related trouble according to the presence of residual symptoms in respondents 65 years and older.

Residual symptoms
𝑝 valueNone (𝑁 = 78) One or more (𝑁 = 195)

Mean SD Mean SD
Nights out of 7 with trouble falling asleep 4.6 2.5 5.2 2.1 0.059∗

Nights out of 7 with trouble staying asleep 5.4 2.2 5.4 2.2 0.822
Number of days out of 7 wake up before alarm 4.6 2.7 4.3 2.7 0.461
Number of days out of 7 wake up tired/unrested 3.7 2.7 4.9 2.4 0.001∗

Nights out of 7 with problem 5.9 1.6 5.8 1.8 0.651
Sleep problems interfere with home management 2.7 2.8 4.6 2.8 <0.001
Sleep problems interfere with ability to work 1.7 2.5 3.0 3.0 0.001∗

Sleep problems interfere with social relationships 2.6 3.0 3.9 2.8 0.001
Sleep problems interfere with close relationships 2.5 3.1 3.5 2.9 0.010
Note: ∗ indicates Welch’s test was used in lieu of parametric 𝑡-test due to nonhomogeneity of variance.

days waking up tired or unrested. Also consistent with the
full sample, levels of disability due to sleep problems were
elevated in those with residual symptoms relative to those
without for all four domains measured. Those who expe-
rienced at least one residual symptom also had marginally
lower satisfaction than those without any residual symptoms
(74.7 versus 78.5, 𝑝 = 0.057).

As in the full sample, the expected relationship between
residual symptoms and satisfaction with sleep medication
was seen in the correlations between satisfaction and ratings
of individual residual symptoms (data not presented). Diffi-
culty concentrating was most closely related to satisfaction
(𝑟
𝑠
= −.34, 𝑝 < 0.001). Total residual symptoms and difficulty

concentrating were most closely related to sleep medication-
related impairment to nonwork activities (both 𝑟

𝑠
= .46,

𝑝 < 0.001).
Regression results demonstrated that total residual symp-

toms were associated with lower satisfaction with current
medication among those aged 65 years and older (Beta =
−.37, 𝑝 < 0.001). The severity of residual symptoms was
also associated with increases in sleep-related interference
on home management (Beta = .30, 𝑝 < 0.001), social
relationships (Beta = .26, 𝑝 < 0.001), and close personal
relationships (Beta = .27,𝑝 < 0.001). Total residual symptoms
were also associated with impairment to nonwork activities
on the WPAI (RR = 1.18, 95% CI: 1.11–1.25, 𝑝 < 0.001).

4. Discussion

This study described the relationship between perceived
residual sleep medication effects and a wide range of impor-
tant outcomes for insomnia patients. This was the first
study, to our knowledge, to describe the magnitude of the
relationship between residual sleep medication effects and
this large array of patient-reported outcomes, particularly in
a single, large sample. Findings are particularly novel for the
older patients, as the literature focuses primarily on what
the residual effects are, rather than their correlates, for this
demographic group.

Residual medication effects—such as feelings of being
drowsy, groggy, or sluggish the next day, difficulty concen-
trating/remembering, or sleeping too much—were reported
by approximately four out of every five individuals cur-
rently using prescription sleep medication. Overall, findings
showed significant burden experienced by patients reporting
residual sleep medication effects relative to those not report-
ing such effects.

Though patients with and without perceived residual
effects suffered a similar number of nights with sleep prob-
lems (falling asleep, staying asleep, waking before the alarm,
or any problem), the experience of residual effects was associ-
ated with an average of one more day per week of “unrestful
sleep.” One potential explanation is that the residual effects
of the sleep medication itself are responsible for the differ-
ence, though this is only speculation; the present analysis
was not designed to identify the cause. Patients reporting
residual effects were also less satisfied with their medications.
Moreover, therewere clear relationships between increasingly
severe residual symptoms and decreased satisfaction, as
well as increasingly severe residual symptoms and greater
work and activity impairment, and greater sleep-related
interference in homemanagement, ability to work, and social
relationships. Though respondents reporting residual effects
indicated they experienced more psychiatric symptomatol-
ogy and other comorbidities than those not experiencing
such effects, the relationships between functioning and resid-
ual symptom severity remained significant after these and
other relevant covariates were accounted for.

Analysis of older patients showed a similar pattern of
relationships. Differences between those with and with-
out residual symptoms were only marginal, but the cor-
relation between increasingly severe residual symptoms
and decreased satisfaction was of considerable magnitude.
Increasing symptom severity corresponded with greater
impairment across residual symptom-related nonwork activ-
ities, home management, ability to work, and social relation-
ships.These relationships held when relevant covariates were
included as well.
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In support of prior research, insomnia patients experienc-
ing residual symptoms comprise a group who are under par-
ticular strain, even relative to other already-burdened insom-
nia patients. This study uniquely describes the depth of this
strain, which appears to occur across a wide range of domains
and is likely affecting patients’ global functioning and quality
of life. Increasing residual symptom severity appears to affect
level of impairment. Regarding financial burden, the strain
could be indirectly affecting the work force and healthcare
system. As hypothesized, older patients experiencing residual
sleep medication effects showed the additional burden of
more medical comorbidities.The comorbid conditions could
potentially be aggravated or exacerbated by sleep medication
side effects.

There are a number of limitations of the current study
that should be considered alongside the results. Most impor-
tantly, this was an observational study, and the correlational
nature of the data collection precludes any causal attribution.
Likewise, the cross-sectional design does not allow us to
ascertain whether the residual symptoms precede difficulties
in home management, ability to work, and so forth, or
whether residual symptoms occur in response to a worsening
of such problems. Indeed, some residual symptoms, such as
grogginess and difficulty concentrating, are also symptoms of
insomnia, so some of the residual symptoms reported here
may instead be symptoms of inadequately treated insomnia
rather thannext-day effects of sleepmedication or a combina-
tion of both inadequate efficacy and medication side effects.
Residual effects were self-reported rather than using objective
measures of attention, memory, or reaction time. Another
study limitation includes the margin of error inherent in any
study using self-report measures, though insomnia itself can
only be diagnosed via self-report, making self-report vital to
this study [11]. Finally, the residual sleepmedication effectswe
reported likely relate to other medical, psychosocial, quality
of life, and economic outcomes that we did not measure. We
may thus be underestimating the true extent of humanistic
and economic burden.

5. Conclusions

Ultimately, patients who experience residual sleep medica-
tion effects represent a group with significant impairment of
workplace, home, and social life activities; as the perceived
severity of the residual symptoms increases, so does the
burden.Thus, thoroughmedical and psychosocial/behavioral
assessment of individuals experiencing residual effects is
recommended (especially for the elderly). Also, improved
management of insomnia would be beneficial. Behavioral
and cognitive interventions have essentially no side effects
and have been shown to lead to long-lasting, sustained
improvements in sleep symptoms and parameters over 6
months to 24 months [28]. However, the degree of sleep
medication use in this sample demonstrates that many may
prefer, or need, pharmacotherapy for insomnia, highlighting
a need for medications with fewer residual symptoms. The
development of sleep medications with reduced residual
effect profiles will be important for treatment of this patient
population.
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Cannabis sativa L. has been utilized for treatment of pain and sleep disorders since ancient times.
This review examines modern studies on effects of D9-tetrahydrocannabinol (THC) and cannabidiol
(CBD) on sleep. It goes on to report new information on the effects on sleep in the context of medical
treatment of neuropathic pain and symptoms of multiple sclerosis, employing standardized oromucosal
cannabis-based medicines containing primarily THC, CBD, or a 1 :1 combination of the two (Sativex<).
Sleep-laboratory results indicate a mild activating effect of CBD, and slight residual sedation with THC-
predominant extracts. Experience to date with Sativex in numerous Phase I–III studies in 2000 subjects
with 1000 patient years of exposure demonstrate marked improvement in subjective sleep parameters in
patients with a wide variety of pain conditions including multiple sclerosis, peripheral neuropathic pain,
intractable cancer pain, and rheumatoid arthritis, with an acceptable adverse event profile. No tolerance
to the benefit of Sativex on pain or sleep, nor need for dosage increases have been noted in safety
extension studies of up to four years, wherein 40–50% of subjects attained good or very good sleep
quality, a key source of disability in chronic pain syndromes that may contribute to patientsC quality of
life.

Introduction. – Sleep disorders are important syndromes in modern medicine that
include parasomnias, or sleep-disruptive events, as well common associated afflictions
such as snoring and sleep apnea. The most common disorder is insomnia, or lack of
sleep, said by the National Institute of Neurological Disorders and Stroke to afflict
60 million Americans [1]. Insomnia is a major risk factor for associated morbidity even
in the absence of illness, and is associated with markedly increased prevalence of
depression, anxiety, absenteeism [2], accidents [3], and utilization of health care
resources [4]. Sleep disruption itself, as in shift work in nurses, may contribute notably
to anxiety and functional bowel disorders [5]. When such sleep disturbances occur
secondary to pain, they can be termed Fsymptomatic insomniaC. Pain at night at least
three times a week was identified as a significant factor in excessive daytime sleepiness
in older adults [6]. When sleep disturbance accompanies chronic pain or disease,
attendant treatment becomes increasingly problematic. Despite the prevalence and
pervasiveness of symptomatic insomnia, very few studies have addressed it, particularly
with respect to possible effects of analgesics on sleep. For example, use of non-steroidal
anti-inflammatory drugs may be associated with gastroesophageal reflux [7] that itself
aggravates insomnia [8].

CHEMISTRY & BIODIVERSITY – Vol. 4 (2007) 1729

L 2007 Verlag Helvetica Chimica Acta AG, ZOrich



Fewer studies yet have employed modern methods of electroencephalography
(EEG) or polysomnography to assess sleep disorders associated with chronic pain.
Results of recent investigations are sobering, as formal sleep monitoring of patients
with advanced cancers demonstrated that opioid treatment and pain disrupted
nocturnal sleep, prolonged sleep latency, and limited attainment of sleep stages 3 and
4 as well as rapid eye movement sleep [9]. Further investigation indicated that such
sleep disturbances were attributable to opioid treatment itself, which contributed to
depression and even enhanced pain [10]. In light of such data, it is clear that new
approaches to chronic pain and resultant sleep disorder are necessary.
Cannabis sativa L. and its derivatives have been known since ancient times for their

analgesic, soporific, and hypnotic effects. While mentioned frequently as beneficial to
sleep in a variety of pathological conditions in 19th-century sources on Indian hemp
[11], modern studies on cannabinoids and their therapeutic effects on sleep have
received little attention in modern medical literature until the last few years. As will be
noted, these are indications for which standardized cannabis-based medicine promises
palliation and symptomatic relief that may contribute greatly to patientsC global
impressions and subjective sense of relief of their condition.

The primary psychoactive ingredient of cannabis is D9-tetrahydrocannabinol
(THC), many of whose actions are mediated via the CB1 G-protein coupled receptors
that cluster in nociceptive areas of the brain [12], spinal cord [13] [14], and peripheral
nervous system [15] (see [16] for an excellent review). THCActivity mimics that of the
natural endocannabinoids, anandamide (AEA, arachidonylethanolamide) and 2-
arachidonylglycerol (2-AG), that are likewise partial agonists on the CB1 receptor,
that modulate pain responses in integrative centers such as the periaqueductal grey
matter [17] and pain in relation to stress [18]. Another important phytocannabinoid,
the non-psychoactive cannabidiol (CBD), is not only an analgesic, anti-inflammatory,
and antioxidant in its own right [19–21], but it is also reported to allay various THC
adverse effects including sedation, tachycardia, and anxiety [22]. Recent work has
demonstrated that CBD antagonizes tissue necrosis factor alpha (TNF-a) in a rodent
model of rheumatoid arthritis [23], and enhances adenosine receptor A2A signaling via
inhibition of an adenosine transporter [24], suggesting an important therapeutic role in
various inflammatory and chronic pain states.

Additional cannabis components including terpenoids and flavonoids also have
analgesic properties that may be significant [25]. Historical and scientific aspects of
cannabinoids and pain have been described for migraine [26], obstetrics and
gynecology [27] , and gastroenterological conditions [28]. A clinical endocannabinoid
deficiency has been hypothesized in relation to migraine, fibromyalgia, and idiopathic
bowel syndrome [29].

In the current review, we will examine modern studies on effects of THC and CBD
on sleep, and then report new information on the effects of cannabis-based medicines
on sleep as a secondary outcome measure in the context of randomized clinical trials of
medical treatment of chronic pain states, including neuropathic pain (NP), symptoms
of multiple sclerosis (MS), and rheumatoid arthritis.

Clinical Studies of Cannabinoids and Sleep. – The soporific qualities of cannabis
were noted in the ancient Indian ayurveda tradition [30]. Subsequently, the great
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taxonomist Linnaeus recognized cannabis as narcotica and anodyna in his Materia
Medica in the 18th century [31] (p. 214). William B. O$Shaughnessy reintroduced
cannabis to Western medicine from India in the 19th century [32], wherein it produced
sleep and pain reduction for victims of rheumatism andmany other conditions. Benefits
on sleep were noted in various pain states [11] throughout the 19th and early 20th
century, when cannabis medicines subsequently fell from commonmedical usage due to
lack of standardization and daunting problems with dosing and quality control.

Scientific study of cannabinoids entered the modern era in the early 1960s with the
isolation of THC [33]. Early studies revealed that THC reduced sleep latency in
normal and insomniac subjects, and caused some suppression of slow wave sleep
(Stages 3 and 4) [34], often with a residual FhangoverC effect the next day [35]. No
formal studies of cannabinoids to date have included electroencephalography or
polysomnography in symptomatic conditions or chronic pain states.

In a recent case report [36], treatment withMarinol< (dronabinol, synthetic THC)
effectively reversed serious insomnia in three patients afflicted with intractable pruritus
associated with cholestatic liver disease. Similarly, in a limited trial ofMarinol, 2.5 mg
at night in five dementia patients, a reduction was observed in nocturnal motor activity
(p¼0.028) [37].

A series of experiments with cannabidiol performed in Brazil were summarized in
1981 [38], with observations based on subjective sleep assessments. Of two subjects
taking CBD 300 mg twice a day (BID) for 2 d, one reported having slept more heavily,
but no performance abnormalities were evident. Ten more subjects took 200 mg CBD
vs. placebo on four separate occasions with no significant differences in subjective
functioning, or level of alertness. Two of four subjects taking CBD, 10 mg BID for 20 d,
complained of isolated episodes of daytime somnolence on rare occasions. Another
experiment compared placebo to CBD, 3 mg/kg/d divided BID in eight subjects. One
reported somnolence for a week, another for the entire 30 d, and a third reported
improvement in baseline insomnia.

Subsequently, this group assessed 15 subjects with 40, 80, and 160 mg oral doses of
CBD as a hypnotic vs. nitrazepam, 5 mg, and placebo in a double-blind randomized
trial. This low dose of benzodiazepine and lower dose of CBD produced little effect on
sleep. The highest CBD dose, however, seemed to extend sleep and reduce episodic
wakening in 10/15 subjects subjectively, while also reducing dream recall. No hangover
symptoms were noted.

Cannabinoid Effects on Brain Chemistry in Sleep. – The key role of the endogenous
cannabinoid system in regulation of sleep–wake cycles was suggested by the finding
that the CB1 antagonist/inverse agonist SR 141716A produces arousal in rats at the
expense of slow-wave sleep [39]. This was further highlighted by the finding that the
endocannabinoid anandamide (AEA) seems to mediate sleep induction and interacts
with oleamide in this regard [40]. Subsequently, a Japanese group demonstrated the
inhibition of serotonin and ketanserin (5-HT2A antagonist) binding to the 5-Treceptors
by AEA [41]. A mild but similar response has recently been demonstrated for CBD
[42], and cannabis terpenoids [43], suggesting a possible synergy with the CB1 agonist,
THC. Certain terpenoid components of cannabis are sedating in their own right
(reviewed in [44], particularly terpineol [45]).
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Recently, CBD was shown to inhibit uptake of AEA, and weakly inhibit its
hydrolysis [46], making it, in effect, an inducer of AEA function, and suggesting a
modulatory role for this agent in sleep. Additionally, a functional role for endocanna-
binoids in regulation of respiratory stability in sleep to prevent sleep apnea has been
suggested [47]. Finally, it has recently been demonstrated that CBD administered
intracerebroventricularly in rats increased wakefulness in the lights-on period, and
increased enhancement of c-FOS expression in hypothalamus and dorsal raphe nucleus
[48], supporting a clinical alerting effect for this agent [22], as discussed below.

NewData on SleepModulation with Cannabis-BasedMedicine Extracts (CBMs). –
GW Pharmaceuticals received a license from the British Home Office in 1998 to
cultivate cannabis and extract it as a standardized botanical drug substance for
formulation into finished pharmaceutical products. Early indications have focused on
multiple sclerosis (MS) and chronic pain, especially neuropathic, or associated with
cancer and rheumatoid arthritis. Chemovars of cannabis were selected via Mendelian
genetics to express one predominant phytocannabinoid [49] [50]. Cloned plants
undergo liquid CO2 extraction to produce botanical drug substances that contain
predominantly THC (Tetranabinex<), CBD (Nabidiolex<), or a 1 :1 combination of the
two (Sativex<; Fig. 1) [51] [52]. Sativex is administered oromucosally via a pump-action
spray with each 100-ml pump-action actuation providing 2.7 mg of THC, 2.5 mg of CBD
plus other phytocannabinoids, terpenoids, and phytosterols [25], in a base of 50%
EtOH and 50% propylene glycol with 0.05% peppermint flavoring. Pharmacokinetic
data on this material is available from recent publications [53]. The preparation has
onset of activity in 15–40 min, which allows patients to titrate dosing requirements
according to pain levels or other symptoms with an acceptable profile of adverse events.
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A total of 1000 patient years of Sativex exposure in over 2000 experimental subjects has
been amassed in Phase-II and -III clinical trials. A slight majority of subjects had no
previous recreational or medicinal cannabis exposure, but comparative efficacy results
have been identical in cannabis-experienced and cannabis-naQve cohorts with no
evidence of inadequacy of subject blinding [54] [55]. Patients are generally able to find
a stable dose at which they obtain therapeutic relief without unwanted psychoactive
effects. All randomized controlled trials (RCTs) were performed with Sativex added as
an adjunct to existing drug regimens in patients with intractable symptoms, i.e., patients
considered treatment-resistant and remained on best available analgesic therapy and
hypnotic medication, if prescribed. A concerted effort has been made in this review to
include data from all available Sativex clinical trials; no negative data were excluded.
Sativex was approved in June 2005 for marketing as a prescription medicine in

Canada under a Notice of Compliance with Conditions (NOC/c) for central neuro-
pathic pain in multiple sclerosis (MS). An Investigational New Drug (IND) application
to study Sativex in intractable cancer pain patients in the USA was approved by the
FDA in January 2006. Two independent reviews of Sativex have recently been
published [56] [57].

The effects of oromucosal high-THC extract (Tetranabinex<), 15 mg, and THC-
CBD extract doses of 5 and 15 mg of THC-equivalent were assessed byNicholson et al.
in eight subjects with respect to nocturnal sleep, early morning performance, memory,
and residual sleepiness in a double-blind placebo-controlled four-way cross-over study
with EEG monitoring [58]. While the THC extract, 15 mg, alone produced little effect
on sleep architecture, sleep latency was reduced, memory was impaired, and residual
sleepiness and mood changes were observed (p<0.05). Both dose levels of combined
THC-CBD extract decreased Stage 3 sleep (p<0.05) over placebo, and the 15-mg
doses increased wakefulness (p<0.05) compared to 5-mg doses. The 5-mg doses of
THC-CBD extract actually produced faster reaction times on the digit recall test (p<
0.05) over placebo. The authors noted that whereas impaired memory was observed the
next day when 15-mg THC extract was given alone overnight, there were no such
effects when THC was concomitantly accompanied by 15 mg of CBD, as in Sativex.
Conclusions were that THC was sedative, while, in contrast, the presence of CBD was
alerting, tended to counteract THC adverse effects on cognition, and impaired
wakefulness.

In subsequent Phase-II and -III clinical trials, sleep quality was assessed with
questionnaires completed by clinical trial subjects. Visual Analogue Scales (VASs) and
Numerical Rating Scales (NRSs) are familiar instruments to many clinicians and have
traditionally been used to quantify patient-rated subjective experiences. The two types
of scale have similar sensitivity and reliability, but NRS is generally preferred by
patients for ease of use. NRS and VAS are well-established and validated for the
measurement of pain [59]. As is the case with pain, there is no objective gold standard
by which to quantify the quality and quantity of sleep in patients participating in clinical
trials. For this reason, most of the studies included in this review utilized NRSs or VASs
to measure sleep and sleep disturbance. For example, Wade et al. [60] used VASs
attached to the following questions: FHow was your quality of sleep last night?C/FHow
much sleep did you get last night?C/FHow did you feel when you awoke this morning?C
The anchors at each extremity of the 10-cm line were Fbest imaginableC and Fworst
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imaginableC for the first two questions, and Ftotally refreshedC or Ftotally unrefreshedC for
the third. As an example of NRS,Rog et al. [61] used an 11-box (0–10) scale attached to
the following instruction: FOn a scale of 0–10 please indicate how your nerve pain
disrupted your sleep last night. Please tick one box onlyC. The anchors were Fdid not
disrupt sleepC and Fcompletely disrupts (unable to sleep due to pain)C . Such measures
appear to have good face validity.

These and other studies of cannabis-based medicines on pain and sleep are
summarized in the Table.

In a Phase-II study in 24 patients with intractable neurogenic symptoms including
MS and chronic pain, Tetranabinex, Nabidiolex, and Sativex were tested in a double-
blind-N-of-1 RCT vs. placebo by Wade et al. [66]. Significant improvement was seen
with both Tetranabinex and Sativex on pain (especially neuropathic) (p<0.05), but
post-hoc analysis showed symptom control was best with Sativex (p<0.0001), with
slightly less intoxication than with THC-predominant extract. Sativex significantly
improved sleep quality (p¼0.041; Study GWN19902; Fig. 2) [66]. The authors noted
that, compared to placebo, the CBD-predominant extract significantly improved pain,
the THC-predominant extract yielded significant improvements in pain, muscle spasm,
spasticity, and appetite, and combined THC:CBD extracts (Sativex) significantly
improved muscle spasm and sleep. They also observed that the visual analogue scale for
Sativex was significantly improved over baseline for 20 subjects in the sleep category
(p<0.05). Of particular note in this trial was the confirmation of the CBD component
as alerting, while high THC extract (Tetranabinex) improved sleep parameters
(although not statistically significantly over placebo in this trial), while the combination
of the two (Sativex) improved sleep synergistically.

In a Phase-II double-blind crossover N-of-1 study of intractable chronic pain in 34
subjects by Notcutt et al. [67], visual analogue scales for pain were significantly
improved for Tetranabinex and Sativex extracts over placebo (p<0.001). Sativex

Fig. 2. Compendium of results of Sativex on sleep in earlier Phase II–III RCTs in multiple sclerosis (MS)
and intractable chronic pain
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produced best results for pain in MS subjects (p<0.0042). Marked improvement was
observed on sleep duration (p¼0.0001) and quality (p¼0.0001; Study GWN19901A;
Fig. 2). The authors commented that Sativex, while having little effect on the recorded
sleep hours, rather produced marked changes in reported sleep quality from the FpoorC
or FfairC to FgoodC categories. The sleep quality measure represented a global assessment
by the subject of sleep duration, depth, and relative degree of sleep disruption. Finally,
they posited that improvement of sleep by the drug might prove to be one of its major
benefits in chronic pain and MS.

In a Phase-III randomized placebo-controlled clinical trial in central neuropathic
pain due to MS over 5 weeks in 66 patients by Rog et al., subjects showed mean NRS
analgesia favoring Sativex over placebo (p¼0.009), and significant benefit of Sativex
over placebo was observed in sleep disturbance (p¼0.003) [61] (Study GWMS0107;
Fig. 2).

In another Phase-III RCT in intractable pain in 79 subjects with MS, diabetic
neuropathy, or other conditions byNotcutt et al. [72], the Sativex cohort utilized escape
analgesia a mean of 20.57% of days vs. 50.12% for placebo (p¼0.002). Sleep
disturbance was also reduced by Sativex vs. placebo (Study GWPS0105; Fig. 2), with a
treatment difference favoring the former (p¼0.045).

In a Phase-III double-blind placebo-controlled trial of peripheral neuropathic pain
with allodynia in 125 subjects by Nurmikko et al. [73], Sativex produced highly
statistically significant improvements in pain levels (p¼0.004) and dynamic allodynia
(p¼0.042). Marked reductions in sleep disturbance were observed (p¼0.001; Study
GWNP0101; Fig. 2) [73].

In the largest clinical study of brachial plexus avulsion and central neuropathic pain
to date by Berman et al. [68] in 48 subjects in a double-blind cross-over design assessing
oromucosal Tetranabinex, Sativex, and placebo, comparable benefits were noted in Box
Scale-11 pain scores with Tetranabinex (p¼0.002) and Sativex extracts (p¼0.005).
Sleep disturbance scores favored Sativex over placebo (p¼0.017) [68] (Study
GWBP0101; Fig. 2), with sleep quality scores also favoring Sativex (p¼0.019).

In another Phase-III RCT focusing on mixed neurogenic symptoms in MS byWade
et al. [60], the greatest improvement following Sativex was noted in spasticity (p¼
0.001). Subjects also demonstrated benefit on sleep disturbance (p¼0.047; Study
GWMS0001; Fig. 2). From this cohort, 137 patients elected to continue on Sativex in
safety-extension (SAFEX) studies [74]. Rapid reductions were noted in the first twelve
weeks in pain VAS in 47 affected patients with sustained improvements for more than
one year. During that time, there was no escalation of dose indicating an absence of
tolerance to analgesic or other therapeutic benefits of the preparation. Similarly, no
withdrawal syndrome (as defined by Budney et al. [75]) was noted in a subset of 25
patients who voluntarily stopped the medicine abruptly. Upon resumption, benefits
resumed at the prior established dosages. Improvements in sleep were also maintained
[74].

Additional data from patients with central and peripheral neuropathic pain who
completed these RCTs have been collected in a second SAFEX study of some 507
subjects taking Sativex for at least one, and up to four years. These data confirm the
continued efficacy of Sativex in maintaining improvements in subjective sleep
parameters. As in the prior SAFEX in MS subjects with mixed symptoms [74], no
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Table. Clinical Studies of Cannabis Based Medicines on Pain and Sleep

Drug Clinical indication Subject
number
(N)

Trial duration Results/reference

Cannabis
(smoked)

HIV neuropathy 50 5 days >30% pain reduction vs. placebo
(p¼0.04), sleep NA [62]

Cannador Spasticity in MS 419 15 weeks Improvement over placebo in
subjective pain associated with
spasm (p¼0.003), sleep
(p¼0.025) [63]

Cannador Post-herpetic
neuralgia

65 4 weeks No benefit observed on pain,
sleep NA [64]

Cannador Post-operative pain 30 Single doses, 1 day
each

Decreasing pain intensity with
increasing dosage (p¼0.01).
Sleep NA formally. One complaint
of sleep disturbance [65]

Sativex Neurogenic pain 20 Series of 2-week
N-of-1
crossover blocks

Improvement with Tetranabinex
and Sativex on VAS pain vs. placebo
(p<0.05), symptom control best
with Sativex (p<0.0001). Sativex
improved sleep quality (p¼0.041) [66]

Sativex Chronic intractable pain 24 12 weeks, series
of N-of-1
crossover blocks

VAS pain improved over placebo
(p<0.001) especially in MS
(p<0.0042). Sleep duration and
quality both improved (p¼0.0001) [67]

Sativex Brachial plexus avulsion 48 6 weeks in 3
two-week
crossover blocks

Benefits noted in Box Scale-11
pain scores with Tetranabinex
(p¼0.002) and Sativex (p¼0.005)
over placebo. Sativex improved sleep
disturbance (p¼0.017) and sleep
quality scores (p¼0.019) [68]

Sativex Central neuropathic
pain in MS

66 5 weeks Numerical Rating Scale (NRS)
analgesia improved (p¼0.009),
sleep disturbance (p¼0.003)
vs. placebo [61]

Sativex Peripheral neuropathic
pain

125 5 weeks Improvements in NRS pain levels
(p¼0.004), dynamic allodynia
(p¼0.042), sleep disturbance
(p¼0.001) vs. placebo [69]

Sativex Rheumatoid arthritis 56 5 week Improvements over placebo
morning pain on movement
(p¼0.044), morning pain at rest
(p¼0.018), DAS-28 (p¼0.002),
and SF-MPQ pain at present
(p¼0.016), sleep quality
(p¼0.027) [70]



dose escalation over time was necessary to maintain efficacy, supporting a lack of
tolerance to this clinical benefit. Specifically, in an initial combined cohort of 287
subjects with central or peripheral neuropathic pain (Fig. 3), ca. 40% of subjects
attained good-to-very-good sleep quality with maintenance of up to two years. Fewer
than 20% of subjects had less than satisfactory results in their assessments of sleep
quality.

Fig. 3. Cumulative data on sleep disturbances (sleep quality scores) in a long-term safety-extension
(SAFEX) study of central and peripheral neuropathic pain patients treated with Sativex (Study

GWEXT0102)

CHEMISTRY & BIODIVERSITY – Vol. 4 (2007) 1737

Table (cont.)

Drug Clinical indication Subject
number
(N)

Trial duration Results/reference

Sativex Pain after spinal injury 117 10 days NSD in sleep disturbance and NRS
pain scores, but improved Brief
Pain Inventory (p¼0.032) and
Patients Global Impression of
Change (p¼0.001, odds ratio 3.4).

Sativex Intractable cancer pain 177 2 weeks Improvements in NRS analgesia
vs. placebo (p¼0.0142),
Tetranabinex NSD. Sleep quality
NSD [71]

Sativex Intractable lower urinary
tract symptoms in MS

135 8 weeks Improvement in bladder severity
symptoms (p¼0.001) and nocturia
episodes (p¼0.01) over placebo.



An examination of adverse event profiles from the two SAFEX studies (137 and
537 subjects, resp.) reveals that complaints attributed to poor sleep or residual fatigue
are infrequent after regular use of Sativex (Fig. 4).

In a Phase-II double-blind, randomized placebo-controlled five-week study of 56
rheumatoid arthritis patients with Sativex by Blake et al. [70], employing nocturnal
treatment only, subjects received a maximum of 6 sprays each evening (16.2 mg THCþ
15 mg CBD). In the final treatment week, many study measures favored Sativex over
placebo: morning pain on movement (p¼0.044), morning pain at rest (p¼0.018), 28-
joint disease activity score (DAS-28; p¼0.002), and Short Form McGill Pain
Questionnaire (SF-MPQ) pain at present (p¼0.016). Sleep quality favored Sativex
over placebo (p¼0.027) (Fig. 5,a).

Results of a Phase-III study (N¼177) comparing Sativex, Tetranabinex, and
placebo in intractable pain due to cancer unresponsive to opiates by Johnson and Potts
[71] demonstrated that Sativex produced highly statistically significant improvements
in analgesia (p¼0.0142), while Tetranabinex was not significantly different from
placebo, suggesting that the presence of CBD in the Sativex preparation contributed to
pain control. Sleep quality in this study was not significantly improved over placebo,
perhaps due to its short duration of only three weeks.

Similarly, in a Phase-II study of neuropathic pain after spinal injury, whereas no
significant difference was noted in the primary outcome measure of average daily pain
due to a large placebo response, the Brief Pain Inventory (BPI) did improve (p¼
0.032), as did the Patients Global Impression (PGI) of change (p¼0.001, odds ratio
3.4). No changes in sleep over placebo were noted in this brief ten-day trial
(unpublished findings).

In a Phase-III RCT of MS patients with intractable lower urinary tract symptoms
and frequent accompanying pain in 135 subjects, Sativex produced a significant

Fig. 4. Graph of fatigue and other adverse events attributable to sedation or sleep disturbance in safety-
extension studies of mixed symptoms of multiple selerosis (MS) (SAFEX GWMS0001, N¼137), and
peripheral and central neuropathic pain (SAFEX GWNP0102, N¼507) taking Sativex for greater than

one and up to four years. Rates of associated complaints are all less than 10%.
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improvement over placebo in bladder symptom severity (p¼0.001) and in nocturia
episodes (p¼0.010) affecting sleep (Fig. 5,b) (Fowler et al., GW Pharmaceuticals data
on file, manuscript in preparation).

Common Adverse Events (AE) of Sativex acutely in RCTs have included
complaints of bad taste, oral stinging, dry mouth, dizziness, headache, nausea, or
fatigue, but do not generally necessitate discontinuation, and proved less common over
time. Cumulative subject withdrawals from the RCTs secondary to AEs attributable to
Sativex have occurred in 10.7% of all subjects, and in 10.8% ofMS subjects (data on file,
GW Pharmaceuticals, May 24, 2006). Figures ranged from 12.5% in the first Phase-II
trial [60], while 0% of Sativex subjects withdrew due to attributable AEs in studies of
lower urinary tract symptoms in MS [76] and brachial plexus avulsion [68].

Placebo-controlled trials have also been conducted with an oral plant-derived
cannabis-based medicine, Cannador, which contains variable THC:CBD ratios [22].
This was examined in a large trial alongside Marinol (synthetic THC) and placebo in
MS patients (Table). In neither the acute trial (CAMS) reported by Zajicek et al. [63],
nor its 12-month long-term follow-up [77], were significant improvements noted in
sleep with Cannador or Marinol. These data would support the proposition that
benefits of cannabis-based medicines on sleep in the context of symptomatic treatment
may be specific to a preparationCs formulation and/or delivery system, and the
improvement with one preparation cannot necessarily be extrapolated to another.
Another study of Cannador in post-operative pain (Table) showed decreased pain with
increasing dosage, but sleep was not assessed formally (NA) [65]. One subject noted
sleep disturbance. Finally, Cannador was utilized in a four-week study of post-herpetic
neuralgia (Table), but no benefit was observed on pain, and sleep was NA formally
[64].
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urinary tract symptom patients with multiple sclerosis (N¼135).



Results are recently available from the first RCT of smoked cannabis on pain, in
sensory neuropathy due to HIV/AIDS or its treatment (Table) [62]. A greater than
30% reduction in pain vs. placebo was noted in this five-day trial, but sleep effects were
not reported. An additional study is planned in California to assess effects of cannabis
on sleep disturbance in similarly affected patients (http://www.cmcr.ucsd.edu/geninfo/
drummond_abs.htm). The FDA has recently published guidelines for botanical
medicines that mandate parameters required for New Drug Approval [78]. The
difficulties inherent in standardizing herbal cannabis, and pulmonary issues associated
with its inhalation [79], make it unlikely that regulatory approval would be attainable
in most nations of the world [54].

No head-to-head trials of Sativex vs. smoked cannabis have been performed, but a
comparison of AE profiles from self-selected SAFEX study subjects on Sativex with
those of smoked-cannabis patients utilizing standardized cannabis in government
programs in Canada [80] and the Netherlands [81] [82] supports the concept that
Sativex was much better tolerated, especially with respect to mental status and
cognitive issues [54].

Discussion. – Chronic pain, neurological illness, and sleep disorders are clearly co-
morbid conditions. Upwards of 80% of MS patients suffer from debilitating fatigue
symptoms and complain of significant sleep disturbance. Additionally, chronic pain
accompanies MS in up to 60% in some surveys, with a citation of 48% in a recent study
[83], further compromising the ability of patients to attain rest. Tachibana et al. [84]
noted that such problems in MS arise from legion sources: pain, spasticity, muscle
spasm, restless legs syndrome, myoclonus, and lower urinary tract symptoms, resulting
in sleep disturbance in 80% of 28 subjects. It was felt by these authors that these
problems were rarely addressed therapeutically. MS may also be associated with sleep
apnea, a condition that has recently been demonstrated to respond favorably to
treatment with THC in an animal model [47].

A recent study of sleep and fatigue in 60 MS subjects is quite germane [85], with over
half noting difficulty with sleep disturbance at least two nights per week. Fatigue and
excessive daytime sleepiness affected 64 and 32% of subjects, respectively. Those problems
correlated best to difficulties with middle-of-the-night insomnia that subjects attributed
most often to pain/discomfort (21.7%) or nocturia symptoms (72.5%). These symptoms
were improved by Sativex treatment in the above discussed RCTs. Comparison of rates of
fatigue, lethargy, somnolence, and insomnia in Sativex SAFEX subjects (Fig. 4) supports
very remarkable amelioration compared to MS patients in the Stanton study [85], many of
whom were already taking pharmacotherapy for such symptoms. The authors of the latter
study specifically recommended symptomatic treatment of pain and nocturia as strategies
to minimize sleep disturbance and its diurnal sequelae.

Similar sleep complaints affect patients with other etiologies of neuropathic pain. A
current review article strongly suggested treatment of chronic pain with agents that
concomitantly improve sleep [86]. A survey of 173 adults with neuropathic pain
reported significantly higher rates of sleep disturbance and daytime somnolence vs.
controls [87], with improvement after institution of specific treatment. Unfortunately,
sleep disturbance continued in 43% of 140 subjects suffering from diabetic neuropathy
despite treatment [88].
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In a recent review [89], the authors state, FThe alterations of THC on sleep EEG and
its rebound effect, its side effects before sleep induction, and its residual effects after
awakening have contraindicated its clinical use as a sedative hypnoticC. Data from the
clinical research on Sativex reviewed in this article are not consistent with this
conclusion. Rather, the available evidence to date would suggest that Sativex
improvement in subjective sleep parameters, and satisfaction in patients with MS
and neuropathic pain, with symptomatic relief of pain, spasms, nocturia, and related
complaints. From limited sleep-laboratory information, it seems unlikely that its use
will result in significant change in sleep architecture. Sativex does not benefit all
patients, but in those who do respond, the beneficial effects are maintained consistently
over time without evidence of tolerance, and are not accompanied by unusual cognitive
sequelae [54]. Of course, additional in-depth studies are needed to confirm these
contentions and might include formal neuropsychological testing and polysomnog-
raphy.
Sativex patients and their caregivers have remarked to their physicians how the

medicine had transformed their lives through its ability to allow them more restful
sleep, increase their daytime level of function, and markedly improve their quality of
life. Its addition to the pharmacopoeia may be welcomed by patients, families, and
physicians.
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Abstract
Background: The New South Wales State Government recently proposed a trial of the medical
use of cannabis. Australians who currently use cannabis medicinally do so illegally and without
assurances of quality control. Given the dearth of local information on this issue, this study
explored the experiences of medical cannabis users.

Methods: Australian adults who had used cannabis for medical purposes were recruited using
media stories. A total of 147 respondents were screened by phone and anonymous questionnaires
were mailed, to be returned by postage paid envelope.

Results: Data were available for 128 participants. Long term and regular medical cannabis use was
frequently reported for multiple medical conditions including chronic pain (57%), depression (56%),
arthritis (35%), persistent nausea (27%) and weight loss (26%). Cannabis was perceived to provide
"great relief" overall (86%), and substantial relief of specific symptoms such as pain, nausea and
insomnia. It was also typically perceived as superior to other medications in terms of undesirable
effects, and the extent of relief provided. However, nearly one half (41%) experienced conditions
or symptoms that were not helped by its use. The most prevalent concerns related to its illegality.
Participants reported strong support for their use from clinicians and family. There was almost
universal interest (89%) in participating in a clinical trial of medical cannabis, and strong support
(79%) for investigating alternative delivery methods.

Conclusion: Australian medical cannabis users are risking legal ramifications, but consistent with
users elsewhere, claim moderate to substantial benefits from its use in the management of their
medical condition. In addition to strong public support, medical cannabis users show strong interest
in clinical cannabis research, including the investigation of alternative delivery methods.

Background
While cannabis has long been part of folk pharmacopeia,
there is a burgeoning body of research on its therapeutic
potential. This has largely drawn on scientific advances in
our understanding of the pharmacology of cannabis, and
its complex interactions with the central nervous system,
particularly endogenous brain reward pathways [1]. In
addition to basic experimental research, case reports, sur-

veys of people using cannabis for medical conditions and
prospective clinical trials of cannabis-based medicines are
consolidating the evidence that cannabis may play a role
in the management of some medical conditions. Authori-
tative reviews of this evidence indicate that cannabis has
therapeutic potential for conditions such as HIV- and can-
cer-related wasting, nausea and vomiting resulting from
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chemotherapy, neurological disorders such as multiple
sclerosis and chronic pain [1-4].

While current research reveals exciting therapeutic oppor-
tunities, there is an ongoing debate about the virtues of
obtaining such benefits from the complex chemical cock-
tail contained in the whole plant or from one or more
components isolated and developed into a synthetic phar-
maceutical product. This debate cross-cuts important
issues such as the difficulties of reliable dosing when
using the natural product, whether the potential harms of
smoking cannabis due to its ease of titration overshadow
its therapeutic benefits, and whether different medical
conditions will respond more favourably to the whole
plant or to different constituents in isolation or combina-
tion. However, underlying these issues is the reality that
most people who use cannabis medicinally do so by using
black market supplies of an illicit drug.

As with the opiates, evaluations of the therapeutic poten-
tial of cannabis occur in the context of a vigorous political
debate on the use of an illicit drug with dependence
potential for medicinal purposes. This situation is clearly
evident in the United States, where there is an ongoing
legal challenge by the Federal Government over the States'
rights to allow cannabis to be used by registered medical
users. Despite Canada's recent decision to provide a con-
trolled supply of natural cannabis to registered users, and
approvals for the marketing of Sativex, a pharmaceutical
cannabis extract, in some countries, currently most users
would rely on home-grown cannabis, or supplies
obtained from friends, families, dealers and medical com-
passion clubs.

To date, there has been little interest in Australia in for-
mally investigating the therapeutic potential of cannabis
or investigating the practices of current medical users. In
1999 the NSW State Government commissioned a Work-
ing Party to investigate the issue and recommend research
and legislative options. Among their recommendations
were: controlled clinical trials of cannabis, investigations
into delivery methods other than smoking, surveys of cur-
rent medical cannabis users and legislative amendments
to allow compassionate use [4]. Subsequently, in 2003
the NSW Government announced it would conduct clini-
cal trials, but despite generating significant publicity,
there has been no further commitment by the NSW Gov-
ernment on this issue. The 2004 National Drug Strategy
Household Survey found widespread public support for
medical cannabis use, with 68% supporting a change in
legislation to permit use for medical purposes and 74%
supporting a clinical trial of medicinal cannabis use [5]. It
is not known how many people use cannabis for medici-
nal purposes in Australia. Those who do use it engage in
an illegal behaviour and risk arrest. Those that rely on

black market supplies use a product of unknown source
and quality.

Several surveys in the US, UK, Germany and Canada [6-
12] have reported perceived improvements in a variety of
medical conditions following cannabis use. However, we
know very little about the experiences of Australian users,
and how they compare to findings in other studies. These
authors are aware of only two unpublished Australian
studies conducted in northern NSW; in 1998 a survey of
202 users recruited at the Nimbin HEMP Embassy [13],
and in 2003 a survey of 48 members of a medical canna-
bis information service [14].

This paper presents the results of a study of 128 users,
which aimed to learn more about their patterns of use,
experiences and concerns, and interest in participating in
a medical cannabis trial.

Methods
Sample
The sample comprised 128 people who used cannabis for
medical purposes. To be eligible for the study, participants
had to be living in Australia and to be currently using/
have previously used cannabis for medical purposes.
While the study targeted residents of Australia's most pop-
ulous state, NSW (pop: approximately 6.7 million), we
did not exclude participants from other parts of Australia
(total pop: approximately 20 million).

As it is not known how many Australians use cannabis for
medical purposes it was not possible to obtain a repre-
sentative sample of such users. As this was an exploratory
study to see who responded to a general call for participa-
tion in the survey, we did not target groups representing
people with specific medical conditions (e.g., HIV/AIDS,
multiple sclerosis) or hospital departments known to treat
patients who may benefit (e.g., oncology, chronic pain
clinics). Participants were primarily recruited from oppor-
tunistic media stories between November 2003 and
August 2004, in newspapers, on radio and television. In
addition, the Medical Cannabis Information Service
(MCIS) in Nimbin, NSW, offered to tell its members
about the survey and the International Association for
Cannabis as Medicine (IACM), in Germany, placed the
questionnaire on its website.

A total of 147 enquiries were received between December
2003 and August 2004 by telephone and email and
approximately 170 questionnaires distributed (some peo-
ple requested multiple copies to distribute). For example,
the media stories generated enquiries from several GPs
who said they would inform certain patients of the study.
Of the 131 questionnaires returned, 128 were used for
analysis (75% of questionnaires sent out). Of the three
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discarded questionnaires, one respondent was a recrea-
tional cannabis user and two had never used cannabis.

Questionnaire
The survey comprised an anonymous mail-out question-
naire, adapted from one developed by the MCIS in a
recent study of its members [14]. Several issues were cov-
ered, including medical conditions/symptoms experi-
enced, patterns of medical cannabis use, symptom relief
and effects of use, comparison of cannabis to other medi-
cations, source and legal concerns (e.g., arrest), other con-
cerns over use, opinion of family, friends and medical
personnel, and interest in participating in a cannabis trial.
The final version incorporated comments from research-
ers and clinicians interested in this issue.

Procedure
The study received ethics approval from the University of
New South Wales Social/Health Human Research Ethics
Advisory (HREA) Panel. Interested persons were screened
for eligibility over the phone and informed of the purpose
of the survey; assurances of anonymity and confidentiality
were provided. Questionnaires were mailed to partici-
pants, completed anonymously and returned in a
stamped, self-addressed envelope. Addresses were
destroyed when the questionnaire was posted.

Analyses
Data were entered into SPSS (Version 12.0.1). As this was
an exploratory study with a small sample size, this paper
reports descriptive statistics only. Percentages are pre-
sented for categorical data; means (for normally distrib-
uted) and medians (for skewed data) are presented for
continuous data. While data are usually presented on the
overall sample, gender and age differences are presented
for some variables, where they are of interest.

Results
Demographics
The sample was 63% male. Participants had a median age
of 45 yrs (range 24–88), with almost one third (31%)
aged 50 years or over, and one in ten (9%) aged 60 years
plus. While the study targeted NSW residents (who repre-
sented 58% of participants), responses came from across
Australia, especially Queensland (15%) and Victoria
(12%). Residents of other States and Territories each com-
prised less than 3% of participants.

Participants reported a wide range of medical conditions
and symptoms associated in the literature with the use of
medicinal cannabis (Table 1), most commonly chronic
pain (53%) and arthritis (38%). Approximately one in
five reported migraine (22%), weight loss (21%) and per-
sistent nausea (20%). However, depression was the most
commonly reported condition/symptom (60%). Up to 35
other conditions/symptoms were listed, most commonly

Table 1: Conditions/symptoms experienced, duration, and conditions/symptoms requiring cannabis relief (n = 128).

Condition (%) with condition Median duration (yrs) % used cannabis for relief of..*

Depression 60 10 56
Chronic pain 53 10 57
Arthritis 38 9 35
Migraine 22 18 17
Weight loss 21 4 26
Persistent nausea 20 6 27
Spinal cord injury 14 11 13
Spasms (spasticity) 13 8 16
Fibromyalgia 13 13 13
Wasting 13 5 11
ME (chronic fatigue) 13 16 13
Neuralgia/neuropathy 12 8 12
HIV/AIDS 9 15 8
Multiple sclerosis 7 9 7
Cancer 6 10 4
Other neurological disorder 6 5 6
PTSD 5 13 1 person
Irritable bowel syndrome 4 10 1 person
Glaucoma 3 29 2

*These figures do not necessarily equate with the % reporting a particular condition because some people reported using cannabis to relieve the 
particular symptoms (e.g., chronic pain, nausea) associated with a condition, rather than citing they used cannabis to relieve the condition itself (e.g., 
arthritis, cancer).
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post traumatic stress disorder (PTSD) (5%) and irritable
bowel syndrome (4%). It is important to note that we did
not ask participants to distinguish between primary symp-
toms/conditions for which they sought treatment (e.g.,
cancer) and conditions which may have been secondary
to this (e.g., depression) or consequent to treatment (e.g.,
chronic nausea). Multiple conditions (mean = 3.7, SD =
2.1, range = 1–10), of lengthy duration, were the norm,
with three quarters (84%) reporting more than one con-
dition and two thirds (67%) at least three conditions.
Congruent with this picture, cannabis was used to relieve
multiple symptoms (median = 3, range = 1–12), espe-
cially chronic pain (57%), depression (56%), arthritis
(35%), persistent nausea (27%) and weight loss (26%).

Patterns of medical cannabis use
Participants had first tried cannabis for medical purposes
at a median age of 31 years (range = 14–77). More than
one quarter (29%) had discovered its therapeutic benefits
as a spin-off from recreational use; others had tried it fol-
lowing concerns about the side-effects of their medica-
tions (14%), or a belief their medications or treatment
were ineffective (13%), or had acted on the recommenda-
tion of a medical practitioner (10%) or friend (10%).

Table 2 presents data on patterns of medical use. Most
(85%) were currently using cannabis therapeutically, even
if sporadically. For those who had stopped, the main rea-
sons were: their inability to obtain a regular supply (9/19
people), its illegality (7/19), cost (7/19) and disliking the
side effects or route of use (each 3/19). Of those using
intermittently, many reported their use would be more
regular if it were more readily availability and cheaper.

Medical use was typically long-term and regular. Use of
less than one year was uncommon (12%), with more than
half (61%) having used it for at least six years; one in five
reported very long-term use (more than 20 years). Most
used at least weekly (75%), and more than half (59%)
used almost daily or daily. Approximately one in five
(22%) specified they used it "as required" for their condi-
tion (e.g., when pain was severe). Women tended to
report shorter term use than men (52% vs. 31% citing use
of 5 years or less).

It was most common for participants' medical use to be
stable (22%) or largely unchanged since they started
(17%), although it was most common for the amount
used to vary according to their condition (35%). About
one in ten indicated some increase in dose had been
required (12%), while few reported a decrease (5%).
Women tended to report more variable (44% vs. 29% of
men) or short term use (15% vs. 6% of men); men tended
to report an increase in the amount needed (17% vs. 4%
of women).

In addition to medical use, three quarters (80%) of partic-
ipants had used cannabis recreationally. Recreational use
was less common among older participants (75% and
97% of recreational users were aged less than 50 years and
65 years, respectively). For almost half (46%), use in the
past year had been solely medicinal, but the remainder
reported recent recreational use – 29% in the past week,
19% in the past month and a further 6% in the past year.

Route of use
While most people had tried multiple routes for relief,
overall smoking was the route most commonly reported
(91%). Approximately half the sample (49%) also

Table 2: Patterns of medical cannabis use (n = 128 unless 
specified)

Total 
(%)

Male 
(%)

Female 
(%)

Current use 85 86 83

Length of use
<1 year 12 9 17
1–5 yrs 27 23 35
6–10 yrs 20 26 10
11–15 yrs 9 10 8
16–20 yrs 10 10 10
>20 yrs 21 23 19

Frequency of use (n = 126)
several times a day 39 45 29
6–7 days/wk 24 19 31
1–5 days/wk 14 14 13
less than weekly 2 3 2
very seldom 2 1 2
as required 20 18 23

Method(s) of use (n = 127)
eaten as cooked recipe 49 48 50
drunk as tea 7 8 6
smoked as cigarette (joint) 65 58 77
smoked as dry pipe (chillum) 24 28 19
smoked as water pipe (bong) 54 58 46
vaporiser 8 11 2
eaten as leaf/flower matter 3 4 2

Most helpful method of use (n = 126)
eaten as cooked recipe 16 15 17
drunk as tea 2 3 2
smoked as cigarette (joint) 31 26 40
smoked as dry pipe (chillum) 10 13 4
smoked as water pipe (bong) 33 36 29
vaporiser 2 3 2
other 6 5 6
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smoked tobacco, and two thirds (64.1%) mixed their can-
nabis with tobacco.

Eating cannabis in cooked recipes was also very prevalent
(49%). While vaporisers are not readily available in Aus-
tralia, 8% had used them. In addition, four people had
used tinctures and one used it topically in the bath or as a
cream for a skin condition. Overall, smoking was also
considered to be the most helpful route of use for symp-
tom relief (74%), although concerns about this route of
use were widespread. Consistent with Australian research
on preferred route of use and age [15], older users (aged
50 years +) typically found joints the most helpful
method of use (41% vs. 26% of younger users), while
younger users preferred the use of waterpipes (43% vs.
13% of older users).

When asked to comment on the good and bad points of
different methods of ingestion the most consistent
response was that smoking of any form, particularly with
tobacco, was detrimental to respiratory function (and
health). This was of particular concern to non-smokers,
some of whom did not know how to cook cannabis reci-
pes. Despite attracting the bulk of negative comments, its
popularity seemed to lie with its instant effect, its ease of
titration and cost-effectiveness compared to the oral
route. It seemed to "do the job". Eating was seen to be a
much healthier option – it was "safer", tasty when cooked
in a recipe, less obvious than smoking and could be done
virtually anywhere. Some people liked its slow onset and
long-lasting effects, but others claimed difficulties with
titration and slow onset made it expensive and ineffective
for rapid symptom relief.

Effects of cannabis use
When asked to rate the overall effects of cannabis on a Lik-
ert scale ranging from "I feel a lot worse" to "gives me
great relief", cannabis was perceived to provide "great
relief" (86%) or a little relief (14%). No one believed it
had been detrimental to their condition or symptoms.

Positive ratings were ("great" or "good" relief) were also
typical for its ability to relieve specific symptoms (Table
3). In addition, several other symptoms were noted,
primarily insomnia (13% used for insomnia; of these
82% derived "great" relief).

Approximately three quarters of participants (71%)
claimed to have experienced a return of their symptoms or
condition on stopping cannabis, especially: pain (53% of
those who claimed a return of symptoms), depression or
anxiety (30%), insomnia (11%), spasm (10%) and nau-
sea/vomiting or lack of appetite (9%).

Only one in ten (11%) participants reported symptoms
they believed were unrelated to their medical condition
upon stopping cannabis, citing symptoms congruent with
cannabis withdrawal such as anxiety or mood disturbance
(including paranoia), insomnia, loss of appetite, restless-
ness and vivid dreams.

Comparison with other medicines
Almost two thirds (62%) of respondents claimed that
they decreased or discontinued their use of other medi-
cines when they started using cannabis medicinally. This
was more common in males (65% vs. 58% of females)
and older participants (aged 50 years +) (70% vs. 59%
among younger participants). For some people this was a

Table 3: Symptom relief (n = 128)

Symptom relief required...* Total 
(%)

Male 
(%)

Female 
(%)

Nausea relief 48 56 44
Of these, received:

great relief 53 51 62
good relief 44 46 35
no effect 3 3 4

Pain relief 83 83 83
Of these, received:

great relief 55 49 65
good relief 45 52 35
no effect 0 0 0

Ability to cope emotionally 66 70 60
Of these, received:

great relief 45 40 54
good relief 54 58 46
no effect 1 2 0

Appetite stimulant 51 55 44
Of these, received:

great relief 52 55 48
good relief 46 46 48
no effect 2 0 5

Decrease in spasms/tremor 39 36 44
Of these, received:

great relief 43 43 43
good relief 55 54 57
no effect 2 4 0

Relief through relaxation 83 88 75
Of these, received:

great relief 72 69 78
good relief 28 31 22
no effect 0 0 0

* No-one reported their condition was made worse
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substantial change, representing a shift away from
chronic, high-dose medication use.

Perhaps not surprisingly, cannabis was typically perceived
as superior to other medications in terms of undesirable
effects, and the extent of relief provided (Table 4). Thus,
cannabis was rated to produce equivalent (8%) or worse
side effects (3%) by a minority of therapeutic users. It was
considered to work "a bit" or "much better" than other
medicines, or to be the only source of relief, by more than
three quarters (82%). Two participants made the interest-
ing comment that cannabis worked differently to other
medicines, so could not be directly compared.

Despite the very positive response to the use of cannabis,
nearly one half (41%; 36% of men and 50% of women)
found it did not help certain conditions/symptoms.
Almost one third (29%) said cannabis was less effective
for certain types of pain, or extreme pain, with a further
12% specifying migraine or headache pain. Nearly one in
ten (8%) reported no effect on depression or anxiety.
More than one in ten (14%) specified that while cannabis
could ease their symptoms and enabled them to cope,
they realised that it could not cure their underlying condi-
tion. Younger participants were more likely than older
participants to claim a condition not helped by cannabis
(45% vs. 32% of those aged 50 years +).

Supply issues
Participants obtained medical cannabis from multiple
sources (median = 1, range = 1–6; 44% had two or more
sources), especially friends or family (58%) and dealers
(42%). A substantial proportion grew their own (38%)
while few (6%) obtained it from a compassion club or
cooperative. Among those who purchased cannabis, the
median weekly outlay was $50 (range = $1–$500, n = 95).

When asked to comment on the variability of the canna-
bis they used, those who could obtain a consistent supply
of high quality cannabis that suited their needs were in the
minority. Typically, participants noticed variability along
a number of lines, such as potency, effectiveness, intoxica-
tion and side-effects, which made titration difficult. While
some noted the importance of factors such as the part of
the plant used (e.g., leaf versus head/buds), strain (e.g.,
sativa versus indica), soil and climate, the overwhelming
responses focussed on hydroponic versus soil-grown can-
nabis ("bush bud" or home grown cannabis), and home
grown cannabis versus purchased cannabis.

Hydroponic cannabis was almost universally unpopular
and was avoided where possible – despite its greater
potency, it was also considered shorter acting, produced
greater tolerance and worse side-effects than other canna-
bis. By comparison, soil-grown cannabis was perceived to

Table 4: Comparison of cannabis with other medications (n = 128 unless specified).

Total Male Female

Decreased or discontinued use of other medicines (n = 117*) 62% 65 58

Comparison of undesirable effects (n = 125)
Cannabis produced much worse effects than other medicines 1 0 2
Cannabis produced somewhat worse effects 2 4 0
Undesired effects about the same 8 8 9
Other meds produced somewhat worse effects than cannabis 16 14 19
Other medicines produced much worse effects than cannabis 41 40 43
I have no undesirable effects from cannabis 31 33 28

Other medicines work differently 1 1 0

Comparison of relief provided (n = 118*)
Other medicines work much better than cannabis 3 0 7
Other medicines work a bit better than cannabis 3 4 0
Other medicines work about the same as cannabis 9 8 9
Cannabis works a bit better than other medicines 13 11 15
Cannabis works much better than others medication 54 58 48
Only cannabis gives me relief from my condition 15 15 15

Other medicines work differently 2 0 4
Can't distinguish – use them together 1 1 2
Use cannabis to relieve side effects of other medicines 1 1 0

*Some people did not use other medications concurrently
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be less unpleasantly potent, natural ("organic"), less
chemically treated, and with fewer side-effects. However,
it was also perceived as harder to get. Home grown canna-
bis was seen as the best method of obtaining a consistent,
safe supply of medicinal quality. A common response was
that purchased cannabis was not to be trusted, and that
unscrupulous growers who were more concerned with
yield and greed compromised the quality of their crop
with chemicals such as growth hormone and pesticides.

Concerns
A minority (13%) had no concerns over their medical can-
nabis use. Concerns over potential health effects (32%) or
the risk of dependence (21%) were overshadowed by
those relating to its illegal status (76%), the fear of being
arrested (60%) and cost (51%). Indeed, one quarter
(27%) claimed to have been arrested, cautioned or con-
victed in relation to their medical cannabis use, with this
outcome more commonly reported by men (31% vs. 19%
of women) and younger users (30% vs. 16% of users aged
50 years +). Other concerns mentioned (15%) were: the
stigma of using, issues around parenting, pregnancy and
relationships, availability, quality and difficulties in dose
adjustment.

Support from others and interest in clinical trial
Most participants had a regular doctor (90%) and about a
half had a regular specialist (55%). Virtually all (90%)
had informed a clinician of their therapeutic use, typically
reporting a supportive response from GPs (75% of those
told), specialists (74%) and nurses (81%). Family and
friends were largely considered supportive of the partici-
pant's use (71%).

Not surprisingly, there was widespread support for Gov-
ernment provision of cannabis to patients in a variety of
circumstances. At least three quarters supported the sup-
ply of cannabis to any patient who was permitted to use it
by being registered under a Government scheme (82%);
more specifically, those patients who: could not afford to
buy it on a regular basis (82%), could only purchase it on
the black market (81%), couldn't ensure a consistent sup-
ply (75%), or were worried about quality control issues
(77%). More than half endorsed the supply of patients
who did not know anyone capable of growing it (72%),
were concerned about hydroponically grown cannabis
(72%), or who needed a supply quickly (66%).

Although not all participants were NSW residents, there
was almost universal interest (89%) in participating in a
clinical trial, in which a controlled supply of cannabis was
grown and provided to registered medical cannabis users.
There was also strong, although lesser, interest in trying
alternative delivery methods such as a spray or tablet
(79%).

While for some people, the availability of any cannabis-
derived product that worked was their prime concern,
alternative delivery methods were considered attractive as
they obviated the necessity to smoke, removed concern
about engaging in illegal behaviour and having to access
the black market, and were more portable and acceptable
than smoking. The main caveats on an alternative were
that it was easy to titrate, quick, efficient, reliable and nat-
ural or safe – sprays and vaporisers were mentioned spe-
cifically by some as preferable to pills in this regard. A
clear theme was the desire to keep the holistic, natural
properties of cannabis rather than produce a chemical/
synthetic drug with numerous binding and carrying
agents. Nevertheless, there was recognition that different
medical conditions may require different approaches,
such as different active agents (e.g., THC versus other can-
nabinoids), strains or methods (e.g., slow release pill ver-
sus fast-acting spray).

The main reason for not supporting alternatives appeared
to be that using the whole plant in its natural state was
perceived to be the best method. In addition, for some the
ritual of cannabis use was perceived as part of its medici-
nal benefit. There was also concern at political interfer-
ence and its potential for exploitation and corruption in a
trial.

Discussion
This exploratory study examined the patterns of medicinal
cannabis use among a sample of 128 Australian adults
who responded to media stories about this issue. Firstly,
we need to acknowledge its limitations. As we do not
know how many Australians use cannabis medicinally or
their characteristics, we relied on the recruitment of vol-
unteers through purposive sampling. Instead of targeting
a particular group we used media stories disseminated
widely on the radio, television and in newspapers to
attract a cross-section of people. Thus, these results may
not be representative of the experiences of all medicinal
users, and may be affected by selection bias by excluding
those who did not have access to these media, who did
not wish to or could not contact us or did not return the
questionnaire. We also attracted participants whose expe-
riences with medical cannabis were typically positive, so
they have little to tell us about people who have not found
cannabis helpful or pleasant therapeutically. However,
they still provide important information on these people's
experiences, and raise important issues regarding the use
of black market supplies of the cannabis plant and the
development of cannabis-based pharmaceuticals. As the
questionnaire was self-completed, there was potential for
misunderstanding of the questions. However, the word-
ing was straightforward, contact details were provided in
the event of misunderstanding, and the results were
remarkably consistent across participants, which encour-
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ages us that the questions were understood. Despite being
anonymous, several participants provided us with contact
details in case further information was needed, and wrote
additional comments about their experiences and atti-
tudes. In addition, many of the findings are remarkably
consistent with the findings of other local and interna-
tional studies, as indicated below.

People in this study reported regular, ongoing medical use
over quite long periods – with 61% using for more than
five years and 20% reporting very long-term use of more
than 20 years. However, as Ware and colleagues noted in
their study of almost 1000 medical users [10], this was a
group of chronically ill people with multiple long-stand-
ing conditions. The perceived need for alternative or addi-
tional symptom relief may reflect the fact that we recruited
a sample of particularly entrenched medicinal cannabis
users who were dissatisfied with conventional treatments,
that medicinal cannabis use is more likely to considered
an option by people who find conventional treatments
and medications unsatisfactory, or that many had been
exposed to its perceived medical benefits quite early due
to their recreational use. Larger studies addressing a broad
cross-section of users may better answer this question.

Consistent with the literature on the conditions for which
cannabis has been indicated, chronic pain, arthritis, per-
sistent nausea and weight loss were among the most com-
mon conditions for which cannabis relief was sought.
However, depression was the most common condition:
more than half (56%) used cannabis to relieve depres-
sion, and two thirds (66%) used it to cope emotionally,
universally obtaining great or good relief. Other studies
have also reported cannabis use for the relief of depres-
sion, although not at this level [8-10,14]. The relationship
between depression and cannabis use is controversial,
with recent literature indicating that cannabis use may be
implicated in depression and suicidal thoughts and
behaviours This would suggest that regular medicinal use
may be contraindicated by placing people at risk of depres-
sion or self-harm. However, we do not know the type or
aetiology of the depression cited by our participants.
Many may have experienced depression and stress associ-
ated with their physical condition, which may have been
alleviated along with any physical relief. The risk may also
be greatest among heavy, younger users and those who
may already be vulnerable to mental ill health due to their
life circumstances [16-18]. Medical cannabis use patterns
may not typically be regular enough to pose a great risk.
Regardless, it is important that people considering the use
of medical cannabis are aware of the risks of use [19]. A
recent paper [20] has suggested that THC and cannabid-
iol, two major components of cannabis, may help allevi-
ate bipolar disorder, recommending a pharmaceutical

product would be a safer option than crude cannabis, in
which the balance of components is variable.

Consistent with local and international research on peo-
ple with a variety of medical conditions [8-12,14], most
participants claimed moderate to substantial benefits
from cannabis, both in terms of their overall condition
and management of individual symptoms. It was typically
considered more effective and less aversive than other
medications in managing their condition(s), the symp-
toms of which commonly re-emerged upon stopping
(71%). While their use was often complementary to other
medications and treatment, 62% had decreased or discon-
tinued use of other medications when they commenced
medicinal cannabis use. Nevertheless, cannabis was not a
panacea – it did not help all conditions, particularly cer-
tain types of pain, and there was recognition that while it
substantially improved quality of life it was not a cure.
This is not necessarily surprising, as overall well-being and
specific symptoms have multiple causes and can be
affected by several factors, and is borne out by recent con-
trolled clinical trials, for example, on chronic pain [21].

As others have reported (e.g., [8-10] we also found that in
addition to medical use, recreational use was common:
most (80%) had used cannabis recreationally, with about
one half (54%) of these reporting some recent use.
Indeed, 29% had discovered its therapeutic potential
through their recreational use. One participant raised the
issue that part of the therapeutic effect for them was the
ritual of use and the "high" experienced [6]. This
demonstrates the difficulty of precisely identifying the
therapeutic component when people are using the natural
plant matter, and will continue to present a challenge for
the development of cannabis pharmaceuticals. While
some people may find the illegality, route of use and psy-
choactive effects of natural cannabis undesirable and pre-
fer a manufactured pharmaceutical product, several in this
survey claimed to prefer the holistic delivery of all the
compounds present when using the natural plant. We
need to know more about the effect of the different active
chemicals on medical conditions and how their therapeu-
tic potential is mediated by the context of use.

Nonetheless, this was not simply a sample of recreational
users, especially as we attracted many older users who
used exclusively for medical reasons (75% of those aged
50 years+). They did not fit the recreational user stereo-
type, were willing to take the risk of using an illicit drug,
exposure to the illicit drug market and the possibility of
arrest to gain symptom relief. Indeed, the most common
concern over medicinal use was its illegality, fear of arrest
and cost (all >50%). One quarter (27%) of participants
had experienced legal ramifications due to their use. Sev-
eral people commented that they had no alternative than
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using an illegal drug, claiming that other medicines with
negative and toxic effects (e.g., opiates) were legally pre-
scribed, and that if nothing else worked for them they had
the right to access cannabis without fear or stigma. Several
made pleas for medical cannabis use to be treated as a
medical, rather than a legal, issue, as their health and
quality of life were at stake.

Smoking was the most common method of use; in addi-
tion, many were tobacco smokers or mixed cannabis with
tobacco. Given the similarities between cannabis and
tobacco smoke this is of particular concern for people
who are ill, especially those with compromised immune
systems. Despite acknowledgement of the risks of smok-
ing and concerns expressed over its effects, it was consid-
ered the most helpful route of use. While eating was
perceived as much healthier, until satisfactory solutions
are achieved on titration and dosing issues, smoking will
no doubt continue to be a popular method of obtaining
relief.

Cannabis dependence was a concern for one in five partic-
ipants (21%). This study provided indirect evidence that
participants were unlikely to experience withdrawal
symptoms on ceasing medical use, but this was only a
crude measure. While the risk of dependence is probably
low when used medicinally, this risk needs to be weighed
up with the other concerns of the patient – for example, it
may be low on the list of concerns for those with terminal
illness [19].

Finally, participants reported that family and friends were
likely to know about and support their medical cannabis
use. These data also indicate that the medical profession is
encountering, and frequently supporting, patients who
use cannabis for symptom relief. Given their central role
in the management of illness, it is important that clini-
cians are educated about the effects of cannabis, in order
to assist patients in making informed decisions about
their treatment. There was also clearly great interest
among participants in a clinical trial and scope to investi-
gate methods of delivery that avoid the health concerns
associated with smoking cannabis, keeping in mind that
some participants were reluctant to use a pharmaceutical
product. In addition to distrust of unscrupulous partici-
pants in the black market, some were also distrustful of
Government's motives and role in therapeutic research. It
is therefore vital that any clinical trials are conducted in a
rigorous, independent manner.

Conclusion
Overall, these findings are consistent with those of other
surveys, in revealing the perceived effectiveness of canna-
bis for the relief of symptoms associated with several med-
ical conditions. While a small study, it has several

implications. Firstly, people are risking the use of an illicit
drug for its perceived therapeutic effects, and in some
cases being arrested. Secondly, they are informing their
clinicians about their medical use and frequently receiv-
ing support, highlighting the importance of ensuring cli-
nicians are informed about cannabis. Finally, in addition
to strong public support, medical cannabis users show
strong interest in clinical cannabis research, including the
investigation of alternative delivery methods.
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Therapeutic Benefits of Cannabis: A Patient Survey

Charles W. Webb MD and Sandra M. Webb RN, BSN

Abstract
Clinical research regarding the therapeutic benefits of cannabis (“marijuana”) 
has been almost non-existent in the United States since cannabis was given 
Schedule I status in the Controlled Substances Act of 1970. In order to discover 
the benefits and adverse effects perceived by medical cannabis patients, 
especially with regards to chronic pain, we hand-delivered surveys to one 
hundred consecutive patients who were returning for yearly re-certification 
for medical cannabis use in Hawai‘i. 
 The response rate was 94%.  Mean and median ages were 49.3 and 
51 years respectively. Ninety-seven per cent of respondents used cannabis 
primarily for chronic pain. Average pain improvement on a 0-10 pain scale was 
5.0 (from 7.8 to 2.8), which translates to a 64% relative decrease in average 
pain. Half of all respondents also noted relief from stress/anxiety, and nearly 
half (45%) reported relief from insomnia.  Most patients (71%) reported no 
adverse effects, while 6% reported a cough or throat irritation and 5% feared 
arrest even though medical cannabis is legal in Hawai‘i. No serious adverse 
effects were reported.
 These results suggest that Cannabis is an extremely safe and effective 
medication for many chronic pain patients. Cannabis appears to alleviate 
pain, insomnia, and may be helpful in relieving anxiety.  Cannabis has shown 
extreme promise in the treatment of numerous medical problems and deserves 
to be released from the current Schedule I federal prohibition against research 
and prescription.

Introduction
Research into the therapeutic benefits of cannabis has been 
severely limited by the federal Schedule I classification, which 
essentially prohibits any ability to acquire or to provide cannabis 
for studies investigating possible therapeutic effects. Limited 
studies have been done in Canada and in Europe, as well as 
several in California.
 Hawai‘i is one of twenty states (plus the District of Colum-
bia) which allow certifications for use of medical cannabis. 
The authors have been certifying patients for use of medical 
cannabis in Hawai‘i for more than four years.  In an attempt to 
discover the perceived benefits and adverse effects of medical 
cannabis, we conducted a survey of medical cannabis patients.

Methods
Sample Selection
Between July of 2010 and February of 2011, we hand-delivered 
questionnaires to one hundred consecutive patients who had 
been certified for the medical use of cannabis for a minimum 
of one year and were currently re-applying for certification.

Survey Design and Administration
The subjects were verbally instructed to complete the 
questionnaire in the office at the time of re-certification or 
were provided a stamped and addressed envelope so they 
could complete the questionnaire at home. All patients were 
instructed to remain anonymous and to answer the questions 
as honestly as possible. 

 A universal pain scale was used to assess pain before and 
after treatment (0 = no pain, 10 = worst pain ever). Open-ended 
questions were asked to ascertain the following:

 (1) “Any adverse effects you have had from using medical  
   cannabis?”
 (2) “Does medical cannabis help you with any other 
   problems? If so, what?”

 The purpose of the last question was to explore benefits out-
side the parameters of the state of Hawai‘i’s medical cannabis 
qualifying conditions.

Results
The overall response rate was 94%. The mean age was 49.3 
years and the median age was 51. No data was collected on sex 
or race/ethnicity. Almost all respondents (97%) used medical 
cannabis primarily for relief of chronic pain.
 Average reported pain relief from medical cannabis was 
substantial. Average pre-treatment pain on a zero to ten scale 
was 7.8, whereas average post-treatment pain was 2.8, giving 
a reported average improvement of 5 points. This translates to 
a 64% average relative decrease in pain.
 Other reported therapeutic benefits included relief from 
stress/anxiety (50% of respondents), relief of insomnia (45%), 
improved appetite (12%), decreased nausea (10%), increased 
focus/concentration (9%), and relief from depression (7%). 
Several patients wrote notes (see below) relating that cannabis 
helped them to decrease or discontinue medications for pain, 
anxiety, and insomnia. Other reported benefits did not extend 
to 5% or more of respondents.
 Six patients (6%) wrote brief notes relating how cannabis 
helped them to decrease or to discontinue other medications. 
Comments included the following: “Medical cannabis replaced 
my need for oxycodone. Now I don’t need them at all.”  “I do 
not need Xanax anymore.” “In the last two years I have been 
able to drop meds for anxiety, sleep, and depression.” “I’ve cut 
back 18 pills on my morphine dosage.”
 A majority (71%) reported no adverse effects, while 6% 
reported a cough and/or throat irritation and 5% reported a 
fear of arrest. All other adverse effects were less than 5%. No 
serious adverse effects were reported.
 
Discussion
According to the Institute of Medicine, chronic pain afflicts 116 
million Americans and costs the nation over $600 billion every 
year in medical treatment and lost productivity.1 Chronic pain is 
a devastating disease that frequently leads to major depression 
and even suicide.2 Unfortunately, the therapeutic options for 
chronic pain are limited and extremely risky.



HAWAI‘I JOURNAL OF MEDICINE & PUBLIC HEALTH, APRIL 2014, VOL 73, NO 4
110

 Spurred by efforts to encourage physicians to become more 
pro-active in treating chronic pain, US prescription opioids 
(synthetic derivatives of opium) have increased ten-fold since 
1990.3 By 2009 prescription opioids were responsible for almost 
half a million emergency department visits per year.4 In 2010 
prescription opioid overdoses were responsible for well over 
16,000 deaths.5 A 2010 article in the New England Journal of 
Medicine addressing this problem is aptly titled “A Flood of 
Opioids, a Rising Tide of Deaths.”3 Drugs such as OxyContinR 
are so dangerous that the manufacturer’s boxed warning states 
that “respiratory depression, including fatal cases, may occur 
with use of OxyContin, even when the drug has been used 
as recommended and not misused or abused.”6 Clearly safer 
analgesics are needed.
 The Hippocratic Oath reminds to “first, do no harm.” It can-
not be over-emphasized that there has never been a death from 
overdose attributed to cannabis.7 In fact, no deaths whatsoever 
have been attributed to the direct effects of cannabis.7 Canna-
bis has a safety record that is vastly superior to all other pain 
medications.
 Many physicians worry that cannabis smoke might be as dan-
gerous as cigarette smoke; however, epidemiologic studies have 
found no increase in oropharyngeal or pulmonary malignancies 
attributable to marijuana.8-10 Still, since smoke is something 
best avoided, medical cannabis patients are encouraged to use 
smokeless vaporizers which can be purchased on-line or at local 
“smoke-shops.” In states that (unlike Hawai‘i) allow cannabis 
dispensaries, patients can purchase “vapor pens,” analogous 
to e-cigarettes and fully labeled regarding doses of THC and 
other relevant cannabinoids.
 Tests have proven that smoke-free vaporizers deliver THC 
as well or even more efficiently than smoking, and that most 
patients prefer vaporizers over smoking.11 Like smoking, vapor-
izers allow patients to slowly titrate their medicine just to effect, 
analogous to IV patient-controlled analgesia (PCA) that has 
been so successful in hospital-based pain control. This avoids 
the unwanted psychoactive side-effects often associated with 
oral medication such as prescription MarinolR (100% THC in 
oil) capsules which tend to be slowly and erratically absorbed 

and are often either ineffectually weak or overpoweringly 
strong.12,13 Because inhaled cannabis is rapid, reliable, and 
titratable, most patients strongly prefer inhaled cannabis over 
MarinolR capsules.14

 While the relative safety of cannabis as medication is easily 
established, the degree of efficacy is still being established. The 
reported pain relief by patients in this survey is enormous. One 
reason for this is that patients were already self-selected for suc-
cess: they had already tried cannabis and found that it worked 
for them. For this sample, the benefits of cannabis outweighed 
any negative effects. The study design may therefore lend itself 
to over-estimating the benefits and under-estimating the nega-
tive side-effects if extrapolated to the general population.
 Another reason that the reported pain relief is so significant 
is that cannabis has been proven effective for many forms of 

recalcitrant chronic pain. A University of Toronto systematic 
review of randomized controlled trials (RCT’s) examining 
cannabinoids in the treatment of chronic pain found that fifteen 
of eighteen trials demonstrated significant analgesic effect of 
cannabinoids and that there were no serious adverse effects.15

 While opioids are generally considered to have little benefit 
in chronic neuropathic pain, several RCT’s have shown that 
cannabinoids can relieve general neuropathic pain,16 as well as 
neuropathic pain associated with HIV and with multiple scle-
rosis (MS). 17,18 One study found that cannabis had continuing 
efficacy at the same dose for at least two years. 19

 Even low dose inhaled cannabis has been proven to reduce 
neuropathic pain. In a randomized, double-blind, placebo-
controlled crossover trial involving patients with refractory 
neuropathic pain, Ware, et al, found that therapeutic blood levels 
of THC (mean 45 ng/ml achieved by a single inhalation three 
times a day) were much lower than those necessary to produce 
a cannabis euphoria or “high”(> 100 ng/ml). 19

 Cannabis is relatively non-addicting, and patients who stop 
using it (eg, while traveling) report no withdrawal symptoms. 
One author (Webb C.) worked for 26 years in a high volume 
emergency department where he never witnessed a single visit 
for cannabis withdrawal symptoms, whereas dramatic symptoms 
from alcohol, benzodiazepine, and/or opioid withdrawal were 
a daily occurrence.           
 So why is cannabis still held hostage by the DEA as a Schedule 
I substance? On June 18, 2010, the Hawai‘i Medical Association 
passed a resolution stating in part that: 

“Whereas, 1) Cannabis has little or no known withdrawal syndrome 
and is therefore considered to be minimally or non-addicting; and

Whereas, 2) Cannabis has many well-known medical benefits 
(including efficacy for anorexia, nausea, vomiting, pain, muscle 
spasms, and glaucoma) and is currently recommended by thou-
sands of physicians; and

Whereas 3) Cannabis has been used by millions of people for 
many centuries with no history of recorded fatalities and with no 
lethal dosage ever discovered; and

Whereas, Cannabis therefore fulfills none of the required three 
criteria (all of which are required) to maintain its current restric-
tion as a Schedule I substance…

 The Hawai‘i Medical Association recommends that Medical 
Cannabis be re-scheduled to a status that is either equal to or 
less restrictive than the Schedule III status of synthetic THC 
(MarinolR), so as to reduce barriers to needed research and to 
humanely increase availability of cannabinoid medications to 
patients who may benefit.”20

 Medical cannabis remains controversial mainly because the 
federal government refuses to recognize cannabis as an ac-
cepted medication. To this we would echo the words of Melanie 
Thernstrom in her excellent book The Pain Chronicles,2 “How 
could treating pain be controversial?” one might ask, “ Why 
wouldn’t it be treated? Who are the opponents of relief?”
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Conclusions
Cannabis is an extremely safe and effective medication for 
many patients with chronic pain. In stark contrast to opioids 
and other available pain medications, cannabis is relatively 
non-addicting and has the best safety record of any known pain 
medication (no deaths attributed to overdose or direct effects 
of medication). Adverse reactions are mild and can be avoided 
by titration of dosage using smokeless vaporizers. 
  More research needs to be pursued to discover degrees of 
efficacy in other areas of promise such as in treating anxiety, 
depression, bipolar disorder, autism, nausea, vomiting, muscle 
spasms, seizures, and many neurologic disorders. Patients 
deserve to have cannabis released from its current federal 
prohibition so that scientific research can proceed and so that 
physicians can prescribe cannabis with the same freedom ac-
corded any other safe and effective medications.
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Summary The illicit recreational drugs cocaine, ecstasy and marijuana have
pronounced effects upon sleep. Administration of cocaine increases wakefulness
and suppresses REM sleep. Acute cocaine withdrawal is often associated with sleep
disturbances and unpleasant dreams. Studies have revealed that polysomnographi-
cally assessed sleep parameters deteriorate even further during sustained absti-
nence, although patients report that sleep quality remains unchanged or
improves. This deterioration of objective sleep measures is associated with a
worsening in sleep-related cognitive performance. Like cocaine, 3,4-methylene-
dioxymethamphetamine (MDMA; ‘‘ecstasy’’) is a substance with arousing proper-
ties. Heavy MDMA consumption is often associated with persistent sleep
disturbances. Polysomnography (PSG) studies have demonstrated altered sleep
architecture in abstinent heavy MDMA users. Smoked marijuana and oral D-9-tetra-
hydrocannabinol (THC) reduce REM sleep. Moreover, acute administration of
cannabis appears to facilitate falling asleep and to increase Stage 4 sleep. Difficulty
sleeping and strange dreams are among the most consistently reported symptoms of
acute and subacute cannabis withdrawal. Longer sleep onset latency, reduced slow
wave sleep and a REM rebound can be observed. Prospective studies are needed in
order to verify whether sleep disturbances during cocaine and cannabis withdrawal
predict treatment outcome.
ª 2008 Elsevier Ltd. All rights reserved.
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Introduction

‘‘Recreational drug use’’ is a term for a substance use
pattern that has become highly prevalent. Recrea-
tional drug users are generally well-integrated and
may belong to any social class. They usually resort to
illegal drugs at weekend parties, in order to reduce
stress and to escape from the daily routine. Also, the
substances are welcome for their socializing prop-
erties, and some of them for their enhancement of
dancing capabilities.

This review considers the illicit recreational
drugs cocaine, ecstasy and marijuana. Further
examples of substances used in the described
manner are amphetamine, methamphetamine,
LSD, psilocybin mushrooms, ketamine and gamma-
hydroxybutyrate. Many of these drugs, in particular
cocaine, are clearly not restricted to a recreational
pattern of use.

It is estimated that 42% of US American adoles-
cents have experience with marijuana before the
end of secondary school, 9% with cocaine and 7%
with ecstasy.1 An estimated 4.2 million Americans
are classified with current dependence on or abuse
of marijuana, and almost 1.7 million with depen-
dence on or abuse of cocaine.2 These numbers are
higher than the corresponding figures for prescrip-
tion-type pain relievers used nonmedically (1.6
million), prescription-type tranquilizers (400,000)
and heroin (300,000).2

We carried out a search in the electronic data-
bases Medline (since 1966), Embase, PsycINFO,
Psyndex and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL). The key
words included ‘‘cocaine’’, ‘‘3,4-methylenediox-
ymethamphetamine’’, ‘‘MDMA’’ and ‘‘ecstasy’’ as
well as ‘‘cannabis’’, ‘‘marijuana’’, ‘‘tetrahydro-
cannabinol’’ and ‘‘THC’’. These terms were
entered into the databases in conjunction with the
term ‘‘sleep’’. Articles published until August 2007
were eligible, and reference lists of relevant arti-
cles were screened for further related studies.

Cocaine

Acute cocaine administration

The competitive inhibition of presynaptic dopamine
transporters in the nucleus accumbens and
prefrontal cortex, leading to an increase in dopamine
availability, has been proposed to constitute the
primary neurophysiologic equivalent of central
cocaine effects.3 Acute subjective effects of cocaine
intake are euphoria, orgiastic feelings, restlessness,
motor activation and increased alertness.

Trouble sleeping is a frequently cited adverse
effect of cocaine intake.4,5 Polysomnography (PSG)
studies have confirmed the stimulant properties of
cocaine, demonstrating longer sleep latency,
reduced total sleep time and suppression of REM
sleep after acute cocaine administration.6e8 Acute
effects of cocaine upon sleep resemble those of
other psychostimulants such as amphetamine.9

Cocaine withdrawal

During acute withdrawal, cocaine-dependent
individuals often experience depressed mood,
psychomotor agitation or retardation, increased
appetite, fatigue, sleep disturbances and
unpleasant dreams.10,11

To date, eight PSG studies7,8,12e17 of cocaine
withdrawal have been published, mostly non-
randomized controlled trials (see Table 1). Three
studies administered cocaine in simulated binges
during the inpatient phase.8,16,17 Results were
similar to the studies with previous binges in the
patients’ natural environment.12e15 It has been
shown that during acute cocaine withdrawal, total
sleep time is significantly reduced,8,12e17 approxi-
mating that of untreated chronic insomniacs.21

Sleep onset latency is prolonged and sleep effi-
ciency is decreased.8,12e18 An increase in REM
sleep percentage and reduced REM latency are
observed.7,8,12e16 These changes in REM sleep are
consistent with the subjective withdrawal
symptom of increased dreaming.10,11 It has been
found that smaller doses of cocaine administered
in the morning may improve sleep in cocaine-
dependent subjects, probably by attenuating
withdrawal effects.19

During the subacute phase of cocaine with-
drawal, commonly defined as starting on day 10,
PSG parameters of sleep continuity deteriorate
even further. Total sleep time decreases,12e14,16,17

and sleep latency and sleep efficiency also change
in the direction of even poorer sleep.12e14,16,17

REM latency remains significantly reduced.12,14,16

It has been shown that cognitive performance
deteriorates during subacute cocaine with-
drawal.17,20 Reaction time on a vigilance task
increases,17,20 which is considered to be a sensitive
measure of growing sleep pressure in the context
of sleep deprivation.21 Also, the sleep-dependent
performance on a motor sequence task is
compromised and correlates with an individual’s
total sleep during withdrawal.17

These findings are most notable in view of the fact
that subjective sleep quality remains unchanged or
improves during subacute withdrawal.12,16,17,22,23

This phenomenon is the exact opposite of the
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distorted sleep perception in primary insomniacs,
who typically underestimate their sleep quality.
It has not been studied why cocaine-dependent
subjects do not recognize this deterioration of sleep
during subacute withdrawal. A possible explanation
is that, although slow wave sleep (SWS) percentage
is low both during acute and subacute with-
drawal,12e14,17 d spectral power may increase during
subacute withdrawal.17 An increased d spectral
power is associated with better self-reports of sleep
quality.24

Ecstasy

Acute and subacute ecstasy effects

3,4-Methylenedioxymethamphetamine (MDMA;
‘‘ecstasy’’) is a drug that is frequently used by
visitors of raves or techno parties in large dance

clubs. MDMA induces rapid release of serotonin via
interaction with presynaptic serotonin uptake
carriers.25 MDMA also induces rapid dopamine
release and binds to a variety of neurotransmitter
receptors, especially serotonin 5-HT2 receptors.25

MDMA effects such as feelings of closeness to
others, increased empathy and self-perception are
summarized as the ‘‘entactogenic’’ properties of
this agent (‘‘entactogen’’ from Greek and Latin,
‘‘producing a touching within’’). Furthermore,
ingestion of ecstasy is associated with cognitive
and perceptual changes that resemble effects of
psychedelics and with amphetamine-like hyperac-
tivity and increased energy.

MDMA users commonly report restless, disturbed
sleep during the 48 h following MDMA intake.26,27

3,4-Methylenedioxy-N-ethylamphetamine (MDE;
‘‘eve’’) has similar effects as MDMA. The only PSG
investigation on acute effects of entactogens was
conducted with MDE. It showed an increase in

Table 1 PSG studies investigating sleep during cocaine withdrawal

Authors Subjects (no.) Intervention Method Major findings

Watson
et al.7

3 light cocaine
users

1 drug night, 3 d
recovery

PSG Drug night: Y REM sleep.
Recovery: REM rebound

Kowatch
et al.12

3 cocaine-
dependent

17 d abstinence PSG, subjective
reports

[ Wakefulness, Y SE, Y SWS,
REM rebound, subjective: about
same as usual

Gillin
et al.13

6 stimulant
abusers

Placebo arm of
lisuride treatment
trial, 18 d abstinence

PSG [ SOL, Y TST, Y SWS, REM
rebound

Thompson
et al.14

7 stimulant
abusers

14 d abstinence PSG Acute withdrawal: REM rebound,
subacute withdrawal: Y TST

Lukas
et al.15

20 cocaine-
and heroin-
dependent

9 d abstinence before
buprenorphine
treatment

PSG [ SOL, Y TST, Y SE, Y SWS, REM
rebound

Johanson
et al.8

3 cocaine-
dependent

8e10 d abstinence,
5 d of 600 mg cocaine,
15e16 d abstinence

PSG, MSLT Cocaine use: [ SOL, Y SE, Y REM
sleep. Withdrawal: [ SOL, Y SE,
Y REM latency, MSLT: [ SOL
during subacute withdrawal

Pace-Schott
et al.16

5 cocaine-
dependent

3 d abstinence, 3 d
of 600 mg crack,
15 d abstinence

PSG, subjective
reports, cognitive
tasks

[ SOL, Y SE, Y REM latency
across binge-abstinence,
subjective: slight improvement,
deterioration of cognitive
performance

Morgan
et al.17

12 cocaine-
dependent

3 d abstinence, 3 d
of 223 mg cocaine,
17 d abstinence

PSG, spectral power,
subjective reports,
cognitive tasks

[ SOL, Y TST, Y SE across binge-
abstinence, [ d spectral power
during subacute withdrawal,
subjective: improvement,
deterioration of cognitive
performance

Abbreviations: d, days; MSLT, multiple sleep latency test; PSG, polysomnography; SE, sleep efficiency; SOL, sleep onset
latency; SWS, slow wave sleep; TST, total sleep time.
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wakefulness and an almost complete suppression
of REM sleep.28

Persistent effects of heavy ecstasy use

A number of studies have indicated that heavy
MDMA use is associated with persistent neuropsy-
chiatric symptoms such as, most notably, impaired
episodic memory and learning performance,29 but
also anxiety, depersonalization, depression, and
sleep disturbances.26,30e32 Interpretation of these
studies is complicated owing to methodological
difficulties such as polydrug usage and the possi-
bility of pre-existing differences.

There is conflicting evidence with respect to the
PSG patterns in abstaining heavy MDMA users. A
recent study33 replicated earlier findings34 that
Stage 2 sleep is reduced in these individuals.
Furthermore, Stage 1 sleep is increased and total
sleep time is reduced, although findings were only
near-significant in one study and significant in the
other. There was a trend for reduced REM
latency.33 No significant correlations were detec-
ted between previous marijuana use and Stage 2 or
Stage 1 sleep.33 In a third PSG study of abstinent
MDMA users, Stage 2 sleep was decreased without
achieving statistical significance.35 Furthermore,
this study indicated that sleep efficiency and SWS
are increased in ecstasy users.35 However, these
latter findings need to be viewed cautiously since
control subjects had remarkably low sleep effi-
ciency and decreased SWS.35

Cannabis

Acute and chronic cannabis administration

The cannabis plant contains over 60 cannabinoids.
D-9-Tetrahydrocannabinol (THC) is the constituent
that is mainly responsible for the psychotropic
effects of marijuana.36 These psychotropic effects
are mediated mostly by cannabinoid CB1-receptors,
which can be found in high concentrations in the
frontal cortex, cerebellum and basal ganglia.37 CB1-
receptors activate a variety of signal transduction
pathways and interact with numerous neurotrans-
mitters and neuromodulators. Acute subjective
marijuana effects are highly variable, and contra-
dictory effects may be observed depending on
individual and condition. Often, marijuana induces
mild euphoria, talkativeness, intensification of
sensory experiences, difficulty concentrating,
altered time perception, relaxation and drowsiness.

Interpretation of the available PSG studies of
cannabis effects is difficult due to a number of

methodological limitations. Sample sizes were
often small, and most studies were carried out in
the 1970s. There is considerable heterogeneity with
respect to administered dosage, time and route of
administration, specificity for THC, and, notably,
the extent of previous drug consumption, possibly
leading to withdrawal effects during baseline or to
tolerance. Several studies have shown that acute
administration of THC decreases sleep latency,38

and is associated with reports of greater ease in
getting to sleep.39,40 Yet, arousing effects may
predominate initially, and in a few studies with high
THC doses or marijuana-naive subjects, findings
were more suggestive of increments in sleep onset
latency.41e43 There is some evidence indicating that
cannabis reduces Stage 3, but increases Stage 4 and
total slow wave sleep,45e47 but contradictory
effects have also been observed.41 Furthermore, it
has been found consistently that THC decreases
total REM sleep and REM density.41,46,48e51 Owing to
the slow elimination of THC and its active metab-
olites, sedative effects are sometimes still present
the following morning.38,47 The combination of THC
with cannabidiol, an important non-psychoactive
ingredient of marijuana, leads to an increase in
wakefulness compared to THC alone.47

PSG studies of chronic marijuana administration
have suggested that some tolerance occurs to
the sleep-inducing52,53 and SWS-enhancing45,51,52

effects of cannabis. Tolerance to REM sleep effects
may be less pronounced,46 but evidence is con-
flicting.48,53 A study of subjective changes of
marijuana effects over the years indicated that
desirable effects of marijuana upon sleep are
reported less frequently after years of use
compared to initial ratings.54

Table 2 gives an overview over studies investi-
gating the effects of cannabis upon objective sleep
measures.

Cannabis withdrawal

Anger and irritability, anxiety and nervousness,
restlessness, weight loss, sleep difficulty and
strange dreams are frequently reported marijuana
withdrawal effects.55e57 Less common symptoms
are depressed mood, chills, shakiness, stomach
pain and sweating.55 Cannabis withdrawal resem-
bles nicotine withdrawal with respect to symptom
profile, magnitude and time course.58,59

There is quite a substantial number of recent
studies on subjective sleep measures during
cannabis withdrawal.55 Difficulty in sleeping and
strange dreams have been reported with high
cross-study reliability.55 They generally occur
within 24e72 h of discontinuation of cannabis use
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and persist for 6e7 weeks.57,60 Resumption of
cannabis use attenuates sleep disturbances.61e63

Treatment of cannabis withdrawal symptoms
by means of oral substitution of THC improves sleep
or even reinstitutes subjectively normal sleep.40,64

The available PSG studies of cannabis withdrawal
were designed as non-randomized, controlled
trials. They have demonstrated increments in sleep
onset latency and wakefulness after sleep
onset.46,49e51 Total SWS is reduced45,46,51 and REM
sleep is increased46,48,49,65. This increase in REM
sleep is consistent with the subjective abstinence
symptom of ‘‘strange dreams’’.55,56

Outlook

Every year, a combined 2.2 million Americans
receive treatment for cocaine or cannabis abuse in
specialized facilities, compared to 2.5 million
alcoholics receiving specialized treatment.2

Treatment of cocaine and cannabis dependence is
difficult and expensive.66,67 More research on
potential pharmacotherapies is warranted.

It can be hypothesized that the poor sleep
quality during cocaine withdrawal has detrimental
effects upon treatment outcome. The demon-
strated impairments of vigilance and learning
performance may put cocaine users at increased
risk of relapse. On the other hand, it has been
shown that the severity of withdrawal symptoms
including sleep disturbances predicts poor treat-
ment outcome in cocaine dependence.68 Similarly,
it has been suggested that in cannabis depen-
dence, sleep problems and other withdrawal
symptoms make cessation more difficult and that
resumption of cannabis use serves as a negative
reinforcer.57,69,70 There is need for prospective
studies to verify whether sleep disturbances during
cocaine and cannabis withdrawal are predictive of
relapse. Such a relationship would not only provide
a prognostic tool, but it might also open new

Table 2 Studies investigating the effect of smoked marijuana and oral THC upon sleep

Study Subjects (no.) Intervention Major findings

Gillin et al.42 3 psychiatric pts 40 mg THC Y REM sleep
Kales et al.47 4 naive, 4 chronic

users
Smoked marijuana Y REM sleep. Recovery: REM rebound

Freemon48 2 20 mg THC Y REM %. Recovery: [ wakefulness,
Y REM latency

Pivik et al.65 6 <20 mg THC Y WASO. Recovery: Y Stage 1, Y REM latency
Cousens and

DiMascio38
9 insomniacs 10e30 mg THC Y Sleep onset latency

Bobon et al.43 1 psychiatric pt 20 mg D-8-THC [ Wakefulness, [ REM latency
Hosko et al.44 7 (2 naive, 1 heavy

user)
20 mg THC No consistent alterations

Pranikoff et al.52 30 chronic users Smoked marijuana
until ‘‘high’’

[ Stage 2, Y Stage 4 compared to abstinent
users

Barratt et al.45 12 2 marijuana cigarettes
(1.6% THC)

Acute: [ SWS, chronic administration:
Y SWS. Withdrawal: Y SWS

Feinberg et al.46 7 chronic users 70e210 mg THC [ Stage 4, Y REM density, Y REM sleep.
Withdrawal:[ SOL, Y SWS, REM rebound

Tassinari et al.41 8 (7 naive) 70 mg THC [ Stage 2, Y REM sleep
Feinberg et al.50 4 chronic users Marijuana extract

(70e210 mg THC)
Low dosage: [ Stage 4, Y REM density.
Withdrawal: [ SOL

Karacan et al.53 32 chronic users Usual pattern of
marijuana use

[ REM %, [ SOL

Freemon51 2 30 mg THC Chronic administration: Y SWS. Withdrawal:
[ wakefulness, Y SWS

Nicholson et al.47 8 15 mg THC, 5 mg
THCþCBD, 15 mg
THCþCBD

15 mg THC: [ sleepiness next morning. 15 mg
THCþCBD: [ wakefulness, Y Stage 3,
[ sleepiness next morning

Walther et al.89 6 pts with dementia
and nighttime
agitation

2.5 mg THC Y Nocturnal motor activity

Abbreviations: CBD, cannabidiol; MSLT, multiple sleep latency test; PSG, polysomnography; pts, patients; SOL, sleep onset
latency; SWS, slow wave sleep; THC: D-9-tetrahydrocannabinol; TST, total sleep time; WASO, wakefulness after sleep onset.
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perspectives on therapeutic strategies. In alcohol
addiction, the predictive value of sleep distur-
bances for relapse has been established,71e73 and
successful treatment options have been derived
from this observation.74

Substances recently tested as pharmacotherapy
for cocaine abuse interact directly with sleepe
wake mechanisms. The effectiveness of sub-
stances with gamma amino butyric acid (GABA)-
mediated sedative properties such as baclofen has
been demonstrated.75e77 Modafinil acts in the
opposite direction, and constitutes another prom-
ising candidate for treatment of cocaine depen-
dence.78,79 It is a stimulant substance that may be
able to restore cognitive functioning in cocaine
withdrawal, as it does in sleep-deprived individuals
when given in the morning.80 The question of
whether modafinil possesses abuse potential is dis-
cussed controversially at present.81,82 There is need
for randomized controlled trials that examine the
effect of GABA-medications and stimulants such as
modafinil upon objective sleep measures, cognitive
performance as well as treatment outcome. This
would shed more light upon the clinical relevance of
the impairments of sleep-dependent cognitive
performance.

Agonist replacement therapy has become
a well-established approach to treat opiate and
nicotine dependence. Preliminary findings of
substitution therapy for cannabis dependence are
promising,40,64 demonstrating an attenuation of
withdrawal symptoms including sleep distur-
bances. Randomized controlled trials on the effect
of THC substitution upon treatment outcome are
under way.

The question of whether MDMA induces sero-
tonin neurotoxicity in humans has become a field
of extensive research.29 Since PSG is a highly
sensitive instrument to detect subtle neurophysi-
ologic alterations, it might prove to be particularly
useful in this matter.

Individuals who are exposed to experimental
depletion of the serotonin precursor tryptophan
develop acute serotonin deficiency. PSG studies of
tryptophan depletion have been carried out in
healthy individuals83e86 and in psychiatric
patients.85e88 The bottom line of these studies is
that tryptophan depletion is associated with an
increase in wakefulness and Stage 1 sleep and with
a reduction in Stage 2 sleep. Phasic activity of REM
sleep is enhanced.

These PSG patterns are in agreement with the
sleep architecture observed in abstinent heavy
MDMA users.33,34 Prospective PSG studies are
needed in order to investigate preexisting differ-
ences in sleep architecture between consequent

MDMA users and non-user controls. Such prospec-
tive studies would also be capable of determining
to what extent restitution occurs with prolonged
abstinence. To this end, ecstasy users and controls
would need to be followed up over a period of
several years. Furthermore, it should be deter-
mined whether PSG abnormalities correlate with
other presumed evidence of MDMA neurotoxicity
such as PET examinations using serotonin trans-
porter ligands.29

There is evidence that the sedative properties
of marijuana may be of use in clinical practice.
An open pilot study demonstrated the effective-
ness and tolerability of THC for the treatment of
agitated behavior at night in patients with severe
dementia.89 Nocturnal motor activity was
reduced by 59% from baseline, as evidenced by
wrist actigraphy. Other parameters such as
appetite disturbances and irritability improved as
well. No adverse effects were observed after
single and repeated administrations of THC. A
systematic review found that atypical anti-
psychotics often fail to reduce behavioral symp-
toms of dementia90 Adverse effects occur
frequently.90 For safety concerns, co-administra-
tion of benzodiazepines is not recommended.91

The limitations of the available treatment options
warrant the search for effective and well-tolerated
alternatives. Randomized controlled trials with
large sample sizes and longer treatment periods are
needed in order to corroborate the preliminary
findings for THC.

Cannabis-based medicines have also been
shown to improve subjective sleep quality in
patients with chronic pain syndromes, such as
multiple sclerosis, peripheral neuropathy, rheu-
matoid arthritis and cancer pain.92 To a great
extent, this improvement may be due to analgesic,
anti-inflammatory and spasmolytic effects36

resulting in nocturnal symptom relief, in addition
to the hypnotic properties of cannabis.

Practice points

1. Consider and routinely investigate the
possibility that complaints of sleep distur-
bances may be related to use of illicit
drugs, especially in younger patients.

2. In cocaine- or cannabis-dependent individ-
uals, sleep disturbances including unpleasant
dreams constitute important withdrawal
symptoms and their treatment needs to be
incorporated into the overall treatment plan.
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Abstract
Background—The use of cannabis for medical purposes is proliferating in the U.S., and PTSD
is an explicitly approved condition for accessing medical cannabis in 5 states. Prior research
suggests that people with PTSD often use cannabis to help cope with their condition, and that
doing so results in more frequent and problematic cannabis use patterns. Specific coping
motivations, such as sleep improvement, among medical cannabis users, have not been examined.

Methods—The present study evaluated specific coping use motivations, frequency of cannabis
and alcohol use, and mental health among a convenience sample of patients (N=170) at a medical
cannabis dispensary in California.

Results—Those with high PTSD scores were more likely to use cannabis to improve sleep, and
for coping reasons more generally, compared with those with low PTSD scores. Cannabis use
frequency was greater among those with high PTSD scores who used for sleep promoting
purposes compared with those with low PTSD scores or those who did not use for sleep promoting
purposes.

Conclusions—Consistent with prior research, this study found increased rates of coping-
oriented use of cannabis and greater frequency of cannabis use among medical users with high
PTSD scores compared with low PTSD scores. In addition, sleep improvement appears to be a
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primary motivator for coping-oriented use. Additional research is needed to examine the health
consequences of this pattern of cannabis use and whether alternative sleep promoting interventions
(e.g. CBT-I) could reduce the reliance on cannabis for adequate sleep among those with PTSD.

Keywords
cannabis; coping; medical marijuana; PTSD; sleep

1. INTRODUCTION
Cannabis is the most widely used illicit substance in the United States (SAMHSA, 2012)
and the legalization of cannabis for medicinal purposes has become a growing trend. The
approved conditions for which cannabis may be doctor-recommended varies at the state
level, but most states allow medical use of cannabis for certain medical disorders/problems
(e.g., cancer, severe and chronic pain, HIV/AIDS). The use of medical cannabis for
psychological disorders, however, is not as common. Currently, only 5 of 20 states with
medical cannabis laws explicitly allow the medical use of cannabis as a treatment for those
with posttraumatic stress disorder (PTSD).

Though there has been a general dearth of empirical research speaking to the use and effects
of cannabis among those with PTSD, existing evidence suggests that individuals with PTSD,
particularly those with heightened hyperarousal symptoms, use cannabis primarily for
coping reasons (e.g., Boden et al., 2013; Bonn-Miller et al., 2007a; Passie et al., 2012), and
that such coping-oriented use may be associated with heavier and more problematic
cannabis use patterns (e.g., dependence), as documented in the general population (Bonn-
Miller and Zvolensky, 2009). Following, there has been increasing interest in understanding,
among those with PTSD, the specific motives for which cannabis is used. In a study among
20 adult females with PTSD, Bonn-Miller and colleagues (2010) found poor sleep quality to
interact with PTSD symptom severity in the prediction of coping-oriented cannabis use.
Here, individuals with elevated PTSD symptoms and sleep problems were particularly likely
to use cannabis to cope.

Though Bonn-Miller and colleagues (2010) documented the importance of sleep problems in
terms of understanding the association between PTSD and coping-oriented cannabis use,
little research has been conducted to examine whether specific symptoms of PTSD are being
“treated” with cannabis use, and, in particular, whether individuals with PTSD use cannabis
specifically to improve sleep, or instead to cope with negative affect more broadly. Here,
recent work has demonstrated that specific psychoactive components of cannabis may
initially facilitate sleep onset (Russo et al., 2007; Schierenbeck et al., 2008), though long-
term and problematic use has been associated with sleep disturbances, including altered
sleep architecture (Bolla et al., 2008; Vandrey et al., 2011). Additionally, there has yet to be
an investigation of how specific coping motivations are associated with use frequency
within this context.

The present study sought to examine (1) the specific cannabis motives that distinguish a
medicinal cannabis-using individual with PTSD from an individual without PTSD, and (2)
whether the interaction of PTSD and PTSD-specific use motives are associated with more
severe use frequency. We hypothesized that medical cannabis users with PTSD would be
more likely to report cannabis use specifically to improve sleep, compared to those without
PTSD. Further, due to the development of tolerance to the sleep-inducing effects of cannabis
(Schierenbeck et al., 2008), as well as prior documented associations between coping-
oriented use and heavy cannabis use patterns (Bonn-Miller and Zvolensky, 2009), we
hypothesized that those with PTSD who also used for sleep motives would evidence greater
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cannabis use frequency. As research has demonstrated that depression and alcohol use are
both associated with PTSD (McFarlane, 1998; Shalev et al., 1998) and cannabis use
(Bovasso, 2001; Griffin et al., 2002), depressive symptoms and alcohol use were included as
covariates.

2. METHOD
2.1 Participants

Study participants (N=217) were adult (18 and over) patients using cannabis obtained from a
licensed medical cannabis dispensary in San Francisco, California. Of the participants
enrolled in the study, 170 completed the requisite questionnaires and were included in data
analyses. The mean age of the sample was 41 years (SD=15) and 22% were female.
Participants were excluded based on inability to provide written informed consent to
participate, and being under 18 years of age. The majority of participants self-identified as
Caucasian (67.1%), followed by Black/Non-Hispanic (7.8%), Hispanic (7.8%), Black/
Hispanic (3.0%), Asian (3.0%), and “Other” (11.4%). The most common self-reported
conditions for which participants sought medical cannabis included anxiety (62.7%), chronic
pain (55.6%), stress (47.9%), insomnia (47.9%), and depression (41.4%; see Bonn-Miller et
al., 2013 for more complete description).

2.2 Procedure
Patients presenting to the medical cannabis dispensary were provided with the opportunity
to participate in the study by research staff. After obtaining written informed consent to
participate, interested individuals completed a battery of questionnaires. Research staff
debriefed participants upon completion, and participants were entered into 1 of 4 drawings
to receive a $100 prize. Data describing self-reported cannabis use characteristics of this
sample have been reported previously (Bonn-Miller et al., 2013). Study procedures were
approved by the Stanford University IRB and conducted in accordance with the ethical
principles of the Declaration of Helsinki.

2.3 Measures
2.3.1 Posttraumatic Stress—The PTSD Checklist-Civilian Version (PCL-C; Weathers
et al., 1993) is a 17-item questionnaire in which respondents indicate presence and severity
of symptoms of PTSD, derived from the DSM-IV symptoms for PTSD (APA, 2000). A total
score was calculated. Consistent with recommendations among community samples
(NCPTSD, 2013), a total score of 30 was used as a cut-off to generate two groups: those
without PTSD (PCL score < 30) and those with probable PTSD (PCL score > 30). The PCL-
C has excellent psychometric properties (Weathers et al., 1993). Cronbach’s α = .95 in the
current sample.

2.3.2 Cannabis Use Motives—The Comprehensive Marijuana Motives Questionnaire
(CMMQ; Lee et al., 2009) was used to index motives for cannabis use. Participants rate how
often they use cannabis for each of 36 reasons on a 5-point Likert-type scale (1 = “Almost
Never/Never” to 5 = “Almost Always/Always”). These 36 items comprise 12 different
domains (3 reasons/domain) of motives for use including: Enjoyment, Conformity, Coping
(e.g., “To forget your problems”), Experimentation, Boredom, Alcohol, Celebration, Altered
Perception, Social Anxiety, Low Risk, Sleep (e.g., “To help you sleep”), and Availability.
Cronbach’s α = .74 for CMMQ subscales in the current sample.

2.3.3 Cannabis Use Frequency—A single item from the Marijuana Smoking History
Questionnaire (MSHQ; Bonn-Miller and Zvolensky, 2009) was used to determine past 30-
day cannabis use, regardless of use motive (e.g., medicinal). Participants were asked to rate
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the frequency of their cannabis use in the past 30 days on a scale of 0 “no use” to 8 “more
than once a day.” The MSHQ has performed well in previous research, with convergent
validity for the employed frequency item (Bonn-Miller and Zvolensky, 2009; Bonn-Miller et
al., 2007b). In the present sample, scores ranged from 2-8 (M = 7.09, SD = 1.37).

2.3.4 Alcohol Use—The Alcohol Use Disorders Identification Test (AUDIT; Saunders et
al., 1993) is a 10-item self-report measure of hazardous and harmful alcohol consumption. A
total score is calculated to produce a global measure of problematic alcohol use. Cronbach’s
α = .84 in the current sample.

2.3.5 Depressive Symptoms—The Inventory of Depression and Anxiety Scale (IDAS;
Watson et al., 2007) is a 64-item questionnaire measuring depression and anxiety. The
General Depression subscale was employed as a measure of depressive symptoms and used
as a covariate. Cronbach’s α = .84 in the current sample.

2.4 Data Analysis
First, a series of t-tests were conducted to examine group (no PTSD versus probable PTSD)
differences in terms of cannabis use motives. T-tests were adjusted (p = .01) for multiple
comparisons. Next, we examined the interaction of motive for use (sleep and coping) and
group on past 30-day cannabis use. Two separate hierarchical multiple regressions (HMRs)
were conducted (one for sleep, one for coping motives) in which past 30-day cannabis use
served as the outcome variable. Sleep and coping motives were selected, as these were the
only two motives that were found to vary as a function of PTSD symptom levels. All
continuous variables were standardized prior to entry. In Step 1, main effects for motive
(sleep or coping) and PTSD group were simultaneously entered. In step 2, the interaction
between motive (sleep or coping) and PTSD group was entered. In step 3, alcohol use
(AUDIT total score) and depressive symptoms (IDAS General Depression sub-score) were
entered as covariates. Variables were entered in this fashion to test whether the obtained
results remained after adjusting for relevant covariates, while ensuring that interaction
effects were not significant merely due to suppression effects of covariates (Simmons et al.,
2011).

3. RESULTS
Results of t-tests indicated that individuals with probable PTSD reported greater motivation
to use cannabis for sleep and coping reasons compared to those without PTSD. No
associations were found between PTSD and any other motives (see Table 1). In the
hierarchical regressions (see Table 1), a significant main effect for sleep motives, but not
PTSD group, was observed in predicting past 30-day cannabis use. Furthermore, as
predicted, the interaction between sleep motives and group was associated with past 30-day
cannabis use, accounting for 3% of unique variance. After adjusting for covariates in Step 3,
the interaction remained significant with the entire model accounting for 25.2% of variance
in past 30-day cannabis use. In terms of coping motives, there was a main effect for coping,
but not PTSD group. In addition, the interaction of PTSD group and coping was non-
significant.

Consistent with recommendations for examining interactions (Aiken and West, 1991), post-
hoc probing of the significant interaction indicated that sleep motives was positively
associated with past 30-day cannabis use among individuals with probable PTSD, but not
among individuals without PTSD (see Figure 1).

Analyses were also run using a continuous index of PTSD symptoms (total PCL score).
Results remained consistent. A significant interaction of sleep motive and PTSD symptoms
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emerged both before, β = .70, p = .008, and after, β = .69, p = .009, accounting for
covariates. In addition, analyses related to coping motives still yielded a non-significant
interaction, β = −.07, p = .80.

4. DISCUSSION
The present study sought to extend prior work by determining motivation for cannabis use
among individuals who report elevated PTSD symptoms and use medical cannabis. First, the
present study replicated prior work (e.g., Bonn-Miller et al., 2007a; 2013) by documenting
that individuals with probable PTSD used cannabis for negative affect reduction (i.e., coping
motives). Consistent with hypotheses, the present study also provided the first empirical
evidence for cannabis use for sleep reasons among those with probable PTSD, with these
two motives (i.e., coping, sleep) being the only motives observed to differ between those
with probable PTSD and those without.

Also consistent with expectation, PTSD group was found to interact with sleep motives in
terms of cannabis use frequency. These findings extend prior work that documented an
interactive relation between PTSD symptoms and sleep problems in terms of coping motives
(Bonn-Miller et al., 2010) by showing that those with probable PTSD (and those with
greater PTSD symptom severity) who used cannabis to improve sleep reported more
frequent cannabis use. Indeed, no association was observed between sleep motives and use
frequency among the non-PTSD group. Though coping-oriented use was elevated among
those with probable PTSD, no interaction was observed for frequency of cannabis use,
providing strong evidence for the uniqueness of the association between PTSD symptoms
and sleep motives in terms of cannabis use frequency. Finally, all of the aforementioned
associations were observed above and beyond co-occurring alcohol problems and depressive
symptoms, and among a sample of medicinal cannabis users, a group heretofore unexamined
in terms of PTSD and associated use motivation.

Though the present study provides strong empirical evidence for the unique role of sleep-
motivated cannabis use among medicinal cannabis users with probable PTSD, it is not
without limitation. First, the present study was cross-sectional in nature. Additionally, it was
conducted within one cannabis dispensary in San Francisco, and the sample was primarily
male. So as to improve our understanding of the observed associations and generalizability
of findings, future work should employ prospective assessment among samples more
representative of the medicinal cannabis using population. Another limitation of the present
study was that no interview-based or objective measures were employed (all data were self-
report). Though the employed measures were well validated and have been used extensively
in prior literature, future work would benefit from including biochemical verification of
cannabis use status as well as behavioral (e.g., cue exposure) and/or interview-based (e.g.,
Clinician Administered PTSD Scale; Blake et al., 1995) measures of PTSD status and
symptomatology.

Limitations notwithstanding, the present study provides empirical evidence to suggest that
individuals with high levels of PTSD symptoms use medicinal cannabis for coping and sleep
motives, and that sleep-motivated use, specifically, is associated with more frequent
cannabis use. Interventions shown to improve sleep quality (e.g., Cognitive Behavioral
Therapy for Insomnia; Morin et al., 2006) may be useful in terms of providing an alternative
to cannabis for individuals with PTSD who are reporting significant difficulties with sleep.
It is unknown whether the high rate of cannabis use among this sub-population is associated
with adverse health outcomes relative to those with PTSD who do not use cannabis.
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Figure 1.
Level of past 30-day cannabis use as a function of the interaction between PTSD group (no
PTSD versus Probable PTSD) and sleep motives. Frequency of past 30-day cannabis use
was ranked on a scale of 0 “no use” to 8 “more than once a day.

Bonn-Miller et al. Page 8

Drug Alcohol Depend. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bonn-Miller et al. Page 9

Ta
bl

e 
1

M
ea

n 
sc

or
es

 f
or

 e
ac

h 
m

ot
iv

e 
fo

r 
ca

nn
ab

is
 u

se
 b

as
ed

 o
n 

gr
ou

p 
an

d 
re

gr
es

si
on

 a
na

ly
se

s

G
ro

up
R

eg
re

ss
io

n 
A

na
ly

se
s:

 D
V

 =
 P

as
t 

30
-d

ay
 C

an
na

bi
s 

U
se

M
ot

iv
e 

fo
r

U
se

P
T

SD
N

 =
 7

5
N

o 
P

T
SD

N
 =

 9
5

St
ep

 1
St

ep
 2

St
ep

 3

M
ot

iv
e

G
ro

up
M

ot
iv

e
G

ro
up

In
t

M
ot

iv
e

G
ro

up
In

t
D

ep
A

lc

M
SD

M
SD

t
β

β
β

β
β

β
β

β
β

β

Sl
ee

p
10

.8
4

3.
97

9.
32

4.
11

−
2.

42
*

.1
8*

−
.0

1
.0

4
−

.0
2

.2
1*

.0
3

−
.0

1
.2

1*
−

.0
5

.0
8

E
nj

oy
10

.3
5

2.
97

10
.4

2
3.

59
0.

15

C
on

fo
rm

3.
57

1.
47

3.
59

1.
72

0.
10

C
op

in
g

6.
63

2.
96

5.
45

2.
62

−
2.

72
†

.1
9*

−
.0

2
.2

5*
−

.0
2

−
.0

8
.2

5*
.0

2
−

.0
7

−
.1

0
.0

8

E
xp

er
im

en
t

5.
28

3.
43

4.
97

2.
67

−
0.

65

B
or

ed
om

5.
15

2.
61

5.
34

2.
97

0.
44

A
lc

oh
ol

3.
83

1.
54

3.
56

1.
19

−
1.

02

C
el

eb
ra

tio
n

6.
56

3.
48

7.
30

3.
69

1.
33

Pe
rc

ep
tio

n
8.

80
3.

92
8.

46
3.

95
−

0.
55

So
ci

al
 A

nx
ie

ty
7.

77
3.

78
6.

71
3.

46
−

1.
98

L
ow

 R
is

k
9.

40
3.

61
9.

16
3.

88
−

0.
42

A
va

ila
bl

e
5.

74
2.

87
5.

22
2.

43
−

1.
28

T
ot

al
 S

co
re

79
.5

6
23

.1
7

76
.6

4
21

.5
5

−
0.

73

N
ot

e:
 n

 =
 1

70
.

* p 
<

 .0
5;

**
p 

<
 .0

1;

† p 
<

 .0
01

.

M
ot

iv
e 

=
 M

ot
iv

e 
fo

r 
us

e;
 G

ro
up

 =
 P

ro
ba

bl
e 

PT
SD

/N
o 

PT
SD

; I
nt

 =
 I

nt
er

ac
tio

n 
te

rm
 (

m
ot

iv
e 

* 
gr

ou
p)

; D
ep

 =
 D

ep
re

ss
iv

e 
sy

m
pt

om
s;

 A
lc

 =
 A

lc
oh

ol
 u

se
. I

n 
re

la
tio

n 
to

 th
e 

re
gr

es
si

on
 a

na
ly

se
s:

 S
te

p 
1

re
pr

es
en

ts
 th

e 
en

tr
y 

of
 th

e 
m

ai
n 

ef
fe

ct
s;

 S
te

p 
2 

is
 c

om
pr

is
ed

 o
f 

m
ai

n 
ef

fe
ct

s 
an

d 
th

e 
in

te
ra

ct
io

n 
te

rm
; S

te
p 

3 
re

pr
es

en
ts

 th
e 

in
cl

us
io

n 
of

 th
e 

m
ai

n 
ef

fe
ct

s,
 in

te
ra

ct
io

n,
 a

nd
 c

ov
ar

ia
te

s.

Drug Alcohol Depend. Author manuscript; available in PMC 2015 March 01.



An Analysis of Applicants Presenting to a Medical Marijuana
Specialty Practice in California

Helen Nunberg, MD, MPH, Beau Kilmer, PhD, Rosalie Liccardo Pacula, PhD, and James
Burgdorf

Abstract
For more than a decade, medical marijuana has been at the forefront of the marijuana policy
debate in the United States. Fourteen states allow physicians to recommend marijuana or provide a
legal defense for patients and physicians if prosecuted in state courts; however, little is known
about those individuals using marijuana for medicinal purposes and the symptoms they use it for.
This study provides descriptive information from 1,655 patients seeking a physician’s
recommendation for medical marijuana, the conditions for which they seek treatment, and the
diagnoses made by the physicians. It conducts a systematic analysis of physician records and
patient questionnaires obtained from consecutive patients being seen during a three month period
at nine medical marijuana evaluation clinics belonging to a select medical group operating
throughout the State of California. While this study is not representative of all medical marijuana
users in California, it provides novel insights about an important population being affected by this
policy.

I. INTRODUCTION
As of December 2010, 15 states and the District of Columbia provide allowances for
medical marijuana (National Conference of State Legislatures, 2010).1 There is a small
literature about whether these laws influence the overall demand for marijuana (Gorman and
Charles, 2007; Pacula et al., 2010), and a tremendous amount of discussion about how
medicinal marijuana is distributed, especially in California (see e.g., Hoeffel, 2010a; 2010b).
What remains largely missing from the literature and policy discussions is a good
understanding of the individuals who seek a medical allowance for marijuana.

This paper helps fill this gap by systematically evaluating the characteristics, ailments, and
medical histories of a large group of applicants seeking a medicinal marijuana
recommendation. Data are collected from medical charts and doctor interviews with 1,655
individuals seen in June, July and August of 2006 from nine medical marijuana specialty
practices dispersed throughout California. The results provide some interesting insights as to
the characteristics of those seeking medicinal allowances nearly a decade after the policy
was introduced in California.

The remainder of this paper is organized as follows. In Section 2 we briefly review the
literature on the therapeutic value of cannabinoids, provide details of the specific allowances
provided for within California state law, and review previously published surveys of
populations of medical marijuana users. In Section 3 we discuss the methods that were used
in the current study, including our data collection procedures, and in Section 4 we present

1This excludes Maryland. While Maryland does allow those arrested for marijuana possession to use a medical necessity defense,
those found to be using for medical purposes are still convicted and can be fined up to $100.
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our results. A general discussion of these findings and the limitations of our study are
presented in Section 5.

II. BACKGROUND AND LITERATURE REVIEW
Research on the therapeutic value of cannabinoids

Cannabinoids are compounds related to tetrahydrocannabinol (THC) found in the cannabis
plant (phytocannabinoids), in animals (endocannabinoids), and synthesized in laboratories
(e.g., THC analogues, cannabinoid receptor agonists and antagonists) (Pertwee, 2006).
Cannabinoid receptors are found in all animals; in humans, cannabinoid receptors are
concentrated in the brain but are also found in other parts of the body.

The use of cannabis as a medicine originated thousands of years ago. After being introduced
to the West in the mid-nineteenth century, cannabis-based medicines were popular through
the early decades of the twentieth century (Grinspoon, 2005; Zuardi, 2006). The virtual
disappearance of cannabis-based medicines by the mid-1900s was due to the introduction of
new pharmaceuticals (e.g., aspirin, chloral hydrate, barbiturates) for the same conditions,
such as pain, migraines, menstrual cramps, and sedation, as well as the legal restrictions
associated with the 1937 Marijuana Tax Act (Fankhauser, 2002; Grinspoon).

The Institute of Medicine’s (IOM) 1999 report Marijuana and Medicine: Assessing the
Science Base, concluded that “Scientific data indicate the potential therapeutic value of
cannabinoid drugs, primarily THC, for pain relief, control of nausea and vomiting, and
appetite stimulation; smoked marijuana, however, is a crude THC delivery system that also
delivers harmful substances” (4). The report further noted that, “For the most part, the
logical categories for the medical use of marijuana are not based on particular diseases but
on symptoms…[that] can be caused by various diseases or even by treatments for diseases”
(IOM, 1999; pp. 137–138). Based on these findings, the panel recommended that “clinical
trials of cannabinoid drugs for symptom management should be conducted with the goal of
developing rapid-onset, reliable, and safe delivery systems” (4). In addition to focusing on
pain relief, control of nausea and vomiting, and appetite stimulation, the IOM report also
called recommended that clinical trials focus on the suitability of cannabinoid drugs to
address anxiety reduction and sedation.

Reviews published since the IOM report also highlight the potential therapeutic value of
cannabinoid drugs; however, few of the studies focus on inhaled marijuana. A review of 72
randomized, double-blind, placebo-controlled studies from 1975 to 2004 evaluating the
therapeutic effects of cannabinoids concludes that “Cannabinoids present an interesting
therapeutic potential as antiemetics, appetite stimulants in debilitating diseases (cancer and
AIDS), analgesics, and in the treatment of multiple sclerosis, spinal cord injuries, Tourette’s
syndrome, epilepsy and glaucoma” (Ben Amar, 2006). A more recent review focusing on
clinical studies published from 2005 to 2009 (Hazekamp and Grotenhermen, 2010)
concluded that cannabinoids have “therapeutic potential mainly as analgesics in chronic
neuropathic pain, appetite stimulants in debilitating diseases (cancer and AIDS), as well as
in the treatment of multiple sclerosis.” For both reviews, a minority of the trials evaluated
inhaled marijuana (six and eight studies, respectively). The others used a synthetic THC
isomer or analog for oral administration, or plant extract in oral or sublingual preparations.2

2Hazekamp and Grotenhermen included recent studies of nabilone, a prescription drug that is a THC analog. Skrabek et al. (2008)
performed a randomized, controlled trial to assess the benefit of nabilone on pain reduction and quality of life improvement in patients
with fibromyalgia. They found significant decreases in pain and anxiety. Similarly, Ware et al. (2010) concluded that nabilone “is
effective in improving sleep in patients with fibromyalgia and is well tolerated.” Finally, in a more recent observational study (Bestard
and Toth, 2010), nabilone was found to be as effective as gabapentin, a first line medication for peripheral neuropathy, in measures of
pain, sleep, depression and anxiety.
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In February 2010, the Center for Medicinal Cannabis Research (CMCR) at the University of
California San Diego submitted a report to the Legislature and Governor of California
describing five completed clinical trials with inhaled marijuana (Grant et al., 2010). Four
demonstrated pain relief effects in conditions secondary to injury or disease of the nervous
system (Abrams et al., 2007; Wallace et al., 2007; Wilsey et al., 2008; Ellis et al., 2009), and
one suggested a reduction of spasticity in multiple sclerosis (Corey-Bloom et al., 2008).

Medicinal Marijuana in California
In California, patients with a physician’s recommendation, along with their designated
caregivers and recommending physicians, are exempted from state criminal laws against
marijuana. Although provision and use remain illegal under federal law, U.S. Attorney
General Eric Holder made a statement in March 2009 suggesting that the federal
government would not target those who complied with state medical marijuana laws. This
was made more official in an October 2009 memo to U.S. Attorneys which noted that: “As a
general matter, pursuit of these priorities should not focus federal resources in your States on
individuals whose actions are in clear and unambiguous compliance with existing state laws
providing for the medical use of marijuana.”

The California medical marijuana law, passed through voter referendum (Proposition 215)
in 1996, permits the use of marijuana for “cancer, anorexia, AIDS, chronic pain, spasticity,
glaucoma, arthritis, migraine, or any other illness for which marijuana provides relief”
[emphasis added]. California Senate Bill 420, signed into law on October 12, 2003, named
additional ailments such as severe nausea, cachexia, seizures, and persistent muscle spasms
(regardless of whether they are associated with multiple sclerosis). In an effort to provide
better guidance to law enforcement agencies, SB 420 allowed patients and primary
caregivers to possess up to six mature plants (or 12 immature plants) and eight ounces of
marijuana; however, it granted local governments the authority to establish larger maximum
quantities.

Many of the early studies about medicinal marijuana users in California focused on
individuals with HIV or AIDS (e.g., Harris et al., 2000; Sidney, 2001; de Jong et al., 2005;
Prentiss et al., 2004). Based on analyses of several unpublished surveys of clients entering
cannabis buyer clubs in the San Francisco Bay Area, Gieringer (2002) found that the share
of clients that were AIDS and cancer patients declined after the passage of Proposition 215.
More recent research in California shows that medicinal marijuana patients are largely men
who present with pain and/or emotional/mental health concerns (O’Connell and Bou-Matar,
2007; Reiman, 2007; Reiman, 2009). An informal survey of several California medical
marijuana specialty physicians revealed that more than 95% of the pateints of each physician
were already “self-medicating” prior to the receipt of their recommendation, leading
Mikuriya et al. (2007) to conclude that the physicians were really “approving” the medical
use of marijuana as opposed to “recommending” it.

III. DATA AND METHODS
The data used in this study come from medical records of 1,745 applicants consecutively
presenting to one of nine MediCann clinics located in large and small cities throughout
California.3 The sample is based on visits in June, July, and August 2006, roughly ten years
after the original law was enacted. Medical charts were reviewed and data entered within a
few weeks of the visit. Our final sample excludes 90 individuals who are either missing
diagnosis information (N=35) or did not report using marijuana before seeking a

3Since 2006, MediCann has expanded to 21 locations throughout California.
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recommendation (N=55).4 There are no statistically significant differences in terms of age,
race/ethnicity, and gender between those included and excluded in the analysis sample.

We drew on consecutive visits from all nine clinics in hopes of approximating a
representative sample of applicants seeking recommendations at these medical marijuana
specialty practices. The sample is not generalizable to all individuals applying for a medical
marijuana recommendation as it only represents those individuals selecting this particular
network of physicians.

In general, the MediCann policy was to provide a 12-month recommendation to those with
an acceptable medical condition who had supporting medical record documentation.5 Those
without medical record documentation received a provisional three-month recommendation
conditional upon them providing the MediCann physician with a copy of the relevant
supporting medical record, or, if not currently under the care of a medical professional,
seeking care and providing those records. Applicants were only denied if they did not report
having an eligible medical condition or if they refused to be under the care of a medical
professional. For our sample the denial rate was less than 2%.

MediCann’s medical records include two standard forms specifically created for MediCann.
One form is filled out by the applicant and includes demographic information, medical
history, and marijuana use history. The second form is filled out by the evaluating physician
and contains clinical information related to the health problem and symptoms for which the
applicant is seeking help. Clinic physicians relied on medical histories, physical exams, and
the supporting medical documents when they assigned diagnoses. The supporting medical
documents included laboratory and radiological evaluations to validate applicant claims of
use of marijuana for relief of symptoms due to a medical condition. Over two-thirds of
applicants (67.8%) brought medical record documentation with them at the time of the visits
analyzed in our study.

In light of the limited information on this population of interest, we examine simple means
or sample proportions for several variables of interest, including patient characteristics and
stated therapeutic needs, physician diagnoses, and medical history. Results are provided for
the entire sample and then broken down by gender.

IV. RESULTS
Applicant Characteristics

Applicant demographic information is shown in Table 1 both for the full sample and by
gender, since almost 73% of the applicants seeking a recommendation were male. This is
not much different than the share of those in the 2006 National Household Survey on Drug
Use and Health who reported purchasing marijuana in the previous month (70%). Female
applicants seeking recommendations were, on average, older and more likely than men to be
African American, have some college education, have Medicaid (MediCal) health insurance,
or to be unemployed and disabled (19.5% of women reported being unemployed due to
disability). In general, those seeking recommendations were insured (73.0% currently
insured, of whom 24.2% were covered through Medicare or Medicaid), have at least a high
school degree (only 8.8% have less than a high school degree), and are generally employed
(68.7%).

4While in many ways the applicants who report not using marijuana prior to seeking this recommendation are perhaps the most
interesting, there are an insufficient number of these individuals in our sample for robust comparisons.
5Qualifying patients would be given a recommendation and would be reassessed periodically to review the course of treatment and
any new information about their health, as well as to monitor response to treatment as indicated by a decrease in symptoms, an
increase in level of function, or an improvement in quality of life.
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As for the age distribution, at least half of the population seeking medical recommendations
through this physician group was over the age of 35. For comparison, the median age for
those 18 and older in the 2006 NSDUH who reported purchasing marijuana in the previous
month was in the 26–29 year old category (those over 21 are placed into age categories).

Applicants’ Self Reports of the Therapeutic Benefits of Marijuana
In light of the IOM’s argument that the “logical categories for the medical use of marijuana
are not based on particular diseases but on symptoms (IOM; pp. 137–138), we examined the
self-reported therapeutic benefit received from marijuana and the symptoms it helped
relieve. Applicants were asked “Which of the following best describe the therapeutic benefit
you receive from medicinal cannabis? (Check the most important reasons you use
cannabis.)” The results are presented in Table 2.

Applicants most frequently reported using medical marijuana for pain relief (82.6%),
improved sleep (70.6%), and relaxation (55.6%). The next most frequently reported benefits
included relief of muscle spasms (41.3%), headache (40.8%), relief of anxiety (38.1%),
improved appetite (38.0%), relief of nausea and vomiting (27.7%), and relief of depression
(26.1%). Half the applicants (50.8%) reported using marijuana as a substitute for
prescription medication and 13.2% reported using marijuana as a substitute for alcohol.

Interestingly, women were statistically more likely than men to report that they used
marijuana to relieve most of the indications listed, including headaches, anxiety, nausea,
depression, panic, and medication side-effects. The only indication for which men were
more likely than women to report use of marijuana was to help with focus. One in four men
reported that marijuana improved focus.

Physician Diagnosis
Table 3 presents the highest frequency diagnoses and the diagnoses specifically listed in the
Compassionate Use Act. Recall that treating physicians make their diagnoses based on a
review of applicant’s history, the medical records from treating physicians (in two-thirds of
the cases), and on their own physical examination. Evaluating physicians were then asked to
“circle only diagnoses related to patient’s medicinal marijuana use” from a list of
162diagnoses.

In general, chronic pain disorders were the most common diagnoses made by physicians,
with nearly 60 percent (58.2%) of applicants being diagnosed with some sort of
musculoskeletal or neuropathic chronic pain condition. Low back pain was diagnosed for
over one quarter (26.2%) of patients seen during this three month period, with lumbar and
cervical degenerative disc disease (together 21.8%) and arthritis (18%) the next most
common diagnoses in the chronic pain group. Mental health disorders were the next largest
group of diagnoses made (22.9%), followed closely by sleep disorders (21.3%). Diagnoses
in the grouping “neurological disorders,” including migraine and other headache, were made
in 16.6% of applicants. Only 3% of the applicants were diagnosed with either cancer or
HIV/AIDS.

Previous Treatments and Physician’s Recommendations for Additional Treatment
Because self-reported information was collected from applicants and most provided medical
documentation from their treating physician that could be reviewed by the evaluating
physician, it was possible to consider the extent to which previous therapies had been used
to cope with or treat the primary symptoms for which they were seeking a medical
allowance. In Table 4 we provide a list of therapies or approaches that were previously tried
or currently being used. Almost half of the applicants (47.6%) reported taking prescription
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medication at the time of their evaluation, and nearly 4 out of 5 (79.5%) reported having
taken prescription medication in the past for their problems. As chronic pain was the leading
diagnosis for which marijuana was being recommended, we were curious to see what
percent of applicants had used opioids or opiate medication to deal with their problem. On
the physician evaluation form, evaluating physicians were asked to check yes or no if the
applicant was currently using or had used in the past opioids or opiate medication prescribed
by another physician for their chronic pain. Evaluating physicians determined that almost
half of all applicants (48.0%) experiencing chronic pain either currently or in the past had
been prescribed opioids or opiate medication.

Non-prescription therapies tried by applicants seeking medicinal marijuana allowances
included physical therapy (48.6%), chiropractic services (37.2%), surgery (21.9%),
psychological counseling (20.7%), and acupuncture (19.6%). Thus, these data do not
suggest that applicants immediately seek marijuana recommendations as the first strategy to
deal with their symptoms. In many cases, these individuals tried more traditional forms of
medicine.

V. DISCUSSION
This study provides descriptive information from 1,655 applicants seeking a physician’s
recommendation for medical marijuana in California, the conditions for which they sought
treatment, and the diagnoses made by the physicians. The most common diagnoses reported
were for chronic pain, mental health conditions (primarily anxiety and depression), and
sleep disorders (insomnia). For physicians who make medical marijuana recommendations,
the risk of being deceived is not dissimilar to the risk of deception faced by those who
prescribe oxycodone and other painkillers; however, those prescribing the latter can limit the
number of pills and refills.6 For medical marijuana, existing laws and policies only allow
physicians to distribute recommendations, they cannot control the number of purchases,
what is purchased (e.g., % THC or other cannabinoid content), where it is purchased, or the
route of administration (e.g., inhale smoke or vapor, ingest an edible, apply topically).

The majority of applicants reported that they tried other therapies, including prescription
drugs, to manage their symptoms prior to seeking the medicinal allowance. Fifty percent of
the sample reported that they used marijuana as a substitute for prescription medicine. This
is consistent with other studies (e.g., Reiman, 2007; 2009) and raises important questions
about the specific drugs they are replacing. Future research with this population should
focus on previous and concurrent prescription medication use to examine claims that
marijuana enables people to reduce or eliminate their use of prescription medications. These
data could also be useful for understanding whether there could be cost-savings associated
with substituting certain prescription medicines with marijuana.

This also raises the issue about whether the legalization of marijuana for non-medicinal
purposes would influence the consumption of prescription drugs. Not only would
legalization increase availability and reduce the price of marijuana (Kilmer et al., 2010), but
the reduced stigma may increase the likelihood that some individuals try it for medicinal
purposes. It could also be the case that doctors may be more willing to discuss marijuana use
with patients if it was not prohibited.

Less than 5% of the applicants in our sample were diagnosed with HIV/AIDS, cancer, or
glaucoma. While these were not the only diseases/conditions discussed when Proposition

6However, doctors prescribing oxycodone cannot prevent patients from crushing the pill to deactivate the time-release functionality
and then snorting or injecting it.
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215 was on the ballot, they did receive a lot of attention. This is not surprising; we would
expect the number of applicants presenting with HIV/AIDS, cancer, or glaucoma to be
relatively low compared to the number presenting with pain, anxiety, and insomnia, due to
the relative prevalence of these conditions in the general population. However, it is also
important to note that many of those receiving recommendations did so for conditions other
than those listed by the IOM (pain relief, control of nausea and vomiting, and appetite
stimulation).

Finally, the age profile observed in the sample of applicants is intriguing, especially when
compared with those who report purchasing marijuana in the previous month in the 2006
NSDUH. One should not assume the larger median age for these applicants is statistically
meaningful in light of the potential non-representativeness of our sample and the fact that it
is drawn exclusively from California. However, if these age differences appear in future
studies, it could offer important insights about age-related risk aversion and/or age-specific
access to distribution networks—each with different policy implications. Thus, future work
should explore the robustness of these differences and consider their implications for policy.

We conclude by reminding readers that we did not examine randomly-selected
representative sample of all individuals in California seeking a medical recommendation for
the use of marijuana. We were merely able to collect data from a sample of individuals who
presented themselves within a three month window to a group of doctors that they most
likely expected would be willing to provide them with a recommendation. The applicants
receiving recommendations from these doctors may differ from those in the general
population in important ways that we are unable to know. As applicants receiving physician
recommendations are not required by law to register with county or state health officials, we
have no way of knowing the extent to which the population served by this particular
physician group might differ from that served by other medical marijuana specialists or by
primary care physicians. Knowledge about the number and type of individuals that receive
recommendations from other specialists or from primary care physicians would improve our
understanding medical marijuana users in California.

Since California law allows for medical marijuana use for any “illness for which marijuana
provides relief,” we have an enormous opportunity to further our understanding of the risks
and benefits of marijuana with careful questioning of some of the thousands of patients
willing to discuss their use of marijuana. Detailed information about the doses, frequency,
methods, and forms of marijuana consumed, as well as information about past and present
alcohol, illicit drug, and prescription drug consumption would be of great interest.
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Table 1

Characteristics of applicants seeking physician recommendations for medical marijuana

All Females Males P-value

N=1655 N=452 N=1203

Male 72.7% -- -- --

White 58.5% 60.0% 58.0% 0.477

Hispanic 14.5% 13.1% 15.0% 0.305

Black 10.9% 14.2% 9.7% 0.010

Native American/Asian 6.9% 5.3% 7.6% 0.108

Mixed race or other 8.9% 8.0% 9.3% 0.393

12–18 years old 0.2% 0.0% 0.2% 0.288

18–24 years old 17.8% 12.6% 19.8% 0.001

25–34years old 27.9% 26.8% 28.3% 0.546

35–44 years old 21.8% 19.9% 22.5% 0.251

45–54 years old 19.3% 26.1% 16.8% 0.000

55+ years old 13.0% 14.6% 12.4% 0.232

Not a high school grad* 8.8% 8.6% 8.9% 0.866

High school graduate* 42.5% 35.7% 45.1% 0.001

Some college* 27.1% 31.0% 25.6% 0.031

College graduate* 21.6% 24.7% 20.4% 0.064

Employed 68.7% 60.4% 71.8% 0.000

Disabled 15.5% 19.5% 14% 0.006

Previous military service 10.5% 2.1% 13.6% 0.000

Currently insured 73.0% 78.2% 71.1% 0.004

 Worker’s comp 3.5% 2.9% 3.7% 0.394

 MediCare 9.2% 11.9% 8.2% 0.020

 MediCal 15.0% 21.7% 12.6% 0.000

 Private 42.4% 41.4% 42.7% 0.619

 Veterans Administration 3.2% 2.0% 3.7% 0.086

Notes: Missing employment/disability data for 3 applicants, insurance information for 13 applicants, education information for 51 applicants, and
military information for 86 applicants. Education variables denote highest level obtained.
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Table 2

Self report of therapeutic benefits of medical marijuana

All Females Males P-value

N=1655 N=452 N=1203

To relieve:

 Pain 82.6% 82.7% 82.5% 0.924

 Spasms 41.3% 44.2% 40.1% 0.132

 Headache 40.8% 49.3% 37.6% 0.000

 Anxiety 38.1% 51.1% 33.3% 0.000

 Nausea 27.7% 44.9% 21.3% 0.000

 Depression 26.1% 35.4% 22.6% 0.000

 Cramps 19.0% 33.4% 13.5% 0.000

 Panic 16.9% 27.2% 13.1% 0.000

 Diarrhea 4.8% 4.9% 4.7% 0.913

 Itching 2.7% 1.1% 3.3% 0.013

To improve:

 Sleep 70.6% 69.0% 71.2% 0.397

 Relaxation 55.6% 60.2% 53.9% 0.023

 Appetite 38.0% 35.0% 39.2% 0.117

 Focus 23.3% 19.7% 24.6% 0.035

 Energy 15.5% 17.7% 14.7% 0.135

To prevent:

 Anger 22.7% 21.9% 22.9% 0.653

 Medication side effects 22.6% 27.0% 20.9% 0.009

 Involuntary movements 6.2% 7.3% 5.8% 0.266

 Seizure 3.0% 3.8% 2.7% 0.239

As a substitute for:

 Prescription medicine 50.8% 51.1% 50.7% 0.885

 Alcohol 13.2% 11.3% 13.9% 0.164
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Table 3

High frequency diagnoses and diagnoses listed in Proposition 215 and SB 420

All Females Males P-value

N=1655 N=452 N=1203

Musculoskeletal and neuropathic chronic pain

 Low back pain 26.2% 20.4% 28.4% 0.001

 Arthritis 18.0% 17.0% 18.4% 0.529

 Lumbar degenerative disc disease 15.6% 16.6% 15.3% 0.518

 Muscle spasm 11.7% 9.5% 12.5% 0.095

 Cervicalgia 8.9% 11.7% 7.9% 0.015

 Cervical degenerative disc disease 6.2% 6.2% 6.2% 0.976

 Peripheral neuropathy 5.8% 8.8% 4.7% 0.001

 Fibromyalgia 1.6% 4.0% 0.7% 0.000

 Spasticity 0.2% 0.0% 0.2% 0.288

 Any of these chronic pain ICDs 58.2% 57.3% 58.5% 0.654

Mental disorders

 Anxiety disorders 18.7% 28.5% 15.0% 0.000

 Depression 9.3% 14.2% 7.5% 0.000

 Bipolar disorder 2.5% 4.9% 1.7% 0.000

 Attention deficit disorder 3.1% 2.0% 3.6% 0.100

 Any of these mental disorder ICDs 22.9% 33.6% 18.9% 0.000

Sleep disorders

 Persistent insomnia 13.5% 13.9% 13.4% 0.769

 Insomnia due to pain 8.0% 8.4% 7.9% 0.734

 Any of these sleep disorder ICDs 21.3% 21.9% 21.1% 0.727

Gastrointestinal disorders

 Nausea and vomiting 7.4% 9.5% 6.6% 0.041

 Anorexia 4.6% 4.4% 4.7% 0.842

 Abdominal pain 2.9% 4.9% 2.2% 0.004

 Gastritis and GERD 2.5% 4.0% 1.9% 0.016

 Irritable bowel syndrome 1.1% 0.4% 1.3% 0.121

 Any of these gastrointestinal disorder ICDs 13.3% 16.6% 12.1% 0.015

Neurologic disorders

 Migraine headache 9.2% 16.2% 6.7% 0.000

 Other headache 6.5% 6.6% 6.5% 0.910

 Seizure 1.4% 1.5% 1.3% 0.735

 Multiple sclerosis 0.6% 1.1% 0.4% 0.106

 Any of these neurologic disorder ICDs 16.6% 24.8% 13.5% 0.000

Gynecologic disorders

 Dysmenorrhea 7.7%
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All Females Males P-value

N=1655 N=452 N=1203

 Endometriosis 1.8%

 Any of these gynecologic disorder ICDs 9.3%

Other

 HIV/AIDS 1.6% 0.9% 1.9% 0.142

 Cancer 1.5% 2.4% 1.1% 0.040

 Glaucoma 1.3% 1.1% 1.3% 0.717

Note: Does not include all ICD9s, and excludes those that were written in.
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Table 4

Previous treatments and physician’s recommendations for additional treatment

All Females Males P-value

N=1655 N=452 N=1203

Other treatment modalities applicants tried for medical conditions

 Current prescription medication 47.6% 57.1% 44.2% 0.000

  1–2 prescriptions 36.7% 36.1% 37.0% 0.727

  3–5 prescriptions 4.4% 9.1% 2.7% 0.000

  6+ prescriptions 6.5% 11.9% 4.5% 0.000

 Previous prescription medication 79.5% 86.5% 76.8% 0.000

 Past or current RX for opioids for pain 48.0% 52.3% 46.4% 0.040

 Physical therapy 48.6% 54.4% 46.5% 0.004

 Chiropractic 37.2% 42.3% 35.2% 0.009

 Surgery 21.9% 22.3% 21.8% 0.804

 Psychological counseling 20.7% 33.4% 16.0% 0.000

 Acupuncture 19.6% 26.8% 16.9% 0.000

 Therapeutic injection 15.0% 21.5% 12.6% 0.000

 Other types of treatment 8.6% 11.1% 7.7% 0.032

Referrals for further evaluation and treatment

 Primary care provider 22.4% 22.6% 22.3% 0.900

 Medical specialist 16.2% 16.2% 16.2% 0.977

 Physical therapy 8.2% 7.1% 8.6% 0.327

 Chiropractor 6.5% 3.8% 7.5% 0.006

 Psychological counseling 5.6% 7.1% 5.0% 0.098

 Acupuncture 1.8% 2.2% 1.6% 0.382

 Homeopathy 0.2% 0.2% 0.2% 0.815

 Biofeedback 0.1% 0.0% 0.1% 0.540
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Use and effects of cannabinoids in military veterans 
with posttraumatic stress disorder

Kevin Betthauser, Jeffrey Pilz, and laura e. vollmer

Purpose. Published evidence regarding 
the use of cannabis and cannabis de-
rivatives by military veterans with posttrau-
matic stress disorder (PTSD) is reviewed.
Summary. When inhaled or delivered 
orally or transdermally, cannabinoids (the 
psychoactive components of unrefined 
marijuana and various derivative products) 
activate endogenous cannabinoid recep-
tors, modulating neurotransmitter release 
and producing a wide range of central 
nervous system effects, including increased 
pleasure and alteration of memory proc-
esses. Those effects provide a pharmaco-
logic rationale for the use of cannabinoids 
to manage the three core PTSD symptom 
clusters: reexperiencing, avoidance and 
numbing, and hyperarousal. A literature 
search identified 11 articles pertaining 
to cannabis use by military veterans who 
met standard diagnostic criteria for PTSD. 
Cross-sectional studies have found a direct 
correlation between more severe PTSD 
symptomatology and increased motiva-
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tion to use cannabis for coping purposes, 
especially among patients with difficulties 
in emotional regulation or stress toler-
ance. Data from 4 small studies suggested 
that cannabinoid use was associated with 
global improvements in PTSD symptoms 
or amelioration of specific PTSD symptoms 
such as insomnia and nightmares. Large 
well-designed controlled trials are needed 
in order to better delineate the potential 
role of cannabinoids as an adjunct or alter-
native to conventional approaches to PTSD 
management.
Conclusion. While further research into 
cannabinoid treatment effects on PTSD 
symptoms is required, the evaluated evi-
dence indicates that substantial numbers 
of military veterans with PTSD use cannabis 
or derivative products to control PTSD 
symptoms, with some patients reporting 
benefits in terms of reduced anxiety and 
insomnia and improved coping ability.
Am J Health-Syst Pharm. 2015; 72:1279-
84

Cannabis and its synthetic deriva-
tives are commonly used around 
the world to treat a variety of 

disease states.1 However, controversy 
continues to surround cannabis and 
cannabinoid use as a primary or ad-
junctive therapy in the treatment of 
stress disorders. Conflicting results 
of published studies further blur the 
distinction between cannabis as a 
potentially beneficial alternative to 
conventional pharmacotherapy and 
behavioral therapies and cannabis 
as a substance that might worsen 
patient outcomes when used for self-
medication.2-5 This article reviews 
published evidence regarding the 
use of cannabis to address symptoms 
of posttraumatic stress disorder 
(PTSD) among military veterans.

PTSD prevalence and 
pathophysiology

Prevalence. PTSD is defined as 
chronic activation of the stress re-
sponse as a result of experiencing a 
traumatic event.6,7 It has been esti-
mated that 60% of male and 50% 
of female persons will experience 
at least one traumatic experience 
in their lifetime, with a high rate of 

stress disorders in men caused by 
traumatic experiences associated 
with combat.8 In the United States, 
PTSD is diagnosed in approximately 
5.2 million people annually, and 
these people suffer a wide range 

of symptoms. Individuals serving 
combat tours in the line of military 
service are particularly vulnerable to 
PTSD. According to the Department 
of Veterans Affairs (VA), 11–20% of 
veterans of Operations Iraqi Free-
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dom and Enduring Freedom, 10% of 
veterans of the Persian Gulf War, and 
30% of those serving during the Viet-
nam War have had PTSD symptoms 
to varying degrees.

Furthermore, patients with PTSD 
are at risk for other psychological 
disorders, including but not lim-
ited to generalized anxiety disorder, 
major depressive disorder, and sub-
stance use disorder, and for physical 
problems such as chronic pain, hy-
pertension, and asthma.6

Diagnosis. PTSD symptoms are 
often grouped into three subgroups 
defined by Diagnostic and Statistical 
Manual of Mental Disorders, Fourth 
Edition (DSM-IV), criteria and often 
assessed in veterans using the PTSD 
Checklist—Military Version (PCL-
M): reexperiencing (also termed 
intrusion), avoidance and numbing, 
and hyperarousal.9,10 Reexperienc-
ing refers to the cluster of PTSD 
symptoms associated with flashbacks 
and vividly reliving the traumatic 
experience. Avoidance–numbing 
symptoms are those that involve the 
patient trying to avoid emotional 
feelings; such behavior disrupts per-
sonal relationships. Finally, hyper-
arousal symptoms include irritabili-
ty, difficulty concentrating, increased 
worrying about safety, and reduced 
tolerance to startling stimuli.10 PTSD 
diagnosis is based on patients expe-
riencing these symptoms for at least 
one month to a degree that interferes 
with activities of daily living or re-
duces quality of life.

Pathophysiology. The patho-
physiology of these symptoms, while 
not fully understood, is thought to 

be related to increased sympathetic 
nervous system activity due to a 
traumatic experience compounded 
by changes in memory processing. 
Physical manifestations of PTSD 
are linked to increased levels of 
norepinephrine but also activity 
at a

2
-adrenergic receptors, which 

counteractively impede the release of 
neurotransmitters from adrenergic 
presynaptic neurons.6 Alteration in 
memory processing is hypothesized 
by several sources to be the cause of 
psychological reliving and continued 
response to triggering stimuli.6,10,11 
Involved in central processing of 
fear and anxiety processes as well 
as sympathomimetic stimulation, 
the amygdala and hypothalamic 
structures are thought to be key 
components of PTSD symptomatol-
ogy, although their roles are not fully 
understood.10,12

The changes in memory function 
associated with PTSD differ from 
those seen in other forms of stress.13 
The significant difference is the lack 
of increased cortisol levels in persons 
with PTSD. One group of researchers 
hypothesized that the changes in neu-
ral functioning seen in patients with 
PTSD reduce the ability to remove 
traumatic memories and the remem-
bered response to those stimuli.11

Cannabinoid pharmacology
Endogenous cannabinoid ligands, 

or endocannabinoids, exist naturally 
in the body to stimulate activity at 
cannabinoid receptors. Drugs de-
livering cannabinoid compounds 
also activate these receptors. Spe-
cifically, cannabinoid-1 (CB-1) and 
cannabinoid-2 (CB-2) G-coupled 
protein receptors are activated by 
cannabis compounds, leading to 
the production of secondary mes-
sengers that modulate the release of 
neurotransmitters from presynaptic 
sites through both excitatory and in-
hibitory actions.14 CB-1 receptors are 
diffusely distributed within the cen-
tral nervous system, which helps to 
explain the wide range of effects seen 

with cannabinoid receptor activation; 
CB-1 receptors are the primary target 
for modification of PTSD symptoms. 
With cannabinoid use, pleasure is 
increased, while memory and con-
centration can be inhibited, due to 
the release of acetylcholine, norepi-
nephrine, dopamine, serotonin, and 
glutamate neurotransmitters. CB-2 
receptors are concentrated in the 
peripheral nervous system and elicit 
immunosuppressive and antiinflam-
matory responses when activated. 
Cannabinoids are highly lipophilic 
compounds that rapidly cross lipid 
membranes and the blood-brain 
barrier, leading to a fast onset of ef-
fect, especially when cannabinoids 
are inhaled. In murine models, it was 
demonstrated that correcting a defi-
ciency of endogenous cannabinoids 
enabled mice subjected to traumatic 
shock treatments to overcome their 
conditioned response by allowing re-
moval of the harmful stress-inducing 
memories through inhibition of 
g-aminobutyric acid pathways in 
the amygdala. This mechanism is 
thought to explain human responses 
to cannabinoids as well.

Cannabinoid classification and 
legal status

Perhaps the most known con-
notation of the term cannabinoid to 
the layperson pertains to marijuana, 
which can deliver cannabinoids via 
respiratory, transdermal, and oral 
routes. Formally, marijuana refers to 
the unrefined leaves and flowers of 
Cannabis sativa, which contain over 
460 active substances and no fewer 
than 60 cannabinoids.14 Delta-9- 
tetrahydrocannabinol (d-9-THC) is 
the cannabinoid responsible for the 
majority of effects seen with mari-
juana use. The active compounds in 
marijuana produce the same activity 
in the messenger systems linked to 
cannabinoid receptors as that pro-
duced by endocannabinoids.

Cannabinoid-containing sub-
stances differ in terms of route of 
administration and active chemical 
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ingredients. Marijuana and select 
synthetic cannabinoids are classified 
by the Drug Enforcement Adminis-
tration as Schedule I drugs under the 
Controlled Substances Act of 1970.15 
This is largely due to the effects of 
d-9-THC, which causes a “high” 
sensation and impaired cognition 
when inhaled or absorbed via the 
gastrointestinal tract. However, can-
nabinoids synthesized for specific 
disease therapies or available in other 
dosage forms, such as a hard-shell 
capsule, may be subject to other legal 
classifications. As of January 2014, 19 
states and the District of Columbia 
allowed medicinal use of cannabis 
in select patients with certain disease 
states, most commonly seizure disor-
ders and chronic pain.14

The addiction potential and stigma 
of marijuana use are important con-
siderations, and the benefits of can-
nabinoid therapies for PTSD must be 
weighed against the associated adverse 
drug events (some of which can be 
life-threatening).14 The purpose of 
this review is to analyze current rele-
vant literature surrounding the use of 
cannabis and cannabinoids for PTSD 
symptom control by military veterans, 
with the goal of providing insights on 
whether these treatments improve or 
worsen patient outcomes.

Methods and results of literature 
review

During the period February 10–
October 1, 2014, a comprehensive 
literature search covering the pe-
riod January 1, 1995, to October 1, 
2014, was conducted using PubMed 
(MEDLINE) and Academic Search 
Complete (EBSCO Industries, Inc., 
Ipswich, MA). Both Medical Subject 
Headings (MeSH) terms and the 
subheadings feature of PubMed were 
used. Keywords were searched sepa-
rately in combination with appropri-
ate Boolean operators.

Keywords in searches included 
PTSD, post traumatic stress disorder, 
medical marijuana, cannabis, medical 
cannabis, marijuana, and combat vet-

erans (appendix). For the purposes of 
this review, the term cannabinoid was 
considered to apply to endocannabi-
noids. On identification of articles 
that met the inclusion criteria, the 
references cited therein were ana-
lyzed for additional relevant articles 
not identified in the original keyword 
and MeSH term searches.

The article/study inclusion crite-
ria that were applied to each item re-
trieved in the search were as follows:

• Reported outcome(s) related to the 
general use of cannabinoids among 
persons with a diagnosis of PTSD 
associated with military experience 
or the use of cannabinoids for the 
amelioration of PTSD symptoms as-
sociated with military experience

• Pertained to research in humans
• Was written in the English language
• Pertained to individuals with PTSD 

diagnosed via a standard scale (e.g., 
DSM-IV or DSM-5 criteria, Impact of 
Event Scale—Revised)

Editorials and opinion pieces were 
excluded from the review.

Each article identified for inclu-
sion in the review was analyzed by 
the authors individually and col-
laboratively in order to determine its 
clinical relevance and relative stand-
ing in the realm of data supporting 
or militating against medicinal can-
nabis use for PTSD symptoms. 

A total of 59 articles were iden-
tified through PubMed and the  
EBSCO database. Pursuant to appli-
cation of the inclusion and exclusion 
criteria, 11 articles were included in 
this review. A variety of study designs 
were represented in the list of select-
ed articles, and all evaluated research 
supported two general concepts: (1) 
many people suffering from PTSD 
use cannabis for symptom allevia-
tion, and (2) some people find it of 
benefit in that regard. 

Cannabinoids and coping 
mechanisms

Several studies supported the 

relationship between cannabinoid 
use and coping behavior, with us-
age tending to increase with PTSD 
symptom severity.2,5,16-18 Bonn-Miller 
et al.16 conducted a cross-sectional 
study that examined the relation-
ship between PTSD symptom sever-
ity and motives for marijuana use 
among 103 young adult marijuana 
users who reported at least one trau-
matic event in their lifetime. The 
study concluded that symptom 
severity was significantly related to 
coping-oriented marijuana use mo-
tives. Furthermore, levels of post-
traumatic stress were not related to 
other motives for marijuana use, 
providing evidence of “discriminant 
validity” (a construct aimed at show-
ing that things that should not be 
related are, in fact, not related) and 
empirical evidence of coping motives 
for marijuana use.

In other research, Bonn-Miller 
and colleagues5 used a cross-sectional 
study design to examine the correla-
tion between difficulty in emotional 
regulation and use of cannabis as a 
coping mechanism in patients who 
have experienced traumatic life events. 
The study surveyed a fairly homoge-
neous sample of adults who reported 
marijuana use within the previous 
30 days. A multitude of surveys were 
used to determine marijuana use, the 
presence of PTSD symptoms, and 
each participant’s level of difficulty 
with emotional regulation. The inves-
tigators found that PTSD symptom 
severity and difficulty in emotional 
regulation were both significantly pre-
dictive of coping-oriented marijuana 
use. Furthermore, PTSD symptom 
severity predicted the degree of dif-
ficulty in emotional regulation even 
when the frequency of marijuana use 
was controlled.

Bonn-Miller et al.17 subsequently 
hypothesized that patients with 
PTSD using medical marijuana for 
sleep might increase their use in an 
attempt to cope with more severe 
symptoms. As in their previous 
research, the investigators chose a 
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cross-sectional study design, evalu-
ating coping-use motivations, can-
nabis and alcohol use, and other 
outcomes in a convenience sample 
of male and female adult patients 
buying cannabis from a licensed 
dispensary. Based on PCL-M scores, 
two groups were formed: patients 
without PTSD (defined as a PCL-M 
score of ≤30 [n = 95]) and patients 
with PTSD (defined as a score of >30 
[n = 75]). The study results showed 
that patients with PTSD had a greater 
motivation to use cannabis for sleep 
and coping reasons than the non-
PTSD group regardless of comorbid 
alcoholism or depressive symptoms. 
This study was limited by its narrow 
focus on patients who were already 
using medical marijuana. As the 
researchers noted, the fact that toler-
ance to marijuana’s sleep-inducing 
effects can develop seemed inconsis-
tent with the finding that PTSD led 
to increased use of cannabis.

Potter et al.18 conducted a cross-
sectional study (n = 142) of adults 
in Vermont with PTSD to investigate 
the role of distress tolerance in rela-
tion to PTSD symptom severity and 
marijuana use. The researchers found 
that PTSD symptom severity was 
positively correlated with marijuana-
use coping motives (r = 0.37, p < 0.01) 
and negatively correlated with distress 
tolerance (r = –0.47, p < 0.01). Their 
overall conclusion was that distress 
tolerance may play a partial role in 
mediating the relationship between 
PTSD symptom severity and coping-
oriented marijuana use.

Cannabinoids, worsening of PTSD 
symptoms, and substance abuse

Studies included in this review 
examined the possible link between 
cannabis use and worsening of 
PTSD symptoms or concomitant 
substance abuse.2,19 Bonn-Miller et 
al.2 used a prospective cohort study 
design to analyze cannabis use in re-
lation to PTSD symptom severity in 
a population of 432 male military 
veterans (mean ± S.D. age, 51 ± 4 

years) admitted to a VA residential 
treatment program for patients with 
PTSD. Cannabis use four months 
after the completion of the reha-
bilitation program was significantly 
more likely in program participants 
with lower levels of improvement 
from intake to discharge in PCL-M 
scores for avoidance–numbing and 
hyperarousal symptom clusters (p < 
0.05). The researchers concluded 
that lower improvement in PCL-M 
scores at program completion was 
significantly predictive of an in-
creased risk of cannabis use within 
the four months after discharge.

Although this study lacked general-
izability (i.e., it involved only patients 
seen in a VA residential rehabilitation 
program), it suggested that specific 
symptoms have more influence than 
others on PTSD patients’ desire to 
use cannabis. A major limitation of 
this study was that patients in the 
rehabilitation program were required 
to quit marijuana use for the dura-
tion of their treatment, but the effect 
of cannabinoid withdrawal was not 
included in the analysis. Furthermore, 
the study involved a nonrandomized 
sample, raising the possibilities of 
high subjectivity and bias.

Bremner et al.19 conducted a simi-
lar cross-sectional study of Vietnam 
War military veterans (n = 61) in 
the northeastern United States. This 
study aimed to measure the progres-
sion of some PTSD symptoms and 
related alcohol and substance abuse 
symptoms, as well as the effects of 
abused substances on those PTSD 
symptoms. The researchers found 
that PTSD symptoms were increased 
among veterans using substances 
such as alcohol, heroin, cocaine, and 
marijuana. Further, the study showed 
that veterans using said substances 
reported benefits with regard to 
PTSD symptoms.

Cannabinoids and reduction of 
PTSD symptoms

Research also has examined the 
reduction of PTSD symptom sever-

ity after treatment with cannabis 
products.3,4 A study by Mashiah4 ex-
amined the use of medical cannabis in 
Israeli military veterans (n = 29) with 
diagnosed chronic PTSD. Study par-
ticipants were given no more than 
100 g of cannabis per month and 
instructed to smoke the cannabis 
daily at frequencies and amounts of 
their own choosing. Patients were 
reassessed three times throughout 
one year by their psychiatrists. At 
each reassessment, the study found 
that the average total Clinician-
Administered PTSD Scale (CAPS) 
score was reduced relative to previ-
ously assessed and baseline scores. 
However, all patients still met the 
criteria for moderate-to-severe 
PTSD. This report did not describe 
the baseline cannabis-use character-
istics of the evaluated patients. Ad-
ditionally, only 10 participants were 
reassessed after the second follow-
up, with no explanation provided by 
the study author.

Greer et al.3 performed a chart 
review–based study of 80 patients 
with PTSD participating in New 
Mexico’s Medical Cannabis Program. 
The total CAPS score and CAPS 
symptom-cluster scores for reexpe-
riencing, avoidance–numbing, and 
hyperarousal symptoms were sig-
nificantly reduced (p < 0.0001) when 
patients were using cannabis relative 
to scores obtained under the no-
cannabis condition. Overall, patients 
reported more than 75% reductions 
in all three areas of PTSD symptoms 
while using cannabis. It should be 
noted that participants in this study 
had already found cannabis to re-
duce their PTSD symptoms and, 
partly for that reason, sought entry 
into the cannabis program (they also 
sought to avoid criminal penalties 
for marijuana possession); as a result, 
they might have been predisposed to 
report reduced symptoms. Further, it 
is possible that subjects exaggerated 
their PTSD symptoms during initial 
CAPS assessment in hopes of qualify-
ing for the program. While this study 
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sheds some light on the possibility of 
medical cannabis being an effective 
treatment for PTSD, it lacked a con-
trol sample of PTSD sufferers with 
no prior experience with cannabis 
and involved a large potential and 
motives for bias.

Nabilone, a synthetic endocan-
nabinoid receptor agonist, has been 
studied for potential usefulness in 
mitigating PTSD symptoms, partic-
ularly insomnia and nightmares.20,21 
Cameron et al.20 conducted a retro-
spective chart review–based study 
of patients with mental illness (n = 
104) who received nabilone while 
admitted to a correctional and treat-
ment facility in Canada (90% of the 
patients had PTSD). The researchers 
looked at indications for nabilone 
use, effectiveness and safety out-
comes, and medications discontin-
ued when cannabinoids were added 
to patients’ regimens. Nabilone was 
used to treat a mean of 3.5 indica-
tions per patient, most commonly 
nightmares, insomnia, and chronic 
pain. Improvement in PTSD symp-
toms was assessed via analysis of 
scores on the PTSD Checklist— 
Civilian (PCL-C), which is very 
similar to the PCL-M, and the 
Global Assessment of Functioning 
(GAF). On average, posttreatment 
PCL-C scores were significantly 
decreased (p = 0.001) from pretreat-
ment scores, allowing many cases ini-
tially classified as moderate-severity 
PTSD to be reclassified as borderline 
or mild cases; the mean GAF score 
increased significantly (p = 0.001), 
indicating improved functioning and 
decreased symptoms. Thirty-one pa-
tients reported adverse events during 
treatment with nabilone, the most 
serious being psychosis; of those 31 
patients, 10 chose to abandon the 
study. The authors concluded that 
nabilone can potentially decrease 
PTSD symptoms, including insom-
nia and nightmares, in patients with 
diagnosed cannabis dependence.

Another investigator conduct-
ed an open-label clinical trial to 

evaluate the effects of nabilone on 
treatment-resistant nightmares in 
patients (n = 47) with PTSD.21 Pa-
tients were reviewed after adjunctive 
treatment with 0.5 mg of nabilone 
one hour before bedtime. Thirty-four 
patients (72%) receiving nabilone 
experienced either cessation of night-
mares or a significant reduction in 
nightmare intensity. The researcher 
also found subjective improvements 
in terms of sleep time and daytime 
flashbacks. The results of the study 
indicated the potential benefits of 
nabilone in patients with PTSD expe-
riencing poor control of nightmares 
with standard pharmacotherapy. 

Discussion
All articles evaluated in this re-

view indicated that individuals suf-
fering from PTSD symptoms related 
to military experiences often use 
cannabis or cannabinoids as a means 
of coping, with some reporting ben-
efits. The studies also suggested that 
the pathogenesis of PTSD—and, 
most likely, effective treatment—is 
multifactorial.

Of note, the research described in 
the reviewed articles was generally 
limited by the use of small nonran-
domized and/or self-selected samples 
that lacked control groups and car-
ried a high potential for recall bias 
and type II error. These limitations 
should be the catalyst for further 
research through large, randomized, 
placebo-controlled trials. With grow-
ing evidence that patients with PTSD 
use cannabis and its derivatives as a 
means of symptom alleviation, it is 
becoming necessary for the health-
care community to better understand 
this phenomenon.

There is a growing need for 
research comparing the effects of 
cannabinoids with those of conven-
tional pharmacotherapies currently 
used in PTSD (e.g., prazosin, selec-
tive serotonin reuptake inhibitors, 
second-generation antipsychotics) 
and cognitive-behavioral therapy. 
Head-to-head comparisons of the 

conventional therapies with can-
nabinoids are needed in order to 
demonstrate whether one treatment 
is superior to another in terms of 
safety or efficacy. Like cannabinoids, 
all current pharmacotherapies used 
for PTSD carry known risks that po-
tentially outweigh benefits from use. 
With the rising number of veterans 
returning from recent conflict zones, 
and a subsequent rise in PTSD cases, 
the need for quality research in this 
area is great.

Conclusion
While further research into can-

nabinoid treatment effects on PTSD 
symptoms is required, the evaluated 
evidence indicates that substantial 
numbers of military veterans with 
PTSD use cannabis or derivative 
products to control PTSD symp-
toms, with some patients reporting 
benefits in terms of reduced anxiety 
and insomnia and improved coping 
ability.
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THE USE OF INDIAN HEMP IN THE TREAT-
MENT OF CHRONIC CHLORAL AND
CHRONIC OPIUM POISONING.

BY EDWARD A. BIRCH, M.D., M.R.C.P.,
HONORARY MEMBER OF THE CALCUTTA MEDICAL SOCIETY ; PHYSICIAN

TO THE GENERAL HOSPITAL, CALCUTTA.

Ix 1887, at Calcutta, at nearly the same time, I met with
two cases, both of them distressing and interesting. The
iirst was that of a European gentleman, who I remembered
to have met some two years previously, when he brought
his wife from a distant district with a view to placing her
under a physician in consequence of her habits as a con-
iirmed chloral drinker. At that time I discovered that she
was also a sufferer from valvular cardiac disease; but I need
allude no further to her than to state that no power of

persuasion or fear of consequences produced any effect.
She made no real effort to overcome her vice. When denied
her regular dose on two occasions, she ’became so outrageous,
and, in her husband’s opinion, so alarmingly ill, that she
remained but a few days in town. Her husband then
stated that his wife had continued her habit, and that
she ultimately died. The object of his visit was, he
stated, to consult me about his heart. A very careful
examination of that organ enabled me to assure him that
it was healthy, though it certainly was in an irritable
condition. Thus encouraged, he went on, to my amaze-
ment, to tell me that he had followed in his wife’s foot-
steps, that he could not live without chloral, that lie was
utterly miserable, and that he took about forty grains
daily. His depression of spirits he described as being
terrible; he had frequently contemplated suicide; in-
somnia was almost complete, no sleep whatever being
obtained without the aid of chloral, and then but little.
He could take scarcely any food. The patient was a fresh,
healthy-looking man, whose occupation was out-door and
health-giving. He neither drank nor smoked. Change of
air and scene had proved useless, but then he had never
been able to release himself from his habit. I could not
ascertain, with any certainty, how long he had been addicted
to chloral, but I suspected he commenced it long before his
wife’s death, though that event was the excuse he offered in
extenuation. His organs were healthy, and worked healthily,
except the functionally deranged heart. I prescribed a sea
trip, a mixture containingtinct. cannabis indica(ten minims),
tinct. strophanth., and tinct. chlorof. co., with a bitter
infusion, and appealed to him in the strongest language to
abandon his vice. Six weeks later he returned, in much the
same state, and reported that at first lie had improved, but
soon became intermittent in the use of his medicine, and he
had not given up his chloral. He now agreed voluntarily
to place himself under circumstances which admitted of
surveillance and restraint. His chloral was peremptorily
stopped, and he was prescribed a pill containing half a grain
of ext. cannabis ind. with a few grains of the compound
colocynth pill, to be taken three times a day. The result was
an irnonediate improvement. The craving for the chloral
hat almost vanished in twenty-four hours, natural sleep
returned after a few days, and he began to enjoy his food.
Eventually he returned to his home and work, a happy
man; but much disappointed because the name of the diug
used was not communicated to him.
The second case was briefly this : I was requested by his

friends to see a young Eurasian gentleman, whom I found to
be a most miserable object, aged about twenty-four years,
yellow, intensely ancemic, and extremely emaciated-an
"exhumed corpse," in fact, lying upon a couch, suffering
acute agony in every limb. His liver and spleen were both
materially enlarged. His history was shortly this. Occupy-
ing a position of considerable responsibility, and compelled
to reside in one of the most desolate and depressing regions
of Bengal, he became a confirmed and very excessive spirit
drinker, till, fearing the consequences, he resolved to

conquer the habit, and he did so most thoroughly, but with
the frightful assistance of opium. Laudanum was the
form selected, and for at all events four months prior to his
coming under my notice he admitted having consumed not
less than two ounces daily. His friends, who had only just
rescued him from his isolated position, were quite hopeless

of the possibility of recovery. Here there was the well-
known train of symptoms--insomnia, anorexia, disordered
bowels, conscious delusions, though there was no confusion
of ideas in conversation, and so forth. Again I resorted to
cannabis, commencing with only a quarter of a grain of the
extract, gradually increasing it to half a grain, one grain,
and one grain and a half three times a day, with the
happiest result. Ability to take food and retain it soon
returned, and after a time an appetite appeared; he began
to sleep well; his pulse, which could not be counted at first,
exhibited some volume; flesh rapidly accumulated; and
after three weeks he was able to take a turn upon the
verandah with the aid of a stick. After the lapse of six
weeks he spoke of returning to his post, and I never saw
him again.

I have never before or since had such typical cases of this
class to deal with, but I have lost no opportunity of testing
the cannabis in the direction indicated as far as possible,
and I am satisfied of its immense value. The chief point
that struck me was the immediate action of the drug in
appeasing the appetite for the chloral or opium, and in
restoring the ability to appreciate food. It seems to supply
the place of the poison, to stimulate the appetite, to increase
the heart’s power, and thus to procure sleep indirectly, as
well as directly, by its own sedative effect. Moreover, I
am convinced that it is a diuretic, and that this action
helped in the above cases. I prescribed the cannabis simply
with a view to utilising a well-known remedy for insomnia,
but it did much more than procure sleep. I think it will be
found that there need be no fear of peremptorily with-
drawing the deleterious drug, if hemp be employed. I
know that the mere withdrawal of chloral will effect a cure,
but at the expense of an interval of suffering which need
not be incurred; and the same in a different degree holds true
of opium. Upon one point I would insist-the necessity
of concealing the name of the remedial drug from the patient,
lest in his endeavour to escape from one form of vice he
should fall into another, which can be indulged with
facility in any Indian bazaar in the forms of gunjah
(the dried flowering tops), churrus (the resinous exuda-
tion), bang or subzee (the larger leaves and capsules), or
majoon (a compound of bang, butter, and flour). Hence
the prescription should be made as complex as possible,
and at the earliest moment the dose of the extract
should be diminished gradually till eventually it is with-
drawn altogether from the prescription.
Calcutta.

A SUCCESSFUL CASE OF PROCTOTOMY
FOR MALIGNANT DISEASE.

BY C. STONHAM, F.R.C.S. ENG.,
ASSISTANT SURGEON TO THE WESTMINSTER HOSPITAL.

GEORGE B-, aged sixty-one, a platelayer, came under
my care on Jan. 24th, 1887, with the following history.
About a year previously he first noticed pain during
defecation, with frequent loss of blood. At first he did not
attach much importance to these symptoms, but they
gradually became more severe and the pain was more or less
constant. Latterly he had had frequent attacks of diarrhoea.,
accompanied by pain of a burning character. There had
not been any irritability of the bladder or any difficulty in
micturition. The patient had always been a spare man,-
weighing at this time lOst. ; he did not think he had lost
flesh lately. Family history good.

State on admission.&mdash;About one inch from the margin of
the anus there was a hard nodulated mass extending all
round the circumference of the gut, and upwards for about
two inches, the finger just reaching its upper limit, but
when coughing the whole growth slipped over the finger
like a ring. The edge of the mass was rounded. There
was no involvement of surrounding parts, the whole gut
being freely movable. Examination caused considerable
haemorrhage. The patient said that he felt in perfect
health, and was merely seeking relief from the constant
local annoyance.
Operation.-On Jan. 29th, the patient’s bowels having

been previously thoroughly opened by castor oil and
enemata, about fifteen ounces of warm boracic acid lotion
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Cannabis for chronic pain:
Case series and implications

for clinicians
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BACKGROUND: Chronic pain is one of the most common
reasons for therapeutic cannabis use.
OBJECTIVES: To describe therapeutic cannabis use among
patients with chronic pain.
METHODS: Patients with chronic pain who voluntarily indi-
cated that they used cannabis therapeutically completed a ques-
tionnaire about the type of cannabis used, the mode of
administration, the amount used and the frequency of use, and
their perception of the effectiveness of cannabis on a set of pain-
associated symptoms and side effects. The study was approved by
the McGill University Health Centre Research Ethics Board.
RESULTS: Fifteen patients (10 male) were interviewed (median
age 49.5 years, range 24 to 68 years). All patients smoked herbal
cannabis for therapeutic reasons (median duration of use six
years, range two weeks to 37 years). 
Seven patients only smoked at night-time (median dose eight
puffs, range two to eight puffs), and eight patients used cannabis
mainly during the day (median dose three puffs, range two to

eight puffs); the median frequency of use was four times per day
(range one to 16 times per day). 
Twelve patients reported improvement in pain and mood, while
11 reported improvement in sleep. Eight patients reported a
�high�; six denied a �high�. Tolerance to cannabis was not reported.
CONCLUSIONS: The results of this self-selected case series
must be interpreted with caution. Small doses of smoked cannabis
may improve pain, mood and sleep in some patients with chronic
pain. Clinical trials are warranted to test these effects. Further
prospective studies should examine the patterns and prevalence
of cannabis use among chronic pain populations. 

Key Words: Analgesia; Cannabinoids; Cannabis; Pain

Le cannabis contre la douleur chronique : 
Une série de cas et les répercussions pour les
cliniciens
HISTORIQUE : La douleur chronique est l�une des principales causes
d�utilisation du cannabis pour des raisons thérapeutiques.
OBJECTIFS : Décrire l�usage du cannabis pour des raisons thérapeu-
tiques chez des patients souffrant de douleur chronique.

Suite à la page suivante

ware.qxd  23/07/02  1:37 PM  Page 95



The use of Cannabis sativa in the treatment of pain has
been described in the literature since 3000 BC (1). The

recent discovery of specific cannabinoid receptors (2,3) and
endogenous cannabinoid ligands (4,5) that play an impor-
tant role in pain transmission (6) has renewed interest in
natural and synthetic cannabinoids as therapeutic agents.
This recent scientific activity has occurred in parallel with
rising popular support in Canada and elsewhere for the use
of herbal cannabis as a medicinal agent (7). Health Canada
has issued a call for research into the medicinal uses of
cannabis, including the evaluation of smoked cannabis in
clinical trials (8).

Dose-response considerations are among the first issues
to be considered in designing a study of a new drug in
humans. Currently, data on cannabis dose requirements for
therapeutic effect are limited to oral preparations of delta-
9-tetrahydrocannabinol (THC) and cannabis extracts.
There are few data on the doses of smoked cannabis used by
medicinal users, but such information may be useful in esti-
mating starting doses for clinical trials and for developing
other modes of cannabinoid drug delivery.

Chronic pain often involves a complex constellation of
symptoms, including pain, anxiety, fatigue, limitation of
activity and depression, all of which contribute to a reduced
quality of life. Preclinical research provides compelling evi-
dence that cannabinoids exhibit antinociceptive effects in
animal models of acute pain and chronic inflammatory and
neuropathic pain (9). Oral THC has been found to have
some analgesic effect in cancer pain (10). Oral preparations
of whole cannabis containing several cannabinoids have
been found to reduce opioid requirements in a single
patient trial (11). Smoked cannabis has never been studied
in a clinical trial of chronic pain, but anecdotal reports of
patients who have smoked cannabis for pain relief suggest
that the effects are varied, and include relaxation, reduced
anxiety, improved sleep and improved concentration (12).
The effects of smoked cannabis on chronic pain may, there-
fore, be more complex than simple analgesia.

We present a case series of 15 patients with chronic pain
who reported having used cannabis for symptom relief. The

objectives of the study were to determine the main reasons
for using cannabis, the dose size and frequency, the desired
and adverse effects, and the experience of tolerance to these
effects.

PATIENTS AND METHODS
Patients were recruited from two sites � the McGill Pain
Centre and a university-affiliated rheumatology clinic. The
McGill Pain Centre is a tertiary referral centre for the mul-
tidisciplinary management of chronic pain. The clinic sees
over 250 new patients per year and has over 1000 patients
on the register. The rheumatology clinic is staffed by three
academic rheumatologists and is located about 20 km from
the downtown centre of Montreal. As part of the routine
assessment of new patients, patients are asked about the
previous use of pain management techniques, including
conventional and unconventional therapies, and the
degree of benefit or side effects derived from these treat-
ments. They are not asked specifically about cannabis use.
Over a six-month period from February to July 2001, 15
patients chose to report cannabis use for symptom manage-
ment. These patients were invited to participate in the
present study. A structured questionnaire was administered
in the presence of the primary caregiver. The diagnosis was
provided by the primary care giver. Cannabis use was
described by the type of material used (herbal, resin, oil)
and method of administration (smoked, eaten, tea). A sin-
gle dose was defined as the number of puffs or joints taken
at any discrete point in time, and frequency was defined as
the number of such doses per day. A joint was assumed to be
equivalent to eight puffs (13). Patients were asked to indi-
cate which symptoms were present and to categorize the
perceived effectiveness of cannabis on each symptom
(improved, no change, worse). Because some side effects of
cannabis use may be considered by patients to be desirable
(eg, the �high� associated with use), they were asked to rate
the side effects qualitatively. 

For statistical analysis, perceived effectiveness and side
effects were handled as ordered categorical variables and
assigned rank scores. Correlations between dose (single and
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MÉTHODOLOGIE : Des patients souffrant de douleur chronique qui
ont volontairement indiqué utiliser du cannabis pour des raisons
thérapeutiques ont répondu à un questionnaire sur le type de cannabis
utilisé, le mode d�administration, la quantité utilisée et la fréquence d�u-
tilisation, ainsi que sur leur perception de l�efficacité du cannabis sur un
ensemble de symptômes et d�effets secondaires associés à la douleur.
L�étude a été approuvée par le conseil de recherche déontologique du
Centre universitaire de santé McGill.
RÉSULTATS : Quinze patients (10 hommes) ont été interrogés (âge
moyen : 49,5 ans, plage de 24 à 68 ans). Tous les patients fumaient du
cannabis végétal pour des raisons thérapeutiques (durée moyenne de six
ans, plage de deux semaines à 37 ans).
Sept patients ne fumaient que le soir (dose moyenne de huit bouffées,
plage de deux à huit bouffées), et huit patients utilisaient le cannabis

surtout le jour (dose moyenne de trois bouffées, plage de deux à huit bouf-
fées). La fréquence moyenne d�utilisation correspondait à quatre fois par
jour (plage de une à 16 fois par jour).
Douze patients ont fait état d�une diminution de leur douleur et d�une
amélioration de leur humeur, tandis que 11 ont déclaré mieux dormir.
Huit patients ont affirmé ressentir un état d�euphorie, et six l�ont nié.
Aucune tolérance au cannabis n�a été déclarée.
CONCLUSIONS : Les résultats de cette série de cas par autosélection
doivent être interprétés avec prudence. De petites doses de cannabis fumé
pourraient réduire la douleur et améliorer l�humeur et le sommeil chez
certains patients atteints de douleur chronique. Des essais cliniques s�im-
posent pour vérifier ces effets. Des études prospectives supplémentaires
devraient porter sur les schémas et la prévalence d�utilisation de cannabis
au sein des populations souffrant de maladie chronique.
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total daily) and effectiveness or side effect scores were
examined by one-way ANOVA using Stata version 6.0
(Stata Corporation, USA).

Approval for the study was obtained from the McGill
University Health Centre Research Ethics Board, and all
patients provided written informed consent.

RESULTS
Fifteen patients (10 male) � 10 from the pain centre and
five from the rheumatology clinic � participated in the sur-
vey. The median age of the participants was 49.5 years
(range 24 to 68 years). The chronic pain syndromes are
listed in Table 1. Three patients had spinal radiculopathy
(one cervical, two lumbar); two patients had rheumatoid
arthritis; two patients had fibromyalgia; two patients had
complex regional pain syndrome; and one patient each had
phantom limb pain, ankylosing spondylitis, multiple sclero-
sis, chronic pancreatitis, seronegative spondyloarthropathy
and a musculoskeletal pain that was not otherwise specified. 

All patients smoked herbal cannabis from the flowering
heads of the plant � 10 in joints, three in pipes and two in
both forms. Additionally, cannabis was eaten by two
patients and was taken as a tea by one. The median dura-
tion of therapeutic cannabis use was six years (range two
weeks to 37 years).

Dose size and frequency exhibited wide variability, and
could be divided into two main categories: night-time users,
who only smoked at night (seven patients), and daytime
users (eight patients), who smoked at intervals during the
day and night. The median single dose for nighttime users

was eight puffs (range two to eight puffs). The median sin-
gle dose for daytime users was three puffs (range two to
eight puffs), with a median frequency of four times per day
(range one to 16 times per day).

The perceived effectiveness of cannabis on selected
symptoms is shown in Figure 1. All 15 patients reported
effects on mood (12 reported an improvement, two
reported no change and one reported a worsened mood)
and appetite (nine reported an improvement and six
reported no change). Fourteen patients reported effects on
pain (12 reported an improvement and two reported no
change) and sleep (11 reported an improvement and three
reported no change). Thirteen patients reported effects on
stiffness (seven reported an improvement and six reported
no change). Twelve patients reported effects on nausea (six
reported an improvement and six reported no change).

The experience of side effects of cannabis among the 15
patients is shown in Figure 2. Fifteen patients reported
effects on relaxation (14 reported an improvement and one
reported no change), change in level of activity (seven
reported an improvement, five reported no change and
three reported a decrease) and ability to concentrate (four
reported an improvement, seven reported no change and
four reported a worsening). Fourteen patients reported
effects on drowsiness (nine reported an improvement, three
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TABLE 1
Pain syndromes of 15 patients with experience of
therapeutic cannabis use
Age (years) Sex Pain diagnosis

24 Male Ankylosing spondylitis

35 Female Multiple sclerosis

36 Male Musculoskeletal pain

40 Male Cervical radiculopathy

43 Male Fibromyalgia

44 Female Rheumatoid arthritis

46 Male Reflex sympathetic dystrophy

48 Male Phantom limb pain

51 Male Fibromyalgia

51 Male Lumbar radiculopathy

52 Male Seronegative spondyloarthropathy

53 Female Complex regional pain syndrome

58 Male Lumbar radiculopathy

64 Female Chronic pancreatitis

68 Female Rheumatoid arthritis

Figure 1) Perceived effectiveness of cannabis on symptoms among
15 patients with chronic pain who used cannabis

Figure 2) Perception of the side effects of smoked cannabis among 15
patients with chronic pain 
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reported no change and two reported a worsening), �high
(six reported an improvement, six reported no change and
two reported a worsening) and coordination (five reported
an improvement, five reported no change and four reported
a worsening). Two patients reported having a cough.

Neither single nor total daily dose was related to the per-
ceived effectiveness of any of the symptoms. For all
patients, �high� was significantly associated with individual
dose size (F=18.49, P=0.001) but not with total daily dose
(F=0.64, P=0.44). After excluding daytime users, the rela-
tionship between single dose and �high� remained signifi-
cant for the nighttime users (F=24.11, P=0.0044).

DISCUSSION
This survey of 15 patients with chronic pain who reported
using cannabis for therapeutic purposes is limited by its
small size, inherent self-selection bias and lack of control
group and should, therefore, be interpreted with consider-
able caution. We are cognizant of the fact that our data
came mainly from those who had tried cannabis and found
it tolerable and effective; only one subject in our case series
reported that cannabis use was completely unhelpful and
associated with debilitating side effects. Despite these limi-
tations, we believe that our study raises some interesting
points.

The first point is that pain relief is only one outcome to
be addressed in trials of cannabis or cannabinoids for pain.
The patients with chronic pain in this survey reported
effects of cannabis on pain, sleep and mood. Some patients
also reported that cannabis improved their functional sta-
tus, and their ability to concentrate and relax. This finding
is contrary to reported behavioural changes such as the
amotivational syndrome (14) and cognitive impairment
(15) in long term recreational users. This paradox has been
observed in patients with chronic cancer pain whose
responses to morphine in performance tasks were different
from those of healthy subjects (16). Pain itself may reduce
the ability to concentrate on task performance; therefore,
while cannabis may impair concentration in healthy sub-
jects, pain patients might experience a different effect. We
also note that the �high� associated with cannabis use may
be perceived as a beneficial effect by patients rather than an
undesirable side effect. Therefore, we recommend that, in
addition to pain, a range of objective, subjective and func-
tional outcomes including mood, quality of life and sleep
should be assessed in both short term and long term studies
of cannabis and cannabinoids in chronic pain states.

A second point that arises from this survey is the diffi-
culty in estimating therapeutic dose sizes. In this series,
most patients reported using herbal cannabis smoked as a
joint, with doses ranging from two puffs at night to several
joints per day. There are several potential sources of vari-
ability to be considered in estimating doses from such sur-
vey data. First, individual patients have different ideas of
what constitutes a joint (including size, tobacco admixture
and presence of a filter), and may have different puff sizes;
the cannabis that they use comes from different sources,

which may independently influence the amount of
cannabinoid delivered. Second, the type of cannabis prepa-
ration used must be considered in deriving dose estimates
from such patient data. While cannabis potency is usually
measured in terms of THC content, herbal cannabis is
known to contain a mixture of other cannabinoids in addi-
tion to THC. While THC is the most abundant cannabi-
noid in drug-type cannabis, nonpsychoactive cannabinoids
such as cannabidiol may possess anti-inflammatory, anti-
spasticity and sedative properties that offer potential bene-
fit in disorders such as arthritis (17). Cannabidiol may also
modify the anxiety provoked by pure THC administration
(18). It is well known that herbal cannabis originating from
different geographical regions may contain different profiles
of cannabinoids (19), and hashish, the compressed resins
synthesized on the flowering heads, may also contain
cannabinoid profiles that are different from those of herbal
cannabis (20). Thus, the source of the cannabis used by
patients may affect not only the dose but also the response.
Third, it is not known whether the dose used for therapeu-
tic effect is associated with the severity of pain or with other
behavioural or biological factors. Many patients may have
had prior experience with cannabis use recreationally (21),
which may change their expectation of the drug�s effect (22).

Despite this variability, the doses used among the
patients in this survey tended to be modest. Some patients
used cannabis at a dose of one joint at night, while daytime
users smoked fewer puffs more frequently. A total daily dose
of one joint per day, either as one dose or in divided doses,
appeared to be most common in our patients. The long
term effects of this level of exposure to smoked cannabis on
the respiratory and other systems are not well known. 

In summary, many pain practitioners across Canada will
have encountered patients who are either already using
cannabis for pain relief or who, in light of recent media
interest in medical cannabis issues, will present to their
physicians requesting advice or further information. A use-
ful background on cannabinoids has appeared in a previous
issue of Pain Research & Management (23). With the belief
that some information is better than none, we hope that
this series of 15 patients with a variety of pain syndromes
who reported their experience of cannabis use for symptom
management will be of some use in guiding the sort of ques-
tions to ask. Our data suggest that dose sizes may be meas-
ured in puffs, and that pain relief is one of several possible
outcomes that chronic pain patients are seeking to achieve
with cannabis use. 

We would like to make three suggestions for further
research. First, large, prospective questionnaire studies are
required to determine the prevalence of cannabis use
among patients with chronic pain, and to ascertain the
number of patients who have tried cannabis but not found
it useful. Second, more detailed data on the dose (size and
frequency), and the perceived benefits and side effects of
cannabis use are required. We believe that therapeutic
cannabis users are a useful potential source of this informa-
tion, and we suggest that these data may be collected with
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the help of the Compassion Club community, where thou-
sands of Canadians are currently obtaining cannabis for
therapeutic purposes. Third, the cohort of patients using
cannabis under the Medical Marijuana Access Regulations
offers a unique opportunity to collect prospective dose and
outcome data. Once a standardized cannabis material is
available to these patients, some of the inherent variability
in dose estimates may be minimized.
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The Effects of Nabilone on Sleep in Fibromyalgia: Results
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BACKGROUND: Sleep disorders affect many patients with chronic pain conditions.
Cannabis has been reported by several patient populations to help sleep. We
evaluated the safety and efficacy of nabilone, a synthetic cannabinoid, on sleep
disturbance in fibromyalgia (FM), a disease characterized by widespread chronic
pain and insomnia.
METHODS: We conducted a randomized, double-blind, active-control, equivalency
crossover trial to compare nabilone (0.5–1.0 mg before bedtime) to amitriptyline
(10–20 mg before bedtime) in patients with FM with chronic insomnia. Subjects
received each drug for 2 wk with a 2-wk washout period. The primary outcome
was sleep quality, measured by the Insomnia Severity Index and the Leeds Sleep
Evaluation Questionnaire. Secondary outcomes included pain, mood, quality of
life, and adverse events (AEs).
RESULTS: Thirty-one subjects were enrolled and 29 completed the trial (26 women,
mean age 49.5 yr). Although sleep was improved by both amitriptyline and
nabilone, nabilone was superior to amitriptyline (Insomnia Severity Index differ-
ence � 3.2; 95% confidence interval � 1.2–5.3). Nabilone was marginally better on
the restfulness (Leeds Sleep Evaluation Questionnaire difference � 0.5 [0.0–1.0])
but not on wakefulness (difference � 0.3 [�0.2 to 0.8]). No effects on pain, mood,
or quality of life were observed. AEs were mostly mild to moderate and were more
frequent with nabilone. The most common AEs for nabilone were dizziness,
nausea, and dry mouth.
CONCLUSIONS: Nabilone is effective in improving sleep in patients with FM and is
well tolerated. Low-dose nabilone given once daily at bedtime may be considered
as an alternative to amitriptyline. Longer trials are needed to determine the
duration of effect and to characterize long-term safety.
(Anesth Analg 2010;110:604–10)

Fibromyalgia (FM) is a chronic pain syndrome
characterized by diffuse body pain with associated
pressure allodynia. The diagnosis is clinical with no
confirmatory test and is based on a history of wide-
spread pain and the presence of tenderness at 11 of 18

specific tender point sites.1 This condition, predomi-
nantly affecting adult women, is worldwide and com-
mon with a prevalence of 2% in North America.2–4

Although the pathophysiology of FM is not clearly
understood, evidence is emerging of widespread cen-
tral nervous system sensitization,5 which may be
mediated by dopaminergic,6 serotonergic,7 and gluta-
matergic8 mechanisms. Autonomic dysregulation has
also been postulated in FM.9–11

In addition to the report of pain, patients with FM
experience numerous other somatic symptoms such as
fatigue, mood disorder, and sleep disturbance that
have an important effect on well-being. Insomnia has
been reported in �75% of patients with FM.12 Unique
sleep patterns have been identified in patients with
FM, for example, increased � non-rapid eye move-
ment (REM) spindles on electroencephalogram re-
cordings.13 The use of antidepressant therapy has been
shown to improve sleep quality in patients with FM.14

Pregabalin has been shown to be effective for pain
in FM15 and was recently approved by the United
States Food and Drug Administration for the manage-
ment of pain associated with FM. Before this, standard
treatment for FM has included low-dose tricyclic
antidepressants such as amitriptyline, cardiovascular
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exercise, cognitive behavioral therapy, and patient
education.16,17 Nabilone, a synthetic cannabinoid, has
been observed in a small case series to improve sleep
in patients with chronic pain.18 A recent small ran-
domized controlled trial of nabilone in FM was shown
to reduce pain, but sleep changes were not reported.19

To our knowledge, no study has specifically evaluated
sleep quality as a primary outcome in FM. This study
was therefore designed to investigate the effects of
nabilone on sleep in patients with FM.

METHODS
We conducted a randomized, active-control, equiva-

lency clinical trial using a 2-period crossover design.
Each period was of 2 wk duration separated by a 2-wk
washout phase. The total study period was for 10 wk,
including the initial and final 2-wk washout periods.

Participants
Subjects were recruited from the Pain Clinic of the

McGill University Health Centre. Eligible subjects
were adult men and nonpregnant women aged 18 yr
or older with a diagnosis of FM1 who had self-
reported chronic insomnia. Insomnia was defined as
disturbed sleep either every night or every other night
for the past 6 mo.20 Subjects remained on stable
analgesic therapy and had to have a negative urine
screen for cannabinoids at the baseline visit. Subjects
who were using a cannabinoid or amitriptyline at
screening underwent a 2-wk washout period before
entering the study. Subjects were excluded if they had
cancer pain, unstable cardiac disease, a history of psy-
chotic disorder, schizophrenia, or recent manic episode
(within the past year), seizure disorder, glaucoma, uri-
nary retention, hypersensitivity to cannabinoids, ami-
triptyline, or related tricyclic antidepressants, or were
taking monoamine oxidase inhibitors.

Eligible and consenting subjects underwent a medi-
cal history, physical examination, and chart review.
Vital signs and concomitant medications were re-
corded, and urinary drug screening, full blood counts,
and renal and liver function tests were performed and
required to be negative or normal. At the baseline
visit, eligible subjects completed questionnaires on
pain, mood, and quality of life (see below), and
underwent a urine drug test before randomization.

Study Drug
Doses of nabilone 0.5 mg or amitriptyline 10 mg

were prepared by an independent pharmacy in sealed
opaque capsules. Subjects received either nabilone 0.5
mg or amitriptyline 10 mg at the start of the treatment
cycle of the study according to the randomization
schedule. On Day 7 of each treatment cycle, the study
physician evaluated whether the subject might benefit
from an increase in dose. If an increase was indicated,
the dose of the assigned medication was doubled (to
either nabilone 1 mg or amitriptyline 20 mg) for the
second week. At the end of the second week, subjects

stopped the study medication for a 2-wk washout
period and began the second treatment cycle on the
other study drug following the same procedures as
above.

Objectives
The primary objective of this study was to deter-

mine whether nabilone is equivalent to amitriptyline
in improving quality of sleep in patients with FM. The
secondary objective was to describe the effects of
nabilone on the other clinical variables of pain, mood,
quality of life, and global satisfaction. Adverse events
(AEs) were recorded.

Study Outcomes
Primary Outcome
The primary outcome was the quality of sleep. Two

measures were used to assess sleep, the Insomnia
Severity Index (ISI) and the Leeds Sleep Evaluation
Questionnaire (LSEQ). The ISI is a reliable and valid
instrument used to quantify perceived insomnia se-
verity and is used as an outcome measure in insomnia
treatment research.21 A score of �8 on the ISI implies
no clinical insomnia, 8–14 implies moderate insomnia,
and �15 implies severe insomnia. The LSEQ is a
well-validated instrument that has been used to moni-
tor subjectively perceived changes in sleep during
psychopharmacological investigations with a variety
of psychoactive drugs including sedative hypnotics,
anxiolytics, central nervous system stimulants, and
antihistamines.22 The LSEQ comprises ten 100-mm
visual analog scales measuring 4 characteristics of
sleep: getting to sleep, quality of sleep, awakening
from sleep, and behavior after wakefulness. We used
the full LSEQ at clinic visits and in a study diary.
During telephone interviews, patients responded to
the questions on a 0–10 numerical scale. Sleep diaries
were completed daily and returned at the end of each
2-wk cycle. Sleep data were also collected on 3 occa-
sions by telephone during each week of the study
including the washout period.

Secondary Outcomes
The secondary outcomes were pain, mood, quality

of life, global satisfaction with treatment, and AEs.
Pain was measured with the McGill Pain Questionnaire,
a widely used and validated instrument frequently used
in clinical trials of analgesic medications.23 Mood was
assessed using the short-form Profile of Mood States.24

Quality of life was assessed using the Fibromyalgia
Impact Questionnaire, a validated and disease-specific
questionnaire for FM.25 Patient global satisfaction was
assessed using the question “Would you wish to
continue with this medication?” (Y/N). Data on pain,
mood, quality of life, and satisfaction were collected
on Days 1 and 14 of each treatment cycle. At the end
of the third and last washout phase, patients were
asked to give their preference (if any) for 1 of the study
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medications. Vital signs were recorded at each clinic
visit. AEs were recorded throughout the study.

Urine samples were obtained at the screening visit
and on Days 1 and 14 of each treatment cycle and
tested by semiquantitative assay for the principal
urinary metabolite (9-COOH-THC) of tetrahydrocan-
nabinol (THC) to ensure that no other cannabinoid
was used during the study.

Sample Size Estimation
The LSEQ has demonstrated differences in sleep

quality from baseline of �1.5 on a 10-cm scale with
samples of 30 subjects or fewer.22 An equivalence
study comparing the analgesic efficacy of amitripty-
line with gabapentin concluded equivalence with 24
subjects. There are no specific data on sleep scores
after amitriptyline therapy. We therefore estimated
that a sample of 30 subjects would be sufficient to
conclude equivalence based on within-subject sd of 1.0
around the primary outcome, because this would
provide a confidence interval (CI) width for the
between-treatment difference of approximately �0.7
on the LSEQ scale. To account for a dropout rate of up
to 25%, we aimed to recruit 40 subjects for this trial for
a final sample size of at least 30 subjects. No interim
analyses were planned.

Randomization
The randomization schedule was prepared (ralloc

procedure, Stata version 8.0, Houston, TX) using ran-
domly assigned block sizes ranging from 2 to 8. The
schedule was kept by the study pharmacist away from
the investigators. Study subjects were consecutively
assigned to treatment order by the study nurse based
on the randomization schedule. A coded script was
given to the subject with instructions on the use of the
allocated treatment. The subject then collected the
medication from the study pharmacy and began tak-
ing the medication the same night.

Blinding
The study physician, study nurse, and subjects

were blinded to the allocated treatment order. At the
end of the study, the subjects were asked to estimate
the order of allocated drugs as a means of estimating
the success of blinding.

Statistical Analyses
The principal hypothesis for this study was that

nabilone at a dose of 0.5–1 mg is equivalent to
amitriptyline at a dose of 10–20 mg in improving sleep
quality in patients with FM. The primary outcome of
sleep quality was derived from the average scores
obtained during the second week of each cycle of the
ISI and of the sleep quality items (questions 4 and 5 on
restfulness and wakefulness, respectively) from the
LSEQ. The sleep scores during nabilone therapy were
compared with those during amitriptyline using CIs
of the within-subject difference in scores. Regression
models were created with treatment, period, and

order as terms in the model. Examination of treatment
by period interactions was included to assess potential
carryover effects. For inferences, 95% CIs were gener-
ated for all parameters. Secondary outcomes were
assessed using similar procedures for each variable.
AEs were tabulated by severity and study drug.

Ethics and Trial Registration
Ethics approval was obtained from the McGill

University Health Centre Research Ethics Board; all
subjects provided written informed consent. Ap-
proval to use the study drugs was obtained through
a Clinical Trial Application to the Therapeutic Prod-
ucts Directorate of Health Canada (Clinical Trial
Application number 099547). The trial was con-
ducted following Good Clinical Practice guidelines
and was registered at www.clinicaltrials.gov (regis-
tration number NCT00381199).

RESULTS
One hundred fourteen subjects were screened, 39

were enrolled, and 32 were recruited and randomized
to study drug (Fig. 1). Enrollment began in August
2005 and the last enrolled subject completed follow-up

Figure 1. Trial flow diagram.

Table 1. Baseline Demographic Characteristics of Trial
Participants (n � 32)

Characteristic
Mean age (sd), range (yr) 49.5 (11.2), 26–76
Gender

Female 26
Male 5

Education level attained
University/college 25
Secondary/high school 6
Primary/elementary 1

Employment status
Full time employed 12
Retired 6
Long term disability 4
Short term disability 4
Part time employed 2
Home maker 2
Other 2
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in January 2007. Three subjects withdrew after ran-
domization, 1 for noncompliance with study protocol,
1 for lack of effect, and 1 because of side effects after a
single dose (edema of arms and legs, decreased con-
centration, dizziness, nausea, hyper-alert state, and
insomnia). Twenty-nine subjects completed the study
per protocol; there were no dropouts. All randomized
subjects’ data were included in the safety analysis.

Of the 32 randomized subjects, 26 were women and
5 were men (1 missing data). The mean age was 49.5 yr
(sd 11.2) with a range of 26–76 yr. Baseline demo-
graphic and clinical data of recruited subjects are
shown in Tables 1 and 2. Five subjects were taking

tricyclic antidepressants at screening (4 amitriptyline
and 1 nortriptyline), and all successfully withdrew
from these medications before randomization. No
subject was taking cannabinoid medications at screen-
ing, and all baseline urine tests were negative for THC.

Primary Outcome
Although both drugs improved sleep, after control-

ling for period effects, nabilone was found to have a
greater effect on sleep than amitriptyline on the ISI
(adjusted difference � �3.25; CI, �5.26 to �1.24) (Fig.
2). Based on the LSEQ sleep quality outcomes, there
was no evidence of superiority of either drug, al-
though subjects had a more restful sleep taking
nabilone compared with amitriptyline (difference �
0.48; CI, 0.01–0.95) (Fig. 3). There were no marked
differences in other scales of the LSEQ between the 2
drugs, although there was a suggestion of nabilone
performing better than amitriptyline for ease (differ-
ence � �0.7; CI, �1.4 to 0.02) and speed (difference �
�0.7; CI, �1.36 to 0.03) of falling asleep.

Other Outcomes
No differences were noted between treatments for

pain (McGill PPI difference � �0.1; 95% CI � �0.3 to
0.2; other scales of McGill Pain Questionnaire also not
significant), mood (Profile of Mood States difference �
1.4; 95% CI � �4.3 to 7.2), or quality of life (Fibromy-
algia Impact Questionnaire difference � �0.7; 95%
CI � �7.3 to 5.8).

Satisfaction and Preference
At the completion of the trial, preference for nabilone

was reported by 41% (12 of 29) and for amitriptyline
by 32% (9 of 28) of subjects (difference � 9%; 95% CI �
�16% to 32%).

Dose Adjustment
The dose of amitriptyline was more frequently

increased at 1 wk (26 of 28; 92%) compared with
nabilone (21 of 29; 72%) (difference � 20%; 95% CI �
�2%–43%).

Table 2. Baseline Self-Reported Symptom Data for Study
Participants (n � 32)

Variable Mean sd
Insomnia severity index 18.3 5.2
McGill pain questionnaire

Present pain intensity (PPI) 2.3 0.8
Sensory 15.8 9.0
Affective 4.7 3.1
Evaluative 2.3 1.3
Miscellaneous 6.0 3.0

Fibromyalgia impact questionnaire
total score

62.6 15.2

Rested 81.6 15.3
Fatigue 80.5 20.2
Stiffness 74.5 19.5
Pain 69.3 20.5
Do work 66.4 25.1
Anxiety 51.6 30.1
Depression 37.5 32.5
Feel good 5.3 1.6
Physical impairment 1.4 0.8
Work missed 0.4 0.5

Profile of mood states total score 29.5 16.6
Fatigue 10.6 4.3
Tension/anxiety 7.3 3.7
Depression 5.8 4.4
Confusion 5.6 2.9
Anger 5.2 4.0
Vigor 4.6 3.3

Note the Leeds Sleep Evaluation Questionnaire is not measured at baseline because it
requires a comparison with normal sleep.

Figure 2. Effects of nabilone and ami-
triptyline on the Insomnia Severity
Index (ISI).
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Discernment
When asked at the end of the study to guess which

treatment had been administered, 8 subjects (29%)
correctly identified the period in which they received
amitriptyline, and 12 (41%) correctly identified the
period in which they received nabilone.

Adverse Events
A total of 187 AEs were reported during the trial of

which 120 were mild, 64 were moderate, and 3 severe.
Of the 3 severe AEs, 2 occurred during amitriptyline
therapy (headache and insomnia) and 1 occurred

during nabilone (drowsiness). No serious AEs oc-
curred during the trial. Fifty-three AEs were deemed
possibly or probably related to amitriptyline therapy,
and 91 AEs were deemed possibly or probably related
to nabilone therapy. The most common AEs reported
for nabilone and amitriptyline are shown in Table 3.
AEs occurring in �2 subjects, which were more com-
mon for nabilone, were dizziness (10 subjects), nausea
(9), dry mouth (7), drowsiness (6), constipation (4),
insomnia (3), and vomiting (3).

DISCUSSION
We have observed that both the synthetic cannabi-

noid nabilone and the tricyclic antidepressant amitrip-
tyline had a favorable effect on sleep in patients with
FM, with nabilone showing overall superiority to
amitriptyline for sleep quality. The effects of nabilone
on pain, mood, and quality of life were similar to those
seen with amitriptyline. Adverse effects were more
common with nabilone, particularly drowsiness and
dizziness, although global satisfaction with both
drugs was similar.

The effects of cannabinoids on sleep have been
recognized for many years. The hypnotic effects of
THC were evaluated in the 1970s, and it was shown
that THC increased Stage 3 sleep and reduced REM
sleep26; amitriptyline has not been found to have
any effect on non-REM sleep in patients with FM.27

Figure 3. Treatment effects of nabilone
compared with amitriptyline on sleep
items in the Leeds Sleep Evaluation
Questionnaire (LSEQ). Note that treat-
ment effects shifted to the right favor
nabilone, whereas effects shifted to the
left favor amitriptyline. The x axis is the
magnitude of the effect on a scale from
0 to 10. Shifts to the right represent
improvements on the sleep subscales
(shown on the y axis).

Table 3. Absolute Number of Adverse Events Occurring on �1
Occasion During the Trial

Description Nabilone Amitriptyline Total
Dizziness 10 4 16
Headache 4 6 14
Nausea 9 1 14
Dry mouth 7 3 10
Drowsiness 6 1 7
Constipation 4 1 5
Diarrhea 2 2 4
Insomnia 3 3
Vomiting 3 3
Blurred vision 2 3 5
Fatigue 2 1 3
Cognitive impairment 2 2
Disorientation 2 2
Migraine 2 2
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Researchers conducting clinical trials of cannabi-
noids for other chronic pain disorders have reported
improved sleep as secondary outcomes.28 Endoge-
nous cannabinoids have also been postulated to
have an effect on normal sleep induction.29 To our
knowledge, this is the first study to evaluate sleep as
a primary outcome for a chronic noncancer pain
condition.

Our study has several important strengths. First,
because both drugs cause similar side effects (e.g.,
drowsiness and dry mouth), we postulated that ami-
triptyline would be a suitable active control for
nabilone, and therefore would preserve the blinded
nature of the trial. Our data on blinding suggest that
blinding was preserved, suggesting that amitripty-
line is a good active control for further trials of
nabilone. Second, because amitriptyline is frequently
used for promoting sleep in FM, and because we
have observed improvement of sleep among sub-
jects taking amitriptyline, we believe that the study
has demonstrated internal and external validity and
was sufficiently powered to show clinically mean-
ingful sleep improvements. For these reasons, we
believe that the effects of nabilone on sleep quality
are valid.

There are a number of limitations to this study that
require comment. First, because the exposure to each
drug was for a single 2-wk period, we are unable to
extrapolate any conclusions regarding the long-term
safety and efficacy of nabilone for sleep disturbance in
FM. Because FM is a chronic condition, favorable
treatments will likely require prolonged administra-
tion. Second, because both study drugs were used in
relatively low dosage, this may have influenced the
final outcome either favorably for nabilone (if nabilone
was more effective at lower doses) or unfavorably for
amitriptyline (if amitriptyline was more effective at
higher doses). Because no other equivalency studies
have previously been conducted with these drugs, the
selected doses of the study drugs were based on clinical
experience. Further dose-finding studies, specifically for
nabilone, may be needed to explore safety and efficacy if
higher doses are to be considered.

The mainstay of management for FM remains a
multidisciplinary treatment approach, which includes
exercise, education, pharmacological interventions,
and behavioral therapies.17,30 Sleep disturbances in
FM are associated with poor quality of life and func-
tion, and increased pain and fatigue.31 Although
nabilone has been shown to have analgesic effects on
pain in FM,19 the effects of nabilone on sleep have not
hitherto been addressed in this population.

In conclusion, we report that the synthetic canna-
binoid nabilone is an effective drug in promoting
sleep in patients with FM who have chronic insomnia
and may be superior to amitriptyline, which is cur-
rently widely used for this purpose. Further studies on

the effects of nabilone on sleep architecture and long-
term safety and efficacy in FM and other pain condi-
tions are warranted.
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Executive Summary 
In May 2014, Minnesota became the 22nd state to create a medical cannabis program.  
Distribution of extracted cannabis products in liquid or oil form to qualified, enrolled patients 
began July 1, 2015. Minnesota’s medical cannabis program is distinct from those in nearly all 
other states as the Minnesota Department of Health’s Office of Medical Cannabis is required to 
study and learn from the experience of participants.  This report draws on data from 
enrollment, purchasing and related health information, and survey results to describe the 
experience of patients who enrolled during the first year of the program’s operation: July 1, 
2015 through June 30, 2016. 

The Office of Medical Cannabis anticipates performing additional analyses of data for the first 
year cohort of enrolled patients, as well as initiating analyses of data from patients who 
enrolled in the program later.  Of particular interest are patients who enrolled after intractable 
pain became a qualifying condition on August 1, 2016.  A report is planned for the end of 2017 
that will give a preliminary look at the experience of the first several hundred patients certified 
for intractable pain.  It is possible that focused projects will be developed in the future that will 
draw on medical record information to answer specific questions raised by analyses of the kinds 
of program data described in this report.    

Participation  

Between July 1, 2015 and June 30, 2016 a total of 1660 patients enrolled in the program and 
577 health care practitioners registered themselves in order to certify that patients have a 
medical condition that qualifies them for the program.  The most common qualifying conditions 
were severe and persistent muscle spasms (43%), cancer (28%), and seizures (20%).  Each of the 
remaining six qualifying conditions during the first year – Crohn’s Disease, Terminal illness, 
HIV/AIDS, Tourette Syndrome, glaucoma, and ALS – accounted for less than 10% of patients.  
Ten percent (167 patients) were certified for more than one qualifying condition.  Most patients 
were middle-aged (56% between ages 36-64), 11% were <18, and 11% were ≥65.  Distribution 
by race/ethnicity generally matched the state’s demographics, with 90% of patients describing 
themselves as white.   

The legislation that established the program specified there would be one location for 
purchasing medical cannabis (called Cannabis Patient Centers; CPCs) in each of the state’s eight 
congressional districts. Patients who enrolled in the program during the first year came from 
throughout the state, with the average distance from the patient’s home to the nearest CPC 29 
miles (median distance=16 miles).  Some patients were a considerable distance from the 
nearest CPC, however, with 13% over 60 miles from the nearest one.  The program allows 
patients to have one or more parents or non-parent caregivers who register with the program, 
who are then are allowed to transport and administer a patient’s medical cannabis.  Only 11% 
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of patients had a registered caregiver, 17% had a registered parent or guardian, and 26% had 
either a registered parent/legal guardian or a registered caregiver.   

Among the 577 health care practitioners who registered with the program 82% were 
physicians, 13% were advanced practice registered nurses, and 5% were physician assistants. 

Medical Cannabis Purchasing Patterns 

Most patients make their first medical cannabis purchase within 14 days of program approval. 
Subsequent purchases typically follow a roughly monthly periodicity. However, intervals 
between purchases are sometimes less than a month, especially during the first months of 
program participation as the patient experiments with small amounts of different products. 
And intervals between purchases are sometimes much longer than a month. Using a cutoff of 
six months without any medical cannabis purchases as a surrogate for program discontinuation, 
51% of patients who enrolled and made a purchase within the first six months of the program 
discontinued participation in the program as of December 31, 2016. 

Medical Cannabis Use Patterns 

Each patient’s medical cannabis purchasing transactions during their first enrollment year (or 
through early March if still within their first enrollment year) were analyzed. A total of 16,238 
products were purchased during 10,898 transactions, with 38% of all transactions consisting of 
two or more products. For analytic purposes, products were classified according to the ratio of 
delta-9-tetrahydrocannabinol (THC) to cannabidiol (CBD) as follows: Very High THC:CBD (100:1 
or higher), High THC:CBD (>4:1 up to 99:1), Balanced THC:CBD (1:1 up to 4:1), High CBD:THC 
(≥1:1 up to 99:1), and Very High CBD:THC (100:1 or higher). 

Products for enteral administration (swallowed – includes capsules and oral solutions) and 
products for inhalation (vaporized oil) each accounted for 45% of product purchases. Products 
for oromucosal administration (absorption through cheek) accounted for 9%. Nearly 50% of all 
purchases were Very High THC:CBD products, followed by Balanced THC:CBD (30%) and High 
CBD-THC (15%). Very High THC:CBD products were most commonly oil for vaporization or for 
oromucosal absorption, while Balanced THC:CBD and High CBD:THC products were most often 
for enteral administration. 

Examining purchasing history across all patients is very complex for reasons that include 
experimentation with different products over time. As a first approach to assessing routine use 
of products, most frequently purchased products were examined for each patient.  For 28% of 
patients, two or more products were purchased the same number of times.  The product types 
that emerged as most frequently purchased were Very High THC vaporization oil (25%), High 
CBD:THC enteral preparations (14%), and Balanced enteral preparations (13%).  Most 
frequently purchased product types varied considerably across medical conditions. 
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Benefits 

Information on patient benefits comes from the Patient Self-Evaluations (PSE) completed by 
patients prior to each medical cannabis purchase and from patient and health care practitioner 
surveys. Results of analysis of PSE and survey data indicate perceptions of a high degree of 
benefit for most patients. 

Patients responded to a survey question asking them how much benefit they believe they 
received from using medical cannabis on a scale from 1 (no benefit) to 7 (great deal of benefit).  
Across all patients 64% indicated a benefit rating of 6 or 7 and this degree of benefit was 
indicated by at least half of the patients with each medical condition. A small but important 
proportion of patients indicated little or no benefit: 9% gave a rating of 1, 2, or 3. Benefit 
ratings varied somewhat by qualifying medical condition. When patients were asked what the 
most important benefit was for them, two-thirds indicated a reduction in symptoms directly 
related to their qualifying medical condition and most of the remainder indicated more general 
quality of life benefits.  

An important part of this report is the verbatim comments written by patients, and the reader 
is encouraged to review these comments, presented in an Appendix.  Examples of these 
comments include: 

 “Almost all muscle spasm and pain associated with spasms are gone. I used to have 
constant nerve triggered pain that is minimal now. Results were almost immediate. I am 
sleeping way better now also.” 

 “[NAME] has passed away. I am her daughter and was her care giver. She was open to 
trying medical cannabis and we got the liquid form. It was a saving grace. She was in a 
lot of pain and when prescribed medications did NOT work – we started this and it kept 
her calm and relaxed. I am very thankful that we were able to have this option available. 
It helped to make her last months more bearable and truly it would have been 
miserable without it.” 

 “I am getting enough sleep for the first time since about 2011. My absence seizures 
have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal 
seizures. The recovery time after has gone from around 12 hours to around 4.” 

 “At first it helped a lot but my seizures have returned.” 

 “Spasms – only a little better.” 

Health care practitioners were somewhat more conservative in assessment of benefit to their 
patients. Across all the benefit ratings by health care practitioners, 38% indicated a rating of 6 
or 7 and 23% indicated little or no benefit (rating of 1, 2, or 3). Similarity in benefit assessment 
between health care practitioners and patients appears to vary by medical condition, with 
highest discrepancy among seizure patients. Descriptive comments suggest at least part of the 
difference is driven by perspective of what constitutes benefit. The patients cite quality of life 
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benefits more often than the health care practitioners, who appear to focus more on objective 
measures such as seizure counts. 

The symptom scores provided in the Patient Self-Evaluation data have the advantage of 
completeness, since they are required prior to each medical cannabis purchase. In this report a 
reduction of ≥30% was applied to most symptoms to indicate clinically meaningful symptom 
reduction. Results show patterns similar to those in the survey benefits rating, but usually 
somewhat smaller in size. For most symptoms between half and two-thirds of patients who 
achieve clinically meaningful improvement retained that degree of improvement over the next 
four months.  

Examples of proportion of patients achieving and retaining ≥30% symptom reduction include: 

 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% 
both achieved that level of reduction and retained it, on average, for at least four 
months 

 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency 
and 46% both achieved that level of reduction and retained it, on average, for at least 
four months 

 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid 
stools per day and 29% both achieved that level of reduction and retained it, on 
average, for at least four months 

 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in 
spasm frequency and 28% both achieved that level of reduction and retained it, on 
average, for at least four months 

 Among cancer patients with at least moderate levels of nausea when they started using 
medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that 
level of reduction and retained it, on average, for at least four months 

 Among cancer patients with at least moderate levels of pain when they started using 
medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that 
level of reduction and retained it, on average, for at least four months 

Moderate to severe levels of non-disease-specific symptoms such as fatigue, anxiety, and sleep 
difficulties were common across all the medical conditions. And the reductions in these 
symptoms was often quite large. These findings support the understanding that some of the 
benefit perceived by patients is expressed as improved quality of life. 

The type(s) of medical cannabis used at the time patients achieved clinically significant 
improvement was analyzed for each symptom assessed within each category of medical 
condition. Full results of these analyses are presented in an Appendix and summaries are in the 
Benefits chapter. 
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Adverse Side Effects 

At this point, the safety profile of the medical cannabis products available through the 
Minnesota program seems quite favorable. Approximately 20-25% of enrolled patients report 
negative physical or mental side effects of some kind, with the majority – around 60% - 
reporting only one and 90% reporting three or fewer. The vast majority of adverse side effects, 
around 90%, are mild to moderate in severity.  An assessment of the 30 patients reporting 
severe side effects, meaning “interrupts usual daily activities,” found no apparent pattern of 
patient age, medical condition, or type of medical cannabis used. The most common adverse 
side effects are dry mouth, drowsiness, and fatigue. Fortunately, up to the present no serious 
adverse events (life threatening or requiring hospitalization) have been reported. 

Affordability and Suggestions for Improving the Program 

Unlike traditional pharmaceuticals whose costs are often covered through insurance 
reimbursement, medical cannabis purchased through the Minnesota program is currently not 
covered by insurance and must be purchased out of pocket.  The patient survey asked for a 
rating of product affordability on a scale of 1 (very affordable) to 7 (very prohibitive).  More 
than half (51%) responded with a 6 or a 7 and 86% responded with a score of 4 or higher.   
“Bring the costs down” was a frequent response when patients and certifying health care 
practitioners were asked how the program could be improved.  Some patients indicated on 
surveys they used less medical cannabis than they knew was helpful to them because they 
could not afford it.   
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1. Introduction 
 

In May 2014, Minnesota became the 22nd state to create a medical cannabis program.  
Distribution of cannabis products to qualified, enrolled patients began July 1, 2015. Minnesota’s 
medical cannabis program is distinct from those in nearly all other states due to the fact that 
the Minnesota Department of Health’s Office of Medical Cannabis is required to study and 
learn from the experience of participants. Minnesota’s online registry, which integrates 
information from patients, certifying health care practitioners and manufacturers, continuously 
captures program data. Data elements from the Registry have been selected to create a de-
identified research data set for reporting and research. This report draws on aspects of that 
research data set to describe the experience of patients who enrolled during the first year of 
the program’s operation: July 1, 2015 through June 30, 2016. 

Data in this report come from several aspects of the program’s operations: 

 Information from registration or enrollment of patients, health care practitioners, and 

caregivers; 

 Information patients provide each time they visit a cannabis patient center for purchase 

of cannabis products, including information on symptom severity and side effects; 

 Details about each cannabis product purchased; and 

 Information is derived from responses to periodic surveys of patients and their certifying 

health care practitioners. 

Though there is certainly imprecision in some of the data collected by the program, this report 
provides important details that can be found in few other states. A notable part of the report is 
a set of statements regarding benefits, negative effects, and comments about the program 
made by patients and health care practitioners. These are redacted to protect privacy, but 
otherwise presented as was written on the surveys. The comments have been coded by type 
but the verbatim comments have a power of their own, reminding us that each enrollee is a 
unique individual, not just a number. A few comments are included elsewhere, but the reader is 
encouraged to spend time reviewing the full listing of responses in the appendices. 

The Office of Medical Cannabis anticipates performing additional analyses of data for the first 
year cohort of enrolled patients, as well as initiating analyses of data from patients who 
enrolled in the program later. Of particular interest are patients who enrolled after intractable 
pain became a qualifying condition on August 1, 2016. A report is planned for the end of 2017 
that will give a preliminary look at the experience of the first several hundred patients certified 
for intractable pain. It is possible that focused projects will be developed in the future that will 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

15 

 

draw on medical record information to answer specific questions raised by analyses of data 
derived from the program registry.    
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2. Patients and Caregivers Registered in 
the First Program Year 

DESCRIPTION OF PATIENTS ENROLLED IN THE FIRST PROGRAM YEAR 

Qualifying Condition 

During the first year of the Minnesota Medical Cannabis program (July 2015-June 2016), 1,660 
patients were certified by registered healthcare practitioners and subsequently enrolled in the 
program (Figure 2.1). The healthcare practitioners certified the patients as having one or more 
of the following qualifying conditions: severe and persistent muscle spasms (n=713), cancer 
(n=468), seizures, including those characteristic of epilepsy (n=328), Crohn’s disease (n=108), 
terminal illness (n=94), HIV/AIDS (n=54), Tourette syndrome (n=30), glaucoma (n=24), and 
amyotrophic lateral sclerosis (ALS) also known as Lou Gehrig’s disease (n=22) (Table 2.1, Figure 
2.2). Of the 1660 patients from the first program year, 167 (10.1%) were certified as having 
more than one qualifying condition; these patients are represented more than once in Table 2.1 
and Figure 2.2.  

Figure 2.1. Patient enrollment in the first program year.
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Table 2.1. Patient counts by qualifying condition. 

Condition Count %  

Muscle Spasms 713 43% 

Cancer 466 28% 

Seizures 328 20% 

Crohn's Disease 108 7% 

Terminal Illness 94 6% 

HIV/AIDS 54 3% 

Tourette Syndrome 30 2% 

Glaucoma 24 1% 

ALS 22 1% 

Note: Percentages sum to more than 100 percent because among the 1660 patients enrolled during the first year, 167 (10.1%) 
were certified for more than one qualifying condition.  

Figure 2.2. First year cohort patients by qualifying medical condition. 

 

Note: Percentages sum to more than 100 percent because among the 1660 patients enrolled during the first year, 167 (10.1%) 
were certified for more than one qualifying condition.  



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

18 

 

Age and Gender 

At the time of certifying that a patient has a medical condition qualifying them for the medical 
cannabis program, the certifying healthcare practitioner enters the patient’s date of birth. 
Additionally, during registration, patients are asked to report gender and race/ethnicity but are 
not required to do so. Table 2.2 shows the breakdown of patients by age category and gender 
at the time of initial program enrollment. The gender breakdown of patients in the first 
program year was 57% male and 43% female, with <1% of patients declining to report gender. 
Patients tended to be middle-aged, with 56.3% of the cohort falling between ages 36-64. 
However, the cohort also included a notable proportion of pediatric patients (10.7%) and 
patients over 65 years (11.0%).  

Table 2.2. Patient counts by age and gender. 

  0-4 5-17 18-24 25-35 36-49 50-64 65+ 

Female 14 (41%) 67 (46%) 28 (29%) 85 (33%) 174 
(44%) 

270 (49%) 78 (43%) 

Male 20 (59%) 78 (53%) 66 (69%) 175 (67%) 218 
(55%) 

274 (50%) 105 (57%) 

Prefer Not to 
Answer 

0 (0%) 1 (1%) 2 (2%) 0 (0%) 2 (1%) 3 (1%) 0 (0%) 

Total 34 (2%) 146 (9%) 96 (6%) 260 (16%) 394 
(24%) 

547 (33%) 183 (11%) 

Note: Percentages are calculated based on the total count of patients in each age category. 
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Figure 2.3. Age and gender breakdown of first year cohort. 

 

Age by Qualifying Condition 

Breakdown of age category within each qualifying condition is shown in Table 2.3. Among the 
first year cohort, average age was 44.3 ± 18.9 years. Age distribution varied substantially across 
qualifying medical condition groups; patients certified for glaucoma or ALS tended to be older 
in general (average age of 60.4 ± 14.0 and 61.5 ± 9.6, respectively); patients certified for seizure 
disorders or Tourette syndrome generally were younger (23.4 ± 16.0 and 25.3 ± 11.7, 
respectively).  

Table 2.3. Patient age by qualifying medical condition. 

  0-4 5-17 18-24 25-35 36-49 50-64 65+ Mean 
Age 
(SD) 

Total 

Muscle Spasms 3 (0%) 6 (1%) 33 (5%) 124 
(17%) 

216 
(30%) 

268 
(38%) 

63 (9%) 47.3 
(14.5) 

713 

Cancer 3 (1%) 15 (3%) 11 (2%) 33 
(7%) 

83 
(18%) 

217 
(47%) 

104 
(23%) 

54.6 
(16.2) 

466 

Pain 1 (0%) 3 (1%) 8 (3%) 26 
(8%) 

65 
(20%) 

151 
(47%) 

66 (21%) 54.3 
(15.3) 

320 
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  0-4 5-17 18-24 25-35 36-49 50-64 65+ Mean 
Age 
(SD) 

Total 

Nausea/Vomiting 1 (0%) 12 (4%) 10 (4%) 18 
(7%) 

50 
(18%) 

130 
(48%) 

52 (19%) 53.4 
(16.5) 

273 

Cachexia/Wasting 1 (1%) 6 (3%) 5 (3%) 8 (4%) 16 (9%) 90 
(50%) 

54 (30%) 57.9 
(16.5) 

180 

Seizures 30 
(9%) 

114 
(35%) 

43 (13%) 68 
(21%) 

52 
(16%) 

18 (6%) 3 (1%) 23.4 
(16.0) 

328 

Crohn's Disease 0 (0%) 0 (0%) 9 (8%) 35 
(32%) 

35 
(32%) 

22 
(20%) 

7 (7%) 41.4 
(13.8) 

108 

Terminal Illness 2 (2%) 9 (10%) 3 (3%) 8 (9%) 20 
(21%) 

38 
(40%) 

14 (15%) 48.7 
(20.1) 

94 

Pain 0 (0%) 7 (11%) 1 (2%) 6 (9%) 16 
(24%) 

27 
(41%) 

9 (14%) 48.7 
(20.1) 

66 

Nausea/Vomiting 1 (2%) 4 (9%) 2 (4%) 3 (7%) 9 (20%) 21 
(47%) 

5 (11%) 48.7 
(20.3) 

45 

Cachexia/Wasting 1 (3%) 4 (11%) 2 (5%) 1 (3%) 3 (8%) 19 
(50%) 

8 (21%) 48.9 
(20.3) 

38 

HIV/AIDS 0 (0%) 0 (0%) 0 (0%) 8 
(15%) 

20 
(37%) 

26 
(48%) 

0 (0%) 47.0 
(9.7) 

54 

Tourette 
Syndrome 

0 (0%) 11 (37%) 3 (10%) 12 
(40%) 

3 (10%) 1 (3%) 0 (0%) 25.3 
(11.7) 

30 

Glaucoma 0 (0%) 0 (0%) 1 (4%) 0 (0%) 4 (17%) 11 
(46%) 

8 (33%) 60.4 
(14.0) 

24 

ALS 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (9%) 12 
(55%) 

8 (36%) 61.5 
(9.6) 

22 
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Race and Ethnicity 

Table 2.4 shows patient-reported race and ethnicity. Patients were given the option to select 
multiple race and ethnicity categories, so the counts reflect some patients more than once. 
Ninety-one patients selected more than one race/ethnicity and 95 patients declined the 
question. Compared to 2014 Census Bureau estimates of race/ethnicity in Minnesota, the 
distribution of responding members of the first program year cohort is generally similar, with a 
slightly higher proportion of American Indians (2.7% versus 1.9%) and lower proportion of 
Hispanics (2.4% versus 4.9%) and Asians (1.7% versus 5.0%).  

Table 2.4. One-year cohort patient race and ethnicity compared to overall state 
demographics.  

Race/Ethnicity 
Medical Cannabis 
Registry 

2014 Census Bureau 
Estimates 

American 
Indian 42 (2.7%) 1.9% 

Asian 27 (1.7%) 5.0% 

Black 101 (6.5%) 6.5% 

Hawaiian 3 (0.2%) 0.1% 

White 1410 (90.1%) 87.5% 

Hispanic 37 (2.4%) 4.9% 

Other 26 (1.7%) 1.7% 

Race and ethnicity estimates for Minnesota can be found at the following website: 
http://factfinder.census.gov/faces/nav/jsf/pages/index.xhtml 

Registered Caregivers and Parents/Legal Guardians 

If a patient is unable to pick up their medication from a cannabis patient center or is unable to 
administer the medication, their certifying health care practitioner may also certify the 
patient’s need for a designated caregiver. This allows the enrolled patient to have a caregiver 
who then undergoes a background check and registers with the program. Registered caregivers 
can then legally obtain and possess the patient’s medical cannabis on their behalf. Additionally, 
parents or legal guardians of patients can register with the program to act as caregiver and pick 
up or possess medication on behalf of the patient. Table 2.5 shows the proportion within each 
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qualifying condition group of patients who have registered caregivers or parents or legal 
guardians registered to pick up medication on behalf of the patient. Patients certified for ALS, 
cancer, or terminal illness have the highest proportions of patients with registered caregivers 
(32%, 15% and 15%, respectively). Patient certified for seizure disorders or Tourette syndrome, 
who are also generally younger than the cohort at large, have the highest proportion of 
patients with registered parents or legal guardians in the program (65% and 53%, respectively). 
Patients with seizures or Tourette syndrome also have the highest proportion of either 
registered caregivers or registered parents/legal guardians. Table 2.6 shows the absolute 
number of registered caregivers associated with a patient in the first year cohort, reported by 
condition. Most patients with registered caregivers have only one caregiver able to pick up 
medication on their behalf (n=157); 21 patients have two caregivers and one patient has three 
caregivers.  

Table 2.5. Proportion of patients with registered caregivers, parents or legal guardians 
authorized to pick up medication, or both. 

CONDITION Number of 
Enrolled 
Patients 

Patients with 
Registered 

Caregiver(s) 

Patients with 
Registered 

Parent(s)/Legal 
Guardian(s) 

Patients with 
Registered 

Caregiver(s) or 
Parent(s)/Legal 

Guardian(s) 

All Conditions 1660 179 (11%) 279 (17%) 430 (26%) 

Cancer 466 71 (15%) 23 (5%) 92 (20%) 

Terminal Illness 94 14 (15%) 10 (11%) 22 (23%) 

Glaucoma 24 3 (13%) 0 (0%) 3 (13%) 

HIV/AIDS 54 1 (2%) 0 (0%) 1 (2%) 

Tourette Syndrome 30 2 (7%) 16 (53%) 16 (53%) 

ALS 22 7 (32%) 1 (5%) 8 (36%) 

Seizures 328 32 (10%) 213 (65%) 225 (69%) 

Muscle Spasms 713 72 (10%) 26 (4%) 96 (13%) 

Crohn's Disease 108 6 (6%) 3 (3%) 8 (7%) 
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Table 2.6. Count of registered caregivers associated with patients enrolled in the first 
program year, by qualifying condition. 

Condition Registered 
Caregiver Count 

All Conditions 202 

Cancer 83 

Terminal Illness 19 

Glaucoma 4 

HIV/AIDS 1 

Tourette Syndrome 2 

ALS 7 

Seizures 37 

Muscle Spasms 79 

Crohn's Disease 6 

 

Geographic Distribution and Distance to Nearest Cannabis 
Patient Center 

At the time of registration, patients provide their home address for verification of Minnesota 
residency. Home addresses are retained in the patient’s online registry account but are not 
retained in the research database; in lieu of home address, patient ZIP codes and calculated 
distances from each address to the nearest cannabis patient center are accessible for research 
purposes. The general geographic distribution of patients was examined using patient-reported 
ZIP codes; the first three digits of ZIP codes compose a prefix which corresponds to an 
approximate geographic region1. The U.S. Postal Service assigns to each prefix labels that match 

                                                      

 
1 http://pe.usps.com/Archive/HTML/DMMArchive20050106/print/L002.htm 
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the major city within the region and approximate surrounding cities; these region labels are 
shown in Table 2.7, along with the count of patients living in the corresponding ZIP codes.  

  



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

25 

 

Table 2.7. Geographic distribution of patients by ZIP code prefix.  

Region ZIP Code Range Patient Count (%) 

St Paul 55000-55199 561 (34%) 

Minneapolis 55300-55599 671 (40%) 

Duluth 55600-55899 59 (4%) 

Rochester 55900-55999 104 (6%) 

Mankato 56000-56199 63 (4%) 

Willmar 56200-56299 49 (3%) 

St Cloud 56300-56399 80 (5%) 

Brainerd 56400-56499 27 (2%) 

Detroit Lakes 56500-56599 28 (2%) 

Bemidji 56600-56699 11 (1%) 

Grand Forks* 56700-56799 7 (0%) 

Note: The Grand Forks region, corresponding to ZIP codes with a 567 prefix, refers to a region including Grand Forks, South 
Dakota, as well as several ZIP codes located in Minnesota near the western border. Patients living in this region reside in 

Minnesota. 

Two medical cannabis manufacturers each operate four cannabis patient centers where 
patients can purchase medical cannabis following consultation with pharmacy staff at the 
center. Minnesota law required that one cannabis patient center be open in each of 
Minnesota’s eight legislative districts by July 1, 2016 (one year after the program start date). 
Figure 2.4 shows the distribution of calculated one-way distance from each patient’s home 
address to the nearest cannabis patient center location as of July 1, 2016, when all eight 
centers were operational. Average one-way distance is 28.9 ± 36.9 miles; median one-way 
distance is 15.5 miles. The majority of patients (n=1441; 86.8%) live within 60 miles of the 
nearest cannabis patient center.  
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Figure 2.4. Distribution of one-way distance from patient home to nearest cannabis patient 
center. 
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From Certification to Program Approval: How Long Does it 
Take for Patients? 

A sequential series of steps are followed in order to move patients from certification by a 
healthcare practitioner to their enrollment in Minnesota’s Medical Cannabis program. First, 
patients must have at least one medical condition that qualifies for the program and must have 
that condition certified by a registered health care practitioner (HCP).  After their medical 
condition is certified, patients have 90 days to submit a complete application to enroll in the 
program.  Patients must also submit payment to cover the annual enrollment fee along with 
their application materials.  Once the application and enrollment fee are submitted, Office of 
Medical Cannabis (OMC) staff reviews and verifies all submitted materials and can approve the 
patient for the program.  Figure 2.5 depicts the process flow from certification to program 
approval: 

Figure 2.5. Flow chart of enrollment events.  

 

 

To give current and prospective patients some idea of the time it takes to go from certification 
to program approval, records from patients in the first program year cohort (n = 1660) were 
analyzed at different time points: 1) time between certification to program approval, 2) time 
between certification to enrollment payment, and 3) time between enrollment payment and 
program approval.   
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Time from Certification to Program Approval 

Just over half of all patients (54.7%) in the cohort (n = 1660) were approved/enrolled in the 
program within 3 days of having their condition(s) certified.  Close to 90% (1484 out of 1660 
patients) were enrolled in the program within a month of being certified.   

Time from Certification to Annual Enrollment Fee Payment 

Records of enrollment fee payments were unavailable for patients who did not make an 
electronic payment; therefore, calculations of time between certification and enrollment fee 
payment was restricted to 1579 patients (95.1% of patients in the cohort represented) who 
paid the enrollment fee electronically.  Of these patients, 57.2% of them (n = 903) submitted 
payment within 1 day of getting their qualifying condition(s) certified by their HCP.  More than 
90% of patients (n = 1452) submitted payment within one month of certification. 

Time from Annual Enrollment Fee Payment and Program Approval 

Records of enrollment fee payments were not available for all patients in the cohort; therefore, 
calculations of time between enrollment fee payment and program approval was restricted to 
1579 patients (95.1% of patients in the cohort represented).  Of these patients, 72.7% of them 
(n = 1148) were approved for the program (officially enrolled in the program) within a day of 
submitting their annual enrollment fees.  Close to all patients (99.3%) were enrolled in the 
program within a month of submitting their annual enrollment fees. The small proportion of 
patients who do not get approved within a month of their fee submission generally reflects 
patients who submitted inadequate or incomplete information during the enrollment 
submission process (meaning that the Office of Medical Cannabis is waiting for additional 
information to approve them for the program).  

From Certification to Program Approval: Conclusions 

Just over half of all patients in the cohort were officially enrolled in the program within three 
days of being certified.  Within a week of certification, 70% of patients were enrolled in the 
program.  This suggests that the majority of patients move relatively quickly from certification 
to enrollment in the program.   

When breaking down the process flow between certification and program approval, it typically 
took longer for patients to move from certification to paying the enrollment fee than it did from 
their paying the enrollment fee to getting approved.  This generally reflects the nature of the 
process flow going from certification to paying the enrollment fee: after patients are certified, 
the patient must self-initiate and complete the submission of all application materials along 
with payment (involves variable amounts of time to gather all materials and to ensure sufficient 
funds to make fee payment).  This is in contrast to the step between enrollment fee payment 
and getting approved for the program: patient has submitted all materials and payment by this 
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point and – unless they are directed otherwise by OMC staff – will get approved for the 
program in the order their materials were received in the queue. 

Re-Enrollment 

The Minnesota medical cannabis program requires by statute that once a patient becomes 
certified as having a qualifying condition and enrolled in the program, the patient’s enrollment 
lasts for one year; therefore each year a patient must be re-certified as having at least one 
qualifying condition and must re-enroll in the program and pay an annual enrollment fee. If a 
patient is not re-certified as having a qualifying condition and does not re-enroll in the program 
by the anniversary date of the most recent enrollment, their account is deactivated and they 
are no longer able to purchase medical cannabis from a cannabis patient center or retain the 
protections of the program. To investigate the rate at which enrolled patients who approach 
their expiration dates re-enroll in the program, patients who enrolled in the program during the 
first program month (including those who were approved early, prior to the program start in 
July 2015) were examined. A total of 253 patients were enrolled in the first program month; 
these patients’ enrollments expired in July 2016. Re-enrollment activity for these patients was 
examined six months following expiration of the first enrollment year. Within six months 
following the expiration of the first year of enrollment, 115 (45%) among these patients re-
enrolled in the program. Of the remaining 138 patients who did not re-enroll during this period, 
24 patients (17%) died within 18 months of initial enrollment. Additionally, patients can re-
enroll at any time following expiration, and some patients who did not re-enroll immediately 
may do so at a later time.  

Most patients who re-enrolled within six months of expiration did so prior to expiration (44%) 
or within the first month after enrollment expiration (40%). Only 3% of these patients re-
enrolled beyond three months post expiration. Timing of re-enrollment for patients who 
initially enrolled during the first program month are shown in Table 2.8. 
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Table 2.8. Timing of program re-enrollment for patients enrolled in the first program month.  

Time Re-Enrollment Occurred  Patient Count 
(%) 

Prior to Expiration 51 (44%) 

1st Month After Expiration 46 (40%) 

2nd Month After Expiration 0 (0%) 

3rd Month After Expiration 15 (13%) 

4th Month After Expiration 1 (1%) 

5th Month After Expiration 2 (2%) 

6th Month After Expiration 0 (0%) 

Total Count of Patients Re-
enrolled Within 6 Months of 
Annual Expiration Date 

115 

Note: Among the 253 patients who enrolled in the program in July 2015, 115 (45%) re-enrolled within six months of expiration. 
Percentages are based on a total number of re-enrollments within this period (n=115).  

At the time of enrollment expiration, a patient can allow their enrollment to lapse without any 
action or communication with the Office of Medical Cannabis. Currently OMC does not collect 
information systematically on why patients chose to either re-enroll or let their current 
enrollment expire. However, some insight into program discontinuation is available from a 
Continued Use survey, which asks patients who have not purchased medical cannabis for 60 
days whether they have decided to stop the treatment, whether they received any benefits 
from the treatment, and what their reasons are for either stopping or pausing the treatment. 
Early results looking at patients who purchased medical cannabis within the first three program 
months but discontinued purchasing for 60 days showed that 62% (n=10) of patients who 
indicated they planned to stop using medical cannabis (n=16) found little or no benefit from the 
treatment. Among 59 patients who indicated they were unsure of whether they would continue 
or that they intended to continue the treatment, 35 (73%) cited cost as a barrier to continuing. 
These results do not directly answer the question of why some patients do not re-enroll but 
give some indication of potential reasons for doing so. (For methodology and preliminary 
results from the Continued Use survey, see “Early Results of Office of Medical Cannabis 
Surveys: May 2016” on the Office of Medical Cannabis website).  

 

http://www.health.state.mn.us/topics/cannabis/about/surveyresults0516.pdf
http://www.health.state.mn.us/topics/cannabis/about/surveyresults0516.pdf
http://www.health.state.mn.us/topics/cannabis/index.html
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3. Health Care Practitioners Registered 
in the First Program Year 
The Minnesota Medical Cannabis program outlines a set of qualifying medical conditions which 
make a patient eligible for enrollment in the program. By Minnesota statute, a patient must be 
certified by a Minnesota-licensed physician, physician assistant (PA), or advanced practice 
registered nurse (APRN) as having one or more of the qualifying conditions. A Minnesota 
practitioner with appropriate credentials must first register with the Minnesota Medical 
Cannabis program before they can certify patients for the program: practitioners complete a 
short online form with their name and clinic information to register. Office of Medical Cannabis 
staff verify the provider’s entered information and their Drug Enforcement Agency (DEA) 
license prior to approving the practitioner to certify patients. This chapter will describe the 
certifying healthcare practitioners who registered in the first program year.  

Healthcare Practitioner Count, Age and Gender 

From July 2015- June 2016, 577 healthcare practitioners licensed in Minnesota registered in the 
medical cannabis program, including 473 physicians (82%), 77 APRNs (13%) and 27 PAs (5%). 
Table 3.1 shows the breakdown of healthcare practitioner (HCP) type, gender and average age, 
based on publicly available data from the Boards of Medical Practice and Nursing. Physicians 
registered in the program were predominantly male (72%) and were generally older than 
registered APRNs and PAs, who were predominantly female (88% and 78%, respectively).  
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Figure 3.1. Count of registered healthcare practitioners during the first program year. 

 

 
Table 3.1. Healthcare practitioner by type, with gender and average age. 

HCP TYPE N % MALE: N (%) MEAN AGE (SD) 

Physician 473 82% 341 (72%) 50.3 (11.3) 

APRN 77 13% 9 (12%) 47.0 (9.4) 

PA 27 5% 6 (22%) 39.9 (9.5) 

Total 577 100% 356 (62%) 49.4 (11.2) 

Note: Age data was unavailable for 17 APRNs and three physicians. 
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More detailed representations of age distribution among registered physicians, PAs and APRNs 
are available in Figures 3.2-3.4. Figure 3.2 shows the age distribution in 5 year increments of 
physicians enrolled in the first program year; most physicians fall between ages 36-65 years 
(81%) with relatively even distribution of numbers across this range. Figure 3.3 shows the age 
distribution for APRNs; 51% of APRNs are 50 years or under. Figure 3.4 shows the age 
distribution for PAs registered in the program; most PAs fall between ages 31-45 (78%). 

Figure 3.2. Age distribution of physicians registered in the medical cannabis program (n=473). 

 

Note: Age data was not publicly available for three physicians registered in the first program year. 
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Figure 3.3. Age distribution of advanced practice registered nurses registered in the medical 
cannabis program (n=77). 

 

Note: Age data was not publicly available for 17 APRNs registered in the first program year. 

 
Figure 3.4. Age distribution of physician assistants registered in the medical cannabis program 

(n=27). 
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Registered Physician Specialties and Licensures 

The Minnesota Board of Medical Practice lists information on Minnesota-licensed physicians 
and physician assistants. Included is self-reported “Area of Specialty” information indicating a 
physician’s (or physician assistant’s) certifications from the American Board of Medical 
Specialties or American Osteopathic Specialty Boards. While physician assistant specialty 
information is infrequently provided, physicians often list certifications in more than one area 
of specialty. For example, physicians practicing as oncologists may list certifications in the areas 
of Internal Medicine, Hematology, and Medical Oncology. A variety of specialties were 
represented among physicians registered in the first program year, including subspecialties of 
neurology (neurology with special qualifications in child neurology, clinical neurophysiology, 
and epilepsy), pediatrics (pediatric hematology-oncology) and internal medicine or family 
medicine (gastroenterology, geriatric medicine, hospice and palliative medicine, sports 
medicine, nephrology, and infectious disease). Specialties including ophthalmology, 
dermatology, radiology and surgery were also represented.  In cases where a physician listed an 
area of specialty and subspecialty, such as Internal Medicine and Gastroenterology, the 
subspecialty was chosen to represent the physician’s practice (in this case, Gastroenterology). 
Table 3.2 shows the distribution of physician specialties; each physician is represented only 
once. Two physicians who are licensed in Minnesota and registered in the program do not have 
any listed specialties with the Board of Medical Practice; they are therefore excluded from 
Table 3.2.  The most common specialty category for physicians registered in the first program 
year was primary care (38%), which included internal medicine (13%), family medicine (23%) 
and pediatrics (2%). Physicians with specialization in oncology (17%) and neurology (14%) were 
also common.  
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Table 3.2. Registered physician specialty categories. 

Registered Physician Specialties N (%) 

Primary Care 179 
(38%) 

Internal Medicine 61 (13%) 

Family Medicine 109 
(23%) 

Pediatrics 8 (2%) 

Oncology 81 (17%) 

Neurology 65 (14%) 

Pediatric Specialty 29 (6%) 

Hospice/Palliative Medicine 25 (5%) 

Physical Medicine and Rehabilitation 21 (4%) 

Gastroenterology 11 (2%) 

Psychiatry 10 (2%) 

Ophthalmology 9 (2%) 

Surgery 8 (2%) 

Infectious Disease 6 (1%) 

Radiology/Radiation Oncology 5 (1%) 

Pain Medicine 5 (1%) 

Nephrology 3 (1%) 

Geriatric Medicine 3 (1%) 

Emergency Medicine 2 (0%) 

Rheumatology 2 (0%) 
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Advanced Practice Registered Nurse Licensures 

Advanced practice RNs include licensed Clinical Nurse Specialists (CNS), Certified Registered 
Nurse Anesthetists (CRNA), Certified Nurse-Midwives (CNM) or Certified Nurse Practitioners 
(CNP). Among the 77 APRNs who registered in the first program year, 75 held CNP certification, 
1 held CNS certification, and 1 held both CNP and CNS certifications.  

Summary 

In the first year of the Minnesota Medical Cannabis program, 577 licensed healthcare 
practitioners registered as certifying providers with the program, predominantly physicians 
(82%). There were age and gender differences across the HCP types; physicians tended to be 
older and male; PAs and APRNs tended to be younger and female. Physician licensure 
information showed that physicians from a diversity of clinical practices are involved in 
certifying patients for the medical cannabis program, but the majority of these providers are 
primary care providers or specialties that typically manage patients with the Minnesota 
program’s qualifying conditions (i.e. severe muscle spasms, seizure disorders, Tourette 
syndrome and ALS are typically managed by neurologists; cancer is often managed by 
oncologists). 

Obstetrics and Gynecology 2 (0%) 

Sports Medicine 2 (0%) 

Anesthesiology 2 (0%) 

Dermatology 1 (0%) 

Public Health and Preventive Medicine 1 (0%) 

Pulmonary Disease 1 (0%) 

Sleep Medicine 1 (0%) 
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4. Frequency and Duration of Medical 
Cannabis Purchases 
 

Time from Program Approval to First Medical Cannabis 
Purchase 

Once a patient is approved for the medical cannabis program, the patient and/or their 
registered caregiver(s) or parent(s)/legal guardian(s) can visit any of the eight cannabis patient 
centers and purchase medical cannabis. Figure 4.1 shows the distribution of time from program 
approval to first medical cannabis purchase for patients enrolled during the first program year 
who purchased medical cannabis before December 31, 2016 (n=1528). Many patients (n=196; 
13%) made a first purchase within one day of program approval; over half (n=864; 57%) made a 
first purchase within seven days and most patients (n=1137; 74%) made a first purchase within 
14 days of program approval.  

Figure 4.1. Time from patient approval to first medical cannabis purchase. 
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Time Between Purchases 

According to Minnesota statute, patients can purchase up to a 30-day supply of medicine at a 
cannabis patient center. However, visits to a cannabis patient center vary from 30-day intervals 
for several reasons. Figure 4.2 shows the intervals between purchases for patients from the 
one-year cohort with at least two purchases (n=1256). Patients must purchase medical 
cannabis with cash and many patients report that the medicine’s cost is prohibitive; for these 
reasons, patients may purchase smaller quantities than a month’s supply and visit cannabis 
patient centers more frequently than once a month. On the other hand, many patient 
responses to the Continued Use Survey (see “Early Results of Office of Medical Cannabis 
Surveys: May 2016” on the Office of Medical Cannabis website) indicated a quantity of 
medicine intended to be a 30-day supply lasted longer than 30 days, or the patient chose to use 
the medicine sparingly as a cost-saving measure and therefore the supply lasted longer than 
anticipated. However, the median times between visits for the first consecutive six visits were 
close to the expected interval of one month (median time since last visit: 25, 28, 28, 28, and 28 
days for the second, third, fourth, fifth and sixth visits, respectively).  

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.health.state.mn.us/topics/cannabis/about/surveyresults0516.pdf
http://www.health.state.mn.us/topics/cannabis/about/surveyresults0516.pdf
http://www.health.state.mn.us/topics/cannabis/index.html


M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

40 

 

Figure 4.2. Time between visits for patients with two or more visits from July 2015-December 
2016. 

Note on boxplots: upper and lower hinges for each boxplot correspond to the 75th and 25th percentiles of each distribution, 
respectively. The upper and lower whiskers extend to the highest and lowest values that are within 1.5 x the interquartile range 
from the upper and lower hinges, respectively. Data beyond the whiskers, plotted as individual points, are outliers.  

Purchasing Activity in First Four Months of Program 
Participation 

Patients beginning medical cannabis treatment often try different types of products with 
varying ratios of THC:CBD and routes of administration to achieve optimal symptom 
management; therefore patients may be more likely to make more visits to cannabis patient 
centers at the beginning of treatment and fewer visits in later times once the patient’s regimen 
had been established. As seen in Figure 4.2, frequency of visits (represented as time between 
consecutive visits) varies widely across patients. To compare purchasing activity in the first two 
months versus the second two months of program activity, the number of visits for each 
patient with continuous enrollment was examined in the first and second 60 days of program 
activity (day 0 defined as the date of first medical cannabis purchase). Patients who made no 
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purchases between days 61 and 120 or beyond day 120 were excluded to eliminate patients 
who had atypical purchasing activity or quit the program during this time window. Figure 4.3 
shows the distribution of number of visits per patient which occurred in the first and second 60 
days of program activity (n=752). During the first 60 days of program activity, median number 
of visits was 3 and 543 of 752 patients in this group (72%) made three or fewer purchases. 
During days 61-120 of program activity, median number of visits was 2 and 662 of 752 patients 
(88%) made three purchases or less. While the distributions of purchasing activity in the first 60 
days and second 60 days is roughly similar, they indicate that purchasing activity is slightly 
greater during the first 60 days of program activity.   

Figure 4.3. Number of visits in first 60 days and second 60 days of program activity, for 
patients with one or more purchases in both 60 day intervals.  

 

Patients Who Stopped Purchasing Medical Cannabis 

Since patients make an annual payment to be enrolled in the medical cannabis program, if they 
decide at some point during the following year to discontinue medical cannabis treatment, it is 
unlikely they will request to be withdrawn from the program, as there is no financial incentive 
to do so. Therefore, to understand discontinuation in the program, a functional definition was 
created based on purchasing patterns. For each patient in the one year cohort enrolled with a 
first purchase prior to December 31, 2015 and making at least two purchases before December 
31, 2016 (n=669), the longest gap between consecutive purchases from July 2015-December 
2016 is shown in Figure 4.4; median longest gap in this group was 47 days. Among these 
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patients, 546 (82%) had a longest gap between purchases of 120 days or less; 616 (92%) had a 
longest gap between purchases of 180 days or less. Median longest gap for each patient is 
significantly longer than median time between visits for patient’s first six visits; this suggests 
that there may be a great deal of variability within a patient’s inter-visit times.  Early patient 
responses to the Continued Use survey point to factors which may impact purchasing 
frequency: unexpectedly low rate of product usage, cost-motivated reduction or temporary 
cessation of product usage, unrelated medical treatment changes which interfered with 
cannabis usage, or out-of-state travel.  

 

Figure 4.4. Distribution of longest gap between visits per patient, July 2015-December 2016. 

 

 

Since most patients (92%) enrolled and purchasing within the first six program months who 
made two or more purchases by December 31, 2016 had no inter-visit gaps longer than 180 
days, program discontinuation was defined for this analysis as ceasing purchasing activity for six 
months or longer during the period included in this analysis (July 2015-December 2016). This 
definition was applied to all patients enrolled in the first six program months who made at least 
one purchase (n=774) to find the proportion of patients (regardless of duration enrolled in the 
program) who did not make any purchases for at least six months, through the end of 2016. Of 
these 774 patients making at least one medical cannabis purchase, 398 patients (51%) made no 
purchases for at least six months, as of December 2016. Based on the distribution of longest 
gaps between purchases in this subset of the one-year cohort, it is likely that this proportion is 
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a rough estimate of the proportion of patients who quit the program within 18 months after 
trying medical cannabis.  

Using a six month window with no purchases as a surrogate for program discontinuation has 
limitations. For example, our analysis did not account for duration of enrollment and any effect 
it may have on purchasing patterns. However, it gives an approximation of patients who 
abandon medical cannabis treatment and roughly aligns with the re-enrollment rate of 45% in 
patients enrolled in the first program month (see “Re-Enrollment” in Chapter 2: Description of 
Patients and Designated Caregivers).  

Frequency and Duration of Medical Cannabis Purchases: 
Conclusions 

Most patients make their first medical cannabis purchase within 14 days of program approval. 
Subsequent purchases often follow a roughly monthly periodicity, with median inter-visit gap at 
25 days for the gap between the first and second visit and 28 days for the next four inter-visit 
gaps. Additionally, patients tend to make purchases slightly more frequently in the first 60 days 
of program activity compared to the second 60 days of program activity (median number of 
visits is 3 from 0-60 days and 2 from 61-120 days). Finally, most patients (92%) do not have an 
inter-visit gap longer than 180 days; using 6 months or more of no purchasing activity as a 
surrogate for program discontinuation, 51% of patients who enrolled and made a purchase 
within the first six months of the program ceased purchasing medical cannabis as of December 
31, 2016. 
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5. Medical Cannabis Use Patterns 
Medical cannabis purchasing records were extracted from the registry in early March 2017 for 
patients enrolled in the 1st program year. From this data, all transactions that occurred within a 
patient’s first enrollment year were retained. For those patients whose first enrollment year 
had not yet ended at the time of data extraction, all purchasing transactions were retained.  
This resulted in a dataset with the following: 

 10,898 purchasing transactions consisting of: 

 16,238 products within these transactions (37.9% of all purchasing transactions 
consisted of two or more products), which 

 Represented 1529 patients (92.1% of the first program year cohort).    

For analytical purposes, all 16,238 product 
transactions were classified according to 
the ratio of delta-9-tetrahydrocannabinol 
(THC) to cannabidiol (CBD) found in the 
medical cannabis products. Products 
ranged from containing very high THC to 
CBD content to those with very high CBD 
to THC, as well as everything in between 
(products with relatively balanced 
amounts of THC and CBD). For definitions 
on THC:CBD ratio classifications, see Box 
5.1. 

Products purchased for enteral administration (swallowed – includes capsules and oral 
solutions) and inhalation (vaporized oil) represented the majority of the products purchased 
(90.6% of all product transactions) with significantly fewer products purchased for oromucosal 
absorption (oil absorbed through cheek; 9.4% of all product transactions). In fact, products for 
enteral administration and inhalation were roughly equally purchased by patients, respectively 
representing 45.2% (n = 7333) and 45.4% (n = 7376) of all products dispensed.  See Figure 5.1.   

 

 

 

 

 

Product Classifications Based on THC to CBD content: 

 Very High THC to CBD = 100:1 or higher 

 High THC to CBD = >4:1 up to 99:1 

 Balanced = 1:1 up to 4:1 

 High CBD to THC = ≥1:1 up to 99:1 

 Very High CBD to THC = 100:1 or higher 

Box 5.1. Definitions to classify medical cannabis 
products by THC:CBD ratios. 
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Figure 5.1. Purchasing transactions categorized by the product’s intended route of 
administration (out of 16,238 products dispensed). 

 

 

When products were classified by the ratio of THC to CBD present in the product, the following 
patterns emerged. Firstly, 48.2% of all product transactions were for products with very high 
THC amounts compared to CBD (hundreds to one). Balanced products (roughly equal amounts 
of THC to CBD) represented the next biggest group of products purchased, representing 31.3% 
of products dispensed. This was followed by high CBD to THC products which represented 
15.9% of all product transactions.  See Figure 5.2.   
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Figure 5.2. Product transactions represented by the THC to CBD ratio available in the product. 

 

 

Product transactions were also examined by the products’ THC:CBD ratios as a function of their 
routes of administration (see Figure 5.3). Of all product transactions intended for enteral 
administration, close to 39% of them were for products with relatively balanced THC:CBD ratios 
followed by products with high CBD:THC (29.9%) and very high THC:CBD products (24.8%). 
Product transactions for inhalation predominately had very high THC to CBD (71.4%). Lastly, 
close to half (48.4%) of all oromucosal product transactions were for very high THC:CBD 
products, with roughly a quarter each constituting balanced and high CBD to THC products 
(respectively 26.0% and 25.6%). 
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Figure 5.3. A percentage breakdown of product transactions by the THC:CBD product ratio 
types as a function of route of administration. 

 

 

Most Frequently Purchased Product(s) 

Examining purchasing history across all patients is very complex. For example, patients may 
experiment with different products as they explore what works best for them, and some may 
establish a pattern of using more than one product. Additionally, those using more than one 
product do not always purchase all of those products at each purchasing transaction. As a first 
approach to assessing routine use of products, we report here the product(s) most frequently 
purchased by each patient. Table 5.1 shows the product(s) that were identified as the most 
frequently purchased by patients (indicated by “X”), as well as the percentage of patients it 
represents from the 1529 patients included in this analysis. Additionally, the table displays the 
average daily THC and CBD dose across patients for the product(s) purchased most frequently 
based on THC/CBD content information (provided by the medical cannabis manufacturers) as 
well as pharmacist-entered information regarding the length of time the product supply should 
last. Omitted from display in Table 5.1 are cases where two or less people had the same 
combination of most frequently purchased product(s)—this was done for ease of 
interpretation, as some of those cases seemed to be indicative of a wider range of 
experimentation across multiple products and/or indicative of patients with a shorter 
purchasing history. 
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Table 5.1 shows that roughly 72% of all patients most frequently purchased a single product 
that falls under 1) a specific THC:CBD ratio and 2) is intended for a particular route of 
administration (note the rows that have a single “X” in Table 5.1). Roughly a quarter of all 
patients most frequently purchased a very high THC to CBD product intended for vaporization 
followed by relatively similar numbers of patients most frequently purchasing a single, 
balanced-enteral product or a single, high CBD:THC-enteral product (respectively 12.6% and 
13.7%). For patients most frequently purchasing two or more products an equal number of 
times, the most common combination was for an enteral-balanced product and an inhaled-very 
high THC:CBD product, accounting for 3% of all patients.  

While the subsequent portions of this section will be devoted to stratifying routine product use 
by qualifying condition, the following statement should be made: the method for determining 
routine product use in this report (most frequently purchased) is relatively simple and, 
therefore, poses limitations for understanding the complexities in medication usage. Future 
endeavors will include a further discussion and potential refinement in methodology to better 
capture medical cannabis use in program participants
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Table 5.1. Product(s) most frequently purchased by each patient (out of 1529 patients), along with average daily THC/CBD dose (mg). 
Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

% of 
Patients 

out of 
1529 (n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

          X                   25.4 (389) 83.2 mg / 0.4 mg 

      X                       13.7 (209) 8.5 mg / 174.2 mg 

    X                         12.6 (193) 38.8 mg / 29.7 mg 

              X               5.8 (88) 39.5 mg / 17.2 mg 

X                             5.0 (77) 70.8 mg / 0.3 mg 

                    X         4.3 (66) 39.8 mg / 0.2 mg 

    X     X                   3.0 (46) 99.2 mg / 47.5 mg 

          X   X               2.7 (41) 84.9 mg / 14.0 mg 

X         X                   2.4 (36) 69.5 mg / 0.4 mg 

                        X     2.2 (34) 46.3 mg / 33.0 mg 

    X         X               2.1 (32) 44.0 mg / 26.5 mg 

X   X                         1.4 (21) 48.0 mg / 15.0 mg 

        X                     1.3 (20) 6.9 mg / 1225.3 mg 

    X               X         1.2 (19) 82.5 mg / 30.8 mg 

          X         X         1.2 (18) 91.3 mg / 0.5 mg 

                          X   1.2 (18) 2.9 mg / 121.6 mg 

X                   X         1.0 (15) 46.8 mg / 0.2 mg 

X   X         X               0.9 (14) 65.6 mg / 18.2 mg 

X   X     X   X               0.7 (11) 164.8 mg / 54.1 mg 

X   X     X                   0.7 (10) 137.0 mg / 21.9 mg 

    X     X   X               0.6 (9) 838.8 mg / 211.5 mg 

            X                 0.6 (9) 963.5 mg / 56.7 mg 

    X X                       0.5 (8) 18.4 mg / 121.9 mg 

X         X         X         0.5 (7) 119.6 mg / 0.6 mg 

  X                           0.5 (7) 873.5 mg / 19.2 mg 

    X X       X               0.4 (6) 37.0 mg / 105.6 mg 

      X X                     0.3 (5) 10.9 mg / 539.0 mg 

      X   X                   0.3 (5) 56.8 mg / 224.2 mg 

      X       X               0.3 (5) 66.7 mg / 663.6 mg 

          X X                 0.3 (5) 205.7 mg / 8.8 mg 

                    X   X     0.3 (5) 46.6 mg / 10.4 mg 

    X                   X     0.3 (4) 63.9 mg / 45.8 mg 

      X             X         0.3 (4) 32.3 mg / 78.8 mg 
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Table 5.1 Continued. Product(s) most frequently purchased by each patient (out of 1529 patients), along with average daily THC/CBD dose (mg). 
Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

% of 
Patients 
out of 

1529 (n) 

Avg Daily THC Use 
(mg) / Avg Daily CBD 

Use (mg) 

X   X X                       0.2 (3) 110.4 mg / 125.2 mg 

X   X               X         0.2 (3) 54.1 mg / 8.7 mg 

X         X   X               0.2 (3) 122.7 mg / 25.1 mg 

  X X     X                   0.2 (3) 94.4 mg / 11.3 mg 

              X         X     0.2 (3) 52.2 mg / 23.4 mg 

              X           X   0.2 (3) 30.5 mg / 133.2 mg 

                        X X   0.2 (3) 31.5 mg / 134.4 mg 
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Severe and Persistent Muscle Spasm Patients 

Of the 1529 patients represented in this analysis, 44.3% (677) of them were certified as having 
Severe and Persistent Muscle Spasms, including those Characteristic of Multiple Sclerosis. Table 
5.2 shows the product(s) that were identified as the most frequently purchased by muscle 
spasm patients (indicated by “X”), as well as the percentage of patients it represents from the 
677 patients included in this analysis.  

The most frequently purchased product for the majority of patients (70.2%) was a single 
product with a specific THC:CBD ratio and route of administration. The most common product 
purchased was a very high THC:CBD-inhaled product (32.3% of all patients) followed by a 
balanced-enteral and balanced-inhaled product (16.7% and 7.2%, respectively). For patients 
who purchased multiple products most frequently an equal number of times, the most 
common combination purchased was for a very high THC:CBD-inhaled product and a balanced-
enteral product, accounting for 4.3% of all patients.
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Table 5.2. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily THC/CBD dose 
(mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 677 
(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

          X                   32.3 (219) 95.2 mg / 0.4 mg 

    X                         16.7 (113) 37.8 mg / 31.4 mg 

              X               7.2 (49) 34.1 mg / 16.9 mg 

X                             5.3 (36) 69.0 mg / 0.3 mg 

    X     X                   4.3 (29) 115.7 mg / 64.8 mg 

          X   X               4.0 (27) 89.2 mg / 15.0 mg 

      X                       2.8 (19) 9.9 mg / 190.1 mg 

                    X         2.8 (19) 41.0 mg / 0.2 mg 

    X         X               2.4 (16) 46.3 mg / 27.9 mg 

X         X                   1.9 (13) 72.9 mg / 0.4 mg 

                        X     1.9 (13) 19.7 mg / 14.2 mg 

X   X                         1.5 (10) 57.0 mg / 18.4 mg 

X   X     X                   1.0 (7) 167.3 mg / 24.2 mg 

X   X         X               1.0 (7) 67.2 mg / 18.3 mg 

    X               X         1.0 (7) 60.0 mg / 23.8 mg 

X   X     X   X               0.9 (6) 219.9 mg / 77.3 mg 

    X X                       0.7 (5) 16.8 mg / 102.8 mg 

    X     X   X               0.7 (5) 1449.9 mg / 370.4 mg 

            X                 0.7 (5) 150.9 mg / 8.9 mg 

          X         X         0.6 (4) 111.8 mg / 0.6 mg 

X                   X         0.4 (3) 54.9 mg / 0.2 mg 

    X X       X               0.4 (3) 50.7 mg / 121.2 mg 

  X       X                   0.3 (2) 170.3 mg / 4.5 mg 

      X   X                   0.3 (2) 56.3 mg / 90.6 mg 

      X       X               0.3 (2) 30.3 mg / 80.0 mg 

          X X                 0.3 (2) 184.2 mg / 7.9 mg 

                    X   X     0.3 (2) 39.7 mg / 15.1 mg 

X   X X                       0.3 (2) 38.1 mg / 89.9 mg 

X         X         X         0.3 (2) 193.1 mg / 1.0 mg 

X   X     X         X         0.3 (2) 107.6 mg / 14.2 mg 
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Table 5.2 Continued. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily 
THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 677 
(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

  X                           0.1 (1) 166.7 mg / 15.7 mg 

        X                     0.1 (1) 1.0 mg / 182.6 mg 

X             X               0.1 (1) 131.4 mg / 18.2 mg 

    X   X                     0.1 (1) 10.1 mg / 205.5 mg 

    X       X                 0.1 (1) 80.7 mg / 24.3 mg 

    X                   X     0.1 (1) 37.4 mg / 37.4 mg 

    X                     X   0.1 (1) 12.8 mg / 153.4 mg 

      X             X         0.1 (1) 16.2 mg / 40.0 mg 

      X                 X     0.1 (1) 153.9 mg / 919.7 mg 

      X                   X   0.1 (1) 33.9 mg / 644.0 mg 

          X               X   0.1 (1) 88.5 mg / 99.2 mg 

              X         X     0.1 (1) 59.0 mg / 41.0 mg 

              X           X   0.1 (1) 34.2 mg / 67.2 mg 

                        X X   0.1 (1) 39.7 mg / 146.9 mg 

X X X                         0.1 (1) 65.8 mg / 8.0 mg 

X X     X                     0.1 (1) 106.1 mg / 201.4 mg 

X X       X                   0.1 (1) 111.3 mg / 6.1 mg 

X     X   X                   0.1 (1) 113.8 mg / 47.7 mg 

X         X   X               0.1 (1) 118.8 mg / 36.9 mg 

  X       X   X               0.1 (1) 146.1 mg / 18.2 mg 

    X X             X         0.1 (1) 42.3 mg / 113.4 mg 

    X X                 X     0.1 (1) 107.4 mg / 108.7 mg 

    X     X         X         0.1 (1) 138.5 mg / 43.4 mg 

    X     X             X     0.1 (1) 86.4 mg / 44.6 mg 

    X         X     X         0.1 (1) 76.5 mg / 32.6 mg 

    X               X   X     0.1 (1) 81.1 mg / 51.2 mg 

      X X     X               0.1 (1) 34.7 mg / 302.1 mg 

      X   X   X               0.1 (1) 91.7 mg / 742.3 mg 

          X   X     X         0.1 (1) 314.3 mg / 25.7 mg 

          X   X         X     0.1 (1) 232.5 mg / 127.7 mg 
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Table 5.2 Continued. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily 
THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 677 
(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

          X   X           X   0.1 (1) 117.1 mg / 112.0 mg 

          X         X     X   0.1 (1) 88.3 mg / 47.9 mg 

X   X X       X               0.1 (1) 44.7 mg / 117.0 mg 

  X X     X   X               0.1 (1) 121.6 mg / 31.4 mg 

    X X   X   X               0.1 (1) 70.4 mg / 111.2 mg 

    X X       X         X     0.1 (1) 53.1 mg / 129.1 mg 

    X     X   X     X         0.1 (1) 138.2 mg / 21.4 mg 

    X       X X         X     0.1 (1) 258.3 mg / 98.3 mg 

      X X X         X         0.1 (1) 692.0 mg / 248.8 mg 

X   X X X     X               0.1 (1) 86.0 mg / 6117.0 mg 

X   X     X   X     X         0.1 (1) 135.6 mg / 10.6 mg 

    X X       X     X   X     0.1 (1) 65.8 mg / 69.9 mg 

X   X X X X   X               0.1 (1) 139.1 mg / 304.6 mg 

X   X     X X X     X         0.1 (1) 303.9 mg / 27.8 mg 

    X X   X X           X X   0.1 (1) 189.7 mg / 130.6 mg 

    X X   X   X     X   X     0.1 (1) 161.6 mg / 848.6 mg 
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Cancer Patients 

Of the 1529 patients represented in this analysis, 26.6% (406) of them were certified for 
Cancer. Table 5.3 shows the product(s) that were identified as the most frequently purchased 
by cancer patients (indicated by “X”), as well as the percentage of patients it represents from 
the 406 patients included in this analysis.  

The majority of patients (61.6%) most frequently purchased a single product with a specific 
THC:CBD ratio and route of administration. Most commonly purchased products were a very 
high THC:CBD-inhaled product (23.9% of all patients) followed by a balanced-enteral and very 
high THC:CBD-oromucosal product (10.3% and 9.6%, respectively). For patients who purchased 
multiple products most frequently an equal number of times, the most common combination 
purchased was for a very high THC:CBD product – one for enteral administration and one for 
inhalation (accounted for 5.4% of all patients).
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Table 5.3. Product(s) most frequently purchased by each cancer patient (out of 406 patients), along with average daily THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 406 
(n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

          X                   23.9 (97) 81.4 mg / 0.4 mg 

    X                         10.3 (42) 46.4 mg / 28.4 mg 

                    X         9.6 (39) 37.3 mg / 0.2 mg 

X                             5.9 (24) 108.0 mg / 0.5 mg 

X         X                   5.4 (22) 62.9 mg / 0.4 mg 

              X               3.7 (15) 69.2 mg / 22.6 mg 

          X         X         3.2 (13) 87.0 mg / 0.4 mg 

    X         X               3.0 (12) 37.7 mg / 21.9 mg 

                        X     2.7 (11) 58.5 mg / 54.2 mg 

    X     X                   2.7 (11) 70.6 mg / 17.3 mg 

      X                       2.5 (10) 9.6 mg / 239.3 mg 

X                   X         2.2 (9) 45.5 mg / 0.2 mg 

    X               X         2.2 (9) 111.8 mg / 39.0 mg 

          X   X               1.7 (7) 68.7 mg / 13.7 mg 

X   X         X               1.7 (7) 82.8 mg / 22.8 mg 

        X                     1.5 (6) 3.8 mg / 666.5 mg 

X   X                         1.5 (6) 47.6 mg / 9.5 mg 

X         X         X         1.2 (5) 90.3 mg / 0.5 mg 

  X                           1.0 (4) 28.6 mg / 5.4 mg 

X   X     X   X               1.0 (4) 102.0 mg / 25.3 mg 

    X                   X     0.7 (3) 72.7 mg / 48.6 mg 

                    X   X     0.7 (3) 51.2 mg / 7.2 mg 

X   X     X                   0.7 (3) 64.4 mg / 11.3 mg 

X   X               X         0.7 (3) 54.1 mg / 8.7 mg 

  X X     X                   0.7 (3) 94.4 mg / 11.3 mg 

    X X       X               0.7 (3) 24.2 mg / 92.5 mg 

    X     X   X               0.7 (3) 80.9 mg / 13.3 mg 

            X                 0.5 (2) 3812.7 mg / 224.3 mg 

    X X                       0.5 (2) 20.1 mg / 200.4 mg 

      X             X         0.5 (2) 43.0 mg / 97.6 mg 

          X X                 0.5 (2) 227.9 mg / 10.4 mg 

              X         X     0.5 (2) 48.8 mg / 14.5 mg 
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Table 5.3 Continued. Product(s) most frequently purchased by each cancer patient (out of 406 patients), along with average daily THC/CBD dose 
(mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 406 
(n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

                          X   0.2 (1) 3.4 mg / 64.8 mg 

X     X                       0.2 (1) 33.1 mg / 150.1 mg 

X                       X     0.2 (1) 18.7 mg / 8.8 mg 

  X X                         0.2 (1) 181.3 mg / 35.6 mg 

  X   X                       0.2 (1) 282.1 mg / 525.9 mg 

      X   X                   0.2 (1) 47.6 mg / 150.2 mg 

          X             X     0.2 (1) 97.9 mg / 31.4 mg 

          X               X   0.2 (1) 60.8 mg / 117.1 mg 

                        X X   0.2 (1) 32.7 mg / 135.4 mg 

X X     X                     0.2 (1) 106.1 mg / 201.4 mg 

X   X X                       0.2 (1) 13.0 mg / 49.5 mg 

X         X   X               0.2 (1) 185.0 mg / 20.5 mg 

X         X             X     0.2 (1) 94.5 mg / 24.7 mg 

    X     X         X         0.2 (1) 125.6 mg / 50.4 mg 

          X   X         X     0.2 (1) 232.5 mg / 127.7 mg 

X   X     X X                 0.2 (1) 427.4 mg / 64.7 mg 

      X X X         X         0.2 (1) 692.0 mg / 248.8 mg 

X X X X   X                   0.2 (1) 278.3 mg / 302.9 mg 

X   X X   X         X         0.2 (1) 135.4 mg / 296.4 mg 

    X X X X   X               0.2 (1) 184.5 mg / 237.7 mg 

    X     X   X     X   X     0.2 (1) 128.8 mg / 16.4 mg 

    X     X   X         X X   0.2 (1) 154.6 mg / 139.8 mg 
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Seizure Patients 

Of the 1529 patients represented in this analysis, 19.8% (303) of them were certified for 
Seizures, including those Characteristic of Epilepsy. Table 5.4 shows the product(s) that were 
identified as the most frequently purchased by seizure patients (indicated by “X”), as well as the 
percentage of patients it represents from the 303 patients included in this analysis.  

89.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a high CBD:THC-enteral 
product (59.7% of all patients) followed by a very high THC:CBD-inhaled product and high 
CBD:THC-oromucosal product (7.9% and 5.0%, respectively).    
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Table 5.4. Product(s) most frequently purchased by each seizure patient (out of 303), along with average daily THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High 

THC to 
CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High 

THC to 
CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High 

THC to 
CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 303 
(n) 

Avg Daily THC Use 
(mg) / Avg Daily CBD 

Use (mg) 

      X                       59.7 (181) 8.3 mg / 170.6 mg 

          X                   7.9 (24) 75.2 mg / 0.4 mg 

                          X   5.0 (15) 2.7 mg / 130.4 mg 

    X                         4.6 (14) 31.1 mg / 24.8 mg 

        X                     4.3 (13) 7.9 mg / 1394.4 mg 

              X               3.6 (11) 36.3 mg / 14.7 mg 

                        X     2.0 (6) 96.7 mg / 43.3 mg 

      X X                     1.7 (5) 10.9 mg / 539.0 mg 

X                             1.3 (4) 7.8 mg / 0.0 mg 

      X       X               1.3 (4) 72.7 mg / 815.1 mg 

X   X                         0.7 (2) 46.5 mg / 16.6 mg 

    X X                       0.7 (2) 22.1 mg / 64.1 mg 

    X         X               0.7 (2) 56.7 mg / 46.0 mg 

          X   X               0.7 (2) 151.4 mg / 27.6 mg 

              X           X   0.7 (2) 32.7 mg / 89.4 mg 

X X X X   X                   0.3 (1) 278.3 mg / 302.9 mg 

X   X X                       0.3 (1) 63.2 mg / 130.4 mg 

X   X     X                   0.3 (1) 55.3 mg / 3.2 mg 

X   X         X               0.3 (1) 36.1 mg / 9.7 mg 

X         X   X               0.3 (1) 64.3 mg / 17.7 mg 

    X   X                     0.3 (1) 10.1 mg / 205.5 mg 

    X                     X   0.3 (1) 10.0 mg / 100.0 mg 

      X X                 X   0.3 (1) 16.5 mg / 492.9 mg 

      X   X                   0.3 (1) 75.2 mg / 723.6 mg 

      X                   X   0.3 (1) 33.9 mg / 644.0 mg 

        X     X               0.3 (1) 19.0 mg / 217.9 mg 

          X X                 0.3 (1) 204.3 mg / 7.3 mg 

          X               X   0.3 (1) 88.5 mg / 99.2 mg 

            X                 0.3 (1) 170.0 mg / 10.0 mg 

                    X         0.3 (1) 18.0 mg / 0.1 mg 

                        X X   0.3 (1) 39.7 mg / 146.9 mg 
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Crohn’s Disease Patients 

Of the 1529 patients represented in this analysis, 6.7% (103) of them were certified for Crohn’s 
Disease. Table 5.5 shows the product(s) that were identified as the most frequently purchased 
by Crohn’s patients (indicated by “X”), as well as the percentage of patients it represents from 
the 103 patients included in this analysis.  

71.8% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a very high THC:CBD-inhaled 
product (28.2% of all patients) followed by a balanced-enteral and balanced-inhaled product 
(16.5% and 8.7%, respectively). For patients who purchased multiple products most frequently 
an equal number of times, the most common combination identified was for a balanced-enteral 
product and a very high THC:CBD-inhaled product, accounting for 4.9% of all patients.  
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Table 5.5. Product(s) most frequently purchased by each Crohn’s Disease patient (out of 103 patients), along with average daily THC/CBD dose 
(mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 103 
(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

          X                   28.2 (29) 70.0 mg / 0.4 mg 

    X                         16.5 (17) 31.9 mg / 31.5 mg 

              X               8.7 (9) 28.5 mg / 12.5 mg 

      X                       5.8 (6) 15.6 mg / 297.4 mg 

    X     X                   4.9 (5) 68.9 mg / 16.9 mg 

                    X         3.9 (4) 35.8 mg / 0.2 mg 

            X                 2.9 (3) 153.8 mg / 9.0 mg 

X         X                   2.9 (3) 81.9 mg / 0.6 mg 

X                             1.9 (2) 15.3 mg / 0.0 mg 

                        X     1.9 (2) 21.3 mg / 14.5 mg 

                          X   1.9 (2) 4.4 mg / 83.7 mg 

X   X                         1.9 (2) 27.8 mg / 13.2 mg 

    X         X               1.9 (2) 42.5 mg / 27.9 mg 

          X   X               1.9 (2) 68.5 mg / 7.3 mg 

    X               X         1.0 (1) 31.2 mg / 15.1 mg 

      X   X                   1.0 (1) 48.9 mg / 65.8 mg 

          X         X         1.0 (1) 65.3 mg / 0.4 mg 

X   X     X                   1.0 (1) 64.6 mg / 3.3 mg 

X                   X   X     1.0 (1) 80.0 mg / 25.8 mg 

  X       X   X               1.0 (1) 146.1 mg / 18.2 mg 

    X X       X               1.0 (1) 27.5 mg / 57.5 mg 

    X     X   X               1.0 (1) 57.0 mg / 11.6 mg 

    X         X         X     1.0 (1) 137.5 mg / 87.5 mg 

          X   X         X     1.0 (1) 112.1 mg / 35.9 mg 

  X X X   X                   1.0 (1) 112.6 mg / 47.1 mg 

    X X   X   X               1.0 (1) 97.8 mg / 109.5 mg 

    X       X X         X     1.0 (1) 258.3 mg / 98.3 mg 

X   X X X     X               1.0 (1) 86.0 mg / 6117.0 mg 

X   X     X   X     X   X     1.0 (1) 299.4 mg / 152.0 mg 
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Terminal Illness Patients 

Of the 1529 patients represented in this analysis, 5.4% (82) of them were certified for Terminal 
Illness. Table 5.6 shows the product(s) that were identified as the most frequently purchased by 
terminal illness patients (indicated by “X”), as well as the percentage of patients it represents 
from the 82 patients included in this analysis.  

68.3% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a very high THC:CBD-inhaled 
product (26.8% of all patients) followed by a balanced-enteral and balanced-oromucosal 
product (both respectively accounting for 8.5% of all patients). For patients who purchased 
multiple products most frequently an equal number of times, the most common combination 
identified was for a very high THC:CBD product – one for enteral administration and the other 
for oromucosal absorption (accounted for 3.7% of all patients).   
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Table 5.6. Product(s) most frequently purchased by each terminal illness patient (out of 82 patients), along with average daily THC/CBD dose 
(mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 
out of 82 

(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

          X                   26.8 (22) 62.7 mg / 0.4 mg 

    X                         8.5 (7) 18.9 mg / 18.9 mg 

                        X     8.5 (7) 24.5 mg / 20.0 mg 

                    X         7.3 (6) 36.5 mg / 0.1 mg 

X                             6.1 (5) 17.2 mg / 0.0 mg 

      X                       6.1 (5) 9.8 mg / 188.2 mg 

X                   X         3.7 (3) 46.1 mg / 0.1 mg 

    X         X               3.7 (3) 47.5 mg / 28.2 mg 

            X                 2.4 (2) 3812.7 mg / 224.3 mg 

X         X                   2.4 (2) 57.5 mg / 0.4 mg 

    X     X                   2.4 (2) 43.0 mg / 2.9 mg 

          X         X         2.4 (2) 123.3 mg / 0.5 mg 

X   X         X               2.4 (2) 104.5 mg / 25.7 mg 

        X                     1.2 (1) 5.2 mg / 925.0 mg 

              X               1.2 (1) 36.4 mg / 9.1 mg 

X   X                         1.2 (1) 10.0 mg / 5.0 mg 

  X X                         1.2 (1) 37.5 mg / 8.1 mg 

    X X                       1.2 (1) 30.6 mg / 293.4 mg 

          X   X               1.2 (1) 23.9 mg / 8.8 mg 

          X               X   1.2 (1) 60.8 mg / 117.1 mg 

              X     X         1.2 (1) 108.5 mg / 11.1 mg 

X   X     X                   1.2 (1) 66.0 mg / 20.3 mg 

X         X         X         1.2 (1) 79.6 mg / 0.4 mg 

    X     X   X               1.2 (1) 98.0 mg / 17.9 mg 

      X X X         X         1.2 (1) 692.0 mg / 248.8 mg 

X   X X   X         X         1.2 (1) 135.4 mg / 296.4 mg 

    X     X   X     X   X     1.2 (1) 128.8 mg / 16.4 mg 
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HIV/AIDS Patients 

Of the 1529 patients represented in this analysis, 3.2% (49) of them were certified for Human 
Immunodeficiency Virus and/or Acquired Immune Deficiency Syndrome (HIV/AIDS). Table 5.7 
shows the product(s) that were identified as the most frequently purchased by HIV/AIDS 
patients (indicated by “X”), as well as the percentage of patients it represents from the 49 
patients included in this analysis.  

75.5% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a very high THC:CBD-inhaled 
product (51.0% of all patients) followed by a balanced-enteral product (12.2% of patients). For 
patients who purchased multiple products most frequently an equal number of times, the most 
common combination identified was for two inhaled products – one of a very high THC:CBD 
ratio and the other a balanced THC:CBD ratio (accounted for 10.2% of all patients).    
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Table 5.7. Product(s) most frequently purchased by each HIV/AIDS patient (out of 49 patients), along with average daily THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very High 
THC to 

CBD 
High THC 

to CBD Balanced 

Very High 
THC to 

CBD 
High THC 

to CBD Balanced 

Very High 
THC to 

CBD 
High THC 

to CBD Balanced 
% of Patients out 

of 49 (n) 
Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

      X           51.0 (25) 93.4 mg / 0.6 mg 

    X             12.2 (6) 45.4 mg / 35.9 mg 

      X   X       10.2 (5) 76.8 mg / 13.7 mg 

X                 6.1 (3) 13.4 mg / 0.1 mg 

          X       6.1 (3) 30.0 mg / 18.7 mg 

    X X           4.1 (2) 61.3 mg / 16.1 mg 

X   X             2.0 (1) 20.0 mg / 15.0 mg 

X           X     2.0 (1) 38.4 mg / 0.1 mg 

    X     X       2.0 (1) 70.0 mg / 40.0 mg 

    X       X     2.0 (1) 53.3 mg / 20.1 mg 

      X X         2.0 (1) 135.0 mg / 5.3 mg 
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Tourette Syndrome Patients 

Of the 1529 patients represented in this analysis, 1.9% (29) of them were certified for Tourette 
Syndrome. Table 5.8 shows the product(s) that were identified as the most frequently 
purchased by Tourette Syndrome patients (indicated by “X”), as well as the percentage of 
patients it represents from the 29 patients included in this analysis.  

93.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a balanced-enteral product 
(20.7% of all patients) followed by a very high THC:CBD-inhaled product and a very high 
THC:CBD-oromucosal product (respectively at 20.7% and 13.8% of all patients).  
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Table 5.8. Product(s) most frequently purchased by each Tourette Syndrome patient (out of 29 patients), along with average daily THC/CBD 
dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of Patients 
out of 29 (n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

    X                         20.7 (6) 37.4 mg / 20.3 mg 

          X                   20.7 (6) 78.4 mg / 0.3 mg 

                    X         13.8 (4) 52.0 mg / 0.2 mg 

X                             10.3 (3) 21.2 mg / 0.1 mg 

              X               10.3 (3) 51.8 mg / 20.1 mg 

      X                       6.9 (2) 33.4 mg / 633.7 mg 

X   X     X   X               3.4 (1) 85.0 mg / 30.3 mg 

  X                 X         3.4 (1) 178.6 mg / 10.0 mg 

  X                           3.4 (1) 5812.5 mg / 93.0 mg 

        X                     3.4 (1) 13.4 mg / 2378.6 mg 

                        X     3.4 (1) 24.2 mg / 24.2 mg 
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Glaucoma Patients 

Of the 1529 patients represented in this analysis, 1.5% (23) of them were certified for 
Glaucoma. Table 5.9 shows the product(s) that were identified as the most frequently 
purchased by glaucoma patients (indicated by “X”), as well as the percentage of patients it 
represents from the 23 patients included in this analysis.  

56.5% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a very high THC:CBD-inhaled 
product (21.7% of all patients) followed by a very high THC:CBD-enteral product and a 
balanced-enteral product (respectively at 17.4% and 13.0% of all patients). 
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Table 5.9. Product(s) most frequently purchased by each glaucoma patient (out of 23 patients), along with average daily THC/CBD 
dose (mg). 

Enteral Inhalation Oromucosal     

Very High 
THC to 

CBD Balanced 
High CBD 

to THC 

Very High 
THC to 

CBD Balanced 
High CBD 

to THC 

Very High 
THC to 

CBD Balanced 
High CBD 

to THC 
% of Patients 
out of 23 (n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

      X           21.7 (5) 60.1 mg / 0.4 mg 

X                 17.4 (4) 54.5 mg / 0.3 mg 

  X               13.0 (3) 7.1 mg / 3.2 mg 

X X               8.7 (2) 111.8 mg / 21.9 mg 

      X X         8.7 (2) 99.2 mg / 22.6 mg 

X X X             4.3 (1) 255.0 mg / 195.8 mg 

X           X X   4.3 (1) 71.1 mg / 31.3 mg 

X           X     4.3 (1) 61.7 mg / 0.3 mg 

  X X       X     4.3 (1) 42.3 mg / 113.4 mg 

  X     X         4.3 (1) 32.0 mg / 8.0 mg 

      X X   X     4.3 (1) 115.9 mg / 31.6 mg 

        X         4.3 (1) 40.0 mg / 10.0 mg 
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ALS Patients 

Of the 1529 patients represented in this analysis, 1.4% (21) of them were certified for 
Amyotrophic Lateral Sclerosis (ALS). Table 5.10 shows the product(s) that were identified as the 
most frequently purchased by ALS patients (indicated by “X”), as well as the percentage of 
patients it represents from the 21 patients included in this analysis.  

57.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used product was a very high THC:CBD-inhaled 
product (14.3% of all patients). 
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Table 5.10. Product(s) most frequently purchased by each ALS patient (out of 21 patients), along with average daily THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 
High THC 

to CBD Balanced 

High 
CBD to 

THC 

Very 
High THC 

to CBD 
High THC 

to CBD Balanced 

High 
CBD to 

THC 

Very 
High THC 

to CBD 
High THC 

to CBD Balanced 

High 
CBD to 

THC 
% of Patients out 

of 21 (n) 
Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

        X               14.3 (3) 44.8 mg / 0.3 mg 

    X           X       9.5 (2) 54.9 mg / 26.6 mg 

    X                   9.5 (2) 16.1 mg / 7.5 mg 

            X           9.5 (2) 25.6 mg / 18.1 mg 

                X       9.5 (2) 29.8 mg / 0.1 mg 

X               X       4.8 (1) 40.0 mg / 0.1 mg 

X                       4.8 (1) 16.0 mg / 0.0 mg 

  X X   X X X           4.8 (1) 205.5 mg / 24.4 mg 

  X                     4.8 (1) 20.8 mg / 3.9 mg 

    X           X   X   4.8 (1) 81.1 mg / 51.2 mg 

      X         X       4.8 (1) 27.1 mg / 80.1 mg 

        X           X   4.8 (1) 101.2 mg / 8.7 mg 

            X         X 4.8 (1) 26.1 mg / 220.8 mg 

                    X X 4.8 (1) 22.2 mg / 120.8 mg 

                    X   4.8 (1) 28.4 mg / 28.4 mg 
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Medical Cannabis Use Patterns: Conclusions 

To establish medication use patterns in program participants, a total of 16,238 product 
transactions were analyzed from 1529 patients in the 1st program year cohort. When product 
transactions were examined by each product’s intended route of administration and THC:CBD 
content, the following patterns emerged. Firstly, roughly 90% of all products were purchased 
for enteral administration (through mouth via capsules or oral solutions) and inhalation 
(vaporized oil). Secondly, approximately 50% of all product transactions were for products very 
high in THC relative to CBD followed by balanced THC:CBD products (~30%) and high CBD:THC 
products (~15%). Very high THC:CBD products were most commonly purchased for inhalation or 
oromucosal absorption, while balanced and high CBD:THC products were most commonly used 
for enteral administration.  

For this report, the most frequently purchased product(s) were identified for each patient as 
one method for understanding routine purchasing patterns. 72.5% of all patients most 
frequently purchased one type of product, with the most frequently purchased single product 
being a very high THC:CBD-inhaled product followed by a high CBD:THC-enteral and balanced-
enteral product. For specific differences in the most frequently purchased products among 
qualifying conditions, the reader is encouraged to refer back to those specific sections.  
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6. Benefits 

Summary 

Information on patient benefits comes from the Patient Self-Evaluation (PSE) completed by 
patients prior to each medical cannabis purchase and from patient and health care practitioner 
surveys.  Results of analysis of PSE and survey data indicate perceptions of a high degree of 
benefit for most patients. 

Patients responded to a survey question asking them how much benefit they believe they 
received from using medical cannabis on a scale from 1 (no benefit) to 7 (great deal of benefit).  
Across all patients 64% indicated a benefit rating of 6 or 7 and this degree of benefit was 
indicated by at least half of the patients with each medical condition (see Table 6.1). A small but 
important proportion of patients indicated little or no benefit: 9% gave a rating of 1, 2, or 3. 
When patients were asked what the most important benefit was for them, two-thirds indicated 
a reduction in symptoms directly related to their qualifying medical condition and most of the 
remainder indicated more general quality of life benefits.  

An important part of this report is the verbatim comments written by patients, and the reader 
is encouraged to review these comments in Appendix A: Patient-Reported Benefits from 
Surveys.  Examples of these comments include: 

 “Almost all muscle spasm and pain associated with spasms are gone. I used to have 

constant nerve triggered pain that is minimal now. Results were almost immediate. I am 

sleeping way better now also.” 

 “[NAME] has passed away. I am her daughter and was her care giver. She was open to 

trying medical cannabis and we got the liquid form. It was a saving grace. She was in a 

lot of pain and when prescribed medications did NOT work – we started this and it kept 

her calm and relaxed. I am very thankful that we were able to have this option available. 

It helped to make her last months more bearable and truly it would have been 

miserable without it.” 

 “I am getting enough sleep for the first time since about 2011. My absence seizures 

have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal 

seizures. The recovery time after has gone from around 12 hours to around 4.” 

 “At first it helped a lot but my seizures have returned.” 

 “Spasms – only a little better.” 
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Table 6.1. Patient-perceived benefit (n=792). 

  
No 

Response 1 2 or 3 4 or 5 6 or 7 

All Patients 4% 4% 5% 23% 64% 

Muscle Spasms 2% 3% 3% 22% 69% 

Cancer 5% 5% 6% 21% 64% 

Seizures 5% 5% 9% 29% 51% 

Crohn's Disease 0% 2% 5% 22% 71% 

Terminal Illness 11% 3% 3% 13% 71% 

HIV/AIDS 4% 0% 8% 8% 79% 

Tourette 
Syndrome 6% 0% 0% 25% 69% 

Glaucoma 23% 8% 0% 0% 69% 

ALS 9% 9% 0% 18% 64% 

Patient responses about degree of benefit experienced: 1=no benefit; 7=great deal of benefit. 

 

Health care practitioners were somewhat more conservative in assessment of benefit to their 
patients. Across all the benefit ratings by health care practitioners, 38% indicated a rating of 6 
or 7 and 23% indicated little or no benefit (rating of 1, 2, or 3). Similarity in benefit assessment 
between health care practitioners and patients appears to vary by medical condition, with 
highest discrepancy among seizure patients. Descriptive comments suggest at least part of the 
difference is driven by perspective of what constitutes benefit.  The patients cite quality of life 
benefits more often than the health care practitioners, who appear to focus more on objective 
measures such as seizure counts. 

The symptom scores provided in the Patient Self-Evaluation data have the advantage of 
completeness, since they are required prior to each medical cannabis purchase. In this report a 
reduction of ≥30% was applied to most symptoms to indicate clinically meaningful symptom 
reduction. In the text of the report, we present results for the more conservative of the two 
methods used to calculate ≥30% symptom reduction. However, Appendix D: Symptom Results 
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from the Patient Self-Evaluation shows results for both methods (details can be found in this 
chapter). Results show patterns similar to those in the survey benefits rating, but usually 
somewhat smaller in size. For example, among patients with muscle spasms, weekly muscle 
spasm frequency was reduced ≥30% within the first four months of medical cannabis use in 
48% of patients (see Table 6.2). Importantly, in the four months after first achieving this degree 
of spasm reduction, more than half the patients retained this degree of improvement. That is, 
of all patients with muscle spasms, 48% achieved ≥30% reduction in spasm frequency and 28% 
both achieved that degree of improvement and retained it over the next four months. Full 
results for symptom improvement analyses and for persistence of improvements are in 
Appendix D: Symptom Results from the Patient Self-Evaluation. Results for selected symptoms 
are presented in Table 6.2. For most symptoms, between half and two-thirds of patients who 
achieve clinically meaningful improvement retained that degree of improvement over the next 
four months.  

Examples of proportion of patients achieving and retaining ≥30% symptom reduction include: 

 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% 
both achieved that level of reduction and retained it, on average, for at least four 
months 

 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency 
and 46% both achieved that level of reduction and retained it, on average, for at least 
four months 

 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid 
stools per day and 29% both achieved that level of reduction and retained it, on 
average, for at least four months 

 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in 
spasm frequency and 28% both achieved that level of reduction and retained it, on 
average, for at least four months 

 Among cancer patients with at least moderate levels of nausea when they started using 
medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that 
level of reduction and retained it, on average, for at least four months 

 Among cancer patients with at least moderate levels of pain when they started using 
medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that 
level of reduction and retained it, on average, for at least four months 

Moderate to severe levels of non-disease-specific symptoms such as fatigue, anxiety, and sleep 
difficulties were common across all the medical conditions.  And the reductions in these 
symptoms was often quite large. These findings support the understanding that some of the 
benefit perceived by patients is expressed as improved quality of life. 

The type(s) of medical cannabis used at the time patients achieved clinically meaningful 
improvement was analyzed for each symptom assessed within each category of medical 
condition.  Full results of those analyses are in Appendix D: Symptom Results from the Patient 
Self-Evaluation and summaries are presented in this chapter. In most cases, a few combinations 
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of product types were purchased more frequently than others when analyzing data by patient 
condition
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Table 6.2 Symptom improvement for selected symptoms. Note: for spasticity, pain, appetite, nausea, 

and vomiting the analysis was conducted on patients with moderate to severe symptoms at baseline.  

  

% of Patients who Achieved 
Threshold Symptom Improvement 

(≥30% Improvement Unless 
Otherwise Noted) 

% of All Patients that Both Achieved 
Threshold Symptom Improvement 

and Retained that Degree of 
Improvement for at Least 4 Months 

MUSCLE SPASMS     

  Weekly spasm frequency (n = 629) 48% 28% 

  Spasticity (n = 618) 36% 17% 

  Pain (n = 640) 34% 17% 

CANCER     

  Pain (n = 356) 29% 12% 

  Appetite (n = 321) 39% 22% 

  Nausea (n = 283) 38% 23% 

  Vomiting (n = 168) 48% 27% 

SEIZURES     

  Weekly seizure frequency (n = 262) 68% 49% 

CROHN'S DISEASE     

  # Liquid stools/day (n = 41) 51% 29% 

  Abdominal pain (details in text; n = 73) 53% 19% 

  General well-being (details in text; n = 15) 47% 13% 

  Measures Combined (details in text; n = 102) 51% 22% 

  Weight (≥ 3 pound gain; n = 102) 21% 12% 

TERMINAL ILLNESS     

  Pain (n = 72) 19% 10% 

  Appetite (n = 64) 38% 17% 

  Nausea (n = 56) 45% 29% 

  Vomiting (n = 35) 57% 29% 

HIV/AIDS     

  Pain (n = 45) 40% 20% 

  Appetite (n = 39) 49% 31% 

  Weight (≥ 3 pound gain; n = 48) 15% 6% 

TOURETTE SYNDROME     

  Weekly tic frequency (n = 28) 61% 46% 

GLAUCOMA (see text)     

ALS     

  Weekly spasm frequency (n = 18) 33% 22% 

  Spasticity (n = 15) 20% 20% 

  Pain (n = 17) 47% 12% 
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Benefits Reported on Surveys 

In addition to collecting data on severity of symptoms related to each patient’s qualifying 
condition or conditions before each medical cannabis purchase, the Office of Medical Cannabis 
sought to gain a qualitative understanding of patient-reported benefits and harms of program 
participation. Utilizing expertise within the Minnesota Department of Health, the Office of 
Medical Cannabis developed a Patient Experience survey, which captures information on 
benefits and harms of program participation.  A parallel survey was developed for each 
patient’s certifying health care practitioner, which captures similar information from the 
clinician’s perspective. The surveys include scaled response and open-response questions; 
health care practitioners were also asked to provide any clinical observations they noted about 
the patient’s experience with medical cannabis. Healthcare providers familiar with the program 
provided feedback as part of the development process. 

Survey Methodology and Data Preparation 

The surveys are provided through an online platform with a hard copy alternative. The Patient 
Experience survey is sent three months after the patient’s first medical cannabis purchase, six 
months after the first purchase and every six months thereafter. Healthcare practitioner 
surveys are sent six months after the patient’s first purchase and every six months thereafter. 
Surveys are accessible through the patient or healthcare practitioner’s registry page and 
through introductory emails containing unique links. To maximize survey submission rates, the 
survey can be submitted with incomplete responses to any of the questions. Each of the 
surveys is available online to the recipient for 45 days. Patient recipients receive reminder 
emails after one week; after two weeks with no response, paper copies of surveys are mailed to 
the recipient.  For patients without online access the full process is accomplished by mail. 

Initially, patient and healthcare practitioners (HCPs) were sent one survey three months after 
the patient’s first purchase, without recurrence. This schedule was revised to include recurring 
surveys roughly every six months to provide patients and their HCPs an opportunity to report 
ongoing progress or changes to the patient’s condition; however the HCP survey sent three 
months after the first purchase was eliminated based on feedback that three months may not 
allow enough time for the provider to see their patient following initial certification. These 
changes were implemented in April 2016; as a result, HCP survey data collected three months 
after the first purchase is only available for the first six months of the program (this includes 
patients who enrolled and made a first purchase between July 1, 2015 and December 31, 2015). 
All survey data presented in this chapter are from the patient and health care practitioner 
surveys sent three months after the patient’s first medical cannabis purchase. 

Patients and their certifying HCPs were asked to report the “most important benefit” and “most 
important negative effect” related to medical cannabis treatment. Survey responses from 
patients and health care practitioners on perceived benefits and perceived negative effects 
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were reported in free-text format; each response was individually reviewed and classified into a 
category of benefit or negative effects. Reported benefits typically included either direct 
improvement of symptoms related to the patient’s qualifying condition or more general 
improvements in health or quality of life, referred to in this report as global health benefits.  
Additionally, many responses included more than one type of benefit; in these cases, the first 
reported benefit was presumed to be the most important benefit. In this report, we examine 
both overall perceptions of benefit, as well as type of reported benefit.  

Patient Experience Survey Results 

Patient Experience Survey Response Rate 

Of 1491 patients who were approved and made their first medical cannabis purchase in the first 
year of the program (July 1, 2015- June 30, 2016), 792 patients (53%) submitted a survey three 
months after making the first purchase. As of December 31, 2016, 90 patients (5%) were known 
to be deceased since enrolling in the program. These patients were included in this report, as in 
some cases caregivers or relatives and HCPs completed surveys, reflecting on the patient’s 
experience for the period of time the patient did use medical cannabis. 

Table 6.3. Patient survey response rates by age group.  

  Total 
Patient 

Responses 

0-4 62 17 (53%) 

5-17 129 76 (59%) 

18-24 89 51 (57%) 

25-35 234 132 (56%) 

36-49 355 192 (54%) 

50-64 462 258 (56%) 

65+ 160 66 (41%) 

Total 1491 792 (53%) 
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Table 6.4. Patient total counts and patient response rates by qualifying medical condition. 

  Total Patient Responses 

Muscle Spasms 653 373 (57%) 

Cancer 386 157 (41%) 

Seizures 287 182 (63%) 

Crohn's Disease 99 55 (56%) 

Terminal Illness 79 38 (48%) 

HIV/AIDS 46 24 (52%) 

Tourette Syndrome 28 16 (57%) 

Glaucoma 21 13 (62%) 

ALS 21 11 (52%) 

Table 6.5. Patient survey response rates by race and ethnicity. 

  Total 
Patient 

Responses 

American Indian 37 14 (38%) 

Asian 24 8 (33%) 

Black 86 35 (41%) 

Hawaiian 3 0 (0%) 

White 1249 712 (57%) 

Other 24 9 (38%) 

Hispanic 35 14 (40%) 
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Patient response rates varied across age group, qualifying condition and race and ethnicity 
(Tables 6.3-6.5). Elderly patients (ages 65 and over) had the lowest response rate (41%); 
patients certified for cancer and terminal illness also had low response rates relative to other 
certified condition groups (41% and 48%, respectively). In general, racial and ethnic minorities 
were under-represented in survey responses.  

Patient Perceptions of Benefits from Medical Cannabis 

The Patient Experience and HCP surveys both ask respondents to report how much benefit they 
believe the patient received from using medical cannabis, on a scale from 1 (no benefit) to 7 (a 
great deal of benefit). Figures 6.1-6.10 show the distribution of benefit scores on this scale, as 
reported by patients, for all patients and by patients with each qualifying condition.  

The percentages in Figures 6.1-6.10 are based on the total number of patient responses in each 
condition group and not the number of complete benefit scores for each group (33 patients 
submitted surveys without completing the benefit score question, but were included in the 
denominators). 

ALL QUALIFYING CONDITIONS 

Figure 6.1 below shows all patient responses about degree of benefit experienced. Among 
patient respondents, 43% report the highest degree of benefit from medical cannabis: “a great 
deal of benefit” or a score of 7 on a scale from 1-7. 

Figure 6.1. Patient-Perceived Benefit: All Conditions (N=792). 
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SEVERE AND PERSISTENT MUSCLE SPASMS 

Figure 6.2 shows responses from patients certified for severe and persistent muscle spasms 
regarding degree of benefit experienced. Among respondents, 47% report a score of 7 on a 
scale from 1-7. 

Figure 6.2. Patient-Perceived Benefit: Muscle Spasms (N=373) 
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CANCER 

Figure 6.3 shows responses from patients certified for cancer regarding degree of benefit 
experienced. Among respondents, 41% report a score of 7 on a scale from 1-7. 

Figure 6.3. Patient-Perceived Benefit: Cancer (N=157) 
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SEIZURES 

Figure 6.4 shows responses from patients certified for seizure disorders regarding degree of 
benefit experienced. Among respondents, 34% report a score of 7 on a scale from 1-7. 

Figure 6.4. Patient-Perceived Benefit: Seizures (N=182) 
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CROHN’S DISEASE 

Figure 6.5 shows responses from patients certified for Crohn’s disease regarding degree of 
benefit experienced. Among respondents, 47% report a score of 7 on a scale from 1-7. 

Figure 6.5. Patient-Perceived Benefit: Crohn’s Disease (N=55) 
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TERMINAL ILLNESS 

Figure 6.6 shows responses from patients certified for terminal illness regarding degree of 
benefit experienced. Among respondents, 53% report a score of 7 on a scale from 1-7. 

Figure 6.6. Patient-Perceived Benefit: Terminal Illness (N=38) 
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HIV/AIDS 

Figure 6.7 shows responses from patients certified for HIV/AIDS regarding degree of benefit 
experienced. Among respondents, 63% report a score of 7 on a scale from 1-7. 

Figure 6.7. Patient-Perceived Benefit: HIV/AIDS (N=24) 
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TOURETTE SYNDROME 

Figure 6.8 shows responses from patients certified for Tourette syndrome regarding degree of 
benefit experienced. Among respondents, 38% report a score of 7 on a scale from 1-7. 

Figure 6.8. Patient-Perceived Benefit: Tourette Syndrome (N=16) 
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GLAUCOMA 

Figure 6.9 shows responses from patients certified for glaucoma regarding degree of benefit 
experienced. Among respondents, 62% report a score of 7 on a scale from 1-7. 

Figure 6.9. Patient-Perceived Benefit: Glaucoma (N=13) 
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ALS 

Figure 6.10 shows responses from patients certified for ALS regarding degree of benefit 
experienced. Among respondents, 36% report a score of 7 on a scale from 1-7. 

Figure 6.10. Patient-Perceived Benefit: ALS (N=11) 

 

 

Patient Perceptions of Types of Benefits from Medical 
Cannabis Treatment 

In both the Patient Experience and HCP surveys, patients and their certifying HCPs had an 
opportunity to describe the most significant benefit to the patient that was associated with 
medical cannabis treatment. Each response was reviewed and classified as symptom 
improvement (based on qualifying condition), or global health benefit, which included all health 
benefits not specifically related to the relief of symptoms directly associated with the patient’s 
qualifying medical condition(s). Note that not all completed surveys had a response for this 
question; 86% of the Patient Experience surveys did and 66% of the HCP surveys did.  Among 
the 681 completed Patient Experience survey responses that indicated a most significant 
benefit, 64% classified the benefit as symptom improvement and 25% classified it as a global 
health benefit; the remaining comments regarding benefit were improvement of symptoms 
other than those related to the qualifying condition or global health benefits.  Tabulation of 
those responses is reported below, but the reader is also encouraged to read the verbatim 
responses in Appendix A: Patient-Reported Benefits from Surveys.  Reading the words written 
by the patient gives a more nuanced understanding of the benefits and provides a reminder 
that each of the respondents is an individual person.  The following is a selection of the 
comments, chosen to reflect the full range of benefits perceived: 
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 “Almost all muscle spasms and pain associated with spasms are gone. I used to have 
constant nerve triggered pain that is minimal now. Results were almost immediate. I am 
sleeping way better now also.”  

 “A large reduction in symptoms, allowing me to participate in my daily life without a 
large number of limits my symptoms would place on me – stools decreased from over 8 
a day to about 2 with much less blood and mucous in stools. Pain has reduced to a 
tolerable amount”  

 “[NAME] has passed away. I am her daughter and was her care giver. She was open to 
trying medical cannabis and we got the liquid form. It was a saving grace. She was in a 
lot of pain and when prescribed medications did NOT work – we started this and it kept 
her calm and relaxed. I am very thankful that we were able to have this option available. 
It helped to make her last months more bearable and truly it would have been 
miserable without it.”  

 “Has eased my muscle spasms and cramping. Has helped my visual issues. Has helped 
me to maintain healthy weight. Have been able to sleep much better and have cut other 
pain prescriptions way back. Seems to take pain away enough that I have been more 
active and am able to function on household tasks to a somewhat normal level. My 
brain seems to be working better as well ie. concentration/focusing and remembering.”  

 “I am getting enough sleep for the first time since about 2011. My absence seizures 
have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal 
seizures. The recovery time after has gone from around 12 hours to around 4.”  

    “Within 1 week of use, my tics disappeared and have stayed gone even with 
occasional use. This has never happened previously in my life, so it is very effective.”  

 “At first it helped a lot but my seizures have returned.”  

 “Spasms – only a little better.”  

 

Symptom Improvement from Medical Cannabis Treatment 

Table 6.6 summarizes the reported “most important benefits” which could be considered 
improvement of a symptom related to the patient’s qualifying condition from reports of 
patients, categorized by the benefit score reported by the patient. For patients with severe 
muscle spasms, reports of spasm reduction or pain reduction were considered symptom 
improvement. For patients with cancer (regardless of whether their condition was associated 
with severe/chronic pain, nausea or severe vomiting, cachexia or severe wasting, or a 
combination), pain reduction, nausea and/or vomiting reduction, and weight gain and/or 
appetite improvement were considered symptom improvement. For patients with seizures, 
reports of fewer seizures, less severe seizures, or both, were considered symptom 
improvement. For patients with Crohn’s disease, pain reduction, weight gain and/or appetite 
improvement, and reduction in related symptoms including stool frequency were considered 
symptom improvement. For patients with terminal illnesses (regardless of whether their 
condition was associated with severe/chronic pain, nausea or severe vomiting, cachexia or 
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severe wasting, or a combination), reduction in pain, nausea and/or vomiting and weight gain 
and/or appetite improvement were considered symptom improvement. For patients certified 
for HIV/AIDS, reduction in pain, nausea and/or vomiting, and weight gain and/or appetite 
improvement were considered symptom improvement. In patients with Tourette syndrome, 
reduced tics or specific mention of reduced Tourette symptoms were considered symptom 
improvement. In patients certified for glaucoma, reduction in intraocular pressure or reference 
to treatment of glaucoma “symptoms” was considered symptom improvement. Finally, for 
patients with ALS, reduction in pain or spasms were considered symptom improvement. 

Among patients with severe and persistent muscle spasms, 26% reported pain reduction and 
another 25% reported spasm reduction as the most important benefit. Among seizure patients, 
51% reported seizure reduction (either in frequency or severity). Among cancer patients, 26% 
reported pain reduction as the primary benefit; 25% reported weight gain, appetite 
improvement, or reduced nausea or vomiting. Among Crohn’s disease respondents, 25% 
reported reduced pain, 16% reported reduced severity or frequency of gastrointestinal 
symptoms and 4% reported weight gain or appetite improvement as the primary benefit. 
Among patients with terminal illness, 21% reported reduced nausea or vomiting, 18% reported 
pain reduction and 8% reported weight gain or appetite improvement as the most important 
benefit. Thirty-one percent of glaucoma patient respondents reported reduction of glaucoma-
related symptoms. Among ALS patients, 27% reported pain reduction and 9% reported spasm 
reduction as the most important benefit. Among HIV/AIDS patients, 25% reported reduced 
pain, 17% reported reduced nausea and/or vomiting and 12% reported weight gain or appetite 
improvement as the most important benefit. Finally, among patients with Tourette syndrome, 
63% reported a reduction in tics or other symptoms of Tourette syndrome.  

Table 6.6. Distribution of Symptom Improvement by Condition: Patient Surveys 

  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Muscle Spasms  (n=373) 

Spasm Reduction - - 1 (0%) 
11 

(3%) 
14 

(4%) 
24 

(6%) 
45 (12%) 

95 
(25%) 

Pain Reduction - - 2 (1%) 6 (2%) 
17 

(5%) 
24 

(6%) 
48 (13%) 

97 
(26%) 

Cancer  (n=157) 

Pain Reduction - - - 3 (2%) 9 (6%) 
12 

(8%) 
17 (11%) 

41 
(26%) 
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  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Reduced Nausea/Vomiting - - - 1 (1%) 2 (1%) 2 (1%) 14 (9%) 
19 

(12%) 

Weight Gain/Appetite 
Improvement 

- 1 (1%) - 2 (1%) 1 (1%) 6 10 (6%) 
20 

(13%) 

Seizures (n=182) 

Seizure Reduction 
- 3 (2%) 4 (2%) 9 (5%) 

15 
(8%) 

22 
(11%) 

39 (21%) 
92 

(51%) 

Crohn's Disease (n=55) 

Pain Reduction - - - - 3 (5%)  4 (5%) 7 (13%) 
14 

(25%) 

Reduced Crohn's Symptoms - - - - - 2 (4%) 7 (13%) 
9 

(16%) 

Weight Gain/Appetite 
Improvement 

- - - - 1 (2%) 1 (2%) - 
2 (4%) 

Terminal Illness  (n=38) 

Reduced Nausea/Vomiting - - - 1 (3%) - 1 (3%) 6 (16%) 
8 

(21%) 

Pain Reduction - - - 1 (3%) 1 (3%) - 5 (13%) 
7 

(18%) 

Weight Gain/Appetite 
Improvement 

- - - - - - 3 (8%) 
3 (8%) 

HIV/AIDS  (n=24) 

Pain Reduction - -  1 (4%)  1 (4%) - 
3 

(13%) 
3 (13%) 

6 
(25%) 

Reduced Nausea/Vomiting - - - - - - 
4 (17%) 

4 
(17%) 
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  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Weight Gain/Appetite 
Improvement 

- -  1 (4%) - - - 2 (8%) 
3 

(12%) 

Tourette Syndrome (n=16) 

Reduced Tics/Tourette 
Symptoms 

- - - - 1 (6%) 
4 

(25%) 
5 (31%) 

10 
(63%) 

Glaucoma (n=13) 

Reduced Glaucoma Symptoms 
- - - - - 1 (8%) 3 (23%) 

4 
(31%) 

ALS (n=11) 

Spasm Reduction - - - - -  1 (9%) -  1 (9%) 

Pain Reduction - - - - -  1 (9%) 2 (18%) 
3 

(27%) 

 

Patient Perceptions of Global Health Benefits from Medical 
Cannabis 

Many patients responded to the question regarding “most important benefit” by describing 
benefits not specifically related to the symptoms of their qualifying conditions. These responses 
were reviewed and classified into categories of “global health benefits”- broader benefits which 
impact the patient’s overall health. Global health benefits reported by patients included 
improvement in quality of life, improvement in sleep (whether or not explicitly tied to reduction 
in symptoms related to qualifying condition), improved mobility and/or ability to function or 
perform regular tasks, reduced anxiety or increased calmness, improved alertness and/or 
cognitive functioning, and reduced usage of other medications (often reported as reduction in 
dosage and/or side effects related to use of other medications). Clearly, global health benefits 
may be due to improvements in symptoms specifically related to the qualifying condition, so 
the dividing line between these categories is a bit blurry.   

Table 6.7 shows the number of responses by type of global health benefit, along with the 
associated benefit score reported by the patient.  Overall, 6% of patient respondents reported 
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improved sleep as the most important benefit from medical cannabis; 4% reported improved 
quality of life, 4% reported reduced usage of other medication, 3% reported reduced anxiety, 
and 2% reported improved alertness or cognitive function. 

Table 6.7. Distribution of Global Health Benefits Condition: Patient Surveys 

  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Muscle Spasms (n=373) 

Weight Gain/ Appetite Improvement - - - - 
1 

(0%) 
3 

(1%) 
2 (1%) 

6 (2%) 

Improved Alertness/ Cognitive Functioning - - - - - - 1 (0%) 1 (0%) 

Improved Quality of Life - - 
2 

(1%) 
1 

(0%) 
1 

(0%) 
3 

(1%) 
10 (3%) 

17 
(5%) 

Improved Sleep - 
1 

(0%) 
- 

5 
(1%) 

7 
4 

(1%) 
8 (2%) 

25 
(7%) 

Improved Mobility/Ability to Function - 
1 

(0%) 
- - - 

1 
(0%) 

10 (3%) 
12 

(3%) 

Decreased Anxiety - 
1 

(0%) 
- 

1 
(0%) 

- 
5 

(1%) 
4 (1%) 

11 
(3%) 

Reduced Dosage and/or Side Effects of Other Medications 
- - 

2 
(1%) 

16 (4%) 
18 

(5%) 

Cancer (n=157) 

Reduced Anxiety - 
1 

(1%) 
- 

2 
(1%) 

- 
1 

(1%) 
2 (1%) 

6 (4%) 

Improved Sleep - - 
1 

(1%) 
2 

(1%) 
2 

(1%) 
1 

(1%) 
5 (3%) 

11 
(7%) 

Improved Quality of Life - - - 
1 

(1%) 

 2 
(1%) 

1 (1%) 
4 (3%) 

Improved Alertness/Cognitive Functioning - - - - - - 1 (1%) 1 (1%) 
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  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Reduced Dosage and/or Side Effects of 
Other Medications 

- - - - - 
2 

(1%) 
3 (2%) 5 (3%) 

Seizures (n=182) 

Decreased Anxiety  - 
1 

(1%) 
- - 

1 
(1%) 

- - 2 (1%) 

Improved Sleep - - - - 
 1 

(1%) 
1 (1%) 2 (1%) 

Reduced Dosage and/or Side effects of 
Other Medications  

- - - - 
1 

(1%) 
1 

(1%) 
3 (2%) 

5 (3%) 

Improved Quality of Life - - - - 
2 

(1%) 
1 

(1%) 
4 (2%) 

7 (4%) 

Improved Alertness/Cognitive Functioning - 
2 

(1%) 
1 

(1%) 
3 

(2%) 
2 

(1%) 
5 

(3%) 
4 (2%) 

17 
(9%) 

Crohn's Disease (n=55) 

Improved Quality of Life - - - 
1 

(2%) 
- - 5 (9%) 

6 
(11%) 

Improved Sleep - - 
1 

(2%) 
2 

(4%) 
2 

(4%) 
1 

(2%) 
- 

6 
(11%) 

Decreased Anxiety - - - - 
1 

(2%) 
2 

(4%) 
- 

3 (5%) 

Terminal Illness (n=38) 

Decreased Anxiety - - - - - 
1 

(3%) 
- 1 (3%) 

Improved Alertness/ Cognitive Functioning - - - - - - 1 (3%) 1 (3%) 

Improved Sleep - - 
1 

(3%) 
1 

(3%) 
- - 2 (5%) 

4 
(11%) 
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  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Improved Quality of Life - - - - - 
2 

(5%) 
1 (3%) 

3 (8%) 

HIV/AIDS (n=24) 

Improved Sleep - - - - - - 1 (4%) 1 (4%) 

Decreased Anxiety - - - - - - 2 (8%) 2 (8%) 

Tourette Syndrome (n=16) 

Improved Quality of Life - - - - - - 1 (6%) 1 (6%) 

Decreased Anxiety - - - 
1 

(6%) 
- 

1 
(6%) 

- 
2 

(13%) 

Glaucoma (n=13) 

Improved Quality of Life - - - - - - 1 (8%) 1 (8%) 

ALS (n=11) 

Reduced Anxiety - - - 
1 

(9%) 
- 

1 
(9%) 

1 (9%) 
3 

(27%) 

Improved Sleep - - - - 
1 

(9%) 
- 1 (9%) 

2 
(18%) 
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Health Care Practitioner Survey Results 

HCP Survey Response Rate 

As a result of changing the survey schedule during the first program year, the healthcare 
providers of 774 patients who were enrolled and made a first medical cannabis purchase in the 
first medical cannabis purchase in the first six months of the program (July 1 – December 31, 
2015) received a survey three months after the patient’s first purchase; the remaining 717 
could therefore not be included in the reporting below. The subset of Patient Experience survey 
responses that corresponds to this group of HCP responses is included below for comparison. 
Of 774 patients in this group, 437 patients (57%) submitted a survey three months after making 
the first purchase. Of the 262 health care practitioners (HCP) who certified these patients, 114 
(43.5%) completed surveys for 251 (32%) patients.  

Table 6.8. Healthcare Practitioner and Patient Experience survey response rates by age group.  

  Total HCP Responses Patient Responses 

0-4 15 7 (47%) 9 (60%) 

5-17 90 36 (40%) 49 (54%) 

18-24 48 18 (38%) 28 (58%) 

25-35 110 32 (29%) 59 (54%) 

36-49 194 66 (34%) 114 (59%) 

50-64 225 65 (29%) 131 (58%) 

65+ 92 27 (29%) 47 (51%) 

Total 774 251 (32%) 437 (58%) 
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Table 6.9. Patient total counts and HCP/patient response rates by qualifying medical 
condition. 

  Total HCP Responses 
Patient 

Responses 

Muscle Spasms 305 98 (32%) 182 (60%) 

Cancer 192 51 (27%) 84 (44%) 

Seizures 189 64 (34%) 120 (63%) 

Crohn's Disease 58 25 (43%) 34 (59%) 

Terminal Illness 43 12 (28%) 21 (49%) 

HIV/AIDS 26 12 (46%) 15 (58%) 

Tourette Syndrome 11 4 (36%) 6 (55%) 

Glaucoma 11 3 (27%) 5 (45%) 

ALS 15 5 (33%) 7 (47%) 
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Table 6.10. Patient total counts and HCP/patient response rates by race and ethnicity.  

  Total HCP Responses 
Patient 

Responses 

American Indian 16 6 (38%) 7 (44%) 

Asian 17 8 (47%) 7 (41%) 

Black 41 14 (35%) 15 (37%) 

Hawaiian 1 0 (0%) 0 (0%) 

White 665 218 (33%) 395 (59%) 

Other 14 5 (36%) 6 (43%) 

Hispanic 18 4 (22%) 6 (33%) 

 
Response rates for the Patient Experience and HCP surveys varied widely across age group, 
qualifying condition and race and ethnicity (Tables 6.8-6.10). Patient response rate was lowest 
among the oldest age group (65+; 51%) and HCP response rate was generally lower for older 
age groups. Among HCP responses, certifiers of patients with HIV/AIDS and Crohn’s disease had 
the highest response rates (46% and 43%, respectively). Among patient responses, patients 
certified for severe and persistent muscle spasms, seizures and Crohn’s disease had the highest 
response rates (60%, 63%, and 59%, respectively). Finally, racial and ethnic minorities were 
generally under-represented among patient responses.  

Healthcare Practitioner Perceptions of Benefit 

The Patient Experience and HCP surveys both ask respondents to report how much benefit they 
believe the patient received from using medical cannabis, on a scale from 1 (no benefit) to 7 (a 
great deal of benefit). Figures 6.11-6.20 show the distribution of benefit scores on this scale, as 
reported by HCPs, for all patients and by patients with each qualifying condition.  

A note on how proportions were calculated: the total number of HCP responses is reflected in 
Figures 6.11-6.20; this includes 45 HCP responses with either no response or a “0” option 
selected for the benefit scale, which indicates that the HCP did not have enough information 
about the patient to answer the question of benefit.)  

Note that results from patient surveys (Figures 6.1-6.10) and health care practitioner surveys 
(Figures 6.11-6.20) do not pertain to identical groups of patients.  That is, some patients have 
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only a patient survey completed, some have only a HCP survey completed, some have neither 
completed, and some (n=126) have a completed survey from both the patient and their 
certifying HCP.  For this reason, comparison of results from patient and HCP surveys must be 
approached with caution, except for the last group, where there is a completed survey from 
both the patient and the HCP.  Further on in this section (Table 6.13 and Figures 6.21-6.28) 
comparisons for that last group are presented.  In general, responses from HCPs report a lower 
degree of benefit than the patient responses. 
 

ALL QUALIFYING CONDITIONS 

Figure 6.11 shows all HCP responses about degree of benefit experienced. Benefit ratings were 
provided on 206 of the 251 submitted surveys.  Among the 251 surveys, 32 (13%) reported no 
benefit and 51 (20%) reported the highest degree of benefit (score of 7); 150 (60%) reported a 
benefit score ≥ 4 on the seven-point scale. 

Figure 6.11. HCP-Perceived Benefit: All Conditions (N=251) 
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SEVERE AND PERSISTENT MUSCLE SPASMS 

Figure 6.12 shows HCP benefit score responses for patients certified for severe and persistent 
muscle spasms. Benefit ratings were provided on 91 of the submitted surveys.  Among the 91 
responses, 4 reported no benefit and 34 reported the highest degree of benefit (score of 7); 76 
(84%) reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.12. HCP-Perceived Benefit: Severe and Persistent Muscle Spasms (N=98) 
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CANCER 

Figure 6.13 shows HCP benefit score responses for patients certified for cancer. Benefit ratings 
were provided on 41 of the submitted surveys.  Among the 41 responses, 5 reported no benefit 
and 8 reported the highest degree of benefit (score of 7); 32 (78%) reported a benefit score ≥ 4 
on the seven-point scale. 

Figure 6.13. HCP-Perceived Benefit: Cancer (N=51) 
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SEIZURES 

Figure 6.14 shows HCP benefit score responses for patients certified for seizures. Benefit ratings 
were provided on 50 of submitted surveys.  Among the 50 responses, 20 reported no benefit 
and 6 reported the highest degree of benefit (score of 7); 21 (42%) reported a benefit score ≥ 4 
on the seven-point scale. 

Figure 6.14. HCP-Perceived Benefit: Seizures (N=64) 
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CROHN’S DISEASE 

Figure 6.15 shows HCP benefit score responses for patients certified for Crohn’s disease. 
Benefit ratings were provided on 15 of the completed surveys.  Among the 15 responses, 3 
reported no benefit and 2 reported the highest degree of benefit (score of 7); 11 (73%) 
reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.15. HCP-Perceived Benefit: Crohn’s Disease (N=25) 

 

 

  



 

106 

 

TERMINAL ILLNESS 

Figure 6.16 shows HCP benefit score responses for patients certified for terminal illness. Benefit 
ratings were provided on 11 of the completed surveys.  Among the 11 responses, 3 reported no 
benefit and 2 reported the highest degree of benefit (score of 7); 8 (73%) reported a benefit 
score ≥ 4 on the seven-point scale. 

Figure 6.16. HCP-Perceived Benefit: Terminal Illness (N=12) 
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HIV/AIDS 

Figure 6.17 shows HCP benefit score responses for patients certified for HIV/AIDS. Benefit 
ratings were provided on 8 of the 12 completed surveys.  Among the 8 responses, none 
reported no benefit and two reported the highest degree of benefit (score of 7); all eight 
reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.17. HCP-Perceived Benefit: HIV/AIDS (N=12) 
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TOURETTE SYNDROME 

Figure 6.18 shows HCP benefit score responses for patients certified for Tourette syndrome. 
Benefit ratings were provided on all four of the completed surveys.  Among the 4 responses, 
none reported no benefit and one reported the highest degree of benefit (score of 7); all four 
reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.18. HCP-Perceived Benefit: Tourette Syndrome (N=4) 
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GLAUCOMA 

Figure 6.19 shows HCP benefit score responses for patients certified for glaucoma. Benefit 
ratings were provided on all three of the completed surveys.  Among the 3 responses, one 
reported no benefit and none reported the highest degree of benefit (score of 7); only one 
reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.19. HCP-Perceived Benefit: Glaucoma (N=3) 
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ALS 

Figure 6.20 shows HCP benefit score responses for patients certified for ALS. Benefit ratings 
were provided on 3 of the 5 completed surveys. Among the 3 responses, none reported no 
benefit and none reported the highest degree of benefit (score of 7); all three reported a 
benefit score ≥ 4 on the seven-point scale. 

Figure 6.20. HCP-Perceived Benefit: ALS (N=5) 
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HCP Perceptions of Symptom Improvement from Medical 
Cannabis Treatment 

Similar to the format in the Patient Experience survey, the HCP surveys asks certifying HCPs to 
describe the most significant benefit to the patient that is associated with medical cannabis 
treatment. Each response was reviewed and classified into broad categories of symptom 
improvement or global health benefits, as described in an earlier section. A full report of all 
benefit comments from HCPs can be found in Appendix B: Healthcare Practitioner-Reported 
Benefits from Surveys. Table 6 summarizes the reported “most important benefits” which could 
be considered improvement of a symptom related to the patient’s qualifying condition from 
reports of both patients and HCPs, again using a subset of patient responses from the same 
time window as HCP responses (surveys for patients making a first purchase between July 2015 
and December 2015).  

Table 6.11 Distribution of Symptom Improvement by Condition 

Symptom Improvement by Score 

1  
(No 

Benefit) 
 

2 
 
 
 

3 
 
 
 

4 
 
 
 

5 
 
 
 

6 
 
 
 

7  
(Great Deal 
of Benefit) 

 

Total 
 
 
 

Muscle Spasms    

Spasm Reduction 

Patient (n=182) - - - 6 (3%) 5 (3%) 14 (8%) 25 (14%) 
50 

(28%) 

HCP (n= 98) - - 1 (1%) 2 (2%) 6 (6%) 9 (9%) 9 (9%) 
28 

(29%) 

Pain Reduction 

Patient (n=182) - - 2 (1%) 3 (2%) 10 (6%) 10 (6%) 22 (12%) 
47 

(26%) 

HCP (n= 98) - 1 (1%) - 3 (3%) 4 (4%) 3 (3%) 11 (11%) 
22 

(22%) 

Cancer    

Pain Reduction 

Patient (n=84) - - - 3 (4%) 7 (8%) 6 (7%) 7 (8%) 
23 

(27%) 

HCP (n= 51) 1 (2%) - 2 (4%) 1 (2%) 2 (4%) 2 (4%) 2 (4%) 
10 

(20%) 

Reduced Nausea/Vomiting Patient (n=84) - - - 1 (1%) 2 (2%) 1 (1%) 10 (12%) 
14 

(17%) 
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Symptom Improvement by Score 

1  
(No 

Benefit) 
 

2 
 
 
 

3 
 
 
 

4 
 
 
 

5 
 
 
 

6 
 
 
 

7  
(Great Deal 
of Benefit) 

 

Total 
 
 
 

HCP (n= 51) - - - 1 (2%) 5 (10%) 3 (6%) 4 (8%) 
13 

(26%) 

Weight Gain/Appetite Improvement 

Patient (n=84) - - - - 1 (1%) 3 (4%) 7 (8%) 
11 

(13%) 

HCP (n= 51)  - -  - -  - 1 (2%) -   1 (2%) 

Seizures   

Seizure Reduction 

Patient (n=120)  - 3 (3%) 1 (1%) 4 (3%) 11 (9%) 17 (14%) 31 (26%) 
67 

(56%) 

HCP (n= 64) 1 (2%) 2 (3%) 2 (3%) 2 (3%) 2 (3%) 5 (8%) 4 (6%) 
18 

(28%) 

  

Crohn's Disease    

Pain Reduction 

Patient (n=34) -   -  - - 2 (6%)  2 (6%) 4 (12%)  
 8 

(24%) 

HCP (n= 25) - - 1 (4%) - - 3 (12%) - 
4 

(16%) 

Reduced Gastrointestinal Symptoms 

Patient (n=34) - - - - - 1 (3%) 4 (12%) 
5 

(15%) 

HCP (n= 25)  - - - - 1 (4%) - 1 (4%) 2 (8%) 

Weight Gain/Appetite Improvement 

Patient (n=34)  - - - - 1 (3%) 1 (3%) - 2 (9%) 

HCP (n= 25) -  -   -  -  - -   - -  

Terminal Illness    

Reduced Nausea/Vomiting Patient (n=21)  -  - - 1 (5%) - 1 (5%) 4 (19%) 
6 

(29%) 
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Symptom Improvement by Score 

1  
(No 

Benefit) 
 

2 
 
 
 

3 
 
 
 

4 
 
 
 

5 
 
 
 

6 
 
 
 

7  
(Great Deal 
of Benefit) 

 

Total 
 
 
 

HCP (n= 12)  - -  - - 1 (8%) 1 (8%) 1 (8%) 
3 

(25%) 

Pain Reduction 

Patient (n=21) - - - 1 (5%) - - 4 (19%) 
5 

(24%) 

HCP (n= 12) - - - - 1 (8%) - 1 (8%) 
2 

(17%) 

Weight Gain/Appetite Improvement 

Patient (n=21) -   - - - - - 2 (10%) 
2 

(10%) 

HCP (n= 12) -   - -   - 1 (8%) 1 (8%) -  
 2 

(17%) 

HIV/AIDS    

Pain Reduction 

Patient (n=15) -   -  1 (7%)  - - 1 (7%) 3 (20%) 
5 

(33%) 

HCP (n= 12) -  -   - -  1 (8%) 1 (8%) - 
2 

(17%) 

Reduced Nausea/Vomiting 

Patient (n=15)  -  -  - -  - - 3 (20%) 
3 

(20%) 

HCP (n= 12) -  -  -  - - 2 (17%) - 
2 

(17%) 

Weight Gain/Appetite Improvement 

Patient (n=15) -  -   - - - - 2 (13%) 
2 

(13%) 

HCP (n= 12) -   - -  - - - - - 

Tourette Syndrome    

Reduced Tics/Tourette Symptoms 

Patient (n=6) -  -  -  - 1 (17%) - 3 (50%) 
4 

(67%) 

HCP (n= 5) -   -  - - - 2 (40%) 1 (20%) 
3 

(60%) 
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Symptom Improvement by Score 

1  
(No 

Benefit) 
 

2 
 
 
 

3 
 
 
 

4 
 
 
 

5 
 
 
 

6 
 
 
 

7  
(Great Deal 
of Benefit) 

 

Total 
 
 
 

Glaucoma   

Reduced Glaucoma Symptoms 

Patient (n=5)  - - - - - - 2 (40%) 
2 

(40%) 

HCP (n= 3) -  - 1 (33%) - - - - 
1 

(33%) 

ALS   

Spasm Reduction 

Patient (n=7) -   - -  -   - 1 (14%) -  
 1 

(14%) 

HCP (n= 5)  - -   - -  1 (20%) 1 (20%) - 
2 

(40%) 

Pain Reduction 

Patient (n=7) -   - -  -  - 1 (14%) 2 (29%) 
3 

(43%) 

HCP (n= 5)  -  - -  -  - 1 (20%) - 
1 

(20%) 

 
Patients represented in Patient Experience survey responses and in HCP responses were 
different; thus a direct comparison cannot be made between the proportions of patients and 
HCPs reporting any given benefit. However, it is worth noting that relatively high levels of 
symptom improvement benefit (most scores are above 4) are seen in both patient and HCP 
survey results. Among patient respondents certified for muscle spasms, 22% report spasm 
reduction at a high degree of benefit (scores of 6 or 7) and 18% of HCP responses for patients 
with muscle spasms report spasm reduction at a high degree of benefit. Among responses of 
patients certified for seizures, 40% reported reduction in seizure number or severity at a high 
degree of benefit; among HCP responses for patients with seizures, 14% reported seizure 
reduction (severity or frequency) at a high degree of benefit. Among patient responders 
certified for cancer, 15% reported pain reduction at a high degree of benefit; 13% reported 
reduced nausea or vomiting at a high degree of benefit and 12% reported weight gain or 
appetite improvement at a high degree of benefit. Among HCP responses for patients certified 
for cancer, 8% reported pain reduction at a high degree of benefit, 14% reported reduced 
nausea or vomiting and 2% reported weight gain or appetite improvement at a high degree of 
benefit. 
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HCP Perceptions of Global Health Benefits from Medical 
Cannabis Treatment 

Table 6.12 summarizes responses to the Patient Experience and HCP surveys about the most 
significant benefit to the patient that were not classified as improvement of symptoms related 
to the qualifying medical condition.  

As with Table 6.11, the proportion of patients reporting a type of global health benefit cannot 
be directly compared to the proportion of HCPs reporting a type of global health benefit to the 
patient because each group of responders is different. However, in general a higher proportion 
of the patient responses report a global health benefit as the primary benefit from medical 
cannabis than HCP responses and generally global health benefits are reported at a relatively 
high degree of perceived benefit (scores of 4 or greater).  

Overall, 1% of HCP respondents and 6% of patient respondents reported improved sleep as the 
most important benefit from medical cannabis; 3% of HCP respondents and 4% of patients 
reported improved quality of life; 2% of HCP reports and 3% of patient reports cited reduced 
usage of other medications or related side effects as the most important benefit. 

A full report of all benefit comments from HCPs can be found in Appendix B: Healthcare 
Practitioner-Reported Benefits from Surveys.  

Table 6.12 Distribution of Global Health Benefits by Condition 

Global Health Benefits by Score 
1  

(No 
Benefit) 

2 
 
 

3 
 
 

4 
 
 

5 
 
 

6 
 
 

7 (Great 
Deal of 
Benefit) 

Total 

Muscle Spasms    

Improved Quality of Life 

Patient (n=182) - - - - - 2 (1%) 3 (2%) 5 (3%) 

HCP (n= 98) - - - 1 (1%) 1 (1%) 1 (1%) 1 (1%) 4 (4%) 

Improved Sleep 

Patient (n=182) - - - 2 (1%) 3 (2%) 3 (2%) 6 (3%) 14 (8%) 

HCP (n= 98) - - - 1 (1%) - - 1 (1%) 2 (2%) 

Improved Mobility/Ability to Function 

Patient (n=182) - 1 (1%) - - - - 6 (3%) 7 (4%) 

HCP (n= 98) - - - - - - - - 

Decreased Anxiety 

Patient (n=182) - - - - - 1 (1%) 2 (1%) 3 (2%) 

HCP (n= 98) - - 1 (1%) - - - - 1 (1%) 
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Global Health Benefits by Score 
1  

(No 
Benefit) 

2 
 
 

3 
 
 

4 
 
 

5 
 
 

6 
 
 

7 (Great 
Deal of 
Benefit) 

Total 

Reduced Usage of Other Medications  

Patient (n=182) - - - - - - 6 (3%) 6 (3%) 

HCP (n= 98) - - - - - 1 (1%) 3 (3%) 4 (4%) 

Cancer    

Reduced Anxiety Patient (n=84) - - - 1 (1%) - - 1 (1%) 2 (2%) 

 HCP (n= 51) - - - - - - - - 

Improved Sleep Patient (n=84) - - 1 (1%)  1 (1%)  5 (6%) 7 (8%) 

 HCP (n= 51) - - - - - - - - 

Improved Quality of Life 

Patient (n=84) - - - - - 1 (1%) 1 (1%) 2 (2%) 

HCP (n= 51) - - - - 1 (2%) - - 1 (2%) 

Improved Alertness/Cognitive Functioning 

Patient (n=84) - - - - - - 1 (1%) 1 (1%) 

HCP (n= 51) - - - - - - - - 

Reduced Usage of Other Medications 

Patient (n=84) - - - -  1 (1%) 3 (4%) 4 (5%) 

HCP (n= 51) - - - - - - - - 

Seizures   

Improved Sleep Patient (n=120) - - - - - 1 (1%) - 1 (1%) 

 HCP (n= 64) - - - - - - -  

Reduced Usage of Other Medications  Patient (n=120) - - - - - - 1 (1%) 1 (1%) 

 HCP (n= 64) - - - - - - - - 

Improved Quality of Life 

Patient (n=120) - - - - 2 (2%) 1 (1%) 1 (1%) 4 (3%) 

HCP (n= 64) - - - 1 (2%) - - - 1 (2%) 
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Global Health Benefits by Score 
1  

(No 
Benefit) 

2 
 
 

3 
 
 

4 
 
 

5 
 
 

6 
 
 

7 (Great 
Deal of 
Benefit) 

Total 

Improved Alertness/Cognitive Functioning 

Patient (n=120) 
- 

2 (2%) 1 (1%) 3 2 (2%) 4 (8%) 1 (1%) 
13 

(11%) 

HCP (n= 64) - - - - - - - - 

Crohn's Disease    

Improved Quality of Life 

Patient (n=34) - - - - - - 4 (12%) 4 (12%) 

HCP (n= 25) - - - - - - - - 

Improved Sleep 

Patient (n=34) - - 1 (3%) 1 (3%) 1 (3%) 1 (3%) - 4 (12%) 

HCP (n= 25) - -  1 (4%) - - - 1 (4%) 

Decreased Anxiety 

Patient (n=34) - - - - - 1 (3%) - 1 (3%) 

HCP (n= 25) - - - - - 1 (4%) - 1 (4%) 

Terminal Illness    

Improved Alertness/ Cognitive Functioning Patient (n=21)         

 HCP (n= 12) - - - - - - 1 (8%) 1 (8%) 

Improved Sleep Patient (n=21) - - 1 (5%) - - - 2 (10%) 3 (14%) 

 HCP (n= 12) - - - - - - - - 

Reduced Usage of Other Medications Patient (n=21) - - - - - - - - 

 HCP (n= 12) - - - - - 1 (8%)  1 (8%) 

Improved Quality of Life 

Patient (n=21) - - - - - 1 (5%) 1 (5%) 2 (10%) 

HCP (n= 12) - - - - - - - - 

HIV/AIDS    

Improved Quality of Life Patient (n=15) - - - - - - - - 
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Global Health Benefits by Score 
1  

(No 
Benefit) 

2 
 
 

3 
 
 

4 
 
 

5 
 
 

6 
 
 

7 (Great 
Deal of 
Benefit) 

Total 

 HCP (n= 12) - - - - - - 1 (8%) 1 (8%) 

Improved Sleep Patient (n=15) - - - - - - 1 (7%) 1 (7%) 

 HCP (n= 12) - - - - - - - - 

Decreased Anxiety 

Patient (n=15) - - - - - - - - 

HCP (n= 12) - - - - - 1 (8%) - 1 (8%) 

Tourette Syndrome 

Improved Quality of Life Patient (n=6) - - - - - - 1 (2%) 1 (2%) 

 HCP (n= 5) - - - - - - - - 

Glaucoma 

Improved Sleep Patient (n=5) - - - - - - - - 

 HCP (n= 3) 
- - - - 1 

(33%) 
- - 1 (3%) 

ALS 

Reduced Anxiety Patient (n=7) - - - - - 1 (14%) 1 (14%) 2 (29%) 

 HCP (n= 5) - - - - - - - - 

Additional Clinical Observations 

Healthcare practitioners were asked to provide any additional clinical observations or insights 
on the impact of medical cannabis treatment on the patient’s condition, and were specifically 
prompted to report any observations on drug interactions. A third of the 114 observations 
describe a decrease in the patients’ other medications- mainly opioids and benzodiazepines. 
The survey healthcare practitioners will complete for patients certified for intractable pain will 
ask specifically about this issue. There were a few comments about drug interactions with anti-
epileptic drugs, including in some cases the anticipated ability to decrease dose of Clobazam. A 
full report of these observations can be found in Appendix C: Healthcare Practitioner-Reported 
Clinical Observations from Surveys.  
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Patient Versus HCP Perceptions of Benefit from Medical 
Cannabis 

Among survey respondents, there were 126 patients who submitted a survey for whom their 
certifying health care practitioner also completed a survey. Comparison of benefit scores 
reported by the patient to benefit scores reported by the healthcare practitioner are shown in 
Table 6.13, grouping scores of 1 or 2 in a category representing no or little benefit; scores of 3, 
4, or 5 were grouped into a category representing mild or moderate benefit and scores of 6 or 7 
were placed in a category representing strong benefit. Among these 126 patients and their 
HCPs, 81 (64%) of patient-HCP pairs were in general agreement regarding degree of benefits 
experienced: 46% reported strong benefit from medical cannabis; 15% reported mild or 
moderate benefit and 3% reported no or little benefit (Table 6.13).  When interpreting the 
meaning of these comparisons, it must be kept in mind that the 126 patients for whom both 
Patient Experience and HCP survey results are available are not necessarily representative of all 
patients who enrolled in the program during its first year of operation.  

Table 6.13. Distribution of patient-reported benefits and HCP-reported benefits for patients 
with both patient and HCP surveys completed (n=126). 

 
HCP-Perceived Benefit 

Patient-Perceived Benefit 
No/Little Benefit 

(1-2) 
Mild/Moderate Benefit  

(3-5) 
Strong Benefit 

(6-7) 

No/Little Benefit (1-2) 4 (3%) 1 (1%) 2 (2%) 

Mild/Moderate Benefit (3-5) 7 (6%) 19 (15%) 10 (8%) 

Strong Benefit (6-7) 2 (2%) 23 (18%) 58 (46%) 
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Severe and Persistent Muscle Spasms 

Figure 6.21 shows benefit scores reported by patients and their certifying HCPs for muscle 
spasms patients for whom both scores were available (n=57). Comparison of proportions of 
patients and HCPs reporting each benefit score shows fairly good agreement: 46% of patients 
and 39% of HCPs report scores of 6 or 7; 5% of patients and 0% HCPs report no benefit. 

Figure 6.21. Muscle Spasms (N=57): Perceived Benefit 
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Cancer 

Figure 6.22 shows benefit scores reported by patients and their certifying HCPs for cancer 
patients for whom both scores were available (n=22). Comparison of proportions of patients 
and HCPs reporting each benefit score shows differences in effect size but general agreement 
that patients experienced some benefit. Among this group, 68% of patients and 27% of HCPs 
report scores of 6 or 7; 0% patients and 0% HCPs report scores of 1 or 2. 

Figure 6.22. Cancer (N=22): Perceived Benefit 
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Seizures 

Figure 6.23 shows benefit scores reported by patients and their certifying HCPs for seizure 
patients for whom both scores were available (n=29). Comparison of proportions of patients 
and HCPs reporting each benefit score shows that generally patients report higher degrees of 
benefit than HCPs: 38% of patients versus 17% of HCPs report scores of 6 or 7; 3% of patients 
versus 24% HCPs report no benefit. 

Figure 6.23. Seizures (N=29): Perceived Benefit 

 

 
 

  



 

123 

 

Crohn’s Disease 

Figure 6.24 shows benefit scores reported by patients and their certifying HCPs for Crohn’s 
disease patients for whom both scores were available (n=9). Comparison of proportions of 
patients and HCPs reporting each benefit score shows general agreement about degree of 
benefit experienced: 89% of patients and 78% of HCPs report scores of 6 or 7; 11% of both 
patients and HCPs report scores of 1. 

Figure 6.24. Crohn’s Disease (N=9): Perceived Benefit 

 

 
Terminal Illness 

No patients with terminal illness had both an HCP-submitted survey and patient-submitted 
survey. 
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HIV/AIDS 

Figure 6.25 shows benefit scores reported by patients and their certifying HCPs for HIV/AIDS 
patients for whom both scores were available (n=5). Comparison of proportions of patients and 
HCPs reporting each benefit score shows general agreement about degree of benefit 
experienced: 100% of patients and 80% of HCPs report scores of 6 or 7. 

Figure 6.25. HIV/AIDS (N=5): Perceived Benefit 
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Tourette Syndrome 

Figure 6.26 shows benefit scores reported by patients and their certifying HCPs for Tourette 
syndrome patients for whom both scores were available (n=3). Comparison of proportions of 
patients and HCPs reporting each benefit score shows general agreement about degree of 
benefit experienced: 67% of patients and 67% of HCPs report scores of 6 or 7. 

Figure 6.26. Tourette Syndrome (N=3): Perceived Benefit 
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Glaucoma 

Figure 6.27 shows the benefit scores reported for one glaucoma patient who completed a 
survey (reported benefit score of 7) and whose HCP also completed a survey (reported benefit 
score of 3).   

Figure 6.27. Glaucoma (N=1): Perceived Benefit 
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ALS 

Figure 6.28 shows benefit scores reported by patients and their certifying HCPs for ALS patients 
for whom both scores were available (n=3). Comparison of proportions of patients and HCPs 
reporting each benefit score shows general agreement about degree of benefit experienced: 
100% of patients and 67% of HCPs report scores of 6 or 7. 

Figure 6.28. ALS (N=3): Perceived Benefit 

 

 
Benefits Reported on Surveys: Conclusions 

Of 1491 patients making a purchase in the first program year, 53% completed a survey three 
months after the first purchase. Among respondents, 43% reported experiencing the highest 
degree of benefit from medical cannabis and 87% reported at least a moderate degree of 
benefit (score of 4 or greater on a 1 to 7 scale). Patients reported the types of benefits 
experienced, which were predominantly (64%) various types of symptom improvement; many 
patients (25%) also reported global health benefits as the most important benefits from 
medical cannabis. 

For patients making a purchase in the first six months of the program (n=774), 32% of HCP 
surveys were submitted. Overall, HCP reports of benefit were more conservative than those of 
patients, but 20% reported that the patient experienced the highest degree of benefit from 
medical cannabis and 60% reported at least a moderate degree of benefit. Among patients 
purchasing in the first six program months, 126 patients had both patient and HCP surveys 
completed and comparison of benefit scores indicated general agreement between the two 
scores for most patients. 
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Benefits Reported on the Patient Self-
Evaluation 
The Patient Self-Evaluation (PSE) contains questions that allow the Office of Medical Cannabis 
(OMC) to look for improvements in symptoms over time. Patients are required to complete a 
PSE prior to each medical cannabis purchase (including before their first medical cannabis 
purchase). This allows for capture of the patients’ symptoms at baseline – prior to taking any 
medical cannabis, as well as prior to each subsequent medical cannabis purchase. Hence, 
symptom change over time can be analyzed during the patients’ participation in the program.  

All patients received a standard set of 8 symptom measures on the PSE. In addition, some 
patients received additional symptom questions depending on their qualifying medical 
condition(s). These two sets of symptom measures will be subsequently discussed below. Data 
from the PSE were extracted from patients who enrolled during the first program year (enrolled 
between July 1, 2015 and June 30, 2016; 1660 patients enrolled during this time period). 

Standard 8 Symptom Measures 

The standard 8 symptom measures that all patients received are answered on a 0-10 numerical 
rating scale (NRS), with 0 indicating absence of the symptom to 10 indicating that the symptom 
is as bad as the patient can imagine (see Box 6.1). Therefore, higher scores on these measures 
indicate poorer management of these symptoms. Patients are asked to rate symptom severity 
over the past 24 hours. 

Box 6.1. Listing of the Standard 8 symptom measures that all patients answer, including the 
responses options available to patients. 

 

 

 

 

 

 

 

 

Standard 8 Symptom Measures: 

Anxiety  Fatigue 
Lack of Appetite Nausea 
Depression  Pain 
Disturbed Sleep Vomiting 

Response Options (0 – 10 NRS): 
             0    1    2    3    4    5    6    7    8    9    10 
Symptom                                                        Symptom as 
 not                                                                   bad as one 
 present                                                           can image 
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To understand whether patients derived any symptom benefits during their participation in the 
program, the following three questions were explored for each Standard 8 symptom measure: 

QUESTION 1  
Of those patients who experienced moderate to severe symptoms at baseline (score of 4 or 
higher at baseline), what percentage of them experienced at least a 30% improvement in 
symptoms within four months of their first medical cannabis purchase? The threshold of ≥30% 
reduction on a 0-10 point scale was chosen because this threshold has been documented in 
clinical trials to represent clinically meaningful change – especially for pain reduction and 
spasticity reduction. Examples of ≥30% change include moving from a score of 10 to a score of 
7, from 9 to 6, from 8 to 5, from 7 to 4, etc. 

QUESTION 2 
If a patient achieved at least a 30% improvement on symptoms within 4 months of their first 
medical cannabis purchase (determined in Question 1), what percentage of them will, on 
average, still maintain that level of improvement in the four months following that initial 30% 
symptom improvement? [Four-month follow-up period] 

QUESTION 3 
What medical cannabis products were purchased just prior to the patient’s initial report of 
symptom improvement (first time patient indicated ≥30% improvement on the PSE)?  What was 
the average daily intake of delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) for these 
product types? 

 

To address Question 1 the following procedure was adopted for each standard 8 measure: all 
patients who scored 4 or higher at baseline were identified as those experiencing moderate to 
severe symptoms, and all standard 8 responses that were submitted within 4 months of their 
first medical cannabis purchase were retained.  From this dataset, each patient’s standard 8 
responses were compared to their baseline response over time. The first instance a patient 
achieved at least a 30% symptom improvement was recorded, effectively demonstrating when 
– during the first 4 months following their first medical cannabis purchase – the patient 
achieved symptom improvement, if at all. 

Calculating the percentage of patients who achieved ≥30% symptom improvement within 4 
months of their first medical cannabis purchase (Question 1) was done in two ways. In one 
method, the number of patients who achieved ≥30% symptom improvement within 4 months 
was divided by the total number of patients that ever made a first purchase (patients with 
baseline PSE data). In the other method, the number of patients achieving ≥30% symptom 
improvement within 4 months was divided by patients who had submitted additional PSE data 
(beyond their baseline response) within 4 months of their first purchase. The denominator in 
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the former method includes all patients who made a first purchase (all patients with a baseline 
PSE submission), while the latter method effectively restricts the dominator to those patients 
who submitted additional PSE symptom data following their baseline submission and within 4 
months of their first purchase. Therefore, the former method allows for a more conservative 
estimation of symptom benefit. In the text of this report, we present results using the former, 
more conservative estimate of benefit. Those who made no additional purchases after their 
first purchase may have discontinued use because of lack of effectiveness, though they may 
have discontinued use for other reasons as well (i.e., medical cannabis cost, side effects, etc.).  

Since Question 1 examines symptom improvement within 4 months of their first medical 
cannabis purchase, patients who had not been enrolled in the program for at least 4 months 
since their first medical cannabis purchase were not included in the analysis. When PSE data 
were extracted in late December 2016, 1512 patients from the first year cohort (91.1% of the 
1st year cohort) had been enrolled for at least 4 months since their first medical cannabis 
purchase—results on the standard 8 symptom measures are reported on this cohort subset.  

Question 2 was addressed by observing all symptom responses in the four months following the 
time point when the patient first achieved ≥30% symptom improvement. For each patient, all 
symptom responses identified during those follow-up four months were averaged together. 
Patients who, on average, still maintained at least a 30% symptom improvement from baseline 
were identified as those showing persistence in their symptom benefits. 

For Question 3, products that were purchased just prior to each patient’s initial ≥30% symptom 
improvement were identified and categorized by their THC/CBD ratio and intended route of 
administration (ROA). See Box 6.2 for definitions of these categories. 
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Box 6.2. Categories to describe medical cannabis products purchased by patients. 

 

Overall Results on Standard 8 Symptom Measures 

Data on the Standard 8 symptom measures were first analyzed across all patients regardless of 
their qualifying condition(s) and are displayed in Table 6.14 (n = 1512). The third and fourth 
column respectively display the number and percentage of patients (out of 1512 patients) 
experiencing moderate to severe symptoms at baseline (baseline response ≥ 4) on a given 
Standard 8 measure. With the exception of vomiting, the responses from patients indicated a 
high degree of burden on all symptom measures at baseline (~60-90% patients indicated 
moderate to severe symptoms).  

The fifth column in Table 6.14 shows the percentage and number of patients (out of those 
reporting at moderate to severe levels at baseline) who had achieved at least a 30% symptom 
improvement at any time within 4 months of their first medical cannabis purchase. Anywhere 
from 36% to 60% of patients reported achieving at least a 30% improvement in symptoms 
within 4 months of their first medical cannabis purchase. Improvements in pain and fatigue 
were the least likely to reach ≥30% improvement in patients (respectively at 36.3% and 40.2%), 
with the greatest proportion of patients reaching ≥30% improvement in nausea (55.6%), 
depression (56.8%), and vomiting (60.2%). 

The number of patients who had symptom data in the 4-month period following their initial 
≥30% symptom improvement are listed in the sixth column in Table 6.14. All symptom 
responses during this time period were averaged together within each patient. The seventh 
column shows the percentage and number of patients who had achieved ≥30% symptom 
improvement that had – on average – maintained at least that level of improvement in the 4-

Medical Cannabis Products Categorized by THC:CBD Content Ratio: 

 Very High THC to CBD = 100:1 or higher 

 High THC to CBD = >4:1 up to 99:1 

 Balanced = 1:1 up to 4:1 

 High CBD to THC = ≥1:1 up to 99:1 

 Very High CBD to THC = 100:1 or higher 

 
Product Routes of Administration (ROA): 

 Enteral: for absorption through the gastrointestinal tract (includes capsules and oral solutions to 
swallow). 

 Inhalation: for absorption through the lungs (includes products for vaporization) 

 Oromucosal: for absorption through the oral mucosa (includes sublingual sprays and tinctures to 
hold in the mouth) 
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month follow-up period. Roughly a half to two-thirds of the patients who achieved at least 30% 
symptom improvement had maintained it in the following 4 months. Lastly, the right-most 
column shows the percentage of all patients who both achieved and maintained at least a 30% 
symptom improvement in the 4-month follow-up period. For the majority of all symptoms, 
roughly a third of all patients experiencing moderate to severe symptoms will both achieve and 
maintain at least a 30% improvement in symptoms for at least 4 months. 

For a more detailed look on overall results from the eight standard symptom measures, please 
refer to Appendix D: Symptom Results from the Patient Self-Evaluation. This Appendix shows 
the following for each Standard 8 measure: 1) a figure showing the distribution of patient 
responses at baseline, 2) a figure showing the cumulative percentage of patients achieving at 
least 30% symptom improvement at 2 weeks, 1 month, 2 months, 3 months, and 4 months (the 
denominator is different between the orange and blue bars; orange bars include all moderate 
to severe scoring patients at baseline while blue bars restrict analyses to only those patients 
who submitted data by the time point indicated on the x-axis), and 3) a figure showing the 
frequency distribution of patients by the average symptom change (%) each patient 
experienced in the 4-month follow-up period since they initially achieved ≥30% symptom 
reduction.
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Table 6.14. Overall standard 8 symptom results. 

 

 

 

 

Condition

Standard 8 

Symptom 

Measure

# of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients Achieving 

≥30% Symptom 

Improvement within 4 

months of First Purchase 

out of all Moderate to 

Severe Baseline Scorers 

(n)

# of Patients with 

Data in 4-mo 

Period Following 

Initial ≥30% 

Symptom 

Improvement

% of Patients Who 

Achieved ≥30% 

Symptom 

Improvement that 

Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved ≥30% Symptom 

Improvement and Retained 

that Degree of 

Improvement for at Least 4 

months

Anxiety 1185 78.4 53.8 (638) 460 53.1 (339) 28.6

Appetite Lack 963 63.7 53.7 (517) 383 57.1 (295) 30.6

Depression 1000 66.1 56.8 (568) 419 56.7 (322) 32.2

Disturbed Sleep 1323 87.5 50.3 (665) 519 52.0 (346) 26.2

Fatigue 1381 91.3 40.2 (555) 415 48.6 (270) 19.6

Nausea 864 57.1 55.6 (480) 362 59.2 (284) 32.9

Pain 1312 86.8 36.3 (476) 329 45.0 (214) 16.3

Vomiting 480 31.7 60.2 (289) 213 57.8 (167) 34.8

All Patients - 

Collapsed 

Across 

Conditions 

(n = 1512)
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Results on Standard 8 Symptom Measures Stratified by Qualifying Condition 

Data on the Standard 8 symptom measures were also analyzed separately by qualifying 
condition. Results are presented in Table 6.15 below. The first column indicates the qualifying 
condition and the total number of patients who had been enrolled in the program for at least 4 
months since their first medical cannabis purchase. For some conditions, results are further 
broken down by condition subcategories (i.e., breakdown cancer patients based on whether 
their certifying condition was accompanied by pain, nausea/vomiting, etc.); condition 
subcategories are preceded by a star (*)). The third and fourth columns in Table 6.15 indicate 
the number and percentage of patients who experienced moderate to severe symptoms (score 
≥4) at baseline for each symptom.  

The fifth column in Table 6.15 indicates the percentage and number of patients (out of those 
reporting at moderate to severe levels at baseline) that had achieved at least a 30% symptom 
improvement at any time within 4 months of their first medical cannabis purchase. The number 
of patients who had symptom data in the 4-month period following their initial ≥30% symptom 
improvement are listed in the sixth column in Table 6.15. All symptom responses submitted 
during this time period were averaged together within each patient. The seventh column shows 
the percentage and number of patients that had achieved at least a 30% symptom 
improvement that had subsequently maintained it, on average, for at least 4 months. Lastly, the 
right-most column shows the percentage of all patients that had both achieved and maintained 
at least a 30% symptom improvement for at least 4 months. 

Results generally show a high degree of burden for these eight symptoms at baseline. The 
instances where symptom severity is noticeably lower tend to be as expected; for example, 
nausea and vomiting in patients with Tourette syndrome and in patients with glaucoma. Among 
baseline responses to the eight symptom measures, those with the highest proportion rated as 
moderate to severe (score ≥4) include fatigue, disturbed sleep, pain, and anxiety. For each of 
the medical conditions, a substantial proportion of patients achieved ≥30% reduction in most of 
the eight symptoms. Improvement was generally a bit higher in patients with seizures and with 
Tourette Syndrome and a bit lower in patients with cancer. Overall, a smaller proportion of 
patients achieved ≥30% reduction of pain and fatigue and a higher proportion of patients 
achieved ≥30% improvement in appetite and reduction in vomiting. For each medical condition, 
roughly half to three-quarters of the patients who experienced a ≥30% reduction in a particular 
symptom within the first four months maintained that level of improvement over the following 
four months.  
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Table 6.15. Standard 8 symptom results stratified by qualifying condition.  

 

Condition

Standard 8 

Symptom 

Measure

# of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Achieving ≥30 

Symptom 

Improvement within 4 

months of First 

Purchase (n)

# of Patients with 

Data in 4-mo Period 

Following Initial 

≥30% Symptom 

Improvement

% of Patients Who 

Achieved ≥30% 

Symptom Improvement 

that Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved ≥30% 

Symptom Improvement 

and Retained that 

Degree of Improvement 

for at Least 4 months

Anxiety 553 82.9 54.8 (303) 250 60.7 (184) 33.3

Appetite Lack 407 61.0 58.2 (237) 198 65.0 (154) 37.8

Depress ion 471 70.6 58.0 (273) 227 63.0 (172) 36.5

Disturbed Sleep 604 90.6 49.7 (300) 265 61.7 (185) 30.6

Fatigue 624 93.6 42.0 (262) 227 55.3 (145) 23.2

Nausea 366 54.9 63.1 (231) 195 65.4 (151) 41.3

Pain 640 96.0 33.8 (216) 188 51.4 (111) 17.3

Vomiting 192 28.8 65.1 (125) 103 66.4 (83) 43.2

Anxiety 309 76.3 45.0 (139) 112 56.1 (78) 25.2

Appetite Lack 321 79.3 39.3 (126) 102 57.1 (72) 22.4

Depress ion 274 67.7 48.5 (133) 101 55.6 (74) 27.0

Disturbed Sleep 355 87.7 42.0 (149) 122 47.0 (70) 19.7

Fatigue 384 94.8 25.3 (97) 83 41.2 (40) 10.4

Nausea 283 69.9 38.2 (108) 85 60.2 (65) 23.0

Pain 356 87.9 28.9 (103) 80 40.8 (42) 11.8

Vomiting 168 41.5 47.6 (80) 64 57.5 (46) 27.4

        *Cancer: Pa in (n = 285) Pain 268 94.0 31.0 (83) 64 41.0 (34) 12.7

Appetite Lack 200 85.1 41.0 (82) 66 57.3 (47) 23.5

Nausea 184 78.3 34.8 (64) 49 54.7 (35) 19.0

Vomiting 113 48.1 44.2 (50) 39 52.0 (26) 23.0

        *Cancer: Cachexia/Wasting (n = 147) Appetite Lack 124 84.4 38.7 (48) 39 58.3 (28) 22.6

Anxiety 202 67.6 67.3 (136) 120 71.3 (97) 48.0

Appetite Lack 145 48.5 76.6 (111) 97 73.9 (82) 56.6

Depress ion 158 52.8 73.4 (116) 101 74.1 (86) 54.4

Disturbed Sleep 242 80.9 69.0 (167) 155 63.5 (106) 43.8

Fatigue 246 82.3 61.8 (152) 143 64.5 (98) 39.8

Nausea 138 46.2 72.5 (100) 93 79.0 (79) 57.2

Pain 190 63.5 60.0 (114) 106 69.3 (79) 41.6

Vomiting 90 30.1 80.0 (72) 66 79.2 (57) 63.3

        *Cancer: Nausea/Vomiting (n = 235)

Muscle Spasms (n = 667)

Cancer (n = 405)

Seizures  (n = 299)
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Table 6.15 Continued. Standard 8 symptom measures. 

 

Condition

Standard 8 

Symptom 

Measure

# of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Achieving ≥30 

Symptom 

Improvement within 4 

months of First 

Purchase (n)

# of Patients with 

Data in 4-mo Period 

Following Initial 

≥30% Symptom 

Improvement

% of Patients Who 

Achieved ≥30% 

Symptom Improvement 

that Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved ≥30% 

Symptom Improvement 

and Retained that 

Degree of Improvement 

for at Least 4 months

Anxiety 87 85.3 57.5 (50) 43 54.0 (27) 31.0

Appetite Lack 80 78.4 53.8 (43) 37 58.1 (25) 31.3

Depress ion 68 66.7 51.5 (35) 31 65.7 (23) 33.8

Disturbed Sleep 89 87.3 42.7 (38) 37 65.8 (25) 28.1

Fatigue 96 94.1 36.5 (35) 31 48.6 (17) 17.7

Nausea 72 70.6 65.3 (47) 31 59.6 (28) 38.9

Pain 97 95.1 41.2 (40) 32 47.5 (19) 19.6

Vomiting 31 30.4 54.8 (17) 16 82.4 (14) 45.2

Anxiety 60 74.1 51.7 (31) 28 58.1 (18) 30.0

Appetite Lack 64 79.0 37.5 (24) 19 45.8 (11) 17.2

Depress ion 54 66.7 48.1 (26) 22 61.5 (16) 29.6

Disturbed Sleep 65 80.2 44.6 (29) 28 55.2 (16) 24.6

Fatigue 76 93.8 21.1 (16) 14 37.5 (6) 7.9

Nausea 56 69.1 44.6 (25) 23 64.0 (16) 28.6

Pain 72 88.9 19.4 (14) 11 50.0 (7) 9.7

Vomiting 35 43.2 57.1 (20) 18 50.0 (10) 28.6

        *Terminal  I l lness : Pa in (n = 57) Pain 54 94.7 20.4 (11) 8 45.5 (5) 9.3

Appetite Lack 31 86.1 41.9 (13) 11 61.5 (8) 25.8

Nausea 28 77.8 35.7 (10) 10 70.0 (7) 25.0

Vomiting 18 50.0 50.0 (9) 8 44.4 (4) 22.2

        *Terminal  I l lness : Cachexia/Wasting (n 

= 29) Appetite Lack 23 79.3 43.5 (10) 9 60.0 (6) 26.1

Anxiety 44 91.7 50.0 (22) 20 68.2 (15) 34.1

Appetite Lack 39 81.3 48.7 (19) 17 63.2 (12) 30.8

Depress ion 34 70.8 47.1 (16) 15 75.0 (12) 35.3

Disturbed Sleep 44 91.7 50.0 (22) 18 50.0 (11) 25.0

Fatigue 41 85.4 46.3 (19) 15 47.4 (9) 22.0

Nausea 33 68.8 60.6 (20) 17 65.0 (13) 39.4

Pain 45 93.8 40.0 (18) 14 50.0 (9) 20.0

Vomiting 20 41.7 50.0 (10) 9 80.0 (8) 40.0

        *Terminal  I l lness : Nausea/Vomiting (n 

= 36)

HIV/AIDS (n = 48)

Crohn's  Disease (n = 102)

Terminal  I l lness  (n = 81)
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Table 6.15 Continued. Standard 8 symptom measures. 

 

 

Condition

Standard 8 

Symptom 

Measure

# of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Achieving ≥30 

Symptom 

Improvement within 4 

months of First 

Purchase (n)

# of Patients with 

Data in 4-mo Period 

Following Initial 

≥30% Symptom 

Improvement

% of Patients Who 

Achieved ≥30% 

Symptom Improvement 

that Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved ≥30% 

Symptom Improvement 

and Retained that 

Degree of Improvement 

for at Least 4 months

Anxiety 26 92.9 69.2 (18) 17 72.2 (13) 50.0

Appetite Lack 8 28.6 50.0 (4) 3 75.0 (3) 37.5

Depress ion 20 71.4 75.0 (15) 14 86.7 (13) 65.0

Disturbed Sleep 21 75.0 76.2 (16) 16 75.0 (12) 57.1

Fatigue 21 75.0 66.7 (14) 13 50.0 (7) 33.3

Nausea 5 17.9 100.0 (5) 5 80.0 (4) 80.0

Pain 17 60.7 64.7 (11) 11 90.9 (10) 58.8

Vomiting 1 3.6 100.0 (1) 1 100.0 (1) 100.0

Anxiety 14 66.7 42.9 (6) 6 50.0 (3) 21.4

Appetite Lack 7 33.3 85.7 (6) 5 66.7 (4) 57.1

Depress ion 14 66.7 85.7 (12) 11 58.3 (7) 50.0

Disturbed Sleep 18 85.7 61.1 (11) 10 54.5 (6) 33.3

Fatigue 19 90.5 42.1 (8) 7 37.5 (3) 15.8

Nausea 6 28.6 16.7 (1) 1 100.0 (1) 16.7

Pain 18 85.7 33.3 (6) 6 50.0 (3) 16.7

Vomiting 1 4.8 0.0 (0) 0 -- (0) 0.0

Anxiety 17 81.0 52.9 (9) 7 55.6 (5) 29.4

Appetite Lack 8 38.1 87.5 (7) 5 57.1 (4) 50.0

Depress ion 15 71.4 40.0 (6) 5 50.0 (3) 20.0

Disturbed Sleep 18 85.7 33.3 (6) 6 83.3 (5) 27.8

Fatigue 20 95.2 35.0 (7) 7 71.4 (5) 25.0

Nausea 9 42.9 55.6 (5) 4 80.0 (4) 44.4

Pain 17 81.0 47.1 (8) 7 25.0 (2) 11.8

Vomiting 2 9.5 50.0 (1) 1 100.0 (1) 50.0

Tourette Syndrome (n = 28)

Glaucoma (n = 21)

ALS (n = 21)
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Appendix D: Symptom Results from the Patient Self-Evaluation shows the following for each 
Standard 8 measure stratified by qualifying medical condition: 1) a figure showing the 
distribution of patient responses at baseline, 2) a figure showing the cumulative percentage of 
patients achieving at least 30% symptom improvement at 2 weeks, 1 month, 2 months, 3 
months, and 4 months (the denominator is different between the orange and blue bars; orange 
bars include all moderate to severe scoring patients at baseline while blue bars restrict analyses 
to only those patients who submitted data by the time point indicated on the x-axis), 3) a figure 
showing the frequency distribution of patients by the average symptom change (%) each 
patient experienced in the 4-month follow-up period since they initially achieved ≥30% 
symptom reduction, and 4) a table of medical cannabis products patients purchased just prior 
to achieving ≥30% symptom improvement for the first time, along with the average daily THC 
and CBD dose taken by patients. 

Medical cannabis products that were purchased just prior to the initial 30% symptom 
improvement are discussed only briefly in this section (Question 3), and the reader is 
encouraged to see Appendix D: Symptom Results from the Patient Self-Evaluation for the full 
table of results. Here, only a few results regarding medical cannabis purchases are discussed as 
examples—some in relation to improvements on a particular Standard 8 measure, and others in 
relation to a particular condition-specific symptom measure.  

Table 6.16 below shows the most common medical cannabis products that were purchased by 
cancer patients just prior to achieving the initial 30% reduction in nausea symptoms. The 
second column from the right indicates the number of patients who purchased specific 
products just prior to that initial symptom reduction (products purchased indicated by “X”s). 
The table also shows the average daily amount of THC and CBD (mg) patients consumed (right-
most column), which was derived from manufacturer-supplied product information and 
pharmacist-entered calculations of how long the purchased supply would last. Very High 
THC:CBD vaporization products were purchased most frequently (n = 20), followed by a 
combination of Very High THC:CBD enteral products and Very High THC:CBD vaporization 
products (n = 12). See Appendix D: Symptom Results from the Patient Self-Evaluation for full 
results. 

Table 6.16. Top 5 medical cannabis product(s) purchased by cancer patients just prior to 
achieving the initial 30% reduction in the Standard 8 nausea measure.  
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Table 6.17 below shows the most common medical cannabis products that were purchased by 
terminal illness patients just prior to achieving the initial 30% reduction in nausea symptoms. 
The most frequently purchased products were a combination of both Very High THC:CBD 
products for oral administration and vaporization (n = 3), followed by Balanced THC:CBD 
products for inhalation only (n = 3). See Appendix D: Symptom Results from the Patient Self-
Evaluation for full results. 

Table 6.17. Top 7 medical cannabis product(s) purchased by terminal illness patients just prior 
to achieving the initial 30% reduction in the Standard 8 nausea measure.  

 

 

Table 6.18 below shows the most common medical cannabis products purchased by HIV/AIDS 
patients just prior to their initial 30% reduction in pain symptoms. Balanced THC:CBD products 
were purchased most frequently (n = 6), followed by Very High THC:CBD products for inhalation 
(n = 3). See Appendix D: Symptom Results from the Patient Self-Evaluation for full results. 

Table 6.18. Top 4 medical cannabis product(s) purchased by HIV/AIDS patients just prior to 
achieving the initial 30% reduction in the Standard 8 pain measure.  

 

 

Condition-Specific Symptom Measures 

In addition to the Standard 8 measures, some patients received additional symptom questions 
on the PSE to more adequately address condition-specific symptoms. These include, among 
others, questions on seizure frequency for seizure patients, questions on spasm frequency for 
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numerical rating scale), response options for condition-specific measures varied and will be 
described in this section. All condition-specific measures were investigated within the same 
framework as the Standard 8 measures: 1) what percentage of patients achieved symptom 
improvement within the four months since their first medical cannabis purchase compared to 
their baseline responses, 2) what percentage of those achieving symptom improvement 
showed general persistence in the 4-month follow-up period, and 3) what medical cannabis 
products were purchased just prior to the patient reporting initial symptom improvements. A 
summary of results are similarly presented in a table like those presented for the Standard 8 
measures (see Table 6.19 below). 

The first column in Table 6.19 lists each condition that received additional symptom questions 
beyond the Standard 8. The second column briefly indicates the nature of these additional 
condition-specific symptom measures, with the number of patients included in the analysis at 
baseline indicated in the third column (baseline, meaning patients who provided data and met 
criteria on these measures at the beginning of the program – prior to purchasing any medical 
cannabis). The fourth column indicates the percentage and number of patients achieving a 
specified threshold of symptom improvement within four months of purchasing their first 
medical cannabis (denominator is patients included in the analysis at baseline). The threshold 
to determine symptom improvement for these analyses are subsequently described below, 
found in the descriptive section for each condition. The number of patients who had symptom 
data in the 4-month period following their initial symptom improvement are listed in the fifth 
column in Table 6.19. All symptom responses during this time period were averaged together 
within each patient. The sixth column indicates the percentage and number of patients who 
had achieved symptom improvement that subsequently still maintained that improvement for 
at least 4 months. Lastly, the right-most column shows the percentage of all patients who both 
achieved and maintained symptom improvements for at least 4 months. A more detailed 
discussion of these condition-specific results will follow Table 6.19.



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  P R O G R A M  Y E A R  

141 
 

Table 6.19. Condition-Specific Measures.  

 

 

Condition

Condition-Specific Symptom 

Measure

# of Patients 

Included in 

Analysis 

% of Patients 

Achieving Threshold 

Symptom 

Improvement within 4 

months of First 

Purchase (n)

# of Patients with 

Data in 4-mo Period 

Following Initial 

Threshold Symptom 

Improvement
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Symptom Improvement 

that Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved Threshold 

Symptom Improvement 

and Retained that Degree 

of Improvement for at 

Least 4 months

Weekly Spasms Frequency 629 48.0 (302) 225 57.6 (174) 27.6

0-10 Spastici ty Sca le 618 36.4 (225) 197 47.1 (106) 17.2

Chemo-Induced Nausea 147 37.4 (55) 29 34.5 (19) 12.9

Chemo-Induced Vomiting 77 41.6 (32) 20 56.3 (18) 23.4

Cancer: Cachexia/Wasting Weight 147 13.6 (20) 15 45.0 (9) 6.1

Seizures Weekly Seizure Frequency 262 68.3 (179) 150 70.9 (127) 48.5

# Liquid Stools 41 51.2 (21) 17 57.1 (12) 29.3

Abdominal  Pa in 73 53.4 (39) 29 35.9 (14) 19.2

General  Wel l -Being 15 46.7 (7) 5 28.6 (2) 13.3

Measures  Combined 102 51.0 (52) 41 42.3 (22) 21.6

Weight 102 20.6 (21) 18 57.1 (12) 11.8

Terminal  I l lness : Cachexia/Wasting Weight 29 20.7 (6) 5 50.0 (3) 10.3

HIV/AIDS Weight 48 14.6 (7) 3 42.9 (3) 6.3

Tourette Syndrome Weekly Tic Frequency 28 60.7 (17) 15 76.5 (13) 46.4

Weekly Spasms Frequency 18 33.3 (6) 4 66.7 (4) 22.2

0-10 Spastici ty Sca le 15 20.0 (3) 3 100.0 (3) 20.0ALS

Muscle Spasms 

Cancer: Nausea/Vomiting

Crohn's  Disease
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Severe and Persistent Muscle Spasms 

Patients with muscle spasms were given two questions to assess the severity of their muscle 
spasms. First, patients were given the option to respond to the number of muscle spasms they 
experienced the day before or the number of muscle spasms they experienced within the last 
week. These allowed for the calculation of weekly spasm frequency. Secondly, patients were 
asked to rate the severity of their muscle spasms on a 0-10 numerical rating scale (NRS), with 0 
indicating absence of spasms to 10 indicating spasticity being as bad as the patient could 
imagine. For the analysis in Table 6.19 above, responses to the 0-10 spasticity measure were 
restricted to patients experiencing moderate to severe spasticity at baseline (score of 4 or 
higher), while all patients responding to the weekly spasms frequency question were included 
in the analysis. In the analysis of both measures, symptom improvement was defined as 
achieving at least a 30% reduction in symptoms (30% decrease in weekly spasm frequency; 30% 
decrease on the 0-10 NRS spasticity measure) compared to baseline. 

Weekly spasm frequency was reduced by ≥30% in nearly half (48.0%) of the muscle spasm 
patients. Among patients who achieved ≥30% reduction, 58% (27.6% of patients included in 
analysis at baseline) retained that level of improvement over the next four months. 

Severity of muscle spasticity was reduced by ≥30% for 36.4% of the patients with moderate to 
severe muscle spasticity at baseline. Among patients who achieved ≥30% reduction, 47% 
(17.2% of patients included in analysis at baseline) retained that level of improvement over the 
next four months.  

Table 6.20 below shows the top 5 medical cannabis product types that were purchased by 
muscle spasm patients just prior to achieving ≥30% weekly spasm reduction for the first time, 
including the number of patients who purchased those specific product types (second column 
from right). It also shows the average daily amount of THC and CBD (mg) patients consumed 
(right-most column), which was derived from manufacturer-derived product information and 
pharmacist-entered calculations of how long the purchased supply would last.  Full purchasing 
details are in Appendix D: Symptom Results from the Patient Self-Evaluation. The most 
frequently purchased product types preceding the initial symptom improvement were a 
combination of Balanced THC:CBD products for oral administration and Balanced THC:CBD 
products for vaporization (n = 34), followed by Very High THC:CBD products for vaporization (n 
= 30).
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Table 6.20. Top 5 medical cannabis product types purchased by muscle spasm patients just prior to achieving ≥30% reduction in weekly 
spasms. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column 

from right). 
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Cancer: Nausea and Vomiting 

Patients certified for cancer accompanied by severe and persistent nausea or vomiting were 
asked to assess the severity of chemotherapy-induced nausea and vomiting on a 0-10 numerical 
rating scale. Patients who experienced chemotherapy-induced nausea and vomiting at 
moderate to severe levels at baseline (score of 4 or higher) were included in the analysis in 
Table 6.19, with symptom improvement being defined as achieving at least a 30% improvement 
in symptoms (30% decrease on the 0-10 nausea/vomiting NRS) compared to baseline. 

Severity of chemotherapy-induced nausea was reduced by ≥30% for 37.4% of the patients with 
moderate to severe chemotherapy-induced nausea at baseline. Among the patients who 
achieved ≥30% reduction, 35% (12.9% of patients included in analysis at baseline) retained that 
level of improvement over the next four months. 

Severity of chemotherapy-induced vomiting was reduced by ≥30% for 41.6% of the patients 
with moderate to severe chemotherapy-induced vomiting at baseline. Among the patients who 
achieved ≥30% reduction, 56% (23.4% of patients included in analysis at baseline) retained that 
level of improvement over the next four months. 

 

Cancer: Cachexia and Severe Wasting 

Body weights were analyzed for patients certified for cancer accompanied by cachexia and/or 
severe wasting. Symptom improvement was defined as achieving at least a 3% increase in body 
weight compared to baseline weight. 

An increase of at least 3% in body weight was reported by 13.6% of patients. Among the 
patients who achieved ≥3% increase in body weight, 45% (6.1% of patients included in analysis 
at baseline) retained that increase over the next four months. 

 

Seizures 

Patients with seizures were given two questions to assess the severity of their seizures. First, 
patients were given the option to respond to the number of seizures they experienced the day 
before or the number of seizures they experienced within the last week. These allowed for the 
calculation of weekly spasm frequency. Table 6.19 shows results from the weekly seizure 
frequency measure, with symptom improvement defined as achieving at least a 30% 
improvement in symptoms (30% decrease in weekly seizure frequency) compared to baseline. 

Weekly seizure frequency was reduced by ≥30% in 68.3% of the seizure patients. Among 
patients who achieved ≥30% reduction, 71% (48.5% of patients included in analysis at baseline) 
retained that level of improvement over the next four months.  
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Table 6.21 below shows the top 5 medical cannabis product types that were purchased by 
seizure patients just prior to achieving ≥30% symptom improvement for the first time, including 
the number of patients who purchased those specific product types (second column from 
right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-
most column), which was derived from manufacturer-derived product information and 
pharmacist-entered calculations of how long the purchased supply would last. Full purchasing 
details are in Appendix D: Symptom Results from the Patient Self-Evaluation. The most 
frequently purchased product types preceding the initial symptom improvement were skewed 
towards relatively high CBD:THC products, with preference for oral administration of these 
products.
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Table 6.21. Top 5 medical cannabis product types purchased by seizure patients just prior to achieving ≥30% reduction in weekly 
seizures. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column 

from right). 
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Crohn’s Disease 

Three questions from the Harvey-Bradshaw Index (HBI), which measures Crohn’s disease 
activity, were included on the PSE for Crohn’s disease patients. These three questions 
addressed the following: 1) the number of liquid or soft stools experienced yesterday, 2) 
general well-being yesterday (response options: “Very well”, “Slightly below par”, “Poor”, “Very 
poor”, “Terrible”), and 3) abdominal pain yesterday (response options: “None”, “Mild”, 
“Moderate”, “Severe”). Responses to these three questions were summed into a combined 
score for each patient (combined according to HBI scoring guidelines) as well as analyzed 
separately in Table 6.19. The three questions were selected from the HBI because they were 
patient-reported measures (versus clinician assessments). The HBI has been validated, but since 
only three questions from the HBI were used, the clinical significance of these aggregate and 
individual scores is unclear. Lastly, body weight data submitted through the PSE were analyzed 
and included in Table 6.19. 

Patients who indicated they experienced five or more liquid/soft stools at baseline were 
included in the analysis, with symptom improvement defined as achieving at least a 30% 
reduction in liquid/soft stools. Patients who indicated their general well-being was “Very Poor” 
or “Terrible” at baseline were included in the well-being analysis, with symptom improvement 
defined as feeling “Slightly Below Par” or “Very Well”. Patients who indicated they experienced 
“Moderate” or “Severe” abdominal pains were included in the abdominal pain analysis, with 
symptom improvement defined as experiencing “Mild” to “No” abdominal pain. For the 
combined Crohn’s activity measure (combined score on the three HBI measures), symptom 
improvement was defined as those achieving at least a 30% symptom improvement (30% 
decrease in the combined score compared to baseline).  Lastly, body weight improvement was 
defined as a 3% increase in body weight. 

Number of liquid/soft stools per day decreased by ≥30% for 51.2% of patients with at least five 
liquid/soft stools per day at baseline. Among patients who achieved ≥30% reduction, 57% 
(29.3% of patients included in analysis at baseline) retained that level of improvement over the 
next four months. 

Severity of abdominal pain improved for 53.4% of patients with moderate or severe abdominal 
pain at baseline. Among patients who reported an improvement in abdominal pain, 36% (19.2% 
of patients included in analysis at baseline) retained that improvement over the next four 
months. 

General well-being improved for 46.7% of patients who described their baseline well-being as 
“Very Poor” or “Terrible” at baseline. Among patients who reported an improvement in general 
well-being, 29% (13.3% of patients included in analysis at baseline) retained that improvement 
over the next four months. 

On the combined Crohn’s activity measure (number of liquid/soft stools, abdominal pain, 
general well-being), 51.0% of Crohn’s Disease patients achieved ≥30% improvement. Among 
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patients who achieved ≥30% reduction, 42% (21.6% of patients included in analysis at baseline) 
retained that level of improvement over the next four months. 

An increase of at least 3% in body weight was reported by 20.6% of patients. Among the 
patients who achieved ≥3% increase in body weight, 57% (11.8% of patients included in analysis 
at baseline) retained that increase over the next four months. 

 

Terminal Illness 

Body weight measures on the PSE were analyzed in patients certified for terminal illness: 
accompanied by cachexia or severe wasting. Symptom improvement was defined as a 3% 
increase in body weight from their baseline body weight. 

An increase of at least 3% in body weight was reported by 20.7% of patients. Among the 
patients who achieved ≥3% increase in body weight, 50% (10.3% of patients included in analysis 
at baseline) retained that increase over the next four months. 

 

HIV/AIDS 

Body weight measures on the PSE were analyzed in HIV/AIDS patients. Similar to all body 
weight measures of improvement discussed previously, symptom improvement was defined as 
a 3% increase in body weight compared to their baseline body weight. 

An increase of at least 3% in body weight was reported by 14.6% of patients. Among the 
patients who achieved ≥3% increase in body weight, 43% (6.3% of patients included in analysis 
at baseline) retained that increase over the next four months. 

 

Tourette Syndrome 

Patients with Tourette Syndrome were given two questions to assess the severity of their tics. 
First, patients were given the option to respond to the number of tics they experienced the day 
before or the number of tics they experienced within the last week. These allowed for the 
calculation of weekly tic frequency. For Table 6.19, weekly tic frequency was analyzed in all 
patients, with symptom improvement defined as a 30% improvement in symptoms (30% 
decrease in weekly tics compared to baseline). 

Weekly tic frequency was reduced by ≥30% in 60.7% of the Tourette Syndrome patients. Among 
patients who achieved ≥30% reduction, 76% (46.4% of patients included in analysis at baseline) 
retained that level of improvement over the next four months.  
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Table 6.22 below shows the top 4 medical cannabis product types that were purchased by 
Tourette patients just prior to achieving ≥30% symptom improvement for the first time, 
including the number of patients who purchased those specific product types (second column 
from right). It also shows the average daily amount of THC and CBD (mg) patients consumed 
(right-most column), which was derived from manufacturer-derived product information and 
pharmacist-entered calculations of how long the purchased supply would last.  Full purchasing 
details are in Appendix D: Symptom Results from the Patient Self-Evaluation. The most 
frequently purchased product types preceding the initial symptom improvement were Very 
High THC:CBD oromucosal products (4 patients) and a combination of Balanced THC:CBD oral 
products and Very High THC:CBD oral products (2 patients)  

Table 6.22. Top 4 medical cannabis product types purchased by Tourette patients just prior to 
achieving ≥30% reduction in weekly tics. Last column shows the average daily THC/CBD dose 

that was used by patients purchasing those product types (second column from right). 

 

 

 
Glaucoma 

Intraocular pressure results were collected on the PSE from Glaucoma patients and are 
presented in Table 6.23 for each of the 21 patients included in this analysis.  At the first PSE 
(prior to first medical cannabis purchase) patients were asked to provide the date and results of 
the most recent intraocular pressure test. On subsequent PSEs patients were asked to provide 
the date and results of any intraocular pressure test done since submission of the last PSE.   

Results for seven of the 21 patients (33%) suggest a decrease in intraocular pressure after 
initiation of medical cannabis: patients #4, 8, 9, 14, 16, 17, and 19. One of those seven did not 
show a decrease at 5 months, but did show a decrease at 9 months.  Four of them had 
measurement results after the date of the result that indicated a decrease: patients #4, 16, 17, 
and 19.  Of those four, three have results indicating persistence of reduction over several 
months.  The fourth (#19) had a reduction in month 2 but returned toward pre-medical 
cannabis levels at month 4.  More detailed study, including accessing medical record data, 
would be needed to confirm measurement results and to assess whether observed 
improvements could have been due to changes in glaucoma therapy other than medical 
cannabis use. 
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Table 6.23. Intraocular pressure test results (left eye/right eye) from glaucoma patients (n = 21). Test results are noted by the month they 
occurred prior to or after the patients’ first medical cannabis purchase (“First Visit”). 

Patient 12-mo 11-mo 5-mo 4-mo 3-mo 2-mo 1-mo 1-mo 2-mo 3-mo 4-mo 5-mo 6-mo 7-mo 9-mo 10-mo 11-mo 13-mo

1 15 / 11 11 / 10 7 / 12

2 20 / 17 17 / 14 18 / 16

3 18 / 20 19 / 18 18 / 18 19 / 22 19 / 18

4 26 / 28 26 / 28 18 / 18 18 / 16

5 21 / 26

6 20 / 20 20 / 20

7 17 / 15

8 34 / 30 33 / 33 26 / 24

9 26 / 23 17 / 18

10 30 / 30

11 22 / 24 27 / 21 21 / 24

12 12 / 10 12 / 12

13 22 / 14 22 / 14

14 9 / 26 8 / 12

15 17 / 18 19 / 24

16 22 / 20 16 / 16 17 / 17 16 / 16 18 / 19

17 23 / 23 16 / 16 19 / 25 16 / 19 16 / 19 16 / 18

18 10 / 12 12 / 15

19 30 / 22 19 / 16 26 / 16

20 17 / 19 19 / 17 19 / 17

21 17 / 26 17 / 28 20 / 25 19 / 20 24 / 28

Before 1st Medical Cannabis Purchase First 

Visit

After 1st Medical Cannabis Purchase
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ALS 

Patients with ALS were given two questions to assess the severity of their muscle spasms. First, 
patients were given the option to respond to the number of spasms they experienced the day 
before or the number of spasms they experienced within the last week. These allowed for the 
calculation of weekly spasm frequency. Table 6.19 presents results on weekly spasm frequency 
and spasm severity (0-10 NRS). For the spasticity scale measure, patients who experienced 
moderate to severe spasms at baseline (scored 4 or higher) were included in the analysis, with 
symptom improvement defined as achieving at least a 30% symptom improvement (30% 
decrease on the 0-10 NRS compared to baseline). 

Weekly spasm frequency was reduced by ≥30% in 33.3% of the ALS patients. Among patients 
who achieved ≥30% reduction, 67% (22.2% of patients included in analysis at baseline) retained 
that level of improvement over the next four months.  

Severity of muscle spasticity was reduced by ≥30% for 20.0% of the ALS patients with moderate 
to severe muscle spasticity at baseline. Among the three patients who achieved ≥30% 
reduction, all three retained that level of improvement over the next four months (20.0% of 
patients included in analysis at baseline). 

Table 6.24 below shows the top 5 medical cannabis product types that were purchased by ALS 
patients just prior to achieving ≥30% weekly spasm reduction for the first time, including the 
number of patients who purchased those specific product types (second column from right). It 
also shows the average daily amount of THC and CBD (mg) patients consumed (right-most 
column), which was derived from manufacturer-derived product information and pharmacist-
entered calculations of how long the purchased supply would last.  Full purchasing details are in 
Appendix D: Symptom Results from the Patient Self-Evaluation. The most frequently purchased 
product types preceding the initial symptom improvement were skewed towards balanced 
THC:CBD products and relatively high THC:CBD products.
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Table 6.24. Top 5 medical cannabis product types purchased by ALS patients just prior to 
achieving ≥30% reduction in weekly spasms. Last column shows the average daily THC/CBD 
dose that was used by patients purchasing those product types (second column from right). 

 

 

Benefits Reported on the Patient Self-Evaluation: Conclusions 

Similar to survey results, the PSE also demonstrated improvements on symptoms in medical 
cannabis patients. Patients enrolling in the program initially report a high degree of symptom 
burden with anywhere from roughly 40-60% of patients reporting symptom improvements 
within the 4 month period following their first medical cannabis purchase. If patients 
experienced improvements in symptoms, roughly half to three-quarters of them maintained 
those levels of improvement in the 4-month period following their initial report of 
improvement. 

There are some limitations on the PSE to consider when interpreting results. Firstly, there is no 
symptom data on patients who decide over time not to purchase medical cannabis any longer 
(or for extended periods of time). As discussed earlier, patients must complete a PSE prior to 
each medical cannabis purchase. If a patient stops purchasing medical cannabis, there will be a 
parallel pause in symptom data to understand whether there may have been a lack of symptom 
improvements to halt purchases. This is the reason for presenting many analyses on symptom 
improvements in the context of the initial baseline patient pool – regardless of whether they 
provided any subsequent symptom data or not. This allows for more of a conservative estimate 
of symptom benefit over time. A second limitation on the PSE has to do with the patient’s 
approach and conscientiousness in completing the PSE—all symptom measures are self-
reported which involves cognitive resources and motivation for the patient to complete the 
surveys as accurately as possible. 
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7. Adverse Side Effects 

Summary 

This chapter provides insight into the frequency and severity of adverse (negative) side effects 
through three sources of information: the Patient Self-Evaluation completed by the patient 
prior to each medical cannabis purchase, patient and health care practitioner surveys, and 
adverse event reports to the two medical cannabis manufacturers. 

The three information sources tell a similar story. Around 20-25% of enrolled patients report 
negative physical or mental side effects of some kind, with the majority – around 60% - 
reporting only one and 90% reporting 3 or fewer unique side effects. The vast majority of 
adverse side effects, around 90%, are mild to moderate in severity.  An assessment of the 30 
patients reporting severe side effects, meaning “interrupts usual daily activities,” found no 
apparent pattern in patient age, medical condition, or type of medical cannabis product used. 
Results reported in this chapter are generally similar to those reported in published clinical 
trials of cannabis and cannabinoids, though with a somewhat lower frequency of occurrence 
reported in the program.  Fortunately, up to the present no serious adverse events (life 
threatening or requiring hospitalization) have been reported. 

Some limitations of the data should be mentioned. For example, when the patient completes a 
Patient Self-Evaluation and has it reviewed in consultation with pharmacist staff, the 
completeness and accuracy of reported side effects (on the Patient Self-Evaluation) ultimately 
depend on the attention and good communication of the patient. Perhaps a more significant 
risk for under-reporting through Patient Self-Evaluation data is the situation when a patient has 
an intolerable side effect and decides to make no more purchases of medical cannabis.  If the 
patient doesn’t go to a cannabis patient center for another purchase, the patient doesn’t fill out 
another Patient Self-Evaluation, so the side effect is not documented through this mechanism.  
From anecdotal report and survey responses, we know this does occur. However, inquiries 
made of patients who have discontinued medical cannabis purchasing suggests this does not 
happen often. Finally, a weakness of the survey data is that many responders did not complete 
the question on most significant negative effect and a substantial proportion who did indicated 
cost or access issues, rather than physical or mental side effects. Though physical or mental side 
effects were probably minor or not present if the respondent indicated cost or access issues as 
the most significant negative effect, we don’t know that for sure. We are unable to characterize 
most significant negative effect for those who did not submit a response a response.  

Though the limitations mentioned in the paragraph above no doubt undercount the frequency 
of physical and mental side effects to some degree, their impact does not seem likely to 
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significantly change the main conclusions of the analyses reported in this section: at this point, 
the safety profile of the medical cannabis products available through the Minnesota program 
seems quite favorable. 

 
Adverse Side Effects Reported on the Patient Self-Evaluation 

Patients have the opportunity to report adverse side effects they attribute to medical cannabis 
on the Patient Self-Evaluation (PSE). Patients must complete a PSE prior to each medical 
cannabis purchasing transaction. Therefore, the administration of the PSE is timed so that 
patients can reflect on their experience with the medication they purchased previously and 
report those experiences on the following patient self-evaluation. A pharmacist at one of the 
eight medical cannabis dispensaries can then review PSE-reported information, which includes 
an opportunity to discuss side effects with the patient prior to approving that patient for 
another medical cannabis purchase. When reporting side effects on the PSE, patients are able 
to choose side effects from a pre-made list of options or write in side effects that do not fit one 
of the listed options. In addition, 
patients also indicate the severity 
with which each side effect is 
experienced (see Box 7.1).  

Adverse side effects were 
examined within the 1st program 
year cohort (n = 1660). Patients 
who had made at least their first 
medical cannabis purchase were 
identified, and from these 
patients, all PSEs that were 
submitted within the four months following their first medical cannabis purchase were included 
in a dataset. This led to a total of 1502 patients (90.5% of the cohort) being represented. For 
the following analyses, each side effect was counted once for a given patient if it was reported 
multiple times. If a side effect was reported multiple times, the observation that was 
categorized at the highest severity level was included in the analyses for this report.  In cases 
where a patient opted to write in their side effects (rather than choosing from the pre-made list 
of options), their responses were assessed carefully for adjudication for coding purposes.  
Therefore – while not affecting a substantial number of side effect responses – it should be 
noted that one limitation for accurate coding is the patient’s ability to adequately articulate 
their experiences. 

Of the 1502 patients, 18.1% (n = 272) reported any adverse side effects within the four month 
period following their first medical cannabis purchase. Of those 272 patients reporting any 
adverse side effects, the majority reported only one (n = 164, 60.3%), with approximately 90% 
of them reporting three or fewer different, adverse side effects (Figure 7.1). 

Adverse Side Effect Severity: Definitions 

Mild: Symptoms do not interfere with daily activities 
Moderate: Symptoms may interfere with daily activities 
Severe: Symptoms interrupt usual daily activities 

Box 7.1. Definitions on severity provided to patients for 
adverse side effect reporting. 
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Figure 7.1. Distribution of patient counts by number of different, adverse side effects 
reported (out of 272 patients). 
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Figure 7.2 shows the percentage of patients reporting specific adverse side effects (Table 7.1 
below lists adverse side effects that were reported by less than 2% of all patients). Of all side 
effects reported, dry mouth and drowsiness/somnolence/sedation were the most commonly 
reported side effects among patients. Overall, the frequency distribution of unique side effects 
mirrors typical clinical trial data on side effects from cannabis/cannabinoid use (see “A Review 
of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying 
Medical Conditions” on the Office of Medical Cannabis website). 

Figure 7.2. The most commonly reported adverse side effects represented by the percentage 
of patients reporting them (out of 272 patients). 

 
 

.

http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/index.html
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Table 7.1. Adverse side effects that were reported by less than 2% of patients (out of 272 patients). 

Side Effect 
% of 
Patients (n)  Side Effect 

% of Patients 
(n) 

Asthenia (muscle weakness) 1.8% (5)  Change in quality of seizures 0.4% (1) 

Chest pain 1.8% (5)  Chest colds 0.4% (1) 

Confusion 1.8% (5)  Cognitive change 0.4% (1) 

Disorientation 1.5% (4)  Cramping with bowel movement 0.4% (1) 

Eye redness 1.5% (4)  Dysphoria (intense feeling of unease or unpleasantness) 0.4% (1) 

Lethargy 1.5% (4)  Exacerbation of lymphedema 0.4% (1) 

Blurred Vision 1.1% (3)  Eye muscle twitching 0.4% (1) 

Decreased muscle coordination/balance 1.1% (3)  Hives 0.4% (1) 

Increased agitation 1.1% (3)  Hyperactive bowel sounds 0.4% (1) 

Numbness 1.1% (3)  Hypomania 0.4% (1) 

Panic attack 1.1% (3)  Increase in mucus secretions 0.4% (1) 

Personality/mood change 1.1% (3)  Increased aggression 0.4% (1) 

Tinnitus (ringing perception in the ears) 1.1% (3)  Increased urine output 0.4% (1) 

"Stoned" feeling 0.7% (2)  Increased yelling 0.4% (1) 

Body stiffness 0.7% (2)  Mouth irritation/burning 0.4% (1) 

Coughing/lung irritation 0.7% (2)  Rash on face 0.4% (1) 

Decreased appetite 0.7% (2)  Repressed immune system 0.4% (1) 

Dry eyes 0.7% (2)  Sleep disturbance 0.4% (1) 

Feeling cold 0.7% (2)  Sneezing 0.4% (1) 

Increased seizures 0.7% (2)  Thrush 0.4% (1) 

Tremors 0.7% (2)  Urinary retention 0.4% (1) 

"Wired" feeling 0.4% (1)  Vomiting 0.4% (1) 

Bloating 0.4% (1)  Worsening acne 0.4% (1) 

Burping 0.4% (1)    
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The 272 patients reporting any adverse side effects submitted a combined total of 478 side 
effect responses within 4 months of their first medical cannabis purchase. When aggregating all 
side effect responses across patients, only 9.2% (44) of all responses were reported as severe 
(see Figure 7.3). 

Figure 7.3. Percentage of all reported, adverse side effect responses categorized by severity. 
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Table 7.2. Table shows the number of patients reporting the listed side effects along with the 
percentage of those respondents who indicated that the side effect was severe. 

Side Effect 

# of 
Patients 
Reporting 

% of Patients 
Reporting as 
Severe (n) 

Dry mouth 59 6.8% (4) 

Drowsiness/somnolence/sedation 58 5.2% (3) 

Fatigue 53 3.8% (2) 

Mental clouding/"foggy brain" 26 7.7% (2) 

Headache 23 4.3% (1) 

Dizziness 22 9.1% (2) 

Lightheadedness 20 0% (0) 

Nausea 18 11.1% (2) 

Anxiety 16 12.5% (2) 

Abdominal/epigastric pain 12 8.3% (1) 

Diarrhea 12 16.7% (2) 

Insomnia 12 8.3% (1) 

Euphoria (intense feeling of well-being or pleasure) 11 9.1% (1) 

Difficulty concentrating 10 20% (2) 

Impaired memory 10 10% (1) 

Constipation 7 14.3% (1) 

Tachycardia (rapid heart rate) 7 28.6% (2) 

Paranoia 6 16.7% (1) 

Sore throat 6 0% (0) 

Asthenia (muscle weakness) 5 60% (3) 

Chest pain 5 20% (1) 

Confusion 5 0% (0) 

Disorientation 4 0% (0) 

Eye redness 4 0% (0) 

Lethargy 4 50% (2) 

Blurred Vision 3 0% (0) 

Decreased muscle coordination/balance 3 33.3% (1) 

Increased agitation 3 0% (0) 

Numbness 3 33.3% (1) 

Panic attack 3 33.3% (1) 

Personality/mood change 3 0% (0) 

Tinnitus (ringing perception in the ears) 3 0% (0) 

"Stoned" feeling 2 50% (1) 

Body stiffness 2 0% (0) 
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Table 7.2 Continued. Table shows the number of patients reporting the listed side effects 
along with the percentage of those respondents who indicated that the side effect was 

severe. 

Side Effect 

# of 
Patients 
Reporting 

% of Patients 
Reporting as 
Severe (n) 

Coughing/lung irritation 2 0% (0) 

Decreased appetite 2 0% (0) 

Dry eyes 2 0% (0) 

Feeling cold 2 0% (0) 

Increased seizures 2 50% (1) 

Tremors 2 0% (0) 

"Wired" feeling 1 0% (0) 

Bloating 1 0% (0) 

Burping 1 0% (0) 

Change in quality of seizures 1 0% (0) 

Chest colds 1 0% (0) 

Cognitive change 1 0% (0) 

Cramping with bowel movement 1 0% (0) 

Dysphoria (intense feeling of unease or unpleasantness) 1 0% (0) 

Exacerbation of lymphedema 1 10% (1) 

Eye muscle twitching 1 0% (0) 

Hives 1 0% (0) 

Hyperactive bowel sounds 1 0% (0) 

Hypomania 1 0% (0) 

Increase in mucus secretions 1 100% (1) 

Increased aggression 1 100% (1) 

Increased urine output 1 0% (0) 

Increased yelling 1 0% (0) 

Mouth irritation/burning 1 0% (0) 

Rash on face 1 0% (0) 

Repressed immune system 1 0% (0) 

Sleep disturbance 1 0% (0) 

Sneezing 1 0% (0) 

Thrush 1 0% (0) 

Urinary retention 1 0% (0) 

Vomiting 1 0% (0) 

Worsening acne 1 0% (0) 
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The 44 severe side effect responses (9.2% of total side effect responses) were attributed to 30 
patients (11.0% of patients reporting any side effects). Patients experiencing severe side effects 
represent a wide range of ages, including children and elderly patients; 14 patients were male 
and 16 patients were female. Their age, gender, and certifying conditions generally matched 
the whole first year cohort. Half of patients reporting severe side effects were taking a form of 
balanced THC:CBD product (n=15); 10 patients were using a high CBD product, 9 patients were 
using a very high THC product and 4 patients were using a high THC product. Seven of 30 
patients (23%) were using a combination of products with varying THC:CBD ratios (the most 
common combination was very high THC products and 1:1 THC:CBD products); 9 patients used 
a combination of products with different routes of administration (the most common 
combination was enteral and inhaled). Refer to Table 7.3 for details on the patients reporting 
severe side effects, along with the product types that were purchased just prior to experiencing 
the severe side effect.  

PSE-Reported Adverse Side Effects: Conclusions 

Less than a quarter of patients from the cohort (~18%) reported adverse side effects within the 
first 4 months since purchasing their first medical cannabis products. Roughly 90% of those that 
do report any side effects report 3 or fewer unique side effects during that time period. Results 
also suggest that relatively few patients experience severe, adverse side effects, with less than 
10% of all responses (attributed to 30 patients) being categorized as severe.
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Table 7.3. Patients reporting “severe” side effects: patient age, gender, and condition, product types purchased at most recent visit, and 
type of side effect reported. 

Age Gender Condition(s) Very High THC 
Product(s) 

High THC 
Product(s) 

High CBD 
Product(s) 

1:1 THC:CBD 
Product(s) 

Severe Side Effect Reported 

55 M HIV/AIDS - - - Enteral Chest pain 

67 F Severe Muscle 
Spasms 

Inhaled - Enteral Enteral, 
Inhaled 

Dry mouth 

28 F Severe Muscle 
Spasms 

- - - Enteral, 
Inhaled 

Lethargy 

58 F Severe Muscle 
Spasms 

- - - Enteral, 
Inhaled 

Panic attack 

32 M Severe Muscle 
Spasms 

Inhaled - - Inhaled Asthenia (muscle weakness)                         
Lethargy                                                         
Tachycardia (rapid heart rate) 

32 M Severe Muscle 
Spasms 

Inhaled - - Inhaled "Stoned" feeling 

38 M Severe Muscle 
Spasms 

Inhaled - - Inhaled Insomnia 

52 F Severe Muscle 
Spasms 

- - - Enteral, 
Inhaled 

Asthenia (muscle weakness) 
Drowsiness/somnolence/sedation 

61 F Cancer - - Enteral Enteral Dry mouth 

36 M Seizures - - Enteral - Diarrhea 

41 M Cancer, Terminal 
Illness 

- Enteral, 
Inhaled 

- - Drowsiness/somnolence/sedation 

87 F Severe Muscle 
Spasms 

- Enteral, 
Oromucosal 

- - Diarrhea 

31 M Cancer Enteral, Inhaled - - - Nausea 

71 F Cancer Inhaled - - Enteral 
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Asthenia (muscle weakness)                    
Exacerbation of lymphedema 

26 F Terminal Illness Inhaled - - Enteral, 
Inhaled, 

Oromucosal 

Constipation                                                     
Difficulty concentrating 
Drowsiness/somnolence/sedation                       
Dry mouth                                                            
Mental clouding/"foggy brain" 

36 F Cancer - - - Enteral Headache 

33 M Crohn's Disease - - - Enteral Fatigue 

63 F Crohn's Disease - - - Enteral Dizziness 

82 M Cancer - - - Enteral Dizziness 

60 F Seizures - - Enteral - Anxiety 

32 M Seizures - - Enteral - Nausea 

48 M Seizures - - Enteral - Fatigue 

18 F Seizures - - Enteral - Increased seizures 

28 M Seizures - - Enteral - Anxiety                                                              
Paranoia 

5 M Severe Muscle 
Spasms, Seizures 

- - Enteral - Decreased muscle 
coordination/balance           Increased 
aggression 

10 F Seizures - - Oromucosal - Abdominal/epigastric pain                            
Increase in mucus secretions 

56 F Cancer, HIV/AIDS - Enteral - - Dry mouth                                                         
Euphoria (intense feeling of well-
being/pleasure) 

21 M Cancer - Inhaled - - Tachycardia (rapid heart rate) 

42 F Severe Muscle 
Spasms 

Inhaled - - - 
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Impaired memory                                            
Difficulty concentration                                            
Mental clouding/"foggy brain" 

45 F Severe Muscle 
Spasms 

Inhaled - - - Numbness 
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Adverse Side Effects Reported on Surveys 

Patient-Reported Negative Effects of Medical Cannabis 

For overall patient response rate to the survey three months after first purchase and 
comparison of responders and non-responders see the section with survey results in the 
Benefits chapter above. 

The Patient Experience survey asks respondents to report the degree, or severity, of any 
negative effects they believe the patient received from using medical cannabis, on a scale from 
1 (no negative effects) to 7 (a great deal of negative effects). The survey then asked the 
respondent to describe, in their own words, the most significant negative effect. Table 7.4 
shows the distribution of negative effects by severity score within three broad categories: 
physical side effects (including dry mouth, fatigue, headache, dizziness, blurred vision); mental 
side effects (including mental clouding, paranoia, sedation or symptoms related to “high”); and 
issues related to accessing the medications (distance to distribution center, inconvenient 
operating hours for distribution centers, etc.). Based on anticipated reports on the high cost of 
medication, patients were asked to report on the affordability of the medication separately. 
However, 53 (7%) patients included cost in their estimation of the most significant negative 
effects related to medical cannabis; these reports are excluded from Table 7.4 but included in 
Appendix E: Patient-Reported Negative Effects from Surveys. Finally, please see the chapter 
titled, “Affordability and Suggestions for Improvement” for patient perceptions of medication 
affordability.  

Of 792 completed patient surveys, 744 responses (94%) included a negative effects score and 
441 (56%) included a response regarding most important negative effect, including comments 
stating “no negative effect.” Of 744 negative effect scale responses, 452 (61%) reported a score 
of 1, or “no negative effect.” This includes 13 patients who, though they entered a score of 1, 
entered a narrative description of physical or mental side effects. A total of 195 responses (25% 
of all patient responses) reported physical or mental negative effects. These reports generally 
mirrored side effects reported in clinical trials of medical cannabis (see “A Review of Medical 
Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical 
Conditions” on the Office of Medical Cannabis website). Reports of the most severe negative 
effects were as follows: scores of 7 (great deal of negative effects) were associated with reports 
of allergic reaction (n=1), pain (n=1), severe diarrhea (n=1), change in mood/behavior (n=1) and 
decreased awareness of surroundings (n=1). Scores of 6 were associated with reported physical 
side effects of dizziness or related symptoms (n=3), severe diarrhea (n=1), stomach pain (n=1), 
burning sensation with sublingual product (n=1), sleeping problems (n=1) and worsening 
seizures (n=2), and mental side effects of crying and irritability (n=1). Scores of 5 which 
reported physical negative effects included drug interactions, increased seizure activity, allergic 
reaction, lightheadedness, fatigue, headaches, visual impairment, dry mouth, a report that the 

http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/index.html
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product “made me sick” and pain related to vaping (n=1 each). Scores of 5 which reported 
mental negative effects included reports of paranoia (n=2), inability to concentrate (n=1), and 
increased anxiety (n=1).   

Apart from physical or mental negative effects, some patients reported issues related to 
program access, including distance to the nearest cannabis patient center (n=13). Other 
negative effects (not included in Table 7.4) were reported including issues related to the 
program design (n=9), negative attitudes of others toward the patient’s use of medical cannabis 
(n=17) and fear of legal or employment-related consequences related to program participation 
(n=5). Finally, 16 reports of negative effects were related to lack of efficacy of the medicine in 
treating the patient’s condition. A full listing of patient-reported negative effect comments is 
available in Appendix E: Patient-Reported Negative Effects from Surveys. 

Table 7.4. Summary of most significant negative effects experienced by the patient, per 
patient reports. 

  

1: No 
Negative 

Effects 2 3 4 5 6 

7: Great 
Deal of 

Negative 
Effects Total 

Physical Side Effects 
10 (1%) 57 (7%) 15 (2%) 26 (3%) 10 (1%) 9 (1%) 3 (0%) 

130 
(16%) 

Mental Side Effects 
3 (0%) 18 (2%) 14 (2%) 19 (2%) 4 (1%) 1 (0%) 2 (0%) 

61 
(8%) 

Access-Related Issues 
4 (1%) 3 (1%) 1 (0%) 2 (0%) 1 (0%) 1 (0%) 1 (0%) 

13 
(2%) 

Note: Results are broken down by negative effect scale scores. Percentages are calculated based on the total number of patient 
survey responses received (n=792).  

 

HCP-Reported Negative Effects from Medical Cannabis 

Like the Patient Experience survey, the HCP survey asks respondents to report the degree, or 
severity, of any negative effects they believe the patient received from using medical cannabis, 
on a scale from 1 (no negative effects) to 7 (a great deal of negative effects). Table 7.5 shows 
the distribution of negative effects by severity score within three broad categories: physical 
side effects (including dry mouth, fatigue, headache, dizziness, blurred vision); mental side 
effects (including mental clouding, paranoia, sedation or symptoms related to “high”); and 
issues related to accessing the medications (long distance to distribution center, inconvenient 
operating hours for distribution centers, etc.).  

Of 251 total HCP survey responses, 200 responses (80%) included a negative effects score and 
107 responses (43%) included a description of any negative effect(s). Of 200 negative effect 
scale responses, 128 (64%) reported a score of 1, or “no negative effect.” This includes 6 HCP 
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reports which entered a narrative description of physical or mental side effects. There were 33 
HCP reports (13% of all HCP survey responses) of physical or mental negative effects resulting 
from medical cannabis treatment. As seen in the patient survey results, these generally 
mirrored side effects described in clinical trials (see “A Review of Medical Cannabis Studies 
relating to Chemical Compositions and Dosages for Qualifying Medical Conditions” on the Office 
of Medical Cannabis website). Healthcare providers describing negative effects with high scores 
reported the following: a score of 7 was associated with a report of “abdominal discomfort”; 
dizziness (n=1) and sedation (n=1) were reported with scores of 6; finally, constipation, lethargy 
and worsened seizure activity (n=1) and a report of “too strong per patient” (n=1) were 
associated with a score of 5.  Four HCP responses reported access-related issues as a negative 
effect. Additionally, 25 HCP reports (10% of all HCP survey responses) described cost as a 
negative effect related to medical cannabis (these reports are not included in Table 7.5). 

A full listing of all negative effect comments from HCPs can be found in Appendix F: Healthcare 
Practitioner-Reported Negative Effects from Surveys. 

 

Table 7.5. Summary of most significant negative effects experienced by the patient, per HCP 
reports. 

Negative Effects By 
Score  

(1-7 Scale) 

1  
(No 

Negative 
Effects) 

 

2 
 
 
 
 

3 
 
 
 
 

4 
 
 
 
 

5 
 
 
 
 

6 
 
 
 
 

7  
(Great Deal 
of Negative 

Effects) 
 

Total 

Physical Side Effects 4 (2%) 5 (2%) 6 (2%) 2 (1%) 1 (0%) 1 (0%) 1 (0%) 20 (8%) 

Mental Side Effects 2 (1%) 6 (2%) 3 (1%) 1 (0%) - 1 (0%) - 13 (5%) 

Access Issues 1 (0%) 2 (1%) 1 (0%) - - - - 4 (2%) 

Note: Results are broken down by negative effect scale scores. Percentages in each cell are based on the total number of HCP 
survey responses (n=251).  

 

Adverse Side Effects Reported on Surveys: Conclusions 

Based on data from surveys completed by patients and their certifying healthcare practitioners 
three months after the patient’s first medical cannabis purchase, 25% of patient respondents 
report physical or mental side effects related to medical cannabis use. A minority of healthcare 
provider responders (13%) report physical or mental side effects. Both groups describe negative 
effects related to medical cannabis use including the cost of products and issues related to 

http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/index.html
http://www.health.state.mn.us/topics/cannabis/index.html
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accessing medicine. Most patients and HCPs reporting physical or mental side effects report 
low degrees of severity (negative effect scale scores of 1-3). 

 

Adverse Event Reporting to Manufacturers 

There is potential for enrolled patients, their family and caregivers, and health care 
practitioners to be concerned about an adverse event potentially caused by medical cannabis 
and to want to register their concern quickly. Both manufacturers have processes in place to 
receive these messages by telephone and by email. They collect and document information 
related to the incident and report it to the Office of Medical Cannabis. In nature and severity 
these reports have been similar to the adverse events reported in Patient Self-Evaluations and 
surveys. 

Patients, their registered caregivers, and certifying health care practitioners have a duty as 
program participants to report serious adverse events.  Called “serious adverse incidents” in the 
program’s rules (4770.4002), these are essentially occurrences that lead to hospitalization or 
are life-threatening events. As of the date of this report, no reported adverse events have met 
the definition of “serious adverse incident.”  
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8. Affordability and Suggestions for 
Improving the Program 

Patient Perceptions of Affordability 

Unlike traditional pharmaceuticals whose costs are often covered through insurance 
reimbursement, medical cannabis must be purchased solely out of pocket. The Patient 
Experience survey asked patients to rate the cost of the medication on a scale from 1, or very 
affordable, to 7, or very prohibitive. Responses to this question are displayed in Figure 8.1.  Of 
792 respondents, 683 (86%) reported that they found medical cannabis to be at least 
somewhat unaffordable (score of 4 or greater).  

 

Figure 8.1. Patient Perceptions of Product Affordability 
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Patient Perceptions of Online Registry 

Patients were asked how easy or difficult the online registry system, through which the 
Minnesota Medical Cannabis program is administered, is to use. Patients were asked to rate 
usability on a scale from 1, or very difficult to use, to 7, or very easy or intuitive to use. 
Responses were generally positive (Figure 2), with 51% of patients reporting high scores of 
usability (6 or 7).  

Figure 8.2. Online Registry Ease of Use 

 

Patient reports on the ease of use of the Medical Cannabis Registry online system (1=very difficult to use; 4=neither difficult nor 
easy to use; 7=very easy/intuitive to use). Note: percentages are based on total number of patient responses; 49 patients did 
not complete this question and are not represented in the figure. 
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Patient Perceptions of Office of Medical Cannabis Call Center 

Patients were asked to rate the helpfulness of the Office of Medical Cannabis Call Center (also 
known at the Support Center), which provides support for patients, caregivers and providers in 
navigating the registration and enrollment process as well as assisting with other program-
related inquiries. The Patient Experience survey asked patients to rate the helpfulness of the 
call center on a scale from 1, or not very helpful, to 7, or very helpful. Over half of all patient 
responses reported high scores of helpfulness (6 or 7).  

Figure 8.3. Call Center Helpfulness 

 

Patient reports on the helpfulness of the Office of Medical Cannabis Patient Support Center (1=not very helpful; 4=somewhat 
helpful; 7=very helpful). Note: percentages are based on total number of patient responses; 241 patients did not complete this 

question (several indicated no experience with the call center) and are not represented in the figure. 
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Patient Perceptions of Office of Medical Cannabis Website 

Patients were asked to state their level of agreement with the statement: “The Office of 
Medical Cannabis website provides me with the information I need to understand and 
participate in the program.” Among all patient respondents, 49% agreed and 28% strongly 
agreed that the website met their needs for information; however 10% expressed that they did 
not feel the website met their needs for program participation (Figure 8.4) and 12% did not 
respond to the survey question.  

Figure 8.4. “The website provides the information I need to understand and participate in the 
program” 

 

 

Patient Suggestions 

Patients were asked to provide feedback on the program; all responses submitted from the first 
year cohort are tabulated in Appendix G: Patient Suggestions for Improving the Program from 
Surveys. Many patients used this space to elaborate on the program’s impact on their lives; 
others suggested changes to the program’s administration or reported concerns related to 
product cost or access to cannabis patient centers.  
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Suggestions and Information Requests from Healthcare 
Practitioners 

Healthcare practitioners were asked to provide suggestions for improving the program, and 
were also asked if any additional information from the program would be useful to them. The 
full tabulation of comments is available in Appendix H: Healthcare Practitioner Suggestions for 
Improving the Program and Requests for Additional Information from Surveys. Many comments 
reported in these sections of the survey mirrored those reported as clinical observations; there 
were 39 additional comments relating to affordability of the products. Other common 
responses included requests for information on medical cannabis dosing and specific 
information on what products their patient was purchasing. Other responses included requests 
for more patient education regarding products, information on drug interactions, and data on 
efficacy in specific patient populations. 
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Abstract 

Sleep abnormalities are associated with acute and chronic use of addictive substances. Although sleep complaints 
associated with use and abstinence from addictive substances are widely recognized, familiarity with the underlying 
sleep abnormalities is often lacking, despite evidence that these sleep abnormalities may be recalcitrant and impede 
good outcomes. Substantial research has now characterized the abnormalities associated with acute and chronic use 
of alcohol, cannabis, cocaine, and opiates. This review summarizes this research and discusses the clinical implications 
of sleep abnormalities in the treatment of substance use disorders.
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Background
Sleep problems are commonly associated with drug and 
alcohol use. Nearly 70 % of patients admitted for detoxi-
fication report sleep problems prior to admission, and 
80 % of those who report sleep problems relate them to 
their substance use [169]. The association between sub-
stance use and sleep problems appears to be bidirectional 
[105, 110], with sleep problems increasing risk for devel-
oping substance use disorders [31, 89, 210], and acute 
and chronic substance use leading to acute and chronic 
problems with sleep [44, 47, 89, 97, 104, 138, 156, 168]. 
Evidence also indicates that long-term abstinence from 
chronic substance use can reverse some sleep problems 
[13, 37]. This paper aims to explore and clarify the strong 
yet not entirely understood connection between abnor-
malities in sleep and substance use. By improving our 
understanding of sleep disorders that either predispose 
to substance use or are the result of chronic substance 
use, we may be better able to prevent and treat substance 
use disorders.

Understanding the sleep problems related to sub-
stance use disorders requires characterizing them both 

subjectively and objectively, while considering how sleep 
responds to periods of use and abstinence. This review 
will describe such research with regard to alcohol, can-
nabis, cocaine, and opioids. In addition, this review will 
discuss evidence that sleep abnormalities predict use and 
relapse, and that sleep abnormalities can be modulated 
to improve clinical outcome. This paper will also review 
potential pharmacological agents that modulate sleep. 
Psychotherapy options, albeit evidence-based and of 
clear clinical value, will not be discussed in this review as 
these are addressed elsewhere [15, 110].

Methods
This is a narrative, non-systematic review of clinical trials 
conducted in humans. For the literature search, Pubmed, 
Ovid Medline, and Web of Science databases were used. 
For each drug (e.g., alcohol, cannabis/marijuana, cocaine, 
and opioids/heroin) keywords included terms describing 
abnormal/pathological use (e.g., alcohol use disorders, 
alcohol abuse, alcohol dependence, and alcohol addic-
tion, etc.) combined with terms referring to sleep or sleep 
abnormalities [e.g., sleep, insomnia, polysomnography, 
total sleep time, slow-wave sleep, rapid eye movement 
(REM) sleep, sleep latency, REM latency; these terms are 
defined in Table 1]. In addition to extracting data avail-
able in each of the retrieved articles, reference lists from 
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each retrieved article were examined to identify articles 
missed by the initial search. For each drug, the available 
literature on subjective measurements, objective meas-
urements, the relationship between subjective and objec-
tive measurements, clinical and laboratory correlates of 
sleep outcomes, and pharmacotherapies related to sleep 
were summarized.

Alcohol
Subjective measurements
Alcohol is widely used as a sleep-promoting agent. How-
ever, as the consumption of alcohol becomes chronic, 
alcohol has less of an hypnotic effect [196]. Significant, 
self-reported sleep problems are highly prevalent among 
alcohol users with rates of clinical insomnia between 
approximately 35 and 70  % depending on the setting 
and stage of use, among other parameters [35, 48]. These 
rates are substantially higher than those observed in the 
general population (i.e.  ~15 to 30  %) [32]. Complaints 
typically include difficulty falling asleep, frequent awak-
enings, daytime sleepiness, and abnormal sleep quality 
[15, 34, 196], but could also include hypersomnia [196]. 
Notably, sleep complaints associated with alcohol use dis-
orders are one of the most refractory problems to resolve 
[34, 69, 82], and insomnia is the most frequent complaint 
among alcoholics after they stop drinking [132].

Objective measurements
Objective measurement of sleep in persons with alcohol 
use disorders confirms self-reported sleep problems in 

many respects, and provides additional insight into the 
nature of the underlying sleep abnormalities.

Sleep latency (SL)
Although it is known that alcohol can decrease sleep 
latency when consumed by healthy persons [124], 
chronic use leads to increased sleep latency, consist-
ent with individual self-report. Published studies show 
that SL is prolonged during periods of drinking [9, 33, 
85, 199, 221], during acute withdrawal (e.g., weeks 
1 and 2 of abstinence) [9, 33, 85, 199, 221], and dur-
ing post-acute withdrawal (e.g., weeks 2 through 8) 
[33], (Table  2) with evidence for sleep latency pro-
longation in inpatient and outpatient settings (e.g., 
[83, 123, 183]), and when controlled for age and sex, 
among other variables [26]. After the second month of 
abstinence, sleep latency may still be increased [213], 
or normalized [174], with evidence for normalization 
also present after five [69] and 9 months of abstinence 
[213].

Total sleep time (TST)
Congruent with increased sleep latency, total sleep time 
is reduced in persons with alcohol use disorders during 
periods of drinking, acute withdrawal, and post-acute 
withdrawal [33, 85, 86, 199, 221], with very few excep-
tions [9]. Numerous studies examining total sleep time 
from 2 to 4 weeks of abstinence document reduced sleep 
time compared to healthy controls [69, 83, 183] (Table 2). 
Reduced total sleep time has also been observed in study 

Table 1 Sleep terminology

Homeostatic sleep drive The drive to sleep that progressively builds with continued wakefulness

Insomnia A sleep disorder in which the quantity or quality of sleep is less than desired, usually characterized by difficulty fall-
ing or staying asleep, or waking too early, and experiencing daytime consequences of reduced sleep

Polysomnography (PSG) A technique that records brain activity, eye movements, and muscle tone in order to study sleep and diagnose 
sleep disorders

Rapid eye movement (REM) sleep The phase of sleep characterized by conjugate eye movements, paralysis of other muscles, and brain activity that is 
most similar to wakefulness

REM density The frequency of rapid eye movements occurring during REM sleep. REM density increases over the course of the 
sleep period and is greatest when homeostatic sleep drive (sleep pressure) is lowest

REM latency The amount of time from the onset of sleep to the onset of REM sleep

REM rebound The characteristic increase in REM sleep after REM sleep deprivation

Self-administration A method involving research participants administering a substance to themselves under observation in a clinical 
setting

Sleep architecture The structure of sleep, including non-REM (stages N1, N2, and N3) and REM (stage R) sleep

Sleep efficiency (SE) The percent of time in bed spent sleeping, calculated as total sleep time divided by time in bed

Sleep fragmentation Disruption in sleep characterized by awakenings and transitions to light (stage N1) sleep from deeper sleep

Sleep latency (SL) The amount of time from lights out to sleep onset

Slow-wave sleep (SWS) Also known as stage N3 sleep, slow wave sleep is characterized by low frequency and high amplitude waves

Total sleep time (TST) The amount of sleep in one complete episode of sleeping, usually reported in minutes

Wake after sleep onset (WASO) The amount of time awake after the onset of sleep and before final wakening
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designs that control for age and sex, among other vari-
ables [26].

Total sleep time in persons with alcohol use disorder 
may improve after sustained abstinence. For instance, 
one group found decreased yet gradually improving 
TST among alcoholic subjects after 19  weeks, 14, and 
27 months of abstinence (312, 335, and 349 min, respec-
tively) [69]. Another study examined TST after 1–2 years 
of abstinence and found no abnormalities among subjects 
recruited from Alcoholics Anonymous vis-à-vis controls 
[2].

Slow‑wave sleep (SWS)
Considerable evidence points to deficits in slow wave 
sleep time (i.e. stage 3 and stage 4 sleep, or stage N3 sleep 
in the newer nomenclature) or slow-wave sleep activ-
ity (i.e. EEG spectral power in the slow wave frequency 
range) in persons with alcohol use disorders [33]. Most of 
this evidence comes from studies reporting results from 
the first few weeks of abstinence, including acute with-
drawal [196], subacute withdrawal (i.e. days 8 and 12); 
[106] (Table 2), and beyond [26, 69, 83, 127].

Although there is evidence that SWS deficits are recov-
ered with prolonged abstinence, current literature does 
not provide a definitive time frame for these improve-
ments, yet does suggest that it may be between 3 and 
14 months [33] or longer. While one study found no dif-
ference between alcohol users and controls at 25  days 
abstinent [183], other studies found that SWS had 
improved at 3  months, and normalized at 9  months of 
abstinence [196]. In contrast, other studies have reported 
persistent deficits [69] or a trend toward deficits [2] after 
as long as 1–2 years of abstinence, with complete recov-
ery occurring only after 1–4 years of abstinence [199].

Intriguingly, acute alcohol use has been shown to 
reverse the chronic slow wave sleep deficits observed 
in chronic alcohol users [33, 86]. Given the widespread 
importance of slow-wave sleep [65] in factors including 

sleep continuity, learning, and memory, as well as other 
types of cognitive performance, the deficits associated 
with chronic use (and their reversal with acute use of 
alcohol) suggests the particular importance of slow-wave 
sleep in alcohol use disorders. More specifically, as the 
brain processes that underlie the generation of these slow 
waves appear to be chronically altered by chronic alco-
hol use, and to be temporarily restored by acute use, this 
chronic alteration is implicated as a potential factor in 
relapse.

Rapid eye movement (REM)
For both persons without alcohol use disorders (AUD) 
[118, 219] and individuals with alcohol use disorders, 
drinking alcohol acutely suppresses REM sleep time. For 
persons with AUD, REM rebound occurs several days 
later [33]. An early study of sleep in persons with AUD 
who were exposed to alcohol found that REM sleep, 
measured as a percentage of total sleep time (REM%) 
was less, relative to baseline, after 2–3  days of absti-
nence, but then rebounded after 5–6 days of abstinence 
[7]. This rebound in REM sleep has been explained as 
reflecting both an increased number of REM periods as 
well as shorter intervals between each REM cycle [196]. 
REM rebound has been documented after 2–3 weeks of 
abstinence [26, 69, 83, 127], and even after 27 months of 
abstinence [69].

Notwithstanding the above findings, the literature 
on alcohol and REM sleep has some inconsistencies 
(Table  2). For example, a meta-analysis examined six 
studies that did not consider covariates and four stud-
ies that controlled for variables such as age and sex 
(all participants abstinent for at least 3  weeks). Even 
though the analyses among all subjects showed no dif-
ferences in REM measured as the percentage of total 
sleep (REM%), the analyses did find increased REM% in 
persons with AUD compared to controls when control-
ling for some variables [26]. Other studies have found 

Table 2 Objective sleep changes during early and late abstinence, in comparison to healthy sleepers

Early Abs Early Abstinence or acute withdrawal

Late Abs Late Abstinence or subacute withdrawal

? Insufficient data or conflicting results across studies

Alcohol Cocaine Cannabis Opioids

Early Abs Late Abs Early Abs Late Abs Early Abs Late Abs Early Abs Late Abs

Sleep latency ? ↑ ? ↑ ↑ ? ↑ ↑
Total sleep time ? ↓ ? ↓ ↓ ↓ ↓ ↓
Slow wave sleep ? ↓ ↓ ↓ ↓ ? ↓ ↓
REM sleep ? ? ? ↓ ↑ ↓ ↓ ?

REM latency ? ? ↓ ? ↓ ? ↑ ?
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no difference in REM% between chronic alcohol users 
and normal controls in the second [106] and third [83] 
week of abstinence. Additionally, supporting the finding 
of no difference in REM between chronic alcohol users 
and controls, a study examining REM time after 4 weeks 
of abstinence found no difference between subjects with 
AUD and normal controls [183]. Another discrepancyap-
pears in the form of a study that found REM% among 
participants with AUD to be reduced after 12  weeks of 
abstinence in comparison with REM% after 4  weeks of 
abstinence, arguing against a lasting REM rebound [171].

Possibly contributing to differences in REM sleep find-
ings are variations across studies in how control partici-
pants were recruited [183] and how well these control 
subjects matched the subjects with AUD in terms of 
measures relevant to sleep architecture such as age. An 
example of this is a meta-analysis exhibiting different 
results depending on whether authors controlled for those 
variables or not [26]. Another factor could be that several 
studies report REM%, thus, the numbers are also a reflec-
tion of not one, but two sleep architecture measurements 
(e.g., REM and TST) that are both undergoing dynamic 
changes as subjects with AUD progress in abstinence [69].

REM latency
Data on REM latency in persons with alcohol use disor-
ders is more limited but also show some discrepancies. 
For instance, while some studies report that REM latency 
is decreased during the second week of abstinence [69, 
106], as well as up to two years later [69], other studies do 
not report differences in REM latency [26, 32] (Table 2). 
One potential explanation for the inconsistencies in this 
measure could lie in the heterogeneity of subjects with 
AUD with regard to co-occurring conditions like depres-
sion. Supporting this idea is the finding that AUD sub-
jects with secondary depression exhibit shorter REM 
latency compared to AUD subjects who do not have sec-
ondary depression [83].

Objective sleep quality or consolidation of sleep
Several studies examining sleep in persons with alcohol 
use disorders also reported data on fragmentation of 
sleep. Sleep fragmentation reflects awakenings or switch-
ing from a deeper to a lighter stage of sleep, and is meas-
ured by the number of switches from one stage of sleep 
to another, the number of awakenings, and the time spent 
awake after sleep onset. The measurements of sleep frag-
mentation provide some insight into the objective qual-
ity of sleep. Results from these studies show consistent 
deficiencies in objective sleep quality, with an increase in 
sleep stage switches compared to healthy controls from 
day 2 of abstinence to as far out as 1–2  years of absti-
nence [2, 106, 196].

Sleep stage switches, number of awakenings and time 
awake after sleep onset were also found to be increased 
on the second night of abstinence compared to the sec-
ond week of abstinence, which suggests greater abnor-
malities in objective sleep quality occur during the 
withdrawal period [106]. In addition, increased sleep 
fragmentation was observed after 3 and 9  months of 
abstinence [196].

Relationship between subjective and objective outcomes
Although there is limited published data on the relation-
ship between subjective and objective sleep measurement 
in persons with alcohol use disorders, one group stud-
ied 172 individuals with alcohol use disorders of whom 
104 had insomnia as determined by the Sleep Disorders 
Questionnaire [35]. They found that participants with 
baseline insomnia had longer sleep latency and lower 
sleep efficiency at an average of approximately 1 month 
abstinent than those without, suggesting a correspond-
ence between self-report and objective measurement.

Clinical and laboratory correlates of subjective 
and objective sleep outcomes
In a small study, increased sleep latency associated with 
chronic alcohol use was linked with lower overall mela-
tonin levels as well as with a delay in the onset and peak 
of melatonin [123]. A much larger study found an asso-
ciation between increased sleep latency and decreased 
sleep efficiency among persons with AUD and sleep dis-
order breathing [6].

In patients with AUD, insomnia is also correlated with 
amount of alcohol use [22], severity of alcohol use disor-
der [35], and self-report of alcohol use as a sleep aid [35]. 
An association between insomnia and severity of self-
reported depression symptoms has also been recognized 
[35].

Relationship between subjective measurements and clinical 
outcomes
Several studies among alcohol AUD subjects have docu-
mented the relationship between self-reported insomnia 
and clinical outcomes. These studies examined the effects 
of 1 week of abstinence while undergoing inpatient admis-
sion (e.g., subjects who self-reported insomnia during this 
week had higher likelihood of choosing to drink as part 
of a subsequent inpatient period in which this option was 
allowed) [182], and showed similar results after following 
subjects for 3 months post-detoxification (e.g., compared 
to subjects who did not relapse during this period, sub-
jects who did relapse were more likely to answer “yes” to 
the statement, “It takes me a long time to fall asleep” from 
the Nottingham Health Profile [NHP] or, “I sleep badly at 
night,” as part of their baseline assessments) [76], or after 
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following subjects for 5  months (e.g., having insomnia 
based on the Sleep Disorders Questionnaire after 2 weeks 
of abstinence was a predictor of relapse). Also, subjects 
who relapsed after 5 months had more baseline complaints 
of difficulties falling asleep and abnormal sleep than the 
group who did not relapse [34, 35].

Relationship between objective measurements and clinical 
outcomes
Mixed findings implicate objective sleep measurements 
as predictors of clinical outcomes in AUD. For example, 
increased sleep latency measured within the first 2 weeks 
of inpatient admission increased the odds of relapse to 
alcohol use within the following 5 months [34]. Similarly, 
increased sleep latency and decreased sleep efficiency 
after 16  days and 19  weeks of abstinence were associ-
ated with lower rates of abstinence at 14  months [69]. 
However, one study found no difference in sleep latency 
at 5  days abstinent between persons who subsequently 
relapsed and those who remained abstinent [82].

Two studies have reported a connection between slow-
wave sleep and clinical measures in persons with AUD. 
Slow-wave sleep time was inversely correlated to the maxi-
mum number of withdrawal symptoms reported during 
subacute withdrawal (8–32  days of abstinence) [83], and 
lower percent of stage 4 NREM sleep was associated with 
relapse [34]. However, another study found no difference 
in slow-wave sleep between relapsers and abstainers [82].

Similar to clinical studies examining sleep latency and 
SWS, REM sleep measurements appear to be impor-
tant in clinical outcomes, but with conflicting results. 
The differences observed here might be consistent with 
the differences in the measurement of REM sleep in per-
sons with AUD described above. For instance, while one 
study indicated a positive correlation between low REM% 
with response rate in a button-press task to obtain an 
alcoholic drink [8], Gillin et al. showed increased REM% 
and shorter REM latency upon admission and upon dis-
charge from a four-week admission among relapsers in 
comparison with abstainers [82]. Another study showed 
that increased REM latency decreased the odds of relaps-
ing [34], and one study found no connection between 
REM latency measured at 19  weeks of abstinence and 
subsequent relapse [69]. The variation in results regard-
ing REM sleep may be due to the different effect that 
acute and chronic use, have on REM sleep, and be due 
to changes in REM sleep as the number of days absti-
nent increases. Another important consideration is that 
achieving long periods of abstinence (e.g., like 19 weeks) 
is in general a good predictor of abstinence and does so 
to a much greater degree than the predictive qualities 
of other physiological measurements obtained early in 
abstinence.

Pharmacotherapy options targeting sleep abnormalities
Because of the profound effects of chronic alcohol use 
and sleep and the apparent connection between sleep 
measures and clinical outcome, several studies have 
examined the role of sleep-promoting medications in 
treating persons with AUD (for review see [119]). In dou-
ble-blind, placebo-controlled and other trials, gabapen-
tin has been studied with largely [112, 136, 137] but not 
entirely [39] positive results. These studies suggest that 
gabapentin may promote both sleep outcomes and absti-
nence [137] in persons with alcohol use disorders.

Given the suggestion that melatonin levels are 
decreased in alcoholics [177, 212], the melatonin receptor 
agonists ramelteon and agomelatine have been examined 
in case series. Among patients who had been abstinent 
for 2–13 weeks, ramelteon was associated with decreased 
scores on the Insomnia Severity Index (ISI),decreased 
sleep latency, and increased total sleep time measured 
by actigraphy [36]. Similarly, agomelatine was associated 
with improved sleep as measured by the Pittsburgh Sleep 
Quality Index after 6 weeks [87].

Another potential pharmacotherapeutic agent that has 
been studied in this population is quetiapine. In a dou-
ble-blind, placebo-controlled trial, quetiapine was associ-
ated with improvements in time awake after sleep onset 
and subjective insomnia [53]. In addition, a retrospective 
study showed an improvement on the insomnia subscale 
of the HAM-D [173] with quetiapine. The effect of que-
tiapine on alcohol-related clinical outcomes has been 
mixed, with evidence for improvement in abstinence 
rates in one study [142], and increased risk of re-hospital-
ization in another [143].

Trazodone is widely prescribed as a sleep aid in per-
sons with addictions because of its lack of addictive 
potential. Although studies of trazodone in persons with 
AUD has shown benefits in sleep measurements [125] in 
a large, placebo-controlled trial, those benefits on sleep 
quality did not result in clinical improvement, but rather 
trazodone was associated with less abstinence during 
treatment and an increase in drinking after cessation 
of treatment [79]. Findings like these suggest that the 
relationship between sleep physiology and alcohol use 
and relapse is not simple. Rather, treatments directed at 
sleep that improve qualitative sleep but do not address 
the underlying physiological changes associated with 
chronic alcohol use may not be expected to promote 
abstinence.

Unlike trazodone, the popular benzodiazepine and 
benzodiazepine-like agents are often avoided in per-
sons with alcohol use disorders because of their addic-
tive potential and the increased risk of toxicity or 
overdose when these medications are mixed with alco-
hol [16, 90].
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Cannabis
Subjective measurements
Like alcohol, cannabis may improve subjective sleep 
complaints [56], particularly when used over short peri-
ods of time. For instance; in studies using self-report 
questionnaires (e.g., Leeds Sleep Evaluation Question-
naire) participants report greater ease in getting to sleep 
[50]. However, like alcohol, chronic cannabis use is asso-
ciated with negative subjective effects on sleep that are 
manifested most prominently during withdrawal. Nota-
bly, these subjective effects are present during discon-
tinuation of cannabis use even among persons who were 
exposed to low dosages [97], and are common among 
regular users [61, 188]. Symptoms reported include sleep 
difficulties [61] such as strange dreams, insomnia, and 
poor sleep quality. Such symptoms occur in anywhere 
from 32 % [58] to 76 % [27, 222] of persons experiencing 
withdrawal. These studies have been conducted in both 
the inpatient (residential) [61, 97, 98] and outpatient lev-
els of care [42, 44], and in studies with as many as 450 
participants [222]. Placebo-controlled studies have exam-
ined what happens after discontinuation of oral THC use 
[97] or after discontinuation of smoked marijuana [98]. 
Regardless of design, studies of the effects of chronic use 
have consistently shown reliable and significant changes 
in subjective reports of sleep during abstinence in com-
parison to baseline [42].

Among the problems with sleep in chronic cannabis 
users is the presence of strange dreams [44]. Such dreams 
typically begin 1–3 days after cannabis discontinuation—
when sleep quality is particularly poor [42, 44, 195], peak 
after 2–6 days, and last 4–14 days [44], coincident with 
other subjective sleep complaints. However, large stud-
ies have found sleep difficulties lasting for longer periods, 
such 43 days [58], and strange dreams in particular last-
ing for as long as 45 days [44]. Returning to cannabis use 
(or using alcohol or other sedatives) to promote sleep is 
commonly observed [58].

However, the sleep-promoting effect of cannabis is 
lessened in the chronic user compared to naïve users 
[50–52, 91], while the negative effects of cannabis on 
sleep intensify with chronic use as noted above. This 
scenario leaves the chronic user in a potential catch-22: 
heavier use of cannabis may be necessary to receive its 
subjective sleep-promoting effects in the chronic user, 
but at the same time this increased use contributes to 
worsening overall sleep and therefore leads to continued 
and greater use.

Objective measurements
Studies examining the effect of cannabis on objec-
tive sleep measurements obtained either by an experi-
enced observer rating sleep by polysomnography (PSG) 

largely confirm the subjective reports. For instance, an 
observer-rated study showed that administration of 10, 
20, or 30 mg of THC decreased total time to fall asleep 
[60], and a PSG study showed both shorter sleep latency 
(SL) [150], and decreased time awake after sleep onset 
(WASO) [160]. However, other studies have not observed 
a decrease in sleep latency or wake time after sleep onset 
[75]. One possible explanation for the difference in find-
ings may be related to disparate effects of THC (sleep 
promoting) and cannabidiol (a non-euphorigenic can-
nabinoid preferred in some medical preparations), which 
may increase alertness [150].

Several studies of PSG-measured sleep report increased 
SWS [25, 75], decreased REM sleep [74, 75, 160], and 
decreased REM density (e.g., number of eye movements 
during REM sleep) [74, 75]. However, this pattern is not 
always replicated [150].

In chronic users of cannabis, the effects of cannabis on 
objectively measured sleep are notably different. With 
chronic use, individuals develop tolerance to most of 
the effects observed in naïve users, including its sleep-
inducing effects and slow-wave sleep enhancement [25, 
78, 111, 163]. Sleep efficiency is similarly unimproved 
[163] or worsens [111]. The tolerance to REM sleep 
changes, however, appears to be relatively muted [75]. 
However, no consensus exists with respect to REM time 
and studies have reported decreased, no change [163], or 
increased [111] REM time.

PSG studies of cannabis withdrawal have demon-
strated increases in sleep onset latency and wakefulness 
after sleep onset [27, 28, 75, 77, 78, 175] (Table 2). Total 
sleep time, sleep efficiency, and slow-wave sleep time 
is reduced [1, 27, 28, 75, 78] (Table  1), and REM sleep 
is increased (REM rebound) [74, 75, 77, 108, 160, 175]. 
Shorter REM latency has also been reported [27, 77].

Changes in the objective PSG measurements during 
withdrawal can start as soon as the first night of absti-
nence (e.g., the decrease in SWS time [74]). Changes 
during withdrawal are more noticeable among heavy mar-
ijuana users (marijuana use ≥5 times per week over the 
past 3 months) [27]. With continued abstinence, TST, SE, 
and amount of REM sleep decline (Table 2), while WASO 
increases. These disturbances progress over the first 
2 weeks of abstinence [28, 44, 120] and persist for more 
than 45 days into a marijuana abstinence period [44].

There are conflicting reports with regard to REM 
sleep in sustained abstinence. Initially it appears that 
REM sleep time increases/rebounds early in abstinence, 
but decreases as abstinence progresses [28] (Table  2). 
The reason for this continued worsening of sleep with 
decreasing REM sleep during abstinence is unclear, but 
could reflect a pre-existing, underlying sleep problem 
and/or the long-term effects of chronic use.
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Relationship between subjective and objective outcomes
As noted above, the desirable effects of cannabis on sleep 
are reported less frequently in chronic cannabis users 
compared to naïve users [91], Chronic users also report 
difficulty sleeping and strange dreams among other 
symptoms associated with abstinence [11, 28, 43, 58, 175, 
194]. These subjective findings have been correlated to 
longer sleep onset latency, reduced slow-wave sleep, and 
REM rebound observed in PSG studies [27, 198].

Clinical and laboratory correlates of subjective 
and objective sleep outcomes
Sleep difficulties appear to be a predisposing factor for 
cannabis use, and baseline sleep problems are a signifi-
cant predictor of later cannabis use, doubling the risk of 
future use [139, 155, 166, 211, 214]. This latter finding has 
led some to describe cannabis use as “coping oriented 
use” [21].

The sleep disturbances encountered in marijuana with-
drawal may play a crucial role in treatment outcomes. 
Higher rates of relapse have been correlated with sleep 
problems and other withdrawal symptoms [43]. In a 
study focused on military veterans, Babson et al. showed 
that poor sleep quality prior to the quit attempt was a 
predictor of higher rates of later cannabis use [19–21]. 
Similarly, poor sleep quality during abstinence also con-
tributes to relapse [44, 46, 195]. Evidence from a limited 
number of studies suggests that objective findings, like 
increased periodic limb movements during abstinence, 
are correlated with quantity and duration of cannabis use 
[28].

Pharmacotherapy options targeting sleep abnormalities
Sleep disturbances associated with withdrawal improve 
with oral administration of THC or resumption of can-
nabis use [42, 44, 45, 95, 97, 108]. THC exerts a dose-
dependent effect in reducing withdrawal symptoms [45], 
but as noted above, the beneficial effects of THC on sleep 
diminish with chronic use, and chronic use leads to more 
severe problems with sleep.

Haney et al. found the greatest benefit regarding sleep 
symptoms and relapse using combination therapy with 
lofexidine (an alpha-2 agonist) and oral THC. However 
they did not report any benefit from 10 days of oral THC 
alone [94]. Nabilone, a FDA-approved synthetic analog 
of THC, has the potential to reverse withdrawal-related 
irritability and disruptions in sleep, and promotes absti-
nence [92]. Nabiximols, a synthetic combination of THC 
and cannabidiol has a non-significant positive effect on 
these parameters [10].

The use of valproic acid resulted in no benefit and even 
some worsening of symptoms in chronic cannabis users 

[95, 128]. No definitive benefits have been reported with 
Lithium [107], nefazodone [96], or bupropion [49, 99].

Subjective and/or objective sleep parameters have 
been shown to improve with the use of zolpidem [195], 
mirtazapine [93], gabapentin [135], and quetiapine [57], 
but none of these agents have conclusively reduced the 
relapse rate.

Cocaine
Subjective measurements
Withdrawal from cocaine is characterized by numerous 
subjective complaints, including sleep and sleep-related 
complaints. The first several days to 1 week after cocaine 
cessation are characterized by sleep disturbances, hyper-
somnia, bad dreams, depressed mood, psychomotor agi-
tation and retardation, fatigue, and increased appetite 
[38, 59, 80]. With continued abstinence, however, there is 
subjective improvement of sleep as well as improvements 
in other cocaine withdrawal measures [209], with appar-
ent normalization of subjective sleep over the course of 
several weeks [80].

Numerous studies have indicated an improvement 
in self-reported sleep quality over the first few weeks of 
abstinence [13, 55, 81, 138, 147, 148, 153, 172, 209], with 
improvements in measures such as overall sleep qual-
ity, daytime alertness, concentration/confusion, depth of 
sleep, and energy/fatigue. However, the possibility that 
such improvements may be related to acclimation to a 
new environment (e.g., the treatment setting [209]) and 
not actually reflect good sleep relative to healthy persons 
[55] has been raised. Possibly providing some answers 
to these questions, a laboratory study that included self-
administration of cocaine either early or late in a 3-week 
period of abstinence showed that subjective sleep quality 
was at its worst in the first few days following cocaine use 
and improved with continued abstinence [148]. In addi-
tion, whereas chronic cocaine users show impairment in 
self-reported but quasi-objective sleep measurement like 
the Pittsburgh Sleep Quality Index (PSQI), visual analog 
scale ratings of subjective sleep quality in the third week 
of abstinence are no different from healthy sleepers [147]. 
Hence there is evidence that chronic cocaine users have 
chronically impaired sleep as measured by instruments 
like the PSQI, that self-reported sleep quality improves 
with continued abstinence, and that self-reported sleep 
quality after an extended period of abstinence is similar 
to that in healthy sleepers. However, this last finding may 
only show that chronic cocaine users’ intrinsic scale for 
self-report of sleep quality is different from healthy sleep-
ers, with ‘good’ subjective sleep in chronic cocaine users 
seemingly good only in comparison with the much worse 
sleep experience they have at other times.
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Objective measurements
Although self-reported sleep improves following the ini-
tial withdrawal from cocaine, polysomnographic findings 
have consistently shown deterioration in sleep to insom-
nia-like levels in the same period [13, 81, 104, 121, 138, 
145, 148, 152, 192]. The co-occurring deterioration in 
PSG-measured sleep and improvement in self-reported 
sleep quality was termed ‘occult insomnia,’ as poor sleep 
as measured by PSG was associated with poor perfor-
mance on sleep-dependent learning and other cognitive 
tasks [148, 149]. These findings suggest that the PSG-
measured deterioration in sleep and not the subjective 
improvement in sleep better reflects what is happening 
during abstinence from chronic cocaine use, and sup-
ports the notion that the intrinsic, subjective scale used 
by chronic cocaine users to report sleep quality is altered 
relative to healthy persons.

Sleep latency
Acute cocaine administration can increase sleep latency 
[104, 162, 207], but the first few days of abstinence from 
cocaine in chronic users is associated with short sleep 
latencies relative to later in abstinence [81, 121, 138, 
148, 153, 192], when sleep latency may be as long as 
30–60 min or more (Table 2).

Total sleep time
Total sleep time during abstinence is reduced in chronic 
cocaine users [147] but appears to be at its greatest 
sometime in the early abstinence period (first week 
of abstinence) in laboratory studies including cocaine 
self-administration [148]. Total sleep time decreases 
with continued abstinence (Table  2), however [81, 104, 
121, 138, 147–149, 153, 162, 192, 207], with total sleep 
times around the third week of abstinence as low as 
300–330  min despite prohibitions against daytime nap-
ping and the opportunity to sleep 8  h or more. Sleep 
efficiency follows a similar pattern, with insomnia-like 
levels apparent in the third week of abstinence [153]. 
Limited evidence suggests that chronic cocaine users able 
to maintain outpatient abstinence for as long as 54 days 
show some improvement in total sleep time [13].

Slow‑wave sleep
Chronic cocaine users appear to have dramatically 
diminished slow-wave sleep time relative to age-matched 
healthy sleepers [13, 147] (Table  2). More limited evi-
dence suggests that slow-wave activity is increased by 
cocaine self-administration earlier in the day, with a 
subsequent loss of slow-wave activity in the first several 
days of abstinence followed by a rebound over the next 
2  weeks of abstinence [148]. More substantial evidence 
indicates that slow-wave sleep time increases modestly 

from the first to the third week of abstinence [138], but at 
3 weeks of abstinence is still 50 % less than age-matched 
healthy sleepers [13]. This deficit in slow-wave sleep gen-
eration is associated with impaired slow-wave sleep spe-
cific, sleep-dependent learning [149], and is consistent 
with or more profound than similar findings in chronic 
users of alcohol, cannabis, other stimulants, and heroin 
[25, 27, 175, 192] suggesting an abnormality in sleep 
homeostasis [145] that may be common to chronic, regu-
lar use of addictive substances.

Rem
Cocaine administration acutely suppresses REM sleep 
[104, 162, 207], with a subsequent rebound evident as 
an increase in REM sleep time and/or percent of total 
sleep time spent in REM (REM%), and a decrease in REM 
latency [81, 104, 121, 149, 153, 192, 207]. However, in 
chronic cocaine users, REM sleep decreases following the 
rebound, with low REM times observed during the sec-
ond and third weeks of abstinence [13, 104, 138, 147, 149, 
153, 192] (Table  2). This diminished REM sleep time is 
associated with cognitive consequences like poor proce-
dural learning [149], suggesting an abnormality of REM 
homeostasis during abstinence from chronic use. Con-
sistent with this idea is the observation that REM latency 
is higher in the third week of abstinence relative to the 
first [149] and at 3 weeks abstinence does not differ sub-
stantially from healthy sleepers [147] (Table  2), despite 
low REM sleep time.

Relationship between subjective and objective outcomes
What is now clearly shown to be a mismatch in subjec-
tive and objective experience during acute and suba-
cute abstinence was once perceived as an inconsistency 
[104, 153]. One possible cause for the mismatch may be 
dysregulation of the homeostatic sleep drive in chronic 
cocaine users, wherein the ‘sleepiness’ and other nega-
tive effects of increased wakefulness are not experi-
enced subjectively [148]. Additionally, or alternatively, 
the rebound in delta power after acute withdrawal [148], 
despite poor sleep and decreased slow-wave sleep time, 
may improve the subjective experience of sleep quality 
[122, 148]. The poor subjective experience in acute with-
drawal may also be related to the decreased REM latency 
and increased REM sleep time, leading to increased 
dreaming [38, 59] and correlated with symptoms of 
withdrawal [13].

Clinical and laboratory correlates of subjective 
and objective sleep outcomes
Cognitive correlates of sleep outcomes
Chronic cocaine use is associated with various cog-
nitive performance deficits (e.g., see [152]) that may 
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predict treatment retention and other outcomes [3–5]. 
As described briefly above, poor sleep associated with 
abstinence from chronic use may contribute to poor 
cognitive performance including decreased attention or 
vigilance [148, 149, 152]. The most direct associations 
between poor sleep and cognitive deficits, however, are 
observed in sleep-dependent procedural learning. In 
such tasks, overnight learning is strongly correlated with 
objective sleep measurement, such as slow-wave sleep 
time [189], REM time [189], and stage 2 (N2) sleep time 
(M. P. [202]. In chronic cocaine users, similar correlations 
are present; in nights with relatively normal sleep, normal 
sleep-dependent learning takes place, but in nights with 
impaired sleep, such learning is similarly impaired [148, 
149]. Hence, sleep abnormalities associated with absti-
nence from chronic cocaine use may be responsible for 
significant impairment in normal, sleep-dependent learn-
ing, as well as more immediate cognitive function like 
attention. Intriguingly, cocaine administration is associ-
ated with temporary reversal of these deficits [148, 149, 
152], further implicating such deficits in risk for relapse.

Relationship between objective measurements and clinical 
outcomes
Recent evidence supports the assertion that poor sleep 
associated with abstinence from cocaine not only impairs 
cognitive performance, but also contributes to increased 
cocaine use or relapse [13]. In this study, the homeostatic 
response to continued abstinence (which was measured 
as change in slow-wave sleep time from the first week 
of abstinence to the second or third week) predicted 
the amount of cocaine self-administered in a laboratory 
experiment and clinical outcome in a clinical trial. In 
addition, REM sleep time and total sleep time during the 
third week of abstinence predicted the amount of cocaine 
self-administered. In all cases, improvements in sleep 
were associated with less self-administration or better 
clinical outcome.

Pharmacotherapy options targeting sleep abnormalities
Although several medications such as modafinil, topira-
mate, tiagabine, gaboxadol and vigabatrin [145] have 
been suggested as potential options for targeting the 
sleep abnormalities associated with chronic cocaine use, 
few studies have examined the effects of medications on 
sleep in chronic cocaine users, and several of the sug-
gested medications have potentially significant safety 
issues (i.e. tiagabine, gaboxadol, and vigabatrin). Hypoth-
esizing that the REM rebound associated with initial 
withdrawal from cocaine was caused by dopamine insuf-
ficiency [62], Gillin et al. [81, 82] examined the effect of 
lisuride, a high affinity dopamine D2,3,4 receptor agonist, 
on sleep. While lisuride had the desired effect on REM 

sleep (decreasing REM% and increasing REM latency), it 
had no effects on other withdrawal-related phenomenon 
[81]. In light of the clinical findings in Angarita et al. [13] 
and the effect of prolonged abstinence on REM sleep, it 
seems unlikely that reduction in REM sleep time would 
be beneficial during extended abstinence, but increasing 
REM to normal values could be beneficial.

Another medication that has been tested is tiagabine, 
a GABA-reuptake inhibitor. Since tiagabine is known 
to increase slow-wave sleep time, which is implicated 
in improved cognitive performance in sleep-restricted 
persons [203], it was hypothesized that tiagabine may 
improve slow-wave sleep time in chronic cocaine users 
[146]. While tiagabine had dramatic effects on slow-wave 
sleep time, sleep architecture appeared unnatural, with 
slow-wave sleep occurring throughout the sleep period. 
Additionally, there was no apparent benefit to total sleep 
time, and no consistent benefit in cognitive performance 
[146].

Perhaps the most promising, and most studied medi-
cation to be tested for correcting sleep abnormalities 
related to cocaine is modafinil. A stimulant and cogni-
tive enhancer that appears to act at least partially through 
dopamine transporter blockade, modafinil appears to 
share some important properties with cocaine while 
being a relatively safe medication with low abuse poten-
tial [140]. In chronic cocaine users, modafinil has been 
shown to normalize slow-wave sleep time, as well as 
other sleep parameters [147]. Though effects of modafinil 
on clinical outcome have been mixed (e.g., [12, 63, 64, 
176]), its effects on sleep and its pro-cognitive effects 
position it as the best candidate at present for a viable 
pharmacotherapy for cocaine use disorders.

Opioids
Subjective measurements
Short-term opioid use can cause sedation and daytime 
drowsiness [130, 159, 216, 217]. Dizziness and sleepiness 
are common side effects of opioid pain medications [41, 
109]. With a stable dose, tolerance to the subjective, seda-
tive effects of opioids develops within 2–3 days and some 
studies find that cognition normalizes after that [103, 
129], supporting the notion of tolerance to the sedative 
effects. However, there is also evidence that unpleasant 
sedative effects, decreased alertness and increased reac-
tion time in a variety of cognitive tasks continue to be 
experienced by some patients on a stable dose of narcotic 
medication [23, 24, 54, 181]. These differences in find-
ings may be related to inconsistencies in how the sedative 
effects are defined [217].

Xiao et  al. [215] studied the quality of sleep in per-
sons with heroin use disorder on early methadone main-
tenance therapy (MMT) after a median of 5.4  days of 
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treatment [215]. Patients without pre-existing chronic 
sleep disturbances demonstrated lower ratings of sleep 
(Pittsburgh Sleep Quality Index [PSQI]) and daytime 
sleepiness (Epworth Sleepiness Scale [ESS]) compared to 
healthy sleepers. Oyefeso et al. [151] reported inadequate 
sleep quality and quantity as well as difficulty initiating 
and maintaining sleep in persons with opioid use disor-
ders in early stages of methadone detoxification. Similar 
studies have shown some increased daytime drowsiness 
and below normal sleep measures in this patient popula-
tion [113, 114, 134, 204]. After longer periods of MMT, 
however, there is some degree of tolerance to these 
effects [206], and sleep difficulty is shown to be present 
only in the first 6–12 months of MMT [158, 193].

There is a limited number of reports studying the 
effects of withdrawal and abstinence from chronic opi-
ate use. Asaad et  al. reported insomnia, hypersomno-
lence, increased sleep latency, and reduced sleep duration 
in individuals with opioid use disorder after 3  weeks of 
abstinence [17].

Objective measurements
Sleep architecture in healthy adults can be signifi-
cantly altered even after a single dose of oral opioids 
[67]. Using electroencephalography (EEG) and electro-
myography (EMG), Kay et al. [117] reported that acute 
intoxication with heroin, morphine, or methadone 
resulted in dose-dependent enhancements in arousal 
during sleep–wake periods. Heroin use demonstrated a 
stronger effect particularly on reduction of theta waves 
and REM sleep [117, 204]. Morphine and methadone 
reduce slow-wave sleep and in-crease stage 2 sleep 
[67]. Several studies have shown that acute use of vari-
ous opioids results in increased REM latency [115, 159], 
decreased REM sleep time [113–117, 130, 159, 180], 
increased stage 1 [67, 130, 180] and stage 2 sleep [67], 
and decreased slow-wave sleep [113–117, 159]. Acute 
use of opioids also leads to increased sleep latency [116, 
130], increased wakefulness after sleep onset (WASO) 
[113–117, 130, 159, 215], and concomitant decreases 
in total sleep time (TST) [116, 215] and sleep efficiency 
(SE) [116, 159, 215].

There is a partial tolerance to the effects of opioids with 
some evidence for increased REM sleep time in acute use 
[113, 114, 130], and less pronounced changes in SWS, 
wakefulness, and arousal observed after chronic use. 
However, vocalization during REM sleep, delta bursts, 
and increased daytime sleepiness may be observed in this 
phase [204]. Tolerance to sleep problems is more promi-
nent in MMT [113, 134, 159, 204], with evidence that 
persons in treatment for more than 12  months exhibit 
better recovery sleep following sleep deprivation than 
persons in shorter-term treatment [193].

Nevertheless, abnormal PSG findings are commonly 
reported in chronic opioid users despite development of 
tolerance. These abnormalities include increased sleep 
latency [100, 185], increased awakening [100, 113, 185, 
190], decreased total sleep time [100, 185], and decreased 
sleep efficiency [100, 190]. Slow-wave sleep time [113, 
114, 185, 190] and REM sleep are decreased compared 
to baseline [113, 185, 190, 205], while duration of stage 2 
sleep is increased similar to acute use [190, 205]. Analysis 
of actigraphy data from patients with prescription opioid 
use disorders indicated poor sleep in terms of total sleep 
time, sleep efficiency, sleep latency, total time awake, and 
time spent moving [100].

Several studies have reported changes in patterns of 
sleep with progressive abstinence from opiates. At around 
5–7  days of acute abstinence from chronic heroin use, 
Howe et  al. reported decreased total sleep time, slow-
wave sleep, REM, and stage 2 sleep and increased sleep 
latency, wake after sleep onset, and REM latency com-
pared to healthy sleepers [101] (Table 2). During the first 
3 weeks of abstinence, prolonged sleep latency, decreased 
sleep efficiency, decreased TST, increased arousal index, 
increased stage 1 and 2, and decreased slow-wave sleep 
(SWS) were prominent compared to healthy sleepers [17] 
(Table 2). After 6 weeks and up to 6 months of abstinence 
from methadone, there is a rebound increase in SWS and 
REM time to a higher level than baseline [113, 114, 134].

Relationship between subjective and objective outcomes
Using PSG data, Xiao et  al. showed an inverse relation-
ship between the Epworth Sleepiness Scale (ESS) scores 
and SWS time in patients with heroin use disorder who 
were in early methadone treatment [215]. They reported 
poor initial quality of sleep based on the PSQI scores 
which were significantly correlated with their methadone 
dosages [102]. PSQI score were also found to be signifi-
cantly correlated with average diary-reported sleep time, 
subjective ratings of feeling rested, and PSG sleep effi-
ciency in MMT patients [179]. Overall the high preva-
lence of sleep complaints in this population along with 
documented abnormal objective findings argue that these 
complaints are more likely to be secondary to pathology 
rather than sleep misperception.

Clinical and laboratory correlates of subjective 
and objective sleep outcomes
Opioids and sleep disordered breathing
Acute use of small doses of opioids does not appear 
to significantly increase the risk for increased sleep-
disordered breathing [167, 180]. However, chronic 
opioid use has been associated with several abnormali-
ties including nocturnal oxygen desaturations, abnor-
mal breathing patterns, and Biot’s respiration pattern 
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which ultimately may lead to hypercapnia and hypoxia 
[29, 73, 88, 126, 164, 165, 191, 201, 204, 218]. Chronic 
opioid treatment, particularly with extended release 
preparations is associated with increased risk of cen-
tral and obstructive sleep apneas compared to BMI and 
age-matched controls [73, 88, 141, 190, 200, 201, 204, 
205, 208]. Between 30 and 90 % of patients on chronic 
opioid therapy display signs of central apnea in a dose-
dependent fashion [73, 190, 200, 201, 205]. Several 
studies have indicated that chronic opioid use is an 
independent risk factor for irregular breathing, central 
apneas, and hypopneas [88, 154, 200, 201]. Additional 
abnormalities associated with MMT include sleep-dis-
ordered breathing, lower arterial oxygen saturation and 
higher carbon dioxide concentration [178, 190, 205]. 
There is a positive correlation between the duration of 
MMT and plasma methadone levels with frequency of 
sleep apnea [190, 205].

A multivariate analysis of the relationship between 
demographic factors, mental health and drug use with 
sleep disturbances on 225 MMT patients found that 
depressive and anxious symptoms, greater nicotine use, 
bodily pain, and unemployment were all significant pre-
dictors of poorer global sleep quality [186].

Using PSG, Asaad et al. found that severity of depres-
sion in MMT patients was inversely correlated with SWS. 
They reported that SWS in moderate and severe depres-
sion was significantly lower than in milder depressive 
states. However, duration of opioid abuse or type of opi-
oid did not show a significant correlation with the abnor-
malities in the sleep profile [17].

Relationship between subjective measurements and clinical 
outcomes
Peles et  al. [156] used a logistic regression model and 
showed that a higher methadone dose (defined as greater 
than 120  mg/day) was associated with poor sleep qual-
ity, higher rate of sleep disturbance, more frequent use 
of sleeping medications, and higher rate of daytime dys-
function [156]. However in a later study (2009), they 
found no direct correlation between the methadone dose 
and worse objective and perceived sleep parameters. 
Rather they suggested that duration and intensity of opi-
oid abuse before admission to MMT was directly corre-
lated with sleep abnormalities [157].

Quality of sleep in substance users who are trying to 
quit plays an important role in predicting the treatment 
outcome and poor sleep quality is associated with higher 
risk of relapse [40, 204]. Predictive factors for abstinence 
1 month after detoxification with naltrexone may include 
sleeping problems upon discharge and any changes in 
sleeping problems [66]. In MMT patients, psychiat-
ric disorders, greater nicotine and benzodiazepine use, 

bodily pain, and unemployment are associated with 
poorer global sleep quality [156, 186].

Relationship between objective measurements and clinical 
outcomes
Using PSG, Peles et al. evaluated patients with heroin use 
disorder who were being treated with high and low dose 
methadone [157]. Of the objective sleep indices, percent-
age of non-REM deep sleep (i.e. SWS) inversely corre-
lated with number of years of opioid abuse. They found 
that a lower percentage of SWS and more years of opioid 
abuse were observed in the group who received higher 
methadone dose during MMT.

Positive effects of opioids on sleep
Judicious use of opioid medications might improve pain-
related sleep disorders [14, 30]. Subjective reports of 
improved sleep after pain control with extended-release 
morphine sulfate use to treat patients with chronic hip or 
knee arthritis are backed by objective evidence obtained 
from PSG indicating better sleep quality [170]. Opioids 
have also been used to treat a sleep disorder known as 
periodic limb movement (PLMS), which is often associ-
ated with restless legs syndrome [144].

Pharmacotherapy options targeting sleep abnormalities
Modifiable psychological and medical risk factors asso-
ciated with sleep disturbance should be identified and 
corrected in order to improve quality of life in drug 
treatment. Treatment of sleep disorders among MMT 
patients, particularly in those with psychiatric disorders, 
benzodiazepine abuse, chronic pain, and patients who 
are on high methadone dose is of crucial importance.

Methadone
Methadone maintenance is widely used and a standard 
pharmacotherapy for treating patients with opioid use 
disorders [18, 68, 71, 197, 220]. Chronic methadone use 
is more commonly associated with tolerance to the sleep 
problems compared to other opioids [113, 134, 159, 204]. 
However, more than three-quarters of persons receiv-
ing methadone maintenance therapy (MMT) still report 
sleep complaints [151, 156, 186]. This is complicated by 
the fact that about 50 % of MMT patients report use of 
both illicit drugs and legal medications to help with sleep 
[156, 186]. Methadone and electrostimulation (ES) have 
been used to treat insomnia in the first 30  days of opi-
oid withdrawal [84]. In the first 2  weeks of withdrawal 
patients treated with electrostimulation had shorter sleep 
time and more awakenings than patients receiving meth-
adone. They also found that subjects in the ES group who 
remained in treatment experienced more sleep distur-
bance than those who dropped out prematurely. Overall 



Page 12 of 17Angarita et al. Addict Sci Clin Pract  (2016) 11:9 

methadone and ES were not efficient in treating insomnia 
associated with withdrawal. Stein et  al. tested whether 
trazodone (50 mg/night), one of the most commonly pre-
scribed medications for treatment of insomnia, improved 
sleep among methadone-maintained persons with PSQI 
score of six or higher [187]. They found that trazodone 
did not improve subjective or objective sleep problems in 
this group of patients.

Buprenorphine
Buprenorphine was FDA approved as a pharmacotherapy 
for opioid use disorders in 2002. Buprenorphine has the 
advantage of being available from office-based practices 
[131]. There are limited numbers of studies looking at the 
effect of buprenorphine on sleep. One study suggests that 
buprenorphine is comparable to methadone in improv-
ing sleep quality in patients involved in long-term treat-
ment [133]. In another study, forty-two patients with 
opiate use disorder were treated with either methadone 
or buprenorphine and gradually tapered down over the 
course of 2–3  weeks. Buprenorphine-treated patients 
had 2.5  % lower sleep efficiency and 9  % shorter actual 
sleep time. These significant group differences were 
most pronounced with the lowest doses toward the late 
withdrawal phase [161]. The time course of tapering 
buprenorphine during detoxification might also play a 
role in the quantity of sleep. A randomized controlled 
trial of buprenorphine for detoxification from prescrip-
tion opioid use evaluated sleep time among patients 
assigned to receive 1, 2, and 4-week buprenorphine 
tapers. The 4-week taper group reported significantly less 
loss of sleep compared to the other groups [70].

In a study of 70 patients with chronic opioid use, the 
effect of buprenorphine on sleep disordered breath-
ing was measured polysomnographically [72]. Patients 
in this study tended to be young (mean age of 31.8) and 
non-obese (mean body mass index 24.9 ± 5.9). However, 
treatment with buprenorphine was associated with mild 
to severe sleep-disordered breathing in this population, 
with a substantial rate of associated hypoxemia [72].

Although information on the effect of other medications 
on sleep in chronic opiate users is limited, Srisurapanont 
and Jarusuraisin [184] explored the effect of amitriptyline 
(57.7 ±  12/night) versus lorazepam (2.1 ±  0.5/night) to 
treat insomnia in 27 patients with opioid withdrawal in a 
randomized double-blind study [184]. The Sleep Evalua-
tion Questionnaire and three insomnia items of the Ham-
ilton Depression Rating Scale were used to assess sleep. 
All aspects of sleep (including ease of getting to sleep, per-
ceived quality of sleep, integrity of early morning behavior 
following wakefulness and Hamilton Depression Rating 
Scale insomnia items), except for ease of awakening from 
sleep, were not significantly different in the two treatment 

groups. These findings suggest that apart from the hango-
ver effect, amitriptyline is as effective as lorazepam in the 
treatment of opioid-withdrawal insomnia.

Conclusion
Overwhelming evidence points to chronic alterations in 
sleep from chronic use of addictive substances that may 
be distinct from some or all of the acute effects of those 
substances. Interestingly, the effects of chronic use on 
sleep are similar among both CNS stimulants and depres-
sants. Decreased sleep time, increased sleep latency and 
wake time after sleep onset, and deficiency in slow-wave 
sleep generation appear to be common to chronic use of 
alcohol, cocaine, cannabis, and opiates. REM sleep is also 
affected by acute and chronic use, but may be more sensi-
tive to the pattern or quantity of recent use and time from 
last use, as results vary more among studies. Also linking 
these abnormalities are connections with ongoing use and 
relapse. However, treatment with typical sleep promoting 
agents that increase sleep time or efficiency by increasing 
light sleep may be counterproductive. Agents that address 
deficiency in slow-wave sleep generation and alterations 
in REM sleep may prove to be more useful in addressing 
the connection between chronically-altered sleep physiol-
ogy and ongoing use and relapse, but substantial research 
still needs to be done to explore this possibility.
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ABSTRACT
Objective/Background: College students are at an increased risk for poor
sleep and associated sleep problems. Emerging evidence suggests that a
substantial subset of college students self-medicate with alcohol, marijuana,
or over-the-counter medications to help sleep. The current study identified
demographic, psychosocial, and sleep- and alcohol-related correlates of
self-medication for sleep, and assessed its concurrent and prospective
associations with insomnia symptoms, alcohol drinking, and negative drink-
ing consequences. Participants: Undergraduate students (N = 171; mean
age = 19 years [SD = 1.35], 32% male, 74% White) enrolled in a four-year
university in the northeastern United States. Methods: Data were drawn
from a short-term two-wave longitudinal study. Participants completed
two online surveys, separated by an average interval of 68 days
(SD = 10.22). Results: At Time 1, 25% of students reported using at least
one substance (alcohol, marijuana, or over-the-counter medications) for
sleep aid in the past two weeks. Male and older students were more likely
to report using substances for sleep. Sleep aid use at Time 1 was concur-
rently associated with greater levels of alcohol frequency, negative drinking
consequences, and insomnia symptoms. Further, sleep aid use at Time 1
was associated with an increase in negative drinking consequences from
Time 1 to Time 2, but not with changes in alcohol frequency or insomnia
symptoms. Conclusions: These findings indicate that substances are widely
used among college students for sleep aid. Sleep aid use is associated with
greater concurrent drinking and insomnia symptoms, and increases in
negative drinking consequences over a short time period.

College students are at an increased risk for poor sleep and associated sleep problems.
Approximately two thirds of college students do not get the recommended amount of sleep for
their age group (i.e., 7–9 hr; Hirshkowitz et al., 2015; Lund, Reider, Whiting, & Prichard, 2010).
Further, 12–23% of college students have endorsed clinically significant insomnia according to
validated screening cutoffs (Gellis, Park, Stotsky, & Taylor, 2014; Gress-Smith et al., 2015). Poor
sleep among college students has been concurrently associated with a plethora of problem behaviors,
including increased alcohol consumption and physical illness (DeMartini & Fucito, 2014; Lund et al.,
2010), fighting and risky sexual behaviors (Vail-Smith, Felts, & Becker, 2009), and motor vehicle
accidents (Taylor & Bramoweth, 2010).

Emerging evidence suggests that a substantial subgroup of college students opt to self-medicate
their sleep with substances such as alcohol, marijuana, and over-the-counter medications. In a large
college student sample (N = 1,125), 10% of poor-quality sleepers endorsed using alcohol, and 33%
endorsed using over-the-counter or prescription medications to help sleep (Lund et al., 2010). In
another large study of college students (N = 1,039), 11% of all students endorsed the use of alcohol as

CONTACT Aesoon Park aepark@syr.edu Department of Psychology, Syracuse University, Syracuse, NY 13244.
© 2017 Taylor & Francis Group, LLC

BEHAVIORAL SLEEP MEDICINE
https://doi.org/10.1080/15402002.2017.1357119

D
ow

nl
oa

de
d 

by
 [

G
ot

he
nb

ur
g 

U
ni

ve
rs

ity
 L

ib
ra

ry
] 

at
 1

0:
28

 1
3 

Se
pt

em
be

r 
20

17
 

https://crossmark.crossref.org/dialog/?doi=10.1080/15402002.2017.1357119&domain=pdf&date_stamp=2017-08-31


a sleep aid and 2% endorsed the use of over-the-counter medications, regardless of sleep quality
(Taylor & Bramoweth, 2010). Despite the drastic increase in marijuana use among college students
in recent years (Johnston, O’Malley, Bachman, Schulenberg, & Miech, 2015), however, no research
has assessed marijuana use for sleep aid among college students. Given the limited number of extant
studies, further research is needed to reconcile discrepancies in the prevalence of alcohol and over-
the-counter medications for sleep aid and assess the likely prevalent trend of marijuana use for sleep
aid among college students.

According to Brower’s model of the reciprocal associations between insomnia and alcoholism
(2003), self-medication for sleep is an integral part of a negative feedback loop of exacerbating
insomnia and alcohol problems over time. This model maintains that insomnia increases alcohol use
in an effort to self-medicate sleep; at the same time, however, alcohol use causes or worsens
insomnia due to ethanol’s toxicity on sleep-related brain systems. The troubling implication of
this model is that the use of alcohol for sleep aid increases in response to worsening insomnia,
thereby increasing the risk of worsening or relapsing alcohol problems over time. However, this
model was developed for alcoholics and has not been applied to a college student sample. Thus, it
remains unknown how insomnia and diverse alcohol behaviors synergistically influence each other
over time among this group. Further, this feedback model has focused exclusively on alcohol and has
not encompassed other substances commonly utilized for sleep aid such as over-the-counter
medications or marijuana. The current study sought to apply this promising model to self-medica-
tion for sleep (alcohol, marijuana, and over-the-counter medications) among college students and
examine its correlates and short-term insomnia- and alcohol-related outcomes.

Brower (2003) proposed several demographics (e.g., sex), depression and anxiety symptoms,
sleep-related characteristics (e.g., sleep duration), and alcohol use patterns as correlates of co-
occurring insomnia and alcoholism. However, it has yet to be examined whether the same set of
factors along with other potentially relevant individual characteristics are associated with self-
medication for sleep among college students. Such findings regarding demographic, sleep, and
alcohol use characteristics associated with sleep aid use would be valuable in identifying at-risk
students, potentially allowing for earlier intervention. Regarding demographics, a finding from the
limited research of college students supports that male sex is indeed associated with alcohol sleep aid
use (Taylor & Bramoweth, 2010). Given that full-time college students are homogeneous in terms of
age (typically 18–25 years old; National Center for Education Statistics, 2016), and increases in
alcohol frequency are not observed over time among college students (Nealis et al., 2017), age or
legal drinking status may not be associated with substance use for sleep; however, these associations
have yet to be tested empirically. Empirical evidence from insomnia and alcohol studies of college
students suggests that negative mood and sleep- or alcohol-related characteristics may be associated
with self-medication for sleep. Depression and anxiety symptoms have been associated with both
insomnia (Gress-Smith et al., 2015), and alcohol or substance use and negative drinking conse-
quences (Geisner, Mallett, & Kilmer, 2012; Kenney, Lac, LaBrie, Hummer, & Pham, 2013) among
college students. Also, because sleep aid use is associated with poor sleep (Lund et al., 2010), it would
be useful to characterize specific sleep-related characteristics that are associated with college students
to self-medicate with substances. Presleep arousal (Nicassio, Mendlowitz, Fussell, & Petras, 1985),
inconsistent sleep scheduling (Gellis et al., 2014), and evening circadian preference (Fernández-
Mendoza et al., 2010) have been associated with poor sleep among college students and therefore
worthy of exploring to establish their association with sleep aid use. Further, risky drinking patterns
might predispose students to sleep aid use, as alcohol sleep aid has been concurrently associated with
greater quantity of alcohol use (Lund et al., 2010).

Self-medication for sleep among college students is especially concerning, considering its
potential role in the development of exacerbated alcohol and substance use and associated
consequences over time. While alcohol, marijuana, and over-the-counter medications possess
sedative qualities and are thus temporarily effective in initiating sleep onset (Chait & Perry, 1994;
Rickels et al., 1983; Roehrs, Papineau, Rosenthal, & Roth, 1999), the use of sleep aids is shown to
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negatively impact objective sleep measures. For example, alcohol use before bed typically results
in more awakenings and restlessness during the second half of the night (Roehrs, Yoon, & Roth,
1991). Likewise, over-the-counter sleep aid use is associated with residual sedation during the
following day and can also result in rebound insomnia, making it difficult to fall asleep naturally
without sleep aid use (Katayose et al., 2012). Thus, self-medication for sleep may contribute to a
dangerous feedback loop by which students hurt their sleep and continue to compensate with
alcohol or substances, thereby increasing their risk of developing risky alcohol and substance use
habits (Brower, 2003). This effect might be exacerbated by the fact that the desired effects of sleep
aids reduce or extinguish over time (Bedi et al., 2010; Rundell, Lester, Griffiths, & William, 1972;
Schweitzer, Muehlbach, & Walsh, 1994), likely leading sleep aid users to increase consumption to
combat tolerance. For example, the desired effects of marijuana on sleep efficiency and satisfac-
tion were found to last for only the first 8 days of intake, after which a higher dose would be
required achieve similar effects (Bedi et al., 2010). However, research regarding sleep aid use
among college students remains exclusively cross-sectional in nature, and therefore its prospective
effects on subsequent insomnia symptoms, alcohol use, and alcohol problems over time are
unknown.

Study aims and hypotheses

This study aimed to characterize prevalence of self-medication (alcohol, marijuana, and over-the-
counter medication) for sleep among college students, identify its demographic, psychosocial, sleep,
and alcohol-related correlates, and assess its short-term prospective associations with alcohol and sleep
behaviors. Specifically, the current study examined differences between sleep aid users and nonusers in
concurrent demographic, psychosocial, sleep-related, and alcohol-related characteristics. It was
hypothesized that, compared to non-sleep aid users, sleep aid (i.e., alcohol, marijuana, and over-the-
counter medication use for sleep) users would more likely be male, and report greater concurrent levels
of depression or anxiety symptoms, poor sleep (i.e., shorter sleep duration, greater insomnia severity),
sleep characteristics associated with poor sleep (i.e., greater sleep scheduling inconsistency, greater
presleep arousal, and more evening circadian preference), alcohol frequency, and negative drinking
consequences. Additionally, short-term prospective associations of sleep aid use with changes in
insomnia severity, alcohol frequency, and negative drinking consequences were examined. It was
hypothesized that sleep aid use would be associated with greater increases in insomnia severity, alcohol
frequency, and negative drinking consequences over a short period of time.

Method

Participants and procedure

Data were drawn from a two-wave longitudinal study of 171 undergraduate students (mean
age = 19 years [SD = 1.35, range = 18–28], 32% male) at a four-year university in the northeastern
United States (Gellis et al., 2014; Park, Kim, Gellis, Zaso, & Maisto, 2014). Students were eligible to
participate if they were 18 years of age or older and endorsed having had at least one alcoholic drink in
the past 30 days. The sample consisted of 74% White, 12% Asian, 6% Black or African American, 6%
multiracial, 1% American Indian or Alaska Native, and 1%missing on race. Participants were recruited
from psychology classes and offered course credit incentive. Participants completed two online
surveys, with an average interval of 68 days (SD = 10.22). Of the 171 participants at Time 1 (T1),
157 (92%) also participated at Time 2 (T2). A logistic regression including all T1 variables showed that
attrition was predicted only by insomnia severity (OR = 1.24; 95% CI [1.04, 1.48]), indicating that
students reporting greater insomnia severity at T1 were more likely to drop out from study.
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Measures

Sleep aid use
Three investigator-developed items assessed past two-week frequencies of using alcohol, marijuana, and
over-the-counter medications to help sleep at T1 and T2, such as, “Howmany days per week in the past
2 weeks have you taken alcohol to help you sleep at night?” In the absence of a standardized measure for
sleep aid use, we utilized items from the Consensus Sleep Diary (Carney et al., 2012), modified wording
appropriately for each substance, and adapted the response timeline for the past 2 weeks for consistency
with the Insomnia Severity Index (Bastien, Vallieres, & Morin, 2001). Participants responded based on a
5-point scale (0 = 0 days, 1 = 1–2 days, 2 = 3–4 days, 3 = 5–6 days, 4 = 7 days). For main analyses, scores
from these three items were combined to create a dichotomized variable representing any use of
substances for sleep aid (0 = no sleep aid use, 1 = any sleep aid use). Test–retest reliability coefficient
of this dichotomized sleep aid use measure from T1 to T2 was r = .40, p < .001, suggesting a moderate
level of stability of sleep aid use over a 2-month period. The dichotomized score of each of these
substance use items was utilized for ancillary analyses (see Data Analytic Strategies).

Demographics
Age, sex (0 = female, 1 = male), and legal drinking status (0 = under 21, 1 = 21 or older) were
assessed at T1.

Depression or anxiety
The 4-item Patient Health Questionnaire was used at T1 and T2 to assess self-reported depression or
anxiety symptoms in the past 2 weeks (Kroenke, Spitzer, Williams, & Löwe, 2009). Participants
indicated how often during the past two weeks they experienced each symptom according to a 4-
point scale (0 = not at all to 3 = nearly every day). A sum score (Cronbach’s α = .79) was used for
analyses. This scale is a reliable and valid measure of depression and anxiety symptoms among
college students (Khubchandani, Brey, Kotecki, Kleinfelder, & Anderson, 2016).

Sleep schedule
Four investigator-developed items assessed average sleep duration and the difference in sleep
schedule between weekdays and weekends (i.e., social jet lag; Wittmann, Dinich, Merrow, &
Roenneberg, 2006) in the past 2 weeks at T1 and T2. Participants identified times that they typically
go to bed and wake up on weekdays and weekends (e.g., “During the past 2 weeks, what time have
you usually gone to bed at night during the weekdays?”). Typical weekday and weekend sleep
durations were calculated as time elapsed between bed times and wake times. Participants’ weighted
average sleep duration was calculated by averaging typical weekday sleep duration (multiplied by five
days) and weekend sleep duration (multiplied by two days) over a seven-day period. Difference in
weekday versus weekend bedtime was calculated as the absolute value after subtracting weekday
bedtime from weekend bedtime. The use of comparable items and variable calculations are standard
among college student samples (e.g., Singleton & Wolfson, 2009).

Morning–evening preference
The 19-item Morningness-Eveningness Questionnaire was used at T1 to identify participants’
circadian preference (Horne & Ostberg, 1976), by assessing tiredness during the day, and preferred
times to do diverse activities and to go to sleep. A sum score was utilized for the current analyses
(range = 16–86; Cronbach’s α = .72), with a higher score indicating a morning (versus evening)
circadian preference.

Insomnia severity
The 7-item Insomnia Severity Index was administered at T1 and T2 to assess a number of insomnia-
related behaviors and their severity (Bastien et al., 2001). Participants indicated the extent to which
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insomnia problems (e.g., difficulty falling asleep, waking up too early) impacted their following day
based on a 5-point scale (0 = None to 4 = Very severe). The scale is a widely used assessment of
insomnia severity (scores 0–7 = no clinically significant insomnia, 8–14 = subthreshold insomnia,
15–21 = moderate severity clinical insomnia, 22–28 = severe clinical insomnia; Buysse, Ancoli-Israel,
Edinger, Lichstein, & Morin, 2006; Smith & Wegener, 2003). A sum score (Cronbach’s α = .86) was
used for analyses.

Pre-sleep arousal
The 16-item Pre-sleep Arousal Scale was administered at T1 and T2 to assess participants’ typical
state of arousal before sleep (Nicassio, Mendlowitz, Fussell, & Petras, 1985). Participants rated the
severity of certain behaviors that may elicit pre-sleep arousal based on a 6-point scale (1 = not at all
to 5 = extremely). A sum score (range = 16–18; Cronbach’s α = .91) was used for main analyses, with
higher scores indicating a larger degree of difficulty in initiating sleep onset.

Alcohol frequency
One of the alcohol consumption items recommended by the National Institute on Alcohol Abuse
and Alcoholism (2003) was used to measure alcohol frequency at T1 and T2. This item is widely
used in college drinking studies and validated in college samples (e.g., Cranford, McCabe, & Boyd,
2006; Whiteman, Barry, Mroczek, & MacDermid Wadsworth, 2013; Zaso et al., 2016). The time
frame was adapted from the past 12 months to the past 2 months to accommodate the two-month
time lapse between T1 and T2 assessments, and response scales were adjusted accordingly (0 = I did
not drink any alcohol in the past 2 months, 1 = Once in the past 2 months, 2 = Once a month (twice in
the past 2 months), 3 = 2 to 3 times a month (less than once a week), 4 = Once or twice a week, 5 = 3–4
times a week, 6 = 5–6 times a week, 7 = Nearly every day, 8 = Every day).

Negative drinking consequences
The 23-item Rutgers Alcohol Problem Index was administered at T1 and T2 to assess experiences of
diverse negative consequences of alcohol consumption during the past two months (White &
Labouvie, 1989). The time frame of this measure was modified from the past 12 months to
accommodate the 2-month time frame of the current study. Participants indicated the frequency
of experiencing alcohol-related problems (e.g., Had a bad time; Had a fight, argument, or bad
feelings with a friend; Noticed a change in your personality; Neglected your responsibilities) based
on a 7-point scale (0 = Never in the past 2 months to 6 = Six times or more in the past 2 months; Park
et al., 2014). A sum score (Cronbach’s α = .87) was used for analyses. The sum score of the 23 items
reflects the degree of experience of a range of diverse consequences (White & Labouvie, 1989), which
has been demonstrated to map onto a single latent construct of negative drinking consequences (see
Arterberry, Chen, Vergés, Bollen, & Martens, 2016; Cohn, Hagman, Graff, & Noel, 2011).

Data analytic strategies

Data analyses were computed using SPSS Version 23. Descriptive statistics and bivariate Pearson
correlations were computed (see Table 1). Independent-sample t-tests and chi-square difference tests
were conducted to compare sleep aid users to nonusers regarding all study variables at T1 and T2
(see Table 2). These group comparisons were for descriptive purposes to characterize the subgroup
of college students who self-medicate for sleep versus those who do not without consideration of
potential covariates (rather than identifying unique effects of sleep aid use over and above covariates,
which were examined in the prospective regression analyses described below).

Using complete data of T1 and T2 (n = 157), regression analyses were utilized to examine short-
term prospective relationships between T1 sleep aid use and T2 insomnia symptoms, alcohol
frequency, and negative drinking consequences (see Table 3). The respective outcome variable at
T1 was included as a covariate in each model (e.g., predicting Time 2 alcohol frequency after
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controlling for Time 1 alcohol frequency). Sex, legal drinking status, and depression or anxiety
symptoms were also included as covariates to control for their associations with insomnia and
alcohol behaviors (Galambos, Vargas Lascano, Howard, & Maggs, 2013; S. R. Kenney, Jones, &
Barnett, 2015; Lund et al., 2010). Linear regressions were used for normally distributed outcome
variables of insomnia severity (skewness = 0.80; kurtosis = −0.16; range = 0–21) and alcohol
frequency (skewness = −0.57; kurtosis = 1.35; range = 0–7; 0.6% did not drink any alcohol in the
past 2 months at T2). Standardized regression coefficients were used for an effect-size measure of
predictor variables. Negative binomial regressions were used for the over-dispersed outcome variable
of negative drinking consequences (mean = 12.10; variance = 243.54; dispersion parameter = 0.96;
skewness = 2.43; kurtosis = 6.35; range = 0–77; 9% reported no negative drinking consequences in
the past 2 months at T2) as recommended by (Hilbe, 2011), and incidence rate ratios (IRR) were
used for an effect-size measure of predictor variables.

Four sets of ancillary analyses were conducted. First, path analyses were conducted with all available
data (N = 171) using missing data procedure of full-information maximum-likelihood estimation with
robust standard errors (Graham, Cumsille, & Elek-Fisk, 2003) to assess the degree to which attrition at
T2 (n = 14) affected results from regression analyses of complete data (n = 157). Second, to test for
distinct patterns of specific substance used for sleep aid, separate regression analyses were conducted
for each of alcohol, marijuana, and over-the-counter medication for sleep aid. Third, in order to rule

Table 2. Means or percentages of study variables as a function of self-medication for sleep at Time 1.

Variable

Non-sleep aid users
at Time 1

(75%; n = 128)

Sleep aid users
at Time 1

(25%; n = 43)

Group
comparison
test statistics

Time 1 Variables (N = 171)
Male Sex (vs. Female) 27% 44% χ2(1) = 4.23*
Age (years) 18.77 (1.03) 19.49 (1.96) t(169) = 2.29*
Legal Drinking Status 9% 23% χ2(1) = 6.42*
Depression or anxiety 3.50 (2.74) 4.09 (2.65) t(169) = 1.24
Average Sleep Duration (hours) 8.05 (0.98) 7.76 (1.68) t(163) = −1.04
Difference WE/WD bedtime (hours) 2.17 (1.08) 2.08 (1.22) t(163) = −0.43
Morning–Evening Preference 47.18 (7.53) 45.70 (7.31) t(169) = −1.13
Insomnia Severity 8.35 (5.04) 10.84 (6.31) t(169) = 2.62**
Pre-sleep Arousal 32.23 (9.99) 36.72 (12.79) t(169) = 2.37*
Alcohol Frequency 3.76 (0.95) 4.23 (1.00) t(169) = 2.79**
Negative Drinking Consequences 9.39 (9.74) 17.49 (14.45) t(169) = 3.42**

Time 2 Variables (N = 157)
Sleep Aid Users 78% (n = 122) 22% (n = 35) —
Insomnia Severity 6.82 (4.75) 9.40 (6.58) t(155) = 2.16*
Alcohol Frequency 3.65 (1.05) 3.94 (1.08) t(155) = 1.46
Negative Drinking Consequences 9.63 (12.92) 20.7 (20.62) t(155) = 3.02**

Note. WE/WD = weekend versus weekday. Significant group differences at p < .05 are highlighted in bold font. *p < .05. **p < .01.

Table 3 Regression analyses examining effect of sleep aid use at Time 1 on sleep and alcohol outcomes at Time 2.

Time 2 outcomes

Insomnia severity Alcohol frequency Negative drinking consequences

Time 1 Sleep Aid Use .11 −.01 1.63*
Time 1 Outcome .48** .54** 1.04**
Male Sex .03 .08 1.57*
Time 1 Depression/anxiety .13 −.09 1.07*
Time 1 Legal Drinking Status −.04 −.04 0.56*

Note. N = 157. Sleep Aid Use = the use of any alcohol, marijuana, or over-the-counter medication for sleep aid in the past two
weeks. Results of negative drinking consequences are based on a negative binomial regression, and incidence rate ratios are
reported; results from all other variables are based on linear regressions, standardized coefficients are reported. Significant
coefficients at p < .05 are highlighted in bold font.

*p < .05. **p < .001.
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out polysubstance sleep aid use as a unique predictor of prospective sleep and alcohol use outcomes,
regression analyses were repeated using number of sleep aids used (i.e., none, one, two, or all three)
rather than dichotomized sleep aid use as the independent variable. Fourth, to test for the effect of
sleep aid use initiation at T2 on changes in insomnia symptoms, alcohol frequency, and negative
consequences over time, regression analyses were repeated using initiation of sleep aid use at T2
(instead of sleep aid use at T1) as the independent variable.

Results

Descriptive analyses

Descriptive statistics and bivariate Pearson correlation coefficients of study variables are reported in
Table 1. Participants reported 8 hr of sleep on average, subthreshold insomnia severity, and drinking
alcohol 1–2 times per week at T1. At T1 and T2 assessments, 23–25% reported using any alcohol,
marijuana, or over-the-counter medication for sleep aid in the past 2 weeks. Sleep aid use was
significantly associated with alcohol frequency at Time 1 (r = .21, p = .01) but not at Time 2 (r = .12,
p = .15), demonstrating a small to medium sized association at both time points. Regarding T1
alcohol variables, T1 sleep aid users reported drinking more frequently and experiencing more
negative drinking consequences than nonusers.

Regarding specific substance used as sleep aid (data not shown in tables), 7–10% reported using
alcohol, 14–15% reported using marijuana, and 14–16% reported using over-the-counter medications for
sleep aid at T1 and T2 assessments. The average frequencies of all the three substances among users were
1–2 nights per week at T1 and T2. Of all participants, 19–21% reported using only one substance for sleep
aid in the past two weeks, while 3–6% used two substances and 3–4% used all three. Among sleep aid
users at T1 (n = 43), 63% also endorsed sleep aid use at T2. Out of nonsleep aid users at T1 (n = 128), 19%
endorsed initiating sleep aid use at T2. Initiation of sleep aid use at T2 was not associated with insomnia
symptoms at T1 (r = –.06, p = .43) or at T2 (r = –.04, p = .63) or any sleep-related characteristics at T1
(including morning–evening preference, r = –.04, p = .58; sleep duration, r = .07, p = .42).

Group comparisons between sleep aid users versus nonusers

Table 2 presents results from independent-sample t-tests and chi-square tests to compare T1 sleep
aid users and nonusers. Regarding demographics, T1 sleep aid users were more likely to be male,
older, and at legal drinking age. Regarding T1 sleep variables, sleep aid users also reported higher
insomnia severity and presleep arousal compared to nonusers, but no group differences were found
in sleep duration, difference in weekday or weekend bedtime, or morning–evening preference.
Regarding T1 alcohol variables, T1 sleep aid users reported drinking more frequently and experien-
cing more negative drinking consequences than nonusers.

Regarding T2 sleep and alcohol variables, T1 sleep aid users reported more negative drinking
consequences and higher insomnia severity at T2 than nonusers. Groups did not differ in insomnia
diurnal impact, presleep arousal, alcohol frequency, or heavy-drinking days at T2.

Prospective analyses

Results from regression analyses predicting insomnia symptoms, alcohol frequency, and negative
drinking consequences at T2 from sleep aid use at T1 are presented in Table 3. Sleep aid use at T1
was significantly and positively associated with T2 negative drinking consequences, even after
accounting for T1 negative drinking consequences (i.e., changes in negative consequences over
time) as well as sex, legal drinking age, and depression or anxiety symptoms. However, sleep aid
use at T1 was not significantly associated with T2 insomnia severity or alcohol frequency after
controlling for covariates.
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Ancillary analyses

Path analyses of all available data using missing data procedure (N = 171) yielded the same
patterns of significance as aforementioned linear and negative binomial regression analyses of
complete data only (n = 157), suggesting that attrition at T2 (n = 14) was not likely to have
affected overall findings.

Analyses of specific substance use for sleep aid showed that both alcohol (IRR = 2.80, p = .006)
and marijuana (IRR = 2.01, p = .004) sleep aid use at T1 were significantly and positively associated
with changes in negative drinking consequences, but not in insomnia symptoms or alcohol fre-
quency. Time 1 over-the-counter medication use was not associated with any T2 outcomes at p < .05.

Analyses using number of sleep aids used (0 to 3) yielded results consistent with results from
analyses using a dichotomized sleep aid use variable reported herein, indicating that the number of
sleep aid use at T1 was positively associated with changes in negative drinking consequences,
IRR = 1.35, p = .01, but not in insomnia symptoms and alcohol frequency at p < .05.

Analyses using the initiation of self-medication for sleep at T2 also yielded results consistent with
results from analyses using T1 sleep aid use, indicating that the initiation of self-medication at Time 1
was significantly and positively associated with changes in negative drinking consequences
(IRR = 2.00, p = .003), but not in insomnia symptoms or alcohol frequency at p < .05.

Discussion

This is the first prospective evaluation of sleep aid use and associated outcomes, broadening the
knowledge of co-occurring sleep problems and substance use among college students. Of the current
sample, 25% endorsed sleep aid use (i.e., alcohol, marijuana, or over-the-counter medication),
suggesting that a substantial group of college students self-medicate to help sleep. Compared to
nonusers, sleep aid users were more likely to be male, older, at legal drinking age, and reported
higher levels of presleep arousal, insomnia severity, alcohol frequency, and negative drinking
consequences. Sleep aid use was associated with an increase in negative drinking consequences,
but not in alcohol frequency or negative drinking consequences over a short period of time. Further,
initiation into self-medication for sleep was also associated with an increase in negative drinking
consequences (but not in improvement in insomnia symptoms) over a two-month period.
Collectively, these findings suggest that students self-medicating for sleep experience more adverse
drinking consequences over time without the intended benefit of improved sleep.

Over-the-counter medications (14–16%) and marijuana (14–15%) were more popular choices of
sleep aid than alcohol (7–10%), all of which were used 1–2 nights per week. A large study of college
students (Taylor & Bramoweth, 2010) found prevalence and frequency of alcohol use for sleep aid
relatively consistent with the current study, though over-the-counter medication use for sleep aid
was notably less prevalent (2%) but more frequent (3–4 nights per week) than the current sample.
Little is known about the frequency of over-the-counter medication use for sleep among college
students, which makes it difficult to gauge potential reasons of this drastic difference in over-the-
counter medication use for sleep (while a rate of alcohol use for sleep is comparable). Future
multicampus studies of larger sample sizes should assess differences in diverse sleep aid preferences
as a function of student demographics and campus characteristics.

Importantly, 7–9% of students endorsed utilizing multiple substances for sleep aid during the past
two weeks. When consumed in combination, substances such as alcohol and marijuana have an
additive effect on behavioral impairment (Chait & Perry, 1994). Further, polysubstance-using young
adults are more likely to experience alcohol-related harm such as blackouts and acute memory loss
(Hingson, Zha, Simons-Morton, & White, 2016). Therefore, these students potentially represent a
group at increased risk of dangerous substance combinations. However, given the current study
design, it cannot be determined whether students used multiple substances for sleep aid on a single
evening. In order to investigate the prevalence and potential risk-associated polysubstance sleep aid
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use, future studies should assess daily patterns of substance use, sleep aid selection, and negative
consequences of substance use.

Several individual characteristics associated with this pattern of substance use (i.e., correlates) were
identified. Sleep aid use was more common among men, consistent with extant findings (Taylor &
Bramoweth, 2010). Sleep aid use was also more prevalent among older students and at legal drinking
age. These unexpected results, which are not in line with findings in college drinking, may be due to the fact
that students at legal drinking age have better access to alcohol than underage students, or that male and
older students are more likely to be experienced alcohol or substance users, and therefore more readily opt
to use alcohol or substances for sleep. This is consistent with our finding of a positive association between
sleep aid use and concurrent alcohol frequency, suggesting that sleep aid users may usemore substances for
sleep mainly because they use more substances for a wider array of reasons in general. Extant literature has
demonstrated that risky-drinking college students endorse higher levels of diverse drinking motives in
general (e.g., coping and enhancement) compared to low-moderate risky-drinking peers (Littlefield,
Vergés, Rosinski, Steinley, & Sher, 2013; Merrill et al., 2016). However, substance use for sleep motives
has historically not been included in widely used alcohol or substance use motives assessments, which
makes it difficult to assess unique effects of substance use for sleep over and above substance use for other
reasons. Also, sleep aid users concurrently endorsed significantly more insomnia symptoms and presleep
arousal compared to nonusers, but did not differ in average sleep duration, inconsistent sleep scheduling, or
circadian preference. Students may use sleep aids to manage presleep arousal and insomnia symptoms
(which may be improved by the sedative effects of sleep aids in a short term), but not sleep duration and
inconsistent sleep scheduling (which are largely controlled by external factors such as class schedules and
social events). Interestingly, sleep aid use was not concurrently associated with depression or anxiety
symptoms, suggesting that sleep aid use is more driven by presleep factors and heavy and problematic
substance use thanmood-related problems. Overall, these findings suggest that some correlates of sleep aid
use may differ from correlates of poor sleep (e.g., depression or anxiety, sleep duration, inconsistent sleep
scheduling, or circadian preference) and of drinking behaviors (e.g., age or legal drinking age) among
college students, albeit with some overlaps (e.g., male sex for drinking, and presleep arousal for insomnia).
Further research is necessary to replicate these novel findings and investigate a more comprehensive set of
correlates and proximal antecedents to sleep aid use.

The current findings also have significant implications for potential adverse consequences of sleep aid
use over time. Sleep aid use was associated with increases in subsequent negative drinking consequences,
but not with frequent drinking patterns. Despite the hypnotic effects of alcohol, alcohol use before bed
negatively impacts sleep architecture, and tolerance to the hypnotic effects of alcohol develops rapidly
(Roehrs et al., 1999), at which point associated functional impairments likely become exacerbated.
Therefore, although students do not appear to increase the frequency of alcohol consumption over
time, they may become more susceptible to the accompanying negative consequences (such as impaired
school or work performance) due to repeated sleep aid use. Future research should examine the nuanced,
day-to-day changes in the experiences of sleep, substance use, and associated consequences.

Contrary to a priori hypotheses, self-medication for sleep was not associated with changes in insomnia
symptoms over this short period of time. Despite well-documented acute sleep disturbance following
substance use for sleep aid (Katayose et al., 2012; Roehrs et al., 1991; Williams, MacLean, & Cairns, 1983),
there appears to be no subjective detriment to sleep over a two-month period in college students. However,
current findings do not rule out the possibility of long-term consequences of occasional or chronic sleep aid
use among college students. Prospective longitudinal studies of a longer time lapse between assessments are
needed to elucidate long-term sleep-related outcomes. Further, sleep aid users at T1 may have developed
problematic sleep aid use habits prior to T1, and therefore the negative feedback loop outlined by Brower
(2003) may have already begun, where self-medication for sleep leads to exacerbated insomnia symptoms
and therefore increased self-medication over time. However, ancillary analysis results also provide pre-
liminary evidence for the exacerbation of negative drinking consequences (but not of insomnia symptoms
or alcohol frequency) from T1 to T2 as a result of initiation into sleep aid use at T2. Multiwave longitudinal
studies with younger or inexperienced samples (e.g., adolescents) to track sleep aid users from the point of
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initiation would help to resolve whether sleep aid use plays a unique role in the trajectory toward
developing risky substance-use habits or dependence.

Limitations of the current study must be considered. Although this prospective design allows
for a better assessment of temporal relationships than cross-sectional designs, the current study
remains correlational in nature and thus causal inferences are speculative. Also, findings of the
current study are based on subjective reports of sleep. Future investigators might consider the
incorporation of objective sleep measures, such as actigraphy and polysomnography, which may
be affected by sleep aid use. Also, the current analyses of self-medication for sleep did not
account for potential confounding effects of using prescription medications for sleep
(e.g., zolpidem, antidepressants, and benzodiazepines) that may be associated with sleep and
alcohol or substance-use behaviors in complex ways. Another limitation is that items used to
assess sleep aid use cannot isolate timing of use (i.e., initial sleep onset versus sleep reinitiation)
or primary motivation for use (i.e., sleep aid versus other substance use reasons such as social,
coping, and mood enhancement). These items also cannot determine a specific sleep problem for
which individuals self-medicate (insomnia symptoms, other sleep-related disorders such as
Delayed Sleep Phase Syndrome or obstructive sleep apnea, nightmares, etc.). Future studies
should consider revising the phrasing of these items to explicitly assess timing of sleep aid
use, as well as including additional items to investigate the primary motives of substance use
before bed. Event-level investigations of motivation for substance use are necessary to isolate
self-medication for sleep from alcohol and substance use for other purposes and to characterize
the nuanced and dynamic associations among sleep, substance use, and associated consequences.
Also, data were drawn from a predominantly White, first-year sample of students enrolled in a
Northeastern private university. Because substance use and sleep patterns vary by diverse
individual and school characteristics (Johnston et al., 2015; Lichstein, Durrence, Riedel, Taylor,
& Bush, 2004), these sample characteristics should be considered in interpreting the findings of
this study. Replication with larger and more representative samples is necessary for general-
ization of our findings, and further multicampus research may help to characterize how different
school-level characteristics may be associated with distinct patterns of sleep aid use and its
consequences over time. Additionally, students were eligible for participation only if they had
consumed alcohol in the last 30 days; thus, the current findings might not be applicable to
students who abstain from alcohol use (such as students utilizing exclusively marijuana or over-
the-counter medications for sleep aid). In general college samples, approximately 80% of
students endorse having used alcohol (Johnston et al., 2015). Further, mean levels of insomnia
severity and alcohol use for sleep aid found in the current study were remarkably similar to prior
studies of college students (Gress-Smith et al., 2015; Taylor & Bramoweth, 2010), suggesting that
this sampling bias may not be substantial. Nonetheless, these sample characteristics should be
considered when interpreting the current findings, and replication with more representative
samples is necessary for generalization.

Despite the aforementioned limitations, the current findings present a significant step toward
characterizing sleep aid use and its association with exacerbated negative drinking consequences over
time. The current findings highlight the potential role of sleep aid use in the maintenance of co-
occurring sleep problems and exacerbated substance problems among college students.
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Delta-9-tetrahydrocannabinol and synhexl: 

Effects on human sleep paHerns 

A series of experiments was conducted to determine the effects of orally administered 

1-trans-f:l.-9- tetrahydrocannabinol (THC) on both undisturbed and experimentally 

altered (by rapid eye movement [REM] deprivation) sleep patterns of young 

adult male volunteers. In the deprivation experiments, the effects of a semisynthetic 

f:l.-6a-10-THC homologue, synhexl, were also studied. In the normative studies, 4 

subjects received THC in doses ranging from 61 to 258 p.g per kilogram shortly 

before sleep onset, while in the deprivation experiments 2 subjects received 

either THC (244 p.g per kilogram and 259 p.g per kilogram) or synhexl (733 

p.g per kilogram and 777 p.g per kilogram) the morning after the second of 2 

consecutive nights of REM deprivation. In both normative and deprivation 

experiments, all-night sleep recordings were taken during base-line, drug, and 

postdrug conditions. The results of both types of experiments were consistent in 

demonstrating increments in Stage 4 sleep and decrements in REM sleep. In the normative 

experiments, reduction in Stage 1 and time awake after sleep onset were observed at the highest 
dose level. Interpretation of these results and their relation to the effects of other psychoactive 
compounds upon sleep patterns are discussed. 

R. T. Pivik, Ph.D.,* V. Zarcone, M.D.,** W. C. Dement, M.D., Ph.D.,*** and 
L. E. Hollister, M.D. Palo Alto, Calif. 
Department of Psychiatry, Stanford University School of Medici11e, a11d 

Veterans Administration Hospital 

The many recent studies dealing with 
the behavioral and psychological effects of 
marihuana have served mainly to corrobo
rate previous findings, prominent among 
which are reports of sedation and hallu-

cinatory-like behavior in lower animals12
• 

15
• 

31 and sleepiness, hallucinations, and 
fragmentation of thought in man.13• 

14
• 

23 

In one study, after oral ingestion of 1-trans
f:l.-9-tetrahydrocannabinol ( THC), subjects 
reported ". . . frequent bursts of discon
nected dreams during brief periods of sleep 
between clinical trials." These observations 
prompted the suggestion that THC might 
"enhance . . . dreaming sleepY Empirical 
knowledge of the effects of THC on sleep 
is limited, however, to the observations 
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Table I. Schema of four normative experiments 

Sub;ect 
Dosage level I 

(mg.) p.g/Kg. B 

Exp. I 
1 17 258 4 
2 17 268 4 
3 17 196 4 
4 17 243 4 

Exp. II 
3 13 150 4 

Exp. III 
3 17 196 3 

Exp. IV 
1 4.3 61 6 

8.6 123 
2 4.3 68 6 

6.8 135 

B = base-line, D = drug, PD = postdrug. 

that it prolongs hexobarbital sleeping time 
in mice and rats9

' 
23 and, in rats, induces 

abnormal spiking discharges during sleep22 

and reduces paradoxical sleep. 24 Only the 
latter studies used electrographic recording 
techniques and drew upon knowledge pro
vided by recent studies which have es
tablished that mammalian sleep consists 
of the predictable cyclical alternation of 
two electrophysiologically different types 
of sleep: REM (rapid eye movement) 
and NREM (non-rapid eye movement). 4 

REM sleep is defined by the concomitance 
of a low-voltage, mixed-frequency electro
encephalogram ( EEG), electromyographic 
(EMG) atonia, and rapid eye movement. 
NREM sleep encompasses the remaining 
EEG variations occurring during sleep 
which extend from a low-voltage, mixed
frequency pattern to one of predominantly 
high-amplitude, slow waves. NREM sleep 
is associated with some degree of EMG 
activation and the general absence of eye 
movement. In man, reports of dreaming 
can be elicited from both kinds of sleep, 
but those from REM sleep are typically 
more numerous, more hallucinatory, and 
less conceptual than those from NREM 
sleep.7 Presumably, the suggestion that 
THC might enhance dreaming sleep re
fers to an increase in the amount of REM 

Consecutive recording days 

D I PD I D PD 

1 3 
1 3 
1 3 
1 3 

1 1 

1 3 

1 3 1 3 

1 3 1 3 

sleep. We report here on a series of experi
ments conducted with the aim of gathering 
normative data on the effects of synthetic 
THC on human sleep patterns and examin
ing the effects of this compound and a 
semisynthetic .6.-6a-10-THC homologue, 
synhexl, on sleep after REM deprivation. 

Normative studies 

Methods Four young adult male volun
teers who had not used drugs for the 
preceding 2 month period served as sub
jects in the initial normative experiment. 
Three of the 4 were also the subjects in 
the remaining normative experiments. They 
abstained from drug use throughout. All 
subjects were directed to abstain from alco
holic beverages and daytime napping dur
ing the course of the experiments and not 
to eat during the 3 hours prior to reporting 
to the laboratory. All the normative studies, 
the designs of which are detailed in Table 
I, were double blind. Placebos were ad
ministered on all nondrug nights. Individual 
experiments were conducted with an inter
vening period of at least 2 months. 

Marihuana extracts were prepared by 
alcoholic extraction of native marihuana 
on the basis of .6.-9-THC content deter
mined by means of gas = liquid chromatog
raphy. Doses were based on THC con-
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Table II. REM time expressed as per cent of total sleep time 

Mean: Last 
Subiect B nights B night 

1 17 21.5 26.9 
2 17 19.6 20.6 
3 17 21.3 19.2 
4 17 23.9 30.0 
3 17 21.6 19.2 
3 13 25.9 25.3 
1 4.3 24.9 24.5 
2 4.3 20.4 22.9 
1 8.6 24.9 24.4 
2 8.6 20.4 22.9 

B - base-line, D = drug, PD = postdrug. 

tent; other cannabinoids, such as cannabi
diol and cannabinol were present in unde
termined amounts. A placebo which 
mimicked the extract in color and obnoxious 
taste was prepared by re-extracting with al
cohol marihuana from which all cannabinoid 
had been removed by prior extraction. All 
materials were taken orally just prior to the 
beginning of sleep recordings. Subjects 
slept in separate sound-attenuated, dark
ened rooms and continuous recordings 
were taken from EEG, electrooculogram 
(EOG), and EMG electrodes placed in 
accordance with recommendations of the 
Rechtschaffen and Kales28 standardized 
manual. These recordings were subsequent
ly coded and scored blind according to 
the system set forth in the same manual. 

All experiments were successfully con
cluded without the subjects experiencing 
any difficulty falling asleep or remaining 
so after initial sleep onset on any of the 
recording nights. That none of the sub
jects was able to differentiate drug nights 
from those on which placebos were given 
is noteworthy. 

Results. 

Effects on REM sleep. The mean per
centages of total sleep time spent in REM 
sleep during base-line and postdrug re
cording periods, as well as the individual 
values for the last base-line night preced
ing the drug night and the first night sub
sequent to the latter, are shown in Table 
II. Values from the 3 nights were ranked 

First Mean: 
D night PD night PD nights 

21.8 23.2 26.2 
15.5 22.5 20.6 
27.2 19.9 23.9 
21.4 27.5 26.5 
16.2 19.9 22.9 
24.5 22.6 22.6 
18.4 20.7 23.2 
27.8 26.8 24.9 
19.4 24.7 26.3 
20.1 34.3 26.6 

for each subject at every dose level, and 
in 7 of the 10 possible comparisons the 
drug night ranked lowest. The probability 
of obtaining such a series of relationships 
is 0.016 (binomial test). If a similar com
parison is made substituting for the indi
vidual base-line and postdrug values their 
respective mean values, the drug nights 
still rank lowest most often ( 0.034, bi
nomial). 

Although there was almost always some 
reduction in REM time on drug nights, 
the decrement was relatively slight, i.e., 
the average reduction relative to the last 
base-line night was 2.1 percentage points 
for all comparisons and 4.38 percentage 
points for those 7 instances in which drug 
night ranked lowest. 

To determine if the REM impairment 
was localized to a particular portion of 
the night, REM time occurring during 
the first and second halves of the last 
base-line night were compared (matched 
t test) with similar values from the drug 
night. The results indicated no significant 
difference between the first halves of the 
nights, but they did indicate a reduction 
( p < 0.10) in the amount of REM sleep 
during the second half of the drug night 
relative to that during the last base-line 
night. This effect was present for all sub
jects at the 17 mg. and 13 mg. dose levels 
( p < 0.05), but internal analyses revealed 
that only one subject consistently demon
strated the effect at the lower dose levels. 

Effects similar to those reported above 
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Table III. Total sleep time (minutes) 

Mean: 
Subject B nights 

1 17 400 
2 17 404 
3 17 450 
4 17 444 
3 17 434 
3 13 447 
1 4.3 375 
2 4.3 414 
1 8.6 375 
2 8.6 414 

B == base-line, D == drug, PD == postdrug. 

Last 
B night 

401 
384 
452 
456 
435 
451 
362 
409 
400 
440 

might occur if total sleep time ( TST) 
on the drug night was shortened relative 
to that on the preceding base-line night, 
thereby effectively reducing the amount of 
time available for REM sleep. Table III 
presents the mean total sleep times for 
all base-line and postdrug nights, as well 
as individual values for the last base-line 
night, the drug night, and the first post
drug night. Significantly more ( p < 0.01) 
sleep was obtained on the drug night than 
on the last base-line night, whereas the 
differences between drug and first post
drug nights were not significant. A reduc
tion of REM time concurrent with an in
crease in sleep time enhances the signifi
cance of the observed decrease. 

Undisturbed sleep after a period of re
duced REM sleep is generally characterized 
by increased REM relative to base-line 
levels.3

• 
5 A comparison between base-line 

and postdrug mean REM percentage values 
in these experiments revealed the presence 
of this effect on postdrug nights ( p 
< 0.05). Internal analyses for the several 
dose levels indicated that the REM incre
ment on postdrug nights tended to occur 
during the first half of the night-a tend
ency significant only at the 17 mg. dose 
level ( p < 0.05). Although postdrug TST 
was greater than comparable base-line 
values ( p < 0.03), the observation that 
the postdrug increase in REM time tended 
to occur in the initial portion of the night 
decreases the probability that the increase 
in REM time was due only to increased 
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First Mean: 
D night PD night PD nights 

412 392 383 
407 441 418 
452 471 469 
450 464 456 
448 420 444 
477 454 
405 423 414 
415 437 422 
425 409 386 
418 426 417 

TST. The probability is also challenged by 
the results of an analysis routinely used 
as an indicator of the presence of REM 
rebound-the latency from sleep onset to 
the first REM period. The reduction in 
latency values which typically occurs after 
REM deprivation has been interpreted as 
indicating an increased pressure for the 
expression of REM sleep.4 Postdrug latency 
values in these experiments were signifi
cantly less ( p < 0.05) than were base-line 
values. 

The data were examined for the presence 
of individual dose-dependent effects based 
on the effective microgram per kilogram 
dosage (see Table I). Aside from a general 
trend toward greater REM reduction with 
increased dosage, analyses based upon this 
variable were unremarkable. Individual 
variations in response to the drug were 
interesting. Subject 3 responded in an op
posite manner to identical doses on two 
separate occasions, while Subject 1 had a 
more marked REM reduction at the lowest 
dosage level than at the highest. 

Effects on NREM sleep. Mean percent
ages of NREM sleep stages on base-line 
and postdrug nights as well as individual 
drug night values are given in Table IV. 
Comparisons between last base-line or 
mean base-line and drug night values re
vealed no significant differences. Similar 
results were obtained from comparisons 
of base-line and postdrug NREM sleep 
stage values, with the single exception of 
Stage 1 sleep which demonstrated a sig-



430 Pivik et al. 

Table IV. Pooled base-line, drug, and 
postdrug NREM sleep stage values (per 
cent of total sleep time) averaged across 
subjects within dose levels 

Dose All Last 
level B B D PD 
(mg.) nights night nights nights 

Stage I 

17 5.3 4.4 6.0 4.7 
13 7.2 6.4 6.5 13.0 
8.6 5.4 4.5 7.8 4.1 
4.3 5.4 4.5 5.9 4.8 

Stage II 

17 51.7 50.4 52.0 49.0 
13 55.8 59.0 56.7 52.4 
8.6 56.1 55.2 58.2 57.6 
4.3 56.1 55.2 60.8 53.9 

Stage Ill 

17 7.9 8.2 5.9 8.6 
13 7.3 9.2 11.9 9.6 
8.6 11.0 13.3 9.2 10.7 
4.3 11.0 13.3 10.1 10.6 

Stage IV 

17 12.1 12.9 16.8 15.3 
13 3.5 0.0 0.4 2.6 
8.6 4.3 4.4 5.2 3.7 
4.3 4.3 4.4 0.1 4.1 

B - base-line, D - drug, PD == postdrug. All values 
presented as means. 

nificant postdrug reduction at the 17 mg. 
dose level ( p < 0.05). 

Since an analysis of the data in terms 
of halves of nights proved to be discrimi
native for REM sleep, similar analyses were 
conducted for NREM sleep stage data. The 
values on which these analyses were based 
were absolute amounts (minutes) of 
NREM sleep. Viewed in this way, the 
following effects were noted: ( 1) at the 
17 mg. dose level only, significantly less 
( p < 0.05) Stage 2 sleep during the first 
half of the drug night relative to the 
first half of the last base-line night, and 
more (p < 0.02) of this sleep stage during 
the second half; ( 2) at all dose levels an 
increase (p < 0.10) in the amount of 
Stage 4 during the first half of the drug 
night relative to that time period on the 
last base-line night. This effect was most 
conspicuous at the 17 mg. level, at which 
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the amount of Stage 4 sleep obtained in 
the initial portion of the drug night ex
ceeded comparable values for all subjects 
on all base-line nights by an average of 
21 percentage points ( 47 per cent). 

Half-night sleep stage comparisons be
tween base-line and postdrug means of 
absolute values indicated postdrug reduc
tion in Stage 1 sleep at the 17 mg. level 
which was greater during the first half 
of the night ( p < 0.05) but which ex
tended into the second portion of the night 
( p < 0.10). Although there were no other 
significant variations between base-line and 
postdrug NREM sleep stage mean values, 
slow-wave sleep (Stages 3 and 4 com
bined), which is normally concentrated 
during the first half of the night, was 
shifted in concentration to the second por
tion of the postdrug nights ( p < 0.02). 

Previous reports suggesting that THC 
might have sleep-inducing properties 
prompted the inspection of three variables 
commonly taken to indicate the presence 
of such an influence9

' 
14

: latency to sleep 
onset, time awake after sleep onset, and 
body movements during sleep of at least 
15 second duration. The only significant 
change noted was a reduction at the 17 mg. 
dose level in the amount of time awake 
after sleep onset ( p = 0.016); the average 
reduction on the drug night being 68 per 
cent of the base-line average (disregarding 
the first base-line night'). It is noteworthy 
that postdrug values of this measure re
main reduced. 

Summary of normative studies. The re
sults of these experiments indicate two 
main effects of THC on undisturbed sleep: 
increase in Stage 4 sleep and reduction in 
REM sleep. Both effects, including their 
sequential nature and time of onset with 
respect to drug ingestion, became more 
apparent when analyses were conducted 
on half- rather than whole-night sleep 
stage values. REM reduction, though 
slight, was of sufficient magnitude to per
mit the detection of "REM rebound" mani
fested by increased postdrug REM time 
and decreased latencies to the first REM 
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period. Other variations in sleep measures 
on drug and postdrug nights may be sim
ply explained as displacements resulting 
from the two main effects. The decrease 
in Stage 2 on the first half of the drug 
night, for example, paralleled the increase 
in Stage 4, the increase in Stage 2 during 
the second half of the drug night was ac
companied by a decrease in REM, and 
the postdrug redistribution of slow-wave 
sleep to the second half of the night was 
attended by an increased expression of 
REM sleep during the first half of the 
night. 

A soprorific effect of THC is suggested 
by the postdrug decrease in Stage 1 and 
the reduction in awake time after sleep 
onset on the drug night which was sus
tained in some measure through the post
drug nights. Since THC metabolites have 
been shown to be retained in plasma and 
excreted in urine for several days after 
administration, 20 such residual effects are 
possible. Similar variations in Stage 1 and 
the time spent after sleep onset are regu
larly observed during the course of adapta
tion to sleeping in the laboratory, 1 and 
such adaptation probably accounts in part 
for the effects observed here. 

REM deprivation studies 

A procedure to determine the potency 
of REM-reducing chemicals or manipula
tions is to introduce the REM-depriving 
agent during a period of REM rebound, 
i.e., immediately after REM deprivation. 
This postdeprivation period is characterized 
by REM sleep which is intensified both 
quantitatively and qualitatively relative to 
predeprivation levels.4-U The procedure 
was used to test the extent of the REM
depriving capability of THC and to com
pare it with that produced by a semisyn
thetic ~-6a-10-THC homologue, synhexl. 
The latter drug is similar to THC in its 
behavioral and psysiological effects, includ
ing the production of dreamlike states, 
differing mainly in being less potent ( po
tency ratio of synhexl to THC being about 
3:1) and slower acting.14 
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Methods. Two young adult male volun
teers (not participants in any of the norma
tive experiments) underwent 3 separate 
REM deprivation procedures, each con
sisting of 2 nights of arousals. Each dep
rivation procedure was followed by 5 
nights of undisturbed recovery sleep. Prior 
to the initial deprivation, 5 nights of base
line recordings were taken. Subjects were 
given either 20 mg. of THC or 60 mg. 
of synhexl orally (the effective microgram 
per kilogram doses being 244 and 259 
for THC and 733 and 777 for synhexl) 
the morning after 2 of the 3 deprivation 
procedures. The third REM deprivation 
served as a control. Order of drugs was 
varied for the 2 subjects-one being con
trol, synhexl, THC, the other, synhexl, 
THC, control. Electrode placements, scor
ing methods, and recording conditions, as 
well as all restrictions regarding daytime 
napping and ingestion of other drugs im
posed during the earlier studies, were re
tained for these experiments. The REM 
deprivation procedure itself consisted of 
the artificial curtailment of each REM 
period by arousing the subject as near as 
possible to its onset as determined by 
electrographic criteria. 

The amounts of REM sleep from each 
of the 3 recovery periods were compared 
with each other and with base-line data 
in a two-way analysis of variance with 
repeated measures. 33 

Results. The data presented in Table V 
validate the REM deprivation manipula
tion and draw attention to the tremendous 
range of individual variation in immediate 
response to REM deprivation. The average 
reduction in percentage of total sleep time 
occupied by REM on deprivation nights 
relative to the average base-line value was 
71.1 for Subject 5 and 91.9 for Subject 
6. The degree of REM reduction was simi
lar within subjects across the 3 different 
conditions. The between-subject difference 
in the extent of deprivation as well as the 
variation in the number of arousals neces
sary to implement the deprivation (over
all deprivation days 3.2 times as many 
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Table V. Summary of data from control and treatment REM deprivation nights 

Mean: Control" THC Synhexl 

Sub;ect B nights d,f d, d, d, d, I d, 

5 
% REM 23.8 5.6 7.5 4.9 8.6 6.2 8.4 
Avg. % reductiont 72.5 71.6 69.3 
No. of arousals 26 30 29 13 25 18 

6 
%REM 26.1 2.5 1.9 1.6 2.7 2.0 2.0 
Avg. % reduction 91.6 91.8 92.3 
No. of arousals 6 8 7 8 11 4 

"Drugs ( THC and synhexl) were administered on morning subsequent to d2. No drug was administered following 
d2 in control condition. 

fdt = First deprivation night; d2 = second deprivation night. 

1Avg. '1o reduction in REM time relative to the base-line average. Derived for each of the three deprivations 
using the following formula, where Bx = base-line mean: 

2 Bx- (d, + d,) 
-----X 100. 

2 Bx 

Table VI. Analysis of variance of per 
cent REM time under base-line and REM 
deprivation recovery conditions 

A 

Source df MS F 

Between subjects 
Nights (A) 4 5.42 0.1035 
Subjects 
within groups 5 53.39 

Within subjects 
Conditions (B) 3 39.68 3.80" 
AxB 12 6.48 0.621 
Error 15 10.44 

B 

Conditions 

Base-
lsynhexll I control line THC 

Per cent REM: 
Pooled averages 23.81 t 24.34 25.68 28.27t 

•p < 0.05. 

fControl rebound significantly greater than base-line 
( p < 0.05, Tukey's (a) test). All other mean differences 
were nonsignificant. 

arousals for Subject 5 as for Subject 6) 
reflect individual differences in response 
to the deprivation manipulation which are 
not subject to experimental control. 

The results of the analysis of variance 
(Table VI) indicated the presence of a 
significant difference between the condition 
means, and Tukey's (a) test revealed that 

the only significant difference ( p < 0.05) 
among the means was that between control 
and base-line conditions. These results may 
be interpreted as demonstrating that: ( 1) 
under control condition these subjects re
sponded to REM deprivation in the usual 
manner, i.e., with an increment in post
deprivation REM time which was sig
nificantly greater than base line, or ( 2) 
THC and synhexl, although not completely 
obviating the postdeprivation REM in
crease, diminished it substantially. 

Since the normative studies indicated 
an increase in Stage 4 sleep subsequent to 
THC administration, an attempt was made 
to determine if a similar effect was obtained 
in the deprivation experiments. Fig. 1 illus
trates changes in amounts of Stage 4 sleep 
across conditions as a function of treatment. 
These pooled data are based on 2 day totals 
(i.e., last 2 base-line days, the 2 deprivation 
days, and the first 2 recovery days) of Stage 
4. The data corroborate the Stage 4 enhanc
ing effect of THC and suggest a minimal 
capability in this respect for synhexl. 

Discussion 

The paucity of knowledge on the gastro
intestinal rate of absorption of THC was a 
limitation which was relevant to the initial 
series of studies, since it precluded the 
possibility of specifying a priori the onset 
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DEPRIVATION RECOVERY 

Fig. 1. Changes in amounts of Stage 4 sleep across conditions as a function of treatment. 
Pooled data are based on 2 day totals (i.e., last 2 base-line days, the 2 deprivation days, 
and the first 2 recovery days) of Stage 4. 

of drug action. Although subjective effects 
of oral THC are reported to appear within 
30 to 60 minutes, 14

• 
16 the increment in 

Stage 4 sleep suggests that the onset of 
drug action occurred about 3 hours after 
ingestion. These observations indicate the 
insensitivity of the latency to sleep onset 
measure to any initial hypnotic properties 
of THC, since subjects were asleep well 
before the drug could have taken effect. 
The decrease in time spent awake after 
sleep onset and the increase in Stage 4 
sleep, however, could be interpreted as 
indicating, respectively, less disturbed and 
"deeper" sleep,'~> thereby empirically sup
porting the attribution of sedative proper
ties to THC. 

Although both the normative and dep
rivation experiments indicate that THC 
reduces REM sleep, the degree of com
pensation was relatively less after the dep
rivation procedure. The simplest recon
ciliation of these data is one which regards 
the difference in terms of a delayed re
covery phenomenon, i.e., a compensatory 

"For a discussion of the difficulties and nuances in
volved in defining depth of sleep see: Williams, H. L.: 
In Kety, S., Evarts, E., and Williams, H. L., editors: Sleep 
and altered states of consciousness, :ealtimore, 1967, The 
Williams & Wilkins Company, pp. 277-287. 

process ultimately of normal proportions, 
but one whose full expression was in excess 
of the 5 day recovery period in these ex
periments. In the enforced deprivation con
dition, this process could have resulted 
from the convergence of several factors 
during the drug conditions which might 
have extended the deprivation effect, for 
example, the serial administration of REM
depriving agents (i.e., enforced arousals 
and REM-reducing drugs), drug action ex
tending beyond the night of administra
tion, 20 and a possible stress factor resulting 
from the daytime physiologic testing (in
cluding the taking of blood samples) which 
was not present during the control condi
tion. Others have reported REM recovery 
periods extending over several weeks sub
sequent to the administration of psycho
active materials when such factors as listed 
above were not present.21

• 
26 Therefore, it is 

possible that our postdrug observations did 
not measure the full extent of the recovery 
process. 

The notion that the hallucinations of both 
REM sleep and wakefulness are reBections 
of a single process is rooted in the phenom
enological similarities of hallucinations 
from these 2 behavioral states8

• 
18 and has 

been enhanced by reports demonstrating 
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the hallucinogenic capability of several 
drugs derived from structurally dissimilar 
chemical groups (e.g., LSD, mescaline, 
phencyclidine, Ditran). If there is a mech
anism common to all forms of hallucino
genesis, then REM sleep presents an un
usual opportunity to pursue it. However, 
experimental evidence indicates that, with 
one exception-low doses of LSD enhance 
REM sleep in man," 0

• 
25 while relatively 

high doses reduces REM sleep in the 
cat11

• 
32-psychoactive drugs which induce 

walking hallucinations reduce REM 
sleep.2

• 
2° Furthermore, it has been demon

strated that the electrographic manifesta
tions of walking hallucinations or hallucina
tory-like behavior are more like those of 
slow-wave sleep12

' 
17' 34 than REM sleep. 30 

It has long been known2 that slow-wave 
sleep is capable of sustaining mental ac
tivity of a highly emotional nature, and the 
relative absence of recall of mentation 
from this kind of sleep27 is suggestive of the 
diminished awareness which accompanies 
deeper hallucinogenic states during wake
fulness.34 It is possibile, therefore that the 
naturally occurring state most comparable 
to that represented by induced waking 
hallucinations is slow-wave sleep rather 
than REM sleep. The results of both the 
normative and deprivation experiments, in
dicating an increase in Stage 4 sleep sub
sequent to ingestion of THC, are compati
ble with such a view. 

To place the results of these studies in 
proper perspective, an assessment of the 
potency of the doses used needs to be 
made. The effective dose levels in these 
experiments, which range from 61 J.Lg per 
kilogram to 268 J.Lg per kilogram, is below 
the level at which psychotomimetic effects 
are generally reported when THC is ad
ministered orally ( 300 to 480 J.Lg per kilo
gram16). By these standards, our studies are 
based on low doses. This points up the sen
sitivity of sleep mechanisms to THC and 
synhexl and indicates that even subhallu
cinogenic doses exert relatively presistent 
effects. 

Clinical Pharmacology 
and Therapeutics 

Dr. Leo E. Hollister provided chemical com
pounds for these experiments. L).-9-THC was ob
tained from the National Institute of Mental 
Health and was synthetic material provided by 
contract with Prof. R. Mechoulam, School of 
Pharmacy, Hebrew University, Jerusalem. The 
THC homologue, synhexl, was obtained from Dr. 
R. Gwinn, Abbott Laboratories, North Chicago, 
Ill. 
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a b s t r a c t

Patients with post-traumatic stress disorder (PTSD) frequently complain of having sleep disturbances,
such as insomnia and rapid eye movement (REM) sleep abnormality. Cannabidiol (CBD), a psycho-
inactive constituent of marijuana, reduces physiological non-REM (NREM) sleep and REM sleep in
normal rats, in addition to generating its anxiolytic effect. However, the effects of CBD on anxiety-
induced sleep disturbances remain unclear. Because anxiety progression is caused by persistent stress
for a period of time, we employed the repeated combination tests (RCT) consisting of a 50-min open field
(OF) and a subsequent 10-min elevated plus-maze (EPM) for four consecutive days to simulate the
development of anxiety. Time spent in the centre arena of OF and during open arms of the EPM was
substantially decreased in latter days of RCT, suggesting the habituation, which potentially lessens
anxiety-mediated behavioural responses, was not observed in current tests. CBD microinjected into the
central nucleus of amygdala (CeA) significantly enhanced time spent in centre arena of OF, increased time
during the open arms and decreased frequency of entry to the enclosed arms of EPM, further confirming
its anxiolytic effect. The decrease of NREM sleep during the first hour and the suppression of REM sleep
during hours 4e10 after the RCT represent the similar clinical observations (e.g. insomnia and REM sleep
interruption) in PTSD patients. CBD efficiently blocked anxiety-induced REM sleep suppression, but had
little effect on the alteration of NREM sleep. Conclusively, CBD may block anxiety-induced REM sleep
alteration via its anxiolytic effect, rather than via sleep regulation per se.

This article is part of a Special Issue entitled ‘Anxiety and Depression’.
� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Anxiety disorders are the most common psychiatric disorders
associated with sleep disruptions. In fact, sleep disturbances are
included in the diagnostic criteria in two categories of anxiety
disorders: general anxiety disorder (GAD) and post-traumatic stress
disorder (PTSD) (American Psychiatry Association, 1994). Patients
with GAD frequently complain to have difficulties falling asleep,

difficulties staying asleep, restless sleep, and unrefreshing sleep
(American Psychiatry Association, 1994; Anderson et al., 1984), and
persistent symptoms of increased arousal, insomnia, nightmares and
disrupted rapid eye movement (REM) sleep are common sleep
disorders in patients with PTSD (American Psychiatry Association,
1994; Horowitz et al., 1980; Mellman et al., 2002; Mellman and
Davis, 1985; Neylan et al., 1998). Although anxiousness and worries
are usually the causes of sleep disturbances in anxiety patients,
sleep-specific pathologies and the other factor, such as stress per se,
may develop and exacerbate sleep disruptions. The causal connec-
tion between sleep problems and anxiety are difficult to determine
in the clinical aspect, and therefore the employment of an animal
model of anxiety to study this relationship becomes adequate. The
openfield (OF) hasbeenwidely used to assess thebehavioural effects
of anxiety in rodents (Hall, 1936). Confrontation of the novel envi-
ronment provided by the OF produces conflicting motivations
between fear and exploration (Prut and Belzung, 2003; Welker,
1957). More thigmotaxis and less locomotion activity indicate
greater anxiety, whereas greater exploration and more ambulation

Abbreviations: cAMP, cyclic AMP; CBD, cannabidiol; CeA, central nucleus of
amygdala; DMSO, dimethyl sulfoxide; EEG, electroencephalogram; EMG, electro-
myogram; EPM, elevated plus-maze; GAD, general anxiety disorder; 5-HT, 5-
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to the centre arena of the OF reflect less emotion (Choleris et al.,
2001). The elevated plus-maze (EPM), which is another rodent
model for anxiety and used as a screening test for putative anxio-
lytics, consists of two open and two enclosed arms elevated 60 cm
from the floor. This model is based on rodent’s aversion of height
and openness (Pellow et al., 1985; Treit et al., 1993). Because the
progression of anxietymay be caused by the persistence of stress for
a long period of time, we would like to mimic this anxiety devel-
opment by exposing the animals to repeated stressors. However,
a habituation behaviourmayoccur after repeated exposure to theOF.
This anxiety-like behaviour is greater expressed during initial
exposure to the OF, and exploration behaviour is increased as
exposure time in the OF increases or with repeated exposure to the
OF, indicating the lessened anxiety (Ivinskis, 1970; Makino et al.,
1991). In contrast, anxiety behaviours expressed in the EPM have
demonstrated a lack of habituation of exploration in the open arms
because of the innate aversiveness of openness and height (Graeff
et al., 1998; Treit et al., 1993). We herein employed the repeated
combination tests (RCT), consisting of a 50-min of OF and a subse-
quent 10-min of EPM, for four consecutive days to simulate the
anxiety development and anxiety-induced sleep disruptions.

D9-tetrahydrocannabinol (D9-THC) and cannabidiol (CBD) are two
major constituents of theCannabis sativa (ElSohly, 2002;Mechoulam,
1970). Two cannabinoid receptors, CB1 and CB2, are coupled to the
pertussis toxin-sensitive G-protein, Gi,o, which inhibits adenylate
cyclase and subsequently reduces the conversion of ATP to cyclic
AMP (cAMP) (Chevaleyre et al., 2006). D9-THC has a strong binding
affinity for central CB1 receptors and produces psychoactive prop-
erties, including the anxiogenic effect (Grotenhermen, 2006),
whereas CBD exhibits a lowbinding affinity for CB1 receptors and has
a non-psychoactive property (Grotenhermen, 2006; Mechoulam
et al., 2002). The pharmacological property of the anxiolytic effect
of CBDhas been demonstrated in both animal researches (Guimaraes
et al., 1990; Mechoulam et al., 2002; Pickens, 1981) and human
studies (Crippa et al., 2004; Fusar-Poli et al., 2010), and becomes
significant for therapeutic purposes. CBD also possesses sleep
modulation effects; intracerebroventricular (ICV) administration of
CBD during the light period increases wakefulness and decreases
REM sleep in rats (Murillo-Rodríguez et al., 2006). We previously
demonstrated that microinjection of CBD into the central nucleus of
amygdala (CeA) decreases NREM sleep with limited effects on REM
sleep suppression in normal rats (Yi et al., 2008). However, effects of
CBD on anxiety-induced sleep disturbances have not been elucidated
yet. CeA plays a key role in emotional processing, anxiety-related
physiological and behavioural responses (Graeff et al., 1998), and its
relatedbehavioural responses, i.e. sleepewake activity (Sanford et al.,
1995). Here we determined the sleep disturbances induced after
exposure of rats to RCT. Both effects of CBD, microinjected into the
CeA, on sleep disturbances and the anxiolytic were evaluated.
Comparing to the effects of CBD on spontaneous sleep regulation,
present resultswould further elucidatewhether the action of CBD on
anxiety-induced sleepdisturbance ismediatedby its sleep regulation
per se or is the consequence of anxiolytic action.

2. Materials and methods

2.1. Substances

Stock solution of CBD (Tocris, Bristol, UK) was dissolved in 2% dimethyl sulfoxide
(DMSO). These stock solutions were stored at�20 �C until administration. The doses
of CBD used in these experiments were 0.5 and 1.0 mg. The total volume for each
injection was 1 ml.

2.2. Animals

Male Wistar rats (250e300 g; National Laboratory Animal Breeding and
Research Center, Taiwan) were used in these experiments. These animals were

anesthetized (ketamine/xylazine; 87/13 mg/kg), and injected with an analgesic
(morphine) and antibiotic (penicillin G benzathine). Rats were surgically implanted
with three electroencephalogram (EEG) screw electrodes (on the right hemisphere
of the frontal and parietal lobes and the left hemisphere of the occipital lobe) as
previously described (Chang and Opp, 1998), two neck electromyogram (EMG)
electrodes, a thermistor (model: Pt100; Enercrop, Toronto, Canada) and a microin-
jection guide cannulae (26 gauge, O.D. 0.46 mm, I.D. 0.24 mm) directed into the CeA
(AP, �2.8 mm from bregma; ML, 4.2 mm; DV, 7.8 mm relative to bregma). The
coordinateswere adopted from the Paxinos andWaton rat atlas (Paxinos andWaton,
1998). Insulated leads from EEG and EMG electrodes and the thermistor were routed
to a Teflon pedestal (Plastics One, Roanoke, VA, USA). The Teflon pedestal was then
cemented to the skull with dental acrylic (Tempron, GC Co., Tokyo, Japan). The
incision was treated topically with polysporin (polymixin B sulphateebacitracin
zinc) and the animals were allowed to recover for seven days prior to the initiation of
experiments. The rats were housed separately in individual recording cages in the
isolated room, in which the temperature was maintained at 23 � 1 �C and the
light:dark rhythmwas controlled in a 12:12 h cycle (40Watt� 4 tubes illumination).
Food and water were available ad libitum. We made our best effort to minimize
animal suffering and to reduce the number of animals used in current study. All
procedures performed in this study were approved by the National Taiwan
University Animal Care and Use Committee.

On the second postsurgical day, rats were connected to the recording apparatus
(see later) via a flexible tether. The location of the microinjection cannula was
confirmed by injecting 0.5% trypan blue dye at the end of experiment. The recording
data could be included for the subsequent analyses only when the injection target
has been confirmed inside the CeA in rats. Animals were habituated by daily
handling and injections of PFS timed to coincide with scheduled experimental
administrations.

2.3. Apparatus and recording

Signals from the EEG electrodes were fed into an amplifier (Colbourn Instru-
ments, Lehigh Valley, PA; model V75-01). The EEG was amplified (factor of 5000)
and analogue bandpass was filtered between 0.1 and 40 Hz (frequency response:
�3 dB; filter frequency roll off: 12 dB/octave). The EMG signals were also fed into an
amplifier (CyberAmp 380; Axon Instruments, Union City, CA). Gross body move-
ments were detected by custom-made infrared-based motion detectors (Biobserve
GmbH, Germany), and the movement activity was converted to a voltage output
which was digitized and integrated into 1-s bins. The values of brain temperature
were also converted to a voltage output by an analogue signal isolation transmitter
(model: YT-TT3-A4; Yuden Electric Co., Ltd., Taiwan). These conditioned signals
(EEGs, EMGs, brain temperature and gross body movements) were subjected to
analogue-to-digital conversionwith 16-bit precision at a sampling rate of 128 Hz (NI
PCI-6033E; National Instruments, Austin, TX). The digitized EEG waveform and
integrated values for body movement and brain temperature were stored as binary
computer files pending subsequent analyses.

Postacquisition determination of the vigilance state was done by the visual
scoring of 12-s epochs using custom software (ICELUS, M. R. Opp) written in
LabView for Windows (National Instruments). The animal’s behaviour was classi-
fied as either NREM sleep, REM sleep or waking based on previously defined
criteria (Chang and Opp, 1998). Briefly, NREM sleep is characterized by large-
amplitude EEG slow waves, high power density values in the delta frequency
band (0.5e4.0 Hz), a relax muscle tone from EMGs, lack of gross body movements,
and declining brain temperature before and during entry. During REMS, the
amplitude of the EEG is reduced, the predominant EEG power density occurs
within the theta frequency (6.0e9.0 Hz), the EMGs exhibit muscle atonia with low
EMG amplitudes, brain temperature increases rapidly at onset, and there are phasic
body twitches. During waking, the rats are generally active and brain temperature
gradually increases. There are protracted body movements with robust EMG
amplitudes. The amplitude of the EEG is similar to that observed during REM sleep,
but power density values in the delta frequency band are generally greater than
those in theta frequency band.

2.4. Behavioural tests

The OF chamber is a transparent Plexiglas squared box (100 cm � 100 cm �
50 cm), elevated at a height of 60 cm from the floor. The total areas of the OF were
divided into nine arenas, including 4 corner arenas (30 cm � 30 cm), 4 peripheral
arenas (40 cm � 30 cm) and one centre arena (40 cm � 40 cm). The behavioural
activities andmovement traces were recorded by a digital camera, and this video file
was imported to and analyzed by the custom software of Ethovision� (Version XT;
Noldus, Wageningen, Netherlands). The time duration spent in the centre arena of
the OF was determined as the major index for anxiety, and more ambulation
towards the centre arena of the OF reflected less anxiety. Rats were placed in the
centre arena of the OF at the beginning of the light (rest) period and exposed to the
OF for 50 min. Activities were analyzed every 5-min and were represented by two
25-min time blocks.

After the 50-min exposure to the OF, rats were then placed in the cross area
of the four arms and faced towards an open arm. The EPM consisted of two
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open (50 cm long � 10 cm wide) and two enclosed arms (50 cm long � 10 cm
wide � 40 cm height), and was elevated 60 cm from the floor. The performance of
the EPM lasted for 10 min, and the traces of movement and activities in the EPM
were recorded by a digital camera and analyzed by Ethovision�. The parameters of
the movement traces in the EPM were classified as the time spent in the
open arms, the frequency of entry to the open arms and the frequency of entry to
the enclosed arms. The repeated combination tests (RCT) refer to the tests con-
sisting of a 50-min OF and a subsequent 10 min EPM performed from the
beginning of the light period in four consecutive days. The RCT was performed
under 40 Watt � 4 tubes illumination, without noise and changing of environ-
mental cues.

2.5. Experimental procedures

A total of 28 Wistar rats were used and divided into four groups as depicted in
Fig. 1. A 24-h undisturbed baseline sleep recording was acquired before initiating
experiments in all groups. Rats in group 1 (DMSO group; n ¼ 7) received PFS and 2%
DMSO 20 min prior to the beginning of the light period on the 1st and 2nd exper-
imental days, respectively, and the sleepewake activities were acquired for 24 h
beginning from the light onset. The RCT of a 50-min OF and a 10-min EPM were
performed during the first hour of the light period on the following 3rd, 4th, 5th and
6th days, and 2% DMSO was also administered 20 min prior to the light onset
in these four consecutive days. The sleepewake activities were recorded from the

Fig. 1. A: The diagram for the experimental protocol. Close bar indicates the dark period and the open bar represents the light period of the 12:12 h light:dark cycle. Arrow depicts
the timing of microinjection, “R” means recording, RCT represents the repeated combination test, and SD indicates sleep deprivation. B and C: the left CeA slides (with cannulae
implantation); D and E: the right CeA slides (without implantation). CeA: central nucleus of amygdala; BLA: basolateral amygdala nucleus, anterior; BLV: basolateral amygdala
nucleus, ventral; BMA: basomedial amygdala nucleus, anterior.
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2nd-hour of the light period and lasted for 23 h. Rats in group 1 were used to
determine the anxiogenic effect of the RCT and to evaluate the sleep disturbances.
Rats in group 2 (low-dose CBD group; n ¼ 7) received a protocol similar to those in
group 1, except they were administered 0.5 mg CBD at the 5th days (the 3rd-day of
RCT). Rats in group 3 (high-dose CBD group; n ¼ 7) received a protocol similar to
those in group 2, except they were administered 1.0 mg CBD at the 5th days (the 3rd-
day of RCT). Groups 2 and 3 were used to determine the anxiolytic effect and the
sleep effects of the CBD. Rats in groups 4 (sleep deprivation (SD) group; n ¼ 7) were
administered 2% DMSO 20 min prior to the beginning of the light period and were
gently deprived of their total sleep for 1 h beginning from the light onset. The
sleepewake activities were recorded from the 2nd-hour of the light period and
lasted for 23 h. Performing the RCT may have caused sleep deprivation during the
first hour of the light period; however, results obtained from the rats in group 4
would eliminate the influence of sleep deprivation.

Additional 7 rats were used to verify the lesion of CeA after cannulae implan-
tation and vehicle injection. Rats were implanted with a microinjection cannulae in
the left hemisphere and received DMSO injection as those in group 1. Both left and
right CeA regions were sliced, stained with haematoxylin and eosin, and the cell
numbers were counted. Fig. 1B indicated the left CeA with cannulae implantation
and Fig. 1D was obtained from the right CeA. Fig. 1C and E were the magnifications
from Fig. 1B and D. The cell numbers counted from the left CeA and from the right
CeA were 557.1 � 29.9 and 554.4 � 36.1, respectively, suggesting there is no
significantly physical damage to the CeA after implantation of microinjection
cannulae and DMSO injection. Another 7 rats received the same protocol as those in
group 1 and were used to clarify the level of anxiety by determining the urination
and defecation.

2.6. Statistical analyses for experiment protocol

All values acquired from sleepewake recording and the parameters of behaviour
tests were presented as the mean � SEM for the indicated sample sizes. One-way
repeated measures analyses of variance (ANOVA) for the duration of each vigi-
lance state (NREM sleep, REM sleep, wakefulness), for sleep-architecture parame-
ters, and for the parameters of behavioural tests were performed by comparing
before, during and after manipulationwithin group and between groups, and across
the two 12-h time blocks and specific time blocks as mentioned later in the result
section. An a level of p < 0.05 was taken as indicating a statistically significant
difference. If statistically significant differences were detected, a Tukey’s multiple
comparison was made to determine which values during experimental conditions
deviated from those obtained from the control conditions. The correlation between
the parameters obtained from the RCT and the number of days for exposing to the
RCT was determined by the Spearman correlation coefficient.

3. Results

3.1. Behavioral measures of the repeated combination tests (RCT)

The values represented in Fig. 2 were the time differences for
rats spending in the centre arena of the OF between second-day
and first-day exposures of combination tests (D-day2), between
third-day and first-day exposures (D-day3), and between fourth-
day and first-day exposures (D-day4). The measures during the
OF exposurewere also divided into two 25-min blocks. The time for
rats spending in the centre arenas of the OF during the total 50 min
of exposure was gradually decreased as rats were repetitively
exposed to the combination tests in the DMSO group; the D dura-
tions in the centre arena for D-day2, D-day3 and D-day4
were�0.7 � 1.6 s,�3.3� 1.1 s and �3.5� 1.2 s, respectively (closed
bars in Fig. 2C). Analysis for the durations in centre arena revealed it
to be gradually and significantly decreasing when rats were
repetitively exposed to the combination tests in four consecutive
days (F(3,207) ¼ 4.00, p < 0.01). When comparing the values
obtained from day-3 exposure to those acquired from day-1
exposure, a statistically significant difference was detected
(p < 0.05; Fig. 2C). A similar result was observed when comparing
the values between day-4 exposure and day-1 exposure (p < 0.05;
Fig. 2C). The Spearman correlation coefficient (r) between the D
duration in centre arena and the number of exposure to the OF
was �0.19 (p < 0.01), indicating a negative correlation. Further-
more, the immobilization time was increased, and the total
distance of movement and movement distance in the centre arena
were consistently decreased following the repeated OF exposure

(Table 1). This result suggests habituation learning as previous
reports (Ivinskis,1970;Makino et al., 1991) is not observed in the OF
of the RCT and the anxiousness of rats also gradually increased as
the stress exposure was repeated. We also found that the ambu-
lation to the OF centre arena during the first 25-min time block was
decreased during the day-2 and day-3 RCT exposures, whereas the
anxiousness gradually increased during the second 25-min time
block in the day-3 and day-4 exposures, which was indicated by the
decrease of duration in the centre arena of the OF (closed bars in
Fig. 2A and B).

The data (D-day2, D-day3 and D-day4) demonstrated in Fig. 3
were values of open arm durations, frequency of entry to the

Fig. 2. The OF of RCT decreases the time spent during the centre arena and CBD
increases rats’ exploration in the central arena. The difference (D) of time duration
spent in the centre arena of the OF is represented as mean � SEM in two 25-min blocks
(A and B) and the whole 50-min block (C). Values in D-day2, D-day3 and D-day4
represent the differences determined after subtracting those acquired from day-1.
Closed bars depict the values obtained from the DMSO group, open bars represent
the values acquired from the low-dose (0.5 mg) CBD group, and grey bars demonstrate
the values acquired from the high-dose (1.0 mg) CBD group. *represents a statistically
significant difference when compared to the values obtained from day-1. x depicts
a statistically significant difference when compared between the DMSO group and the
CBD group on the same day.
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open arms, frequency of entry to the enclosed arms and movement
distance in the open arms in the EPM obtained from day-2, day-3
and day-4 exposures subtracting those acquired from day-1. Rats
significantly spent less time in the open arms (F(3,12) ¼ 4.3972,
p < 0.05; D-day2: p < 0.05; D-day4: p < 0.05) and decreased the
frequencies of entry to the open arms of the EPM in day-2 and day-
4 RCT exposures when compared to those obtained from day-1 in
the DMSO group (F(3,12) ¼ 5.9512, p < 0.05; D-day2: p < 0.05; D-
day4: p < 0.05; closed bars in Fig. 3A and B). The Spearman
correlation coefficient (r) between D duration spent in the open
arms and number of exposure to the EPM (r ¼�0.45, p < 0.05), and
r between D frequency of entry to open arms and number of
exposure to the EPM (r ¼ �0.48, p < 0.05) revealed the negative
correlation. The frequencies of entry to the enclosed arms of the
EPMwas sustainably decreased (Fig. 3C). Themovement of distance
in the open arms was also decreased following the repeated
exposure of EPM, although it did not reach statistical significance
(Fig. 3D). An example of trace analysis indicated the increase of
avoidance of open arms when rats were repetitively exposed to the
EPM (Fig. 3D, left panel).

Furthermore, the level of anxiety was additionally determined
by the defecation and urination after exposing to RCT. Our results
indicated that the volume of urine, number of defecation and
weight of defecationwere consistently increased following the RCT,
indicating the level of anxiety did not diminished after the RCT,
although these alterations did not reach statistical significance
(Fig. 4).

3.2. Effects of CBD on repeated combination tests-induced
behaviours

Microinjection of 1.0 mg CBD directly into the CeA prior to the
combination tests at the day-3 exposure statistically significantly
enhanced the duration for rats exploring the centre arena of OF
during the total of 50-min exposure (D-day3 ¼ þ3.1 � 2.0 s;
grey bar in Fig. 2C) when compared to the values obtained from
DMSO group rats at the day-3, which received 2% DMSO
(D-day3¼�3.3�1.1 s; F(1,138)¼ 7.55, p< 0.05; closed bar in Fig. 2C).
In addition, the D durations in the centre arena of the OF obtained
from D-day4 significantly differ between the DMSO group and the
high-dose CBD group, in which both groups received 2% DMSO

prior to the combination tests at day-4 exposure. The D duration in
the centre arena obtained from D-day4 in the high-dose CBD group
was þ0.1 � 0.6 s, and the value acquired from D-day4 in the DMSO
group was �3.5 � 1.2 s (F(1,138) ¼ 7.13, p < 0.01; Fig. 2C). Further
analyzing the alterations in the first and second 25-min time blocks
revealed that CBD effect is significantly observed during the second
25-min time blocks (DMSO versus high-dose CBD groups at D-
day3: F(1,68)¼ 4.69, p< 0.05; DMSO versus high-dose CBD groups at
D-day4: F(1,68) ¼ 9.64, p < 0.01; Fig. 2B). Administration of 0.5 mg
CBD exhibited no significant effect on OF-induced anxiousness as
shown in Fig. 2. CBD did not change other parameters, including
immobilization time, total distance of movement and velocity in
the centre arena, obtained from repeated OF (Table 1). The OF-
induced decrease of movement in the centre arena was sup-
pressed by 1.0 mg CBD, although it did not reach statistical signifi-
cance. Notably, the OF-induced decreased movement in the centre
arena was significantly suppressed at D-day4 in the high-dose CBD
group (p < 0.05; Table 1).

Administration of CBD 1.0 mg into the CeA reversed the decrease
of the D durations in the open arms of EPM obtained from D-day3
and D-day4 in the DMSO group, although they did not reach
statistical significance (Fig. 3A). The frequencies of entry to the
enclosed arms of EPM were significantly decreased after receiving
1.0 mg CBD at day-3, and 2% DMSO at day-4 of exposure in the high-
dose CBD group when compared to those acquired at day-1 of
exposure in the CBD group rats (F(2,12) ¼ 14.61, p < 0.001; Fig. 3C),
and Tukey’s multiple comparison indicated a statistically signifi-
cant difference between values obtained at day-3 versus day-1
exposures (p < 0.001), and day-4 versus day-1 exposures
(p< 0.01). Administration of CBD 1.0 mg into the CeA suppressed the
decrease of the D movement distance in the open arms of EPM
obtained from D-day3 and D-day4 in the DMSO group, although
they did not reach statistical significance (Fig. 3D). An example of
trace analysis indicated that 1.0 mg CBD blocked the avoidance of
open arms when rats were repetitively exposed to the EPM in four
consecutive days (Fig. 3D, right panel).

3.3. Sleep alterations induced after repetitive exposure
to the combination tests

NREM sleep was not significantly altered during hours 2e12
after exposure to the RCT (Fig. 5B), except for the first hour after
RCT. NREM sleep during the first hour after exposure to the RCTwas
significantly decreased in four consecutive days; the amounts of
time spent in NREM sleep during hour-2 (the hour after RCT) were
50.1 � 6.7% obtained after DMSO control, 13.0 � 5.7% after day-1
exposure to tests, and 27.4 � 4.3% after day-4 exposure to RCT in
DMSO group (F(2,12) ¼ 19.17, p < 0.001; Fig. 5A), and Tukey’s
multiple comparison indicated a statistically significant difference
when comparing the values after day-1 exposure versus control
(p < 0.001), and day-4 exposure versus control (p < 0.01).
Decreases of NREM sleep during the first hour after RCT were
gradually decremented as the times of exposure to the RCT
increased (Fig. 5A). Slowwave activities (SWAs) during NREM sleep
was not significantly changed by the RCT; SWAs obtained from the
control, day-1 exposure, day-2 exposure, day-3 exposure and day-4
exposure were 1069.1 � 2.9 mV2/Hz, 1079.2 � 4.2 mV2/Hz,
1073.5 � 2.8 mV2/Hz, 1075.5 � 3.4 mV2/Hz, and 1077.7 � 3.5 mV2/Hz,
respectively. On the other hand, REM sleep was significantly
reduced during hours 2e12 after exposure to the RCT (Fig. 5C and
D). Analysis of sleep-architecture parameters across hours two to
twelve revealed that the decrease in REM sleep after exposure to
the RCTwas primarily due to a decrease in REM sleep bout duration
(Table 2). Further analysis of the first 5-h time block (hours 2e6)
and second 6-h time block (hours 7e12) revealed that the RCT

Table 1
Parameters (immobilization time, total distance of movement, movement distance
in the centre arena, and velocity in the centre arena) detected from the OF in three
groups.

D-day2 D-day3 D-day4

Immobilization time (Sec)
Group 1a 296.8 � 95.9 235.0 � 86.2 304.3 � 68.6
Group 2 n.db 550.2 � 255.4 486.7 � 249.6
Group 3 n.d 202.4 � 97.4 170.8 � 99.6
Total distance of movement (cm)
Group 1 �1921.1 � 665.6 �1572.0 � 553.7 �2088.0 � 465.2
Group 2 n.d �2217.3 � 1065.2 �2070.6 � 828.8
Group 3 n.d. �1413.2 � 545.3 �881.0 � 774.5
Movement distance in the centre arena (cm)
Group 1 �288.0 � 99.1 �262.1 � 124.3 �366.3 � 104.0
Group 2 n.d. �170.0 � 354.3 �341.7 � 270.7
Group 3 n.d. 18.6 � 55.9 8.6 � 47.3*
Velocity in the centre arena (cm/s)
Group 1 3.8 � 2.3 2.2 � 1.8 3.5 � 2.5
Group 2 n.d. 6.9 � 1.8 1.6 � 1.4
Group 3 n.d. 2.6 � 8.6 �3.1 � 2.2

Values are Means � S.E.M. *denotes a statistically significant difference (p < 0.05)
from values obtained from group 1.

a Group 1: DMSO group; Group 2: 0.5 mg CBD group; Group 3: 1.0 mg CBD group.
b n.d.: not determined.
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significantly decreased REM sleep during both time blocks (for
hours 2e6: F(4,136) ¼ 8.14, p < 0.001; for hours 7e12: F(4,164) ¼ 6.21,
p < 0.001; Fig. 5D), Tukey’s multiple comparison indicated
a statistically significant difference when comparing the values
after day-1 exposure versus control (for hours 2e6: p < 0.05; for
hours 7e12: p < 0.05), day-2 exposure versus control (for hours
2e6: p < 0.01; for hours 7e12: p < 0.001), day-3 exposure versus
control (for hours 2e6: p < 0.01; for hours 7e12: p < 0.001), and
day-4 exposure versus control (for hours 2e6: p < 0.001; for hours
7e12: p < 0.001). Further analysis of the alteration of REM sleep
induced by the RCT has shown that the propensity of decrease in
REM sleep was gradually augmented during the time block of hours

4e10 as the times of exposure to the RCT increased (F(4,192) ¼ 7.02,
p < 0.001); the amounts of time spent in REM sleep obtained from
the control, day-1 exposure, day-2 exposure, day-3 exposure and
day-4 exposure were 21.1 � 1.1%, 18.8 � 1.0% (p > 0.05: comparing
with control), 16.5 � 1.2% (p < 0.01: comparing with control),
15.6 � 1.2% (p < 0.001: comparing with control), and 15.1 � 1.2%
(p< 0.001: comparing with control; p< 0.05: comparing with day-
1 exposure), respectively.

Since performing the RCT during the first hour of the light
period may deprive sleep, results obtained from the SD group were
used to eliminate the influence of sleep deprivation. Our results
indicated that NREM sleep was not significantly altered after 1-h

Fig. 3. The effects of CBD on the time rats spend in the open arms (A), the frequency of entering the open arms (B), the frequency of entering the enclosed arms (C), and movement
distance in the open arms of the EPM (D). Values, represented as mean � SEM, in D-day2, D-day3 and D-day4 demonstrate the differences determined after subtracting those
acquired from day-1. Closed bars depict the values obtained from the DMSO group, open bars represent the values acquired from the low-dose (0.5 mg) CBD group, and grey bars
demonstrate the values acquired from the high-dose (1.0 mg) CBD group. *represents a statistically significant difference when compared to the values obtained from day-1. The red
trace in panel E represents the track of rat’s motion in the EPM. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
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total SD, except for those during hour-1 after deprivation (Fig. 5E
and F). The decrease of NREM sleep was gradually augmented as
the times of SD increased; the percentages of time spent in NREM
sleep obtained from the control, day-1 SD, and day-4 SD were
47.9 � 4.2%, 39.2 � 3.8% and 24.5 � 8.6% (p < 0.01: comparing with
control; p < 0.05: comparing with day-1 SD; Fig. 5E). REM sleep
was also not altered during hours 2e12 after SD, except the
decrease of REM sleepwas aware during the first few hours after SD
(Fig. 5G and H). Significant rebounds of NREM sleep and REM sleep
were noticed during the subsequent 12-h dark period as the times
of SD increased (Fig. 5F and H).

3.4. CBD blocked RCT-induced suppression of REM sleep

Microinjection of 1.0 mg CBD directly into the CeA reversed the
RCT-induced decrease of REM sleep during hours 4e10 when
compared with the DMSO group (Fig. 6G). The amounts of time
spent in REM sleep obtained from the control (2% DMSO), 2%
DMSO þ day-1 exposure, 1 mg CBD þ day-3 exposure and 2%
DMSO þ day-4 exposure were 16.1 � 1.2%, 15.9 � 1.2%, 16.9 � 1.0%,
and 19.0 � 1.1% (no significance (n.s.); Fig. 6H), respectively.

However, 1.0 mg CBD had no effect on the initial suppression of
NREM sleep and REM sleep after the RCT (Fig. 6E and F). Admin-
istration of 0.5 mg CBD also blocked RCT-induced decrease of REM
sleep during hours 4e10 when compared with the DMSO group
(Fig. 6C and D). Similarly, 0.5 mg CBD had no effect on the initial
suppression of NREM sleep after the RCT (Fig. 6A).

4. Discussion

Persistent sleep disturbances, such as increased arousal,
reduced sleep efficiency caused by increased wakefulness from
sleep, insomnia, nightmares, disrupted REM sleep, and periodic
limb movements, are highly prevalent in PTSD patients (American
Psychiatry Association, 1994; Harvey and Bryant, 1998; Horowitz
et al., 1980; Koren et al., 2002; Mellman et al., 2001, 2002;
Mellman and Davis, 1985; Neylan et al., 1998). Growing evidence
indicates that sleep disturbances are the core features of PTSD
(rather than the secondary symptoms) and sleep disruption caused
by the traumatic event may involve the pathological development
of chronic PTSD (Germain et al., 2008). Although poor sleep effi-
ciency, decrease of total sleep time, increase of sleep latency and
increased number of awakenings are commonly found in the most
of studies (Hefez et al., 1987; Lavie et al., 1979; Mikulincer et al.,
1989), these findings are not observed in some other studies
(Breslau et al., 2004; Ross et al., 1994). Disruption in REM sleep is
also controversial; a shorter REM sleep time has been demon-
strated (Hefez et al., 1987; Lavie et al., 1979; Mikulincer et al., 1989)
but no change or a prolonged REM sleep was reported in others
(Breslau et al., 2004; Fuller et al., 1994; Ross et al., 1994). The
discrepant observations of sleep disruptions in PTSD patients may
be due to the clinical variability, such as comorbidity, medication,
age, sample size, and the time since the traumatic event (Fuller
et al., 1994). Furthermore, whether disturbed sleep is the
secondary symptom or the core feature of PTDS and the causal
connection between sleep problems and anxiety are difficult to
determine in the clinical aspect. Employment of a suitable animal
model of PTSD becomes adequate for further investigation of the
underlying mechanisms and for new drug development and
screening. Exposure to psychological stress in humans is related to
the increased incidence of PTSD (Brady and Sinha, 2005). Psycho-
logical stressors have a prominent effect on sleep alterations,
particularly on REM sleep, although distinct stressors differ in REM
alteration (Pawlyk et al., 2008). Pawlyk et al. summarize the effects
of different stressors (including immobilization, footshock stress,
and contextual fear conditioning) on sleep disruptions, and
conclude that more intense stressors simulate anxiety and disrupt
sleep (particularly REM sleep), although mild stressors might
produce increases of REM sleep (Pawlyk et al., 2008). The OF is
capable to induce anxiety in rodents and has been widely used to
assess the behavioural effects of anxiety (Hall, 1936). The OF allows
rodents to explore in a novel environment and produces conflicting
motivations between fear and exploration with regards to the
threatening environment. More thigmotaxis and less locomotion
activity is thought to indicate greater anxiety, whereas greater
exploration and more ambulation to the centre arena of the OF
reflect less emotion (Choleris et al., 2001). EPM is another model to
induce and assess anxiety based upon the confliction between
exploration and aversion of height and openness (Pellow et al.,
1985; Treit et al., 1993). Repetitive exposure to stress or exposure
to a persistent stressor for a long period of timemight participate in
the development of anxiety. However, the OF exhibits the habitu-
ation behaviour after repetitive exposure to the OF or increased
exposure time in the OF (Ivinskis, 1970; Makino et al., 1991). We
employed RCT consisting of 50 min of OF and a subsequent 10-min
of EPM for four consecutive days to simulate the development of

Fig. 4. The level of anxiety determined by urination and defecation after exposing to
the RCT.
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anxiety and anxiety-induced sleep disturbances. Our results indi-
cate that the time spent in the centre arena of the OF decreased
with the numbers of RCT exposure, immobilization time was
increased, and the total distance of movement and movement
distance in the centre arena were consistently decreased following
the repeated OF exposure, suggesting that the habituation does not
exist when performing the OF in these combination tests. Further
analysis revealed that the anxiety level, indicated as the decrease of

time in the centre arena of the OF, was higher during the first
25-min OF exposure in day-2 and day-3, and increased during the
second 25-min in the latter days (day-3 and day-4). The EPM also
exhibited sustained anxiousness by decreasing time spent in open
arms and reducing frequency of entry to the open arms after
repetitive trials. In addition, consistent increases of the urination
and defecation were observed after exposing to RCT. These
observations suggest that the RCT did not cause rats to habituate

Fig. 5. The alterations of NREM sleep and REM sleep after the RCT (AeD) and sleep deprivation (EeH). Shaded areas represent the values obtained without RCT, closed circles depict
the values acquired after the first-day RCT, and open circles demonstrate those gained after the fourth-day RCT in panels A and C. Whereas the shaded areas represent the values
obtained without SD, closed circles depict the values acquired after the first-day SD, and open circles demonstrate those gained after the fourth-day SD in panels E and G. The bars
on the histograms from left to right demonstrate the DMSO control, DMSO þ day-1 RCT/or day-1 SD, DMSO þ day-2 RCT/or day-2 SD, DMSO þ day-3 RCT/or day-3 SD, and
DMSO þ day-4 RCT/or day-4 SD, respectively. *represents the statistically significant difference when compared to the values obtained after DMSO control, and # depicts the
statistically significant difference when compared to the values obtained after day-1 RCT/or day-1 SD. The dark and open portions of the horizontal bars represent the dark and light
periods of the 12:12 h light:dark cycle.
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anxiety/stress and can act as a suitable model to induce persistent
anxiety in rats.

Our results demonstrated that 1-h of RCT decreased NREM sleep
during the first hour after each time of exposure, and the decrease
of NREM sleep gradually declined when the times of exposure
increased. REM sleep was decreased during the first hour after RCT,
and the decrease of REM sleep during the time block of hours 4e10
was predominantly enhanced in accordance with the increased
exposure numbers. There was no rebound of NREM or REM sleep
obtained after the manipulation of RCT. These sleep alterations
might resemble the features of decreased total sleep time and
shorter REM sleep time observed in PTSD patients. The reduction of
NREM sleep during the first hour after 1-h sleep deprivation only
reached statistical significance after deprivation in day-4 and
a rebound in NREM sleep was observed during the subsequent dark
period. One-hour sleep deprivation also decreased REM sleep
during the immediate 3 h after deprivation and a REM sleep
rebound was also found in the dark period. Our previous results
demonstrate that 1-h acute stressor, the physical restraint, applied
at the beginning of the light period (but not the dark period)
increases waking and decreases REM sleep immediately after the
restraint, and does not dramatically alter NREM sleep (Chang and
Opp, 2002). The initial decrease of REM sleep during the initial
3 h after 1-h sleep deprivation, considered as a mild stressor,
observed in the current study is consistent with our previous
findings (Chang and Opp, 2002). Others have reported that physical
restraint primarily induces a REM sleep rebound; Rampin et al.
reported that a 2-h period of physical restraint applied to rats at the
beginning of the dark period induces a significant increase in REM
sleep during the remaining 10 h of the dark period (Rampin et al.,
1991). The REM sleep rebound after sleep deprivation might be
due to the effect of acute stress, which was not observed after RCT
manipulation. These SD-induced alterations in NREM and REM
sleep differ from those acquired after RCT, suggesting the effect of
RCT on the sleep alterations was not primarily due to the effects of

sleep deprivation. Decrement in REM sleep is thought to be an
indicator of the anxiety level. Tang et al. (2004) have demonstrated
that the anxiousness induced by OF decreases REM sleep which is
greater in more anxious mice, such as BALB/cJ mice; whereas the
exploration activity in OF, associated with the delayed REM
increase, increases greater in less anxious mice (e.g. C57BL/6J and
CB6F1/J mice) (Tang et al., 2004). The gradual and continued
decrease of REM sleep during hours 4e10, when rats were exposed
to the 1-h RCT for four consecutive days, was consistent with the
increased anxiety-like behaviours observed from the OF and EPM,
further indicating the model of RCT resembles the features of REM
disruption in PTSD patients.

The amygdala appears to be a critical brain structure which
involves in emotional, behavioural, and physiological responses
associated with fear and anxiety (Davis, 1992; Kim and Jung, 2006).
During acquisition of fear conditioning, sensory information is
transmitted from thalamus and sensory cortices to the lateral
amygdala, and then is projected to the CeA, which is further
transmitted to the hypothalamus and brainstem structures where
there is response to autonomic and visceral fear [review (Germain
et al., 2008)]. Growing evidence also indicates that the amygdala is
an important modulator in both NREM and REM sleep, although it
is not the primary brain region involved in sleepewake regulation.
Electrical stimulation of CeA suppresses delta wave activity in the
frontal cortex and increases arousal (Kapp et al., 1994), and inac-
tivation of CeA with tetrodotoxin decreases REM sleep and
increases slow wave sleep (Tang et al., 2005). CBD is the first
compound isolated from the cannabis plant and exhibits a broad
pharmacological profile, including anti-convulsion, sedation, anti-
anxiety, hypnotic effect, anti-psychosis and anti-inflammation
(Mechoulam et al., 2002). Those pharmacological properties are
more predominant for therapeutic purposes than other active
compounds extracted from C. sativa, such as THC, because of its
non-psychoactive effect (Grotenhermen, 2006). Systemic admin-
istration of CBD (2.5e10 mg/kg) exhibits an anxiolytic-like effect

Table 2
Effects of RCT, CBD and sleep deprivation on the sleepewake architecture parameters of rats.

Manipulationd Hour L:D cyclee Number of boutsa Bout durationb Transitionsc

WAKEf NREMSf REMSf WAKE NREMS REMS

Vehicle control (DMSO) 2e12 L 6.7 � 0.4 11.0 � 0.2 5.4 � 0.4 3.0 � 0.2 2.5 � 0.2 2.1 � 0.1 42.9 � 1.9
DMSO þ RCT day1 2e12 L 6.5 � 0.2 10.3 � 0.3 4.7 � 0.3 5.1 � 0.8* 2.4 � 0.2 1.8 � 0.1 41.0 � 2.7
DMSO þ RCT day3 2e12 L 7.4 � 0.4 11.5 � 0.9 4.2 � 0.5 4.0 � 0.6 2.3 � 0.2 1.6 � 0.2* 41.9 � 3.9
DMSO þ RCT day4 2e12 L 7.3 � 0.5 11.2 � 0.6 4.5 � 0.5 3.9 � 0.5 2.3 � 0.2 1.5 � 0.2* 43.0 � 3.1

Vehicle control (DMSO) 2e12 L 7.5 � 0.5 11.5 � 0.8 4.3 � 0.3 4.6 � 1.0 2.2 � 0.1 1.7 � 0.2 46.2 � 3.8
DMSO þ RCT day1 2e12 L 7.2 � 0.6 10.5 � 0.9 3.9 � 0.3 6.6 � 1.0 2.5 � 0.2 1.7 � 0.2 40.6 � 1.5
0.5 mg CBD þ RCT day3 2e12 L 7.2 � 0.4 10.0 � 0.4 3.6 � 0.3 5.7 � 0.9 2.4 � 0.1 1.7 � 0.1 42.8 � 2.0
DMSO þ RCT day4 2e12 L 6.9 � 0.3 10.1 � 0.5 3.7 � 0.3 6.7 � 1.3 2.5 � 0.2 1.7 � 0.2 41.2 � 2.1

Vehicle control (DMSO) 2e12 L 7.8 � 0.4 11.3 � 0.2 4.3 � 0.3 3.5 � 0.1 2.2 � 0.1 2.1 � 0.1 41.4 � 0.7
DMSO þ RCT day1 2e12 L 6.7 � 0.4 9.8 � 0.5* 3.5 � 0.4 7.6 � 0.8* 2.3 � 0.1 2.1 � 0.1 32.8 � 2.0*
1.0 mg CBD þ RCT day3 2e12 L 7.0 � 0.4 10.2 � 0.3 4.1 � 0.2 7.6 � 0.8* 2.3 � 0.2 2.2 � 0.1 36.8 � 1.7
DMSO þ RCT day4 2e12 L 6.4 � 0.4* 10.0 � 0.4* 4.0 � 0.2 6.7 � 1.0* 2.4 � 0.2 2.3 � 0.2 36.2 � 2.5

Vehicle control (DMSO) 2e12 L 8.0 � 0.2 12.1 � 0.4 4.1 � 0.5 3.1 � 0.2 2.3 � 0.2 2.1 � 0.1 45.0 � 1.3
SD day1 2e12 L 7.1 � 0.3 11.0 � 0.6 4.0 � 0.4 3.9 � 0.4 2.5 � 0.1 2.2 � 0.2 39.0 � 1.7*
SD day3 2e12 L 6.9 � 0.5 10.8 � 0.6 3.6 � 0.2 5.5 � 1.4 2.5 � 0.1 2.1 � 0.2 39.0 � 2.7*
SD day4 2e12 L 7.1 � 0.5 10.4 � 0.7 3.5 � 0.1 4.0 � 0.8 2.2 � 0.1 1.9 � 0.1 37.5 � 2.3*

Values are Means � S.E.M. *denotes a statistically significant difference (p < 0.05) between values obtained after administration of vehicle (DMSO) and those obtained after
manipulations.

a Number of bouts per hour (mean � SEM) for each vigilance state.
b Mean (�SEM) bout duration (min) for each vigilance state.
c Number of transitions from one behavioural state to another (mean � SEM) per hour.
d Experimental manipulation.
e Period of the light:dark cycle immediately prior to which injections were given: L ¼ light period.
f Vigilance states: WAKE, wakefulness; NREMS, non-rapid eye movement sleep; REMS, rapid eye movement sleep.
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evaluated by the EPM assay (Guimaraes et al., 1990). CBD improves
stress-induced avoidance learning and decreases response
suppression in a punished response task (Musty, 1984). Comparing
the anxiolytic effect of CBD with ipsapirone (a 5-HT1A partial
agonist) and diazepam reveals that three compounds are active
with similar efficacies, although the dose of CBD needed is
considerably higher than two other drugs (Zuardi et al., 1993). The

effects of CBD on sleepewake regulation per se have been reported.
Systemic administration of CBD reduces sleep (Monti, 1977), and
intraventricular administration of CBD at the beginning of the light
period increases wakefulness and decreases REM sleep (Murillo-
Rodríguez et al., 2006). Furthermore, our previous results demon-
strated that microinjection of CBD directly into the CeA prior to the
beginning of the light period dose-dependently decreases NREM

Fig. 6. The effects of CBD on RCT-induced sleep alterations. Panels AeD represent the data obtained from the low-dose (0.5 mg) CBD group and Panels EeH demonstrate the values
acquired from the high-dose (1.0 mg) CBD group. Shaded areas represent the values obtained after DMSO administration but without RCT, closed circles depict the values acquired
after the CBD þ day-3 RCT, and open circles demonstrate those gained after DMSO þ day-4 RCT in panels A, C, E and G. The bars of the histograms from left to right demonstrate the
DMSO control, DMSO þ day-1 RCT, CBD þ day-3 RCT, and DMSO þ day-4 RCT, respectively. *represents the statistically significant difference when compared to the values obtained
after the DMSO control.
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sleep with limited effect on REM sleep suppression (Yi et al., 2008).
However, the effect of CBD on anxiety-induced sleepewake alter-
ation hasn’t been determined. Our current results indicate that the
anxiety behaviours, including the decrease of time spent during the
centre arena of OF and decrease of time exploring in the open arms
of EPM, were suppressed after administration of CBD into the CeA.
The frequency of entering the enclosed arms of EPM was also
decreased by CBD. These observations further confirmed the
anxiolytic effect of CBD. Our results also demonstrated that the
RCT-induced REM suppression during hours 4e10 of the light
period was blocked by microinjection of CBD directly into the CeA.
Comparing the effects of CBD administered into the CeA on spon-
taneous sleep regulation (decrease of NREM sleep with limited
suppression in REM sleep), present results suggest CBD blocks
anxiety-induced REM sleep alteration via its anxiolytic effect,
rather than via sleep regulation per se. The effect of CBD in anxio-
lytic might be due to the inhibition of endogenous endocannabi-
noid (anandamide) uptake and hydrolysis or the anti-oxidative
effect (Mechoulam et al., 2002). Nevertheless, the underlying
mechanism is worthy for further investigation. Furthermore, the
decreases of NREM sleep and REM sleep during the first hour after
RCT were not altered by CBD and a rebound of REM sleep appeared
after CBD administration, suggesting the initial suppressions of
NREM and REM sleep were caused by the sleep deprivation, since
these features were similar to those of sleep deprivation.

In summary, our current results suggest that RCT may become
a suitable rodent model to simulate the REM alteration after the
PTSD. CBD may block anxiety-induced REM sleep alteration via its
anxiolytic effect, rather than via sleep regulation per se.
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ABSTRACT
Introduction: Anxiety and sleep 

disorders are often the result of posttrau-
matic stress disorder and can contribute 
to an impaired ability to focus and to 
demonstration of oppositional behaviors. 

Case Presentation: These symptoms 
were present in our patient, a ten-year-
old girl who was sexually abused and 
had minimal parental supervision as a 
young child under the age of five. Phar-
maceutical medications provided partial 
relief, but results were not long-lasting, 
and there were major side effects. A 
trial of cannabidiol oil resulted in a 
maintained decrease in anxiety and a 
steady improvement in the quality and 
quantity of the patient’s sleep.

Discussion: Cannabidiol oil, an in-
creasingly popular treatment of anxiety 
and sleep issues, has been documented 
as being an effective alternative to phar-
maceutical medications. This case study 
provides clinical data that support the 
use of cannabidiol oil as a safe treatment 
for reducing anxiety and improving 
sleep in a young girl with posttraumatic 
stress disorder. 

INTRODUCTION
Cannabidiol (CBD) oil is a naturally oc-

curring constituent of industrial hemp and 
marijuana, which are collectively called 
cannabis. CBD oil is 1 of at least 85 can-
nabinoid compounds found in cannabis 
and is popular for its medicinal benefits. 
After tetrahydrocannabinol (THC), CBD 
oil is the second-most-abundant compo-
nent of cannabis. Other names for CBD oil 
include CBD-rich hemp oil, hemp-derived 
CBD oil, or CBD-rich cannabis oil. Con-
sidered to be generally safe, CBD has been 
used medicinally for decades. However, 
CBD is not medical marijuana and should 
be distinguished from high-CBD strains 

of medical marijuana, which do contain 
THC, such as “Charlotte’s Web.”

The most abundant compound in can-
nabis, THC is also a cannabinoid. The 
THC component induces the psychoac-
tive effect, “high.” A cannabis plant has 
different amounts of CBD and THC 
depending on the strain and thus provides 
different recreational or medicinal effects. 
The cannabinoid profile of industrial hemp 
or medical marijuana is ideal for people 
looking for the medical benefits of CBD 
without the “high” of the THC. 

The mechanism of action of CBD is 
multifold.1-3 Two cannabinoid receptors 
are known to exist in the human body: 
CB1 and CB2 receptors. The CB1 recep-
tors are located mainly in the brain and 
modulate neurotransmitter release in a 
manner that prevents excessive neuronal 
activity (thus calming and decreasing 
anxiety), as well as reduces pain, reduces 
inflammation, regulates movement and 
posture control, and regulates sensory 
perception, memory, and cognitive func-
tion.a2 An endogenous ligand, anan-
damide, which occurs naturally in our 
bodies, binds to the CB1 receptors through 
the G-protein coupling system. CBD has 
an indirect effect on the CB1 receptors 
by stopping the enzymatic breakdown of 
anandamide, allowing it to stay in the sys-
tem longer and provide medical benefits.4 
CBD has a mild effect on the CB2 recep-
tors, which are located in the periphery in 
lymphoid tissue. CBD helps to mediate the 
release of cytokines from the immune cells 
in a manner that helps to reduce inflam-
mation and pain.2 

Other mechanisms of action of CBD 
include stimulation of vanilloid pain recep-
tors (TRPV-1 receptor), which are known 
to mediate pain perception, inflamma-
tion, and body temperature.5 In addition, 
CBD may exert its anti-anxiety effect by 

activating adenosine receptors which play 
a significant role in cardiovascular function 
and cause a broad anti-inflammatory effect 
throughout the body.5 At high concentra-
tions, CBD directly activates the 5-HT1A 
serotonin receptor, thereby conferring an 
antidepressant effect.6 Cannabidiol has 
been found to be an antagonist at the po-
tentially new third cannabinoid receptor, 
GPR55, in the caudate nucleus and puta-
men, which if stimulated may contribute 
to osteoporosis.7

Since the 1940s, a considerable number 
of published articles have dealt with the 
chemistry, biochemistry, pharmacology, 
and clinical effects of CBD.8 The last de-
cade has shown a notable increase in the 
scientific literature on CBD, owing to its 
identification for reducing nausea and 
vomiting, combating psychotic disorders, 
reducing inflammation, decreasing anxi-
ety and depression, improving sleep, and 
increasing a sense of well-being.9-12 Find-
ings presented at the 2015 International 
Cannabinoid Research Society at its 25th 
Annual Symposium reported the use of 
CBD as beneficial for kidney fibrosis and 
inflammation, metabolic syndrome, over-
weight and obesity, anorexia-cachexia syn-
drome, and modification of osteoarthritic 
and other musculoskeletal conditions.13-16

Although studies have demonstrated the 
calming, anti-inflammatory, and relaxing 
effects of CBD, clinical data from actual 
cases is minimal. This case study offers 
evidence that CBD is effective as a safe 
alternative treatment to traditional psy-
chiatric medications for reducing anxiety 
and insomnia.17

CASE PRESENTATION
A ten-year-old girl presented in Janu-

ary 2015 for a reevaluation of behaviors 
related to her diagnosis of posttraumatic 
stress disorder (PTSD) secondary to sexual 
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abuse. Her chief issues included anxiety, 
insomnia, outbursts at school, suicidal 
ideation, and self-destructive behaviors. 
Her grandmother, who has permanent 
custody of the patient and her younger 
brother, accompanied her.

Our patient had been seen for an initial 
evaluation in January 2012 and received 
a diagnosis of PTSD secondary to sexual 
abuse on the basis of her history, clinical 
observations, and behaviors (Table 1). 

Her father had died 6 months earlier in a 
motor vehicle accident, and our patient’s 
maternal grandparents became her perma-
nent guardians. Before her father’s death, 
our patient had no supervision from her 
father and very little supervision from her 
mother. An 11-year-old boy had molested 
her when she was 3 years old. Her medi-
cal history included her mother having 
methadone addiction, alcoholism, bipolar 
disorder, and depression. Her mother used 

marijuana her entire pregnancy with the 
girl. The patient presented in January 2012 
as displaying aggressive, disobedient, im-
pulsive, and sexually inappropriate behav-
iors. She also demonstrated low self-esteem 
and anxiety and had poor sleep (restless, 
interrupted, and unable to sleep alone). 

Workup during 2012 included labora-
tory studies, which ruled out a thyroid 
dysfunction and an iron or vitamin D 
deficiency. The patient was started on a 

Table 1. Timeline
Date Presentation Medications Supplements Other
January 31, 
2012

New evaluation: 7.5-year-old girl. History 
of sexual abuse and neglect. Issues: 
Insomnia, sexual behaviors. Diagnosis: 
PTSD secondary to sexual abuse.

None Melatonin, 1 mg/night February 14, 2012, laboratory values: 
TSH, 2.46 mIU/L (reference range, 0.47-
4.68 mIU/L); ferritin: 21 ng/mL (reference 
range, 10-150 ng/mL).
February 16, 2012, laboratory values: 
Vitamin D3: 39 ng/mL (reference range, 
20-50 ng/mL)

February 20, 
2012

Sleeping 2-3 hours/night. Started counseling; 
Cooperative and good behavior at counseling 
session. Anxious, traumatized.

Clonidine, 0.05 
mg (half tablet) at 
bedtime

Inositol, 3 g 3 times/d; EPA fish 
oil, 500 mg/d

Eye movement desensitization and 
reprocessing therapy recommended

February 22, 
2012

Did not do well with clonidine because of 
hallucinations, so she discontinued that 
treatment. Behavior still very rough; sleep 
poor.

Started 
imipramine 
therapy, 25 mg  
at bedtime

March 7, 2012: ECG was normal

August 8, 
2012a

Good summer. In play therapy. Overall 
better sleep and energy with imipramine 
therapy. Patient’s 6-year-old brother also 
now in therapy.

Imipramine,  
25 mg at bedtime

January 21, 
2015

Returned for evaluation and treatment after 
3 years. Suicidal ideation; cut self on leg; 
defiant and stubborn. Had psychotherapy 
3 years straight twice a month. Sleeps with 
brother; can’t sleep alone.

Off all 
medications for 
past 18 months

Melatonin, 5 mg; St John’s 
wort, 450 mg twice/d; 
magnesium, 300 mg/d; 
diphenhydramine, 25 mg/night

February 16, 
2015

Hard to manage. Has outbursts at school. Magnesium and St John’s 
wort: stopped treatment; EPA 
fish oil, 750 mg/d; 
diphenhydramine, 25 mg/night

February 11, 2015: Normal cortisol and 
DHEA levels

March 16, 
2015

Better overall. Started animal-assisted 
therapy.

EPA fish oil, 750 mg/d; 
diphenhydramine, 25 mg/night

Started a regimen of CBD oil, 25 mg  
(1 capsule)/d at 6 pm

April 14, 2015 Sleeping better with CBD treatment. Getting 
biofeedback. Has stomachaches. Mood is 
more at ease.

EPA fish oil, 750 mg/d; 
diphenhydramine, 25 mg/night

CBD oil, 25 mg (1 capsule)/d at 6 pm

May 26, 2015 “Ghosts” waking patient up at night. EPA fish oil, 750 mg/d CBD oil, 25 mg (1 capsule)/d at 6 pm
July 22, 2015 Sleeping better; able to sleep in own room 

3-4 nights/wk.
EPA fish oil, 750 mg/d CBD liquid, 12 mg (in 4 sublingual sprays)/

night; 12 mg more (in 4 sublingual sprays) 
during the day as needed for anxiety, 
typically 3 or 4 times/wk

August 24, 
2015

Sleeping well. Handling school well. EPA fish oil, 750 mg/d CBD oil, 25 mg (1 capsule)/night; CBD 
liquid, 6-12 mg (in 2-4 sublingual sprays) 
as needed for anxiety, typically 2 or 3 
times/wk

a There were additional visits in 2012 with no substantial changes.
CBD = cannabidiol; DHEA = dehydroepiandrosterone; ECG = electrocardiogram; EPA = eicosapentaenoic acid; PTSD = posttraumatic stress disorder; TSH = thyroid stimulating 
hormone.
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regimen of 1 mg/night of melatonin, which 
helped her sleep duration. Three grams of 
inositol 3 times a day and 500 mg/d of 
eicosapentaenoic fish oil were also helpful 
in reducing her anxiety. A trial of cloni-
dine was implemented, which resulted in 
hallucinations and thus was discontinued. 
The patient was switched to a regimen of 
25 mg of imipramine at bedtime to de-
crease her anxiety, which appeared to be 
helpful. Counseling sessions were started. 
The patient continued psychotherapy for 
3 years, but she was not seen again in our 
clinic until the return visit in January 
2015, when she was not receiving any of 
her medications and supplements.

At the patient’s return in January 2015, 
she demonstrated the same prominent 
symptoms as at her initial presentation. 
At that time, the initial treatment in-
cluded the following supplements and 
medications to assist with her sleep and 
anxiety: melatonin, 5 mg/night; magne-
sium, 300  mg/d; and diphenhydramine 
(Benadryl), 25 mg/night. Our patient 
demonstrated slight gains but was still hav-
ing outbursts at school and was reportedly 
difficult to manage at home. In addition, 
her underlying anxiety continued. 

Cannabidiol oil was explored as a po-
tential additional treatment to help her 
insomnia and anxiety, but we deferred 
for two months while we waited for a 
response from other interventions. The 
grandmother preferred reducing the phar-
macologic load given her granddaughter’s 
failure to respond long term to psychiatric 
medications.

In March 2015, CBD oil was recom-
mended as a potential additional treatment 
to help her insomnia and anxiety, and 
her grandmother provided full informed 
consent. Our patient was administered the 
Sleep Disturbance Scale for Children18 and 
the Screen for Anxiety Related Disorders 
(SCARED)19 before taking the CBD oil 
and each month afterward for the next 5 
months. Test scores on the Sleep Distur-
bance Scale for Children and Screen for 

Anxiety Related Disorders demonstrated 
an improvement (Table 2).

A trial of CBD supplements (25 mg) 
was then initiated at bedtime, and 6 mg 
to 12 mg of CBD sublingual spray was 
administered during the day as needed for 
anxiety. A gradual increase in sleep quality 
and quantity and a decrease in her anxiety 
were noted. After 5 months, the patient 
was sleeping in her own room most nights 
and handling the new school year with no 
difficulties. No side effects were observed 
from taking the CBD oil. 

DISCUSSION
Studies repeatedly recognize the preva-

lence of an anxiety-provoked sleep disor-
der after a traumatic experience.20 Our 
patient was definitely experiencing this 
phenomenon, which was aggravated by 
daily stressful activities. 

The main finding from this case study 
is that CBD oil can be an effective com-
pound to reduce anxiety and insomnia 
secondary to PTSD. A review of the lit-
erature suggests some benefits from the 
use of CBD because of its anxiolytic and 
sleep-inducing effects.9 Animal studies 
support use of this treatment and report 
that “CBD may block anxiety-induced 
[rapid eye movement] sleep alteration via 
its anxiolytic effect on the brain.”21

The strength of this particular case is 
that our patient was receiving no phar-
maceutical medications (other than non-
prescription diphenhydramine) but only 
nutritional supplements and the CBD 
oil to control her symptoms. Her scores 
on the sleep scale and the anxiety scale 
consistently and steadily decreased during 
a period of 5 months (see Table 2). She 

was ultimately able to sleep through the 
night most nights in her own room, was 
less anxious at school and home, and dis-
played appropriate behaviors. The patient’s 
grandmother (her caregiver) reported: “My 
granddaughter’s behaviors are definitely 
better being on the CBD. Her anxiety is 
not gone, but it is not as intense and she is 
much easier to be around. She now sleeps 
in her own room most of the time, which 
has never happened before.” 

Further study will need to be conducted 
to determine the permanency of our pa-
tient’s positive behaviors and how long she 
will need to continue taking the CBD oil. 
We do not have a reasonable foundation 
to recommend dosing from the scientific 
literature. However, in our experience, 
this supplement given 12 mg to 25 mg 
once daily appears to provide relief of 
key symptoms with minimal side effects. 
Our patient did not voice any complaints 
or discomfort from the use of CBD. We 
routinely asked about headache, fatigue, 
and change in appetite or agitation in ad-
dition to conducting a routine psychiatric 
evaluation. Although CBD is considered 
generally safe,17 the long-term effects are 
yet to be studied.

The ultimate goal is to gradually taper 
her off the use of CBD oil and transition 
our patient into lifelong coping strategies 
such as yoga, meditation, and various other 
therapeutic activities. v

a GW Pharmaceuticals is the founder of the Cannabinoid 
Research Institute, directed by Philip Robson, MD. 
Further research articles listed.
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Table 2. Patient’s clinical progress in 
sleep and anxiety
 
Date of visit

Sleep scale 
scorea

SCARED 
scoreb

March 16, 2015 59 34
May 25, 2015 42 24
July 22, 2015 41 19
August 24, 2015 37 16
September 22, 2015 38 18
a A score of more than 50 is considered indicative of 

a sleep disorder on the Sleep Disturbance Scale for 
Children. 

b A SCARED score over 25 indicates a high probability 
of a childhood anxiety disorder.

SCARED = Screen for Anxiety Related Disorders.

CBD oil can be an effective 
compound to reduce anxiety and 

insomnia secondary to PTSD.
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Marijuana and Medicine

Scientific data indicate the potential therapeutic value of cannabinoid drugs, 
primarily [tetrahydrocannabinol], for pain relief, control of nausea and 

vomiting, and appetite stimulation; smoked marijuana, however, is a crude 
[tetrahydrocannabinol] delivery system that also delivers harmful substances.

— Joy JE, Watson SJ Jr, Benson JA Jr. Marijuana and medicine: Assessing the science base. 
Washington, DC: National Academies Press; 1999.



Please cite this article in press as: Walsh, Z., et al. Cannabis for therapeutic purposes: Patient characteristics, access, and reasons for use.
International Journal of Drug Policy (2013), http://dx.doi.org/10.1016/j.drugpo.2013.08.010

ARTICLE IN PRESSG Model

DRUPOL-1255; No. of Pages 6

International Journal of Drug Policy xxx (2013) xxx– xxx

Contents lists available at ScienceDirect

International  Journal  of  Drug  Policy

jo ur nal ho me p age: www.elsev ier .com/ locate /drugpo

Research  paper

Cannabis  for  therapeutic  purposes:  Patient  characteristics,  access,  and
reasons  for  use

Zach  Walsha,∗,  Robert  Callawayb,  Lynne  Belle-Islec,d, Rielle  Caplere, Robert  Kayf,
Philippe  Lucasd,  Susan  Holtzmana

a University of British Columbia, 3333 University Way, Kelowna, BC V1V1V7, Canada
b 1814B Edgehill Court, Kelowna, BC V1V 1R7, Canada
c Canadian AIDS Society, 190 O’Connor Street, Suite 100, Ottawa, ON K2P2R3, Canada
d Centre for Addictions Research of British Columbia, PO Box 1700 STN CSC, Victoria, BC V8W 2Y2, Canada
e Canadian Association of Medical Cannabis Dispensaries, Box 14, Lions Bay, BC V0N 2E0, Canada
f Green Cannapy Research and Development, 288 Highway 33W, Kelowna, BC V1X 1X7, Canada

a  r  t i  c  l  e  i  n  f  o

Article history:
Received 18 April 2013
Received in revised form 10 August 2013
Accepted 30 August 2013

Keywords:
Cannabis
Medical marijuana
Access to cannabis

a  b  s  t  r  a  c  t

Background:  The  authorized  and  unauthorized  use  of  cannabis  for therapeutic  purposes  (CTP)  has
increased  dramatically  in  recent  years, and  physicians  have  called  for further  research  to  better  clarify  the
parameters  of effective  and  appropriate  use.  We  report  findings  from  a  large  cross-sectional  study  of the
use  of CTP  in  Canada  and  compare  use  across  medical  conditions  and  across  authorized  and  unauthorized
users.
Methods:  We  examined  cannabis  use history,  medical  conditions  and  symptoms,  patterns  of  current  use
of  CTP,  modes  of access  and  perceived  effectiveness  among  628  self-selected  Canadians  consumers  of
CTP. Participants  were  recruited  from  medical  cannabis  dispensaries  and  from  organizations  that  assist
users  of CTP.
Results:  Patients  reported  using  cannabis  to treat multiple  symptoms,  with  sleep,  pain,  and  anxiety  being
the  most  common.  Cannabis  was  perceived  to provide  effective  symptoms  relief  across  medical  condi-
tions. Patterns  of  use  were  also  consistent  across  medical  conditions.  Notable  differences  were  observed
with  regard  to  modes  of  access.
Conclusion:  Across  medical  conditions  respondents  reported  using  cannabis  to effectively  address  diverse
symptoms.  Results  indicate  a  substantial  disconnect  between  the therapeutic  use  of  cannabis  and  research
on the  risks  and  benefits  of  such  use;  particularly  with  regard  to the  anxiolytic  and  sedative  use  of
cannabis.  Authorized  and  unauthorized  users  exhibited  few  meaningful  differences  with  regard  to med-
ical conditions  and patterns  of use,  but faced  substantial  differences  regarding  access.

© 2013 Elsevier B.V. All rights reserved.

Cannabis has a long history of medical use (Abel, 1980;
Earleywine, 2005; Iverson, 2008), and after decades of marginal-
ization the therapeutic properties of cannabis and cannabis
derivatives are receiving increased attention (Earleywine, 2005;
Holland, 2010; Lucas, 2008). Indeed, robust and growing evidence
indicates that cannabis has medical benefits for diverse conditions
and an acceptable risk profile (Joy, Watson, & Benson, 2003). In
response to legal recognition of the constitutional rights of Canadi-
ans to access cannabis for therapeutic purposes (CTP), the federal
government enacted the Marihuana Medical Access Regulations and
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initiated a centralized program in 2001, and in 2003 Health Canada
began to provide CTP to patients. This program authorizes two cat-
egories of individuals to possess cannabis for medical purposes;
Category 1 includes symptoms associated with HIV/AIDS, arthri-
tis, spinal cord injury or disease, cancer, epilepsy, or MS, whereas
Category 2 includes other symptoms and conditions assessed by
a physician and a specialist. Those authorized can purchase dried
cannabis from Health Canada, can purchase seeds to grow cannabis,
or designate a person to grow cannabis on their behalf. In addition,
medical cannabis dispensaries that operate under an ambiguous
legal status provide CTP and related services to over 50,000 patients
across Canada (Lucas, 2008).

Despite widespread concern with the efficiency of the Health
Canada program (Holland, 2010), registration has grown expo-
nentially from under 500 registrants in 2002 to over 26,000 in
2012 (Health Canada, 2012a). National surveys indicate substan-
tial access outside of the Health Canada program; recent estimates
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suggest that 400,000 to 1,000,000 Canadians use CTP (Health
Canada, 2011). Diverse reasons for use and multiple modes of
access complicate the characterization of use of CTP, and health care
professionals have expressed concern regarding the dearth of infor-
mation on CTP; a recent Canadian Medical Association-sponsored
survey reported that over 80% of physicians wanted more informa-
tion on therapeutic indications, clinical guidelines, and risks and
benefits of CTP (CMA, 2012).

Several studies have examined CTP use among Canadians. A
regional survey reported that approximately 2% of adults used CTP
in the past year, primarily to relieve nausea and pain (Braitstein
et al., 2001), and a more recent national survey estimated that
one million Canadians, or 4% of those aged 15 and older, used
cannabis to treat self-defined medical conditions in the previous
12 months (Adlaf, Begin, & Sawka, 2005). Studies of persons liv-
ing with HIV/AIDS report rates of 15–30% use of CTP, primarily for
treatment of nausea, pain, and mood-related symptoms (Belle-Isle
& Hathaway, 2007; Ware, Rueda, Singer, & Kilby, 2003). Studies
of patients with MS  and patients with chronic pain report simi-
lar results; approximately 15% of respondents report use of CTP
with high levels of perceived effectiveness for diverse symptoms
including nausea, pain, and mood (Belle-Isle & Hathaway, 2007;
Ware et al., 2003; Clark, Ware, Yazer, Murray, & Lynch, 2004). Stud-
ies of CTP from the US, Europe, and Australia report findings that
are consistent with those of Canadian studies; CTP is perceived
to be an effective treatment for symptoms including pain, nausea,
and negative mood (Grotenherman & Schnelle, 2003; Harris et al.,
2000; Lucas, 2012; Reiman, 2007; Reinarman, Nunberg, Lanthier,
& Heddleston, 2011; Swift, Gates, & Dillon, 2005; Ware, Adams, &
Guy, 2005).

In sum, patient-centered research provides evidence for the
acceptability and perceived effectiveness of CTP. However, sub-
stantial knowledge gaps remain and health care professionals have
explicitly called for further research to better specify the param-
eters for appropriate use of CTP (CMA, 2012). Indeed, to date no
studies have directly compared use of CTP across medical condi-
tions or across modes of access (i.e., authorized vs. unauthorized).
In the present study we report demographic characteristics, medi-
cal conditions and symptoms, reasons for use, perceived effects, and
authorized and unauthorized modes of accessing CTP among Cana-
dians. Comparing users of CTP across symptoms and across medical
conditions with regard to patterns of use, and perceived effective-
ness may  help direct future controlled studies of the efficacy of
CTP for specific conditions, and inform the development of tailored
CTP regimens. In addition, comparing authorized and unauthorized
CTP users may  elucidate factors that underlie patient adoption of
the Canadian CTP program, and help to guide the refinement of the
complex process of CTP distribution and monitoring.

Method

Design

We  obtained cross-sectional data in 2011–2012 from 628 self-
selected current CTP users. Participants were recruited from two
contexts; national participants completed the survey online from
the location of their choice, and local participants completed the
survey at a cannabis dispensary in the Interior region of British
Columbia (BC). This recruitment strategy was designed to allow for
comparison of the relatively less controlled online national condi-
tion with the confirmed CTP users queried in-person in the local
condition. A total of 702 national participants completed the con-
sent form, of whom 541(77%) reported current CTP use. All 87 local
participants who completed the consent form reported current CTP
use. The national survey was promoted via organizations and media

Table 1
Demographics.

CTP patients, % (n) Census, % Z

Male 71(443) 49 11.03a

Ethnicity
White 92 (581) 80 7.52a

Aboriginal 7 (47) 4 3.80a

Age
18–24yrs old 17 (99) 12 3.86a

25–34 26 (158) 16 6.84a

35–44 19 (115) 20 .63
45–54 24 (141) 20 2.51
55>  14 (85) 32 9.67a

Education
<high School 4 (27) 15 −7.86a

HS Grad 37(234) 24 7.63a

% post secondary 58 (367) 61 −1.54
Income

<$20,000 33 (206) 44 −5.55a

$20,000–39,999 26 (165) 27 −.56
$40, 000–59,999 17 (103) 15 1.43
$60,00 + 24 (146) 14 7.22a

Residence
Rural 22 (137) 20 1.25
Urban 78 (485) 80 −1.25

Note: Z = One sample Z-test for proportions, comparing medical cannabis users to
values from the 2006 Canadian Census (Statistics Canada, 2006).

a p < .01.

that serve users of CTP patients (e.g., Canadian AIDS Society, Cana-
dian Aboriginal AIDS Network, Cannabis Culture), and by national
advertisements at MC  dispensaries. To preserve confidentiality, no
identifying data (i.e. IP addresses) were collected for national par-
ticipants. The local group was comprised of dispensary members
who were either authorized to possess cannabis through Health
Canada or had documented confirmation of a medical condition
for which CTP is indicated. No confirmation of medical condition
was provided for national participants; however such confirmation
is required to obtain Health Canada authorization and to obtain
dispensary membership. Participants in the local group were com-
pensated $10 and were aided by research assistants; participants
in the national group were not assisted or financially compensated.

The survey was designed to be completed in less than one hour,
and consisted of a total of 414 adaptive questions administered
online without forced response. The survey was organized hierar-
chically such that many items were contingent on prior responses;
as a result, respondents were presented with diverse item sets and
response rates for specific items, and total response times varied
accordingly. The survey was developed based on previous research,
and on consultations with a community research board comprised
of CTP patients and experts, and includes questions drawn from
a prior study of CTP use (Belle-Isle & Hathaway, 2007). It queried
access, perceived effectiveness, patterns and history of cannabis
use, medical diagnoses and symptoms, mood, and demographics (a
copy of the survey is available upon request from the first author).
The study was approved by the Behavioural Research Ethics Board
of the Okanagan campus of the University of British Columbia.
All categorical data were compared using X2. In light of varying
response rates across items, total number of responses is reported
for each analysis. Due to the large number of comparisons all sig-
nificance testing was conducted at the p < .01 level to minimize the
likelihood of interpreting chance results while maintaining power
(Nakagawa, 2004).

Results

Preliminary analyses

We  compared the responses of local participants who
reported residency in the province of BC and accessing CTP via

dx.doi.org/10.1016/j.drugpo.2013.08.010
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Fig. 1. Primary medical conditions treated with cannabis by authorization. Note: Sleep Disorders, Attention Deficit Disorder, Fibromyalgia, Hepatitis C, Parkinson’s Disease,
Wilson’s Disease, Scleroderma, Tourette’s Syndrome, and unspecified Psychotic Disorder Conditions each comprised less than 2% of the sample and were aggregated into the
category ‘Other’. The anxiety and mood disorders category included 35 participants who  reported a primary illness/condition of anxiety, 34 who reported depression and 40
who  reported both anxiety and depression. Comparisons of these groups indicated equivalent profiles with regard to demographic characteristics, health, and use of CTP,
and  were therefore aggregated for statistical analyses; n = 502 * = difference between proportion Health Canada Authorized and Unauthorized p < 01.

dispensary (n = 63) to national participants who reported BC resi-
dency and accessing CTP via dispensary (n = 53). Analysis indicated
no differences with regard to quantity or frequency of cannabis use,
and indicated substantial similarity with regard to primary medi-
cal condition; the only difference was a smaller proportion of local
respondents reporting gastrointestinal (GI) condition as primary
(X2 = 8.94 (1), p < .01). This broad similarity between in-person con-
firmed users of CTP (i.e. local) and online respondents increased our
confidence in the validity of online responses.

Demographics

Comparisons of the sample to values drawn from the Cana-
dian 2006 Census of Population (Statistics Canada, 2006; Table 1)
indicated that male, White, and Aboriginal participants were over-
represented. The users of CTP were also younger, had a higher
income, and were more likely to have completed high school.
The regional distribution was consistent with participation in the
Health Canada program (Health Canada, 2012b).

Medical conditions and symptoms

Participants were queried regarding a single primary condition
treated with cannabis (Fig. 1). Participants also checked all applica-
ble symptoms (Table 2) they treated with cannabis from a list. The
mean number of symptoms patients endorsed treating was  6.74
(n = 605, SD = 3.00, Median = 6.00, Interquartile range = 4.00–8.00).
Symptoms reportedly treated with CTP by fewer than 10% of the
sample include high blood pressure (9%), tics (8%), regulating blood
sugar (7%), seizures (6.%), bladder dyscontrol (6%) and impotence
(6%). Aggregate examination across condition indicated that pain,
anxiety, and sleep problems were the most frequently endorsed

symptoms; 57% reported use to address all three symptoms, and
99% endorsed treating one or more of the three.

Symptoms treated with cannabis varied across condition
(Table 2). Use to address pain symptoms was  more prevalent
among individuals whose primary conditions were pain-related
(i.e., chronic spinal and non-spinal pain, arthritis). Chronic spinal
pain participants were more likely to report treating muscle
spasms. Participants with arthritis were more likely to report use
for inflammation and ocular pressure, and less likely to report use
to address anxiety and appetite. Participants who identified mood
and anxiety disorders as their primary condition were more likely
to use cannabis to address mental health-related symptoms (i.e.,
anxiety, depression, aggression, mania/psychosis), and were less
likely to treat pain, inflammation, and muscle spasms. Participants
who identified HIV/AIDS or GI as their primary conditions were
more likely to treat symptoms of nausea and appetite, and HIV/AIDS
was associated with less treatment of pain and aggression. Over-
all, cannabis was perceived to provide effective symptoms relief;
72% (n = 439) reported that CTP was always helpful and an addi-
tional 24% (n = 147) described it as often helpful. The proportion
of participants who  described CTP as always helpful was relatively
consistent across conditions. The only difference across groups was
relatively lower endorsement of always helpful (55%) by partici-
pants with HIV/AIDS (X2 = 10.04 (1), n = 593, p < .01). Over half (57%,
n = 358) of participants reported using other medications to address
the symptoms they were treating with CTP. Of these, 79% (n = 281)
described CTP as having fewer side effects than the concurrent
treatment.

Use patterns

History of non-therapeutic cannabis use prior to thera-
peutic use was  reported by 82% (n = 441) of participants.

dx.doi.org/10.1016/j.drugpo.2013.08.010
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Table  2
Symptoms addressed with medical cannabis by condition.

All Pain-spinal Pain–nonspinal Arthritis Mood HIV/AIDS GI

n % n % X2 n % X2 n % X2 n % X2 n % X2 n % X2

Sleep 502 85 68 83 0.35 93 85 <.01 80 90 1.91 99 93 5.7 47 78 2.4 33 77 2.54
Pain  486 82 80 98 15.13a 102 94 11.56a 86 97 14.67a 56 52 81.21a 41 68 9.07a 40 93 3.62
Anxiety 463 79 65 79 0.04 85 78 0.02 57 64 12.92a 106 99 32.81a 44 73 1.05 29 67 3.34
Depression 394 67 55 67 <.01 68 62 1.16 51 57 4.24 98 92 36.26* 34 57 3.08 27 63 0.33
Appetite/weight 331 56 43 52 0.52 56 51 1.21 35 39 11.98a 61 57 0.04 46 77 11.47a 33 77 8.02a

Nausea 294 49 36 44 1.34 56 51 0.13 33 37 6.82a 43 40 4.86 47 78 21.71a 35 81 18.48a

Inflammation 291 49. 51 62 6.31 52 48 0.14 79 89 65.23a 25 23 35.23a 20 33 6.83a 25 58 1.44
Spasms 280 48 58 71 20.69a 53 49 0.07 50 56 3.2 23 22 35.33a 20 33 5.34 22 51 0.255
Headache 237 40 44 54 7.21 56 51 6.99a 36 40 <.01 38 36 1.18 15 25 6.4 12 28 2.9
Aggression 140 24 19 23 0.01 28 26 0.28 16 18 1.92 42 39 17.40a 5 8 8.75a 8 19 0.67
Drug  Withdrawal 76 13 10 12 0.04 17 16 0.88 10 11 0.25 18 17 1.81 8 13 0.01 1 2 4.61
Ocular Pressure 68 12 11 13 0.33 11 10 0.27 19 21 9.92a 8 8 2.1 7 12 <.01 1 2 3.85
Mania/Psychosis 67 11 9 11 0.01 11 10 0.21 7 8 1.27 25 23 18.72a 4 7 1.46 5 12 <.01
Respiratory 67 11 5 6 2.62 20 18 6.5 14 16 1.99 12 11 <.01 3 5 2.68 6 14 0.31
Skin  Conditions 63 11 8 10 0.08 7 6 2.54 13 15 1.7 16 15 2.51 3 5 2.26 5 12 0.04

Note: X2 = Comparison of each groups versus aggregation of other groups.
a p < .01.

Mean age was 17.30 years (n = 540, SD = 7.08, Median = 16,
Interquartile range = 14.00–18.00) for first use and 28.35
years (n = 538, SD = 11.25, Median = 25, Interquartile
range = 19.00–37.00) for first therapeutic use. Individuals with and
without history of non-therapeutic use did not differ with regard
to demographic characteristics, or conditions and symptoms. Most
participants who reported prior use reported increased use with
the initiation of therapeutic use; 33% reported a large increase and
32% a small increase, whereas 7% reported a large decrease and 10%
a small decrease. Aggregate analyses indicated that 40% (n = 167)
of users fell into the modal quantity of use category of more than 14
grams per week, and that 42% (n = 226) fell in the modal frequency
of use group reporting 2–3 uses per day. Among the group that
used more that 14 grams per week, the median weekly amount
used was 28 grams (Interquartile range = 21–45). Comparisons of
the six medical conditions that each account for 5% or more of the
sample (Table 3) indicated no difference with regard to modes
of use and few differences in patterns of use; a larger proportion
of individuals identifying HIV/AIDS as primary condition were
among the groups with lowest quantity and frequency of use,
and those who identified anxiety and/or depression as primary
conditions were less likely to fall in the most frequent use group.
Overall health quality was  also associated with frequency of use
such that participants who described their overall health as fair or

poor (34%, n = 161) were overrepresented in the most frequent use
group (X2 = 8.31 (1), n = 473, p < .01).

Access

Aggregate examination indicated that 32% (n = 167) of respon-
dents had Health Canada authorization to possess CTP. An
additional 12% (n = 64) had applications in process, and 3% (n = 13)
had applied and been rejected. The proportion of authorized indi-
viduals varied across condition (Fig. 1); individuals who  identified
anxiety and/or depression as primary condition were less likely
to be authorized (X2 = 13.13 (1), n = 502, p < .01), whereas a greater
proportion of MS  (X2 = 11.08 (1), n = 502, p < .01) and GI (X2 = 8.68
(1), n = 502, p < .01.) participants were authorized. Most partici-
pants reported using more than one mode of accessing CTP; the
mean number of access modalities was 1.89 (n = 500, SD = .88,
Median = 2.00, Interquartile range = 1.00–2.00). Authorization was
a determinant of access (Fig. 2): the mean number of access
modalities for authorized individuals was  2.11 (n = 162, SD = .98,
Median = 2.00, Interquartile range = 1.00–3.00) compared to 1.78
(n = 337, SD = .81, Median = 2.00, Interquartile range = 1.00–2.00) for
unauthorized users (F (1, 497) = 16.26, p < .01). Authorized users
were more likely to access CTP via Health Canada (X2 = 11.88 (1),
n = 443, p < .01), to grow for themselves (X2 = 31.42 (1), n = 493,

Table 3
Characteristics of cannabis use by condition.

All Pain-spinal Pain-nonspinal Arthritis Mood HIV/AIDS GI

n % n % X2 n % X2 n % X2 n % X2 n % X2 n % X2

Amount per week (Grams)
≤2 42 9 5 8 0.1 9 10 0.13 3 4 2.59 9 10 0.3 11 27 18.01a 1 3 1.68
2.1–5  60 13 8 13 <.01 11 12 0.05 10 13 0.04 11 13 <.01 5 12 <.01 0 0 5.46
5.1–9  85 18 7 11 2.44 22 24 2.81 11 15 0.63 24 28 6.81a 6 15 0.33 6 17 0.02
9.1–14  76 16 15 24 3.04 15 16 <.01 15 20 1.06 11 13 0.89 4 10 1.3 6 17 0.04
>14  212 45 29 45 0.01 35 38 2 46 48 0.41 32 37 2.66 15 37 1.18 22 63 5.08
Frequency of use
<  daily 58 11 6 9 0.4 13 13 0.31 3 4 4.72 13 14 1.06 13 25 10.85a 2 5 1.4
1x  day 71 14 7 10 0.71 16 16 0.43 12 16 0.32 17 19 2.31 8 15 0.12 1 3 4.17
2-3x  174 33 21 31 0.19 31 30 0.56 26 34 0.01 36 39 1.77 16 30 0.24 14 37 0.24
4x+  221 42 34 50 1.96 43 42 0.01 36 47 0.78 26 28 8.86a 16 30 3.48 21 55 2.88
Preferred mode of use
Smoke (n = 513) 293 57 35 54 0.33 62 61 0.94 41 53 0.55 48 53 0.86 35 67 2.45 24 65 0.98
Vaporize (n = 502) 217 43 31 49 1.05 42 43 <.01 30 39 0.67 37 41 0.3 22 44 0.01 16 43 <.01
Oral  (n = 501) 139 28 16 26 0.13 29 30 0.21 29 39 5.25 25 26 0.1 15 31 0.22 8 22 0.75

Note: X2 = Comparison of each groups versus aggregation of other groups.
a p < .01.
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Fig. 2. Modes of Access. Note:. * = difference between proportion Health Canada Authorized and Unauthorized p < 01; n = 498.

p < .01), have a designate grow for them (X2 = 25.85 (1), n = 493,
p < .01) or use a dispensary (X2 = 54.46 (1), n = 444, p < .01). In con-
trast, unauthorized users were more likely to access CTP from a
friend (X2 = 25.46 (1), n = 495, p < .01) or from a stranger (X2 = 18.69
(1), n = 494, p < .01).

Discussion

Canadians use cannabis to treat diverse conditions and symp-
toms in a manner that only partially overlaps with the federally
authorized program. There is considerable consistency with regard
to patterns of use and reported effectiveness; nearly all respon-
dents used cannabis to treat pain, anxiety, or sleep disturbances,
and over half used it to treat all three symptoms. We  also observed
consistency across participants with and without histories of non-
therapeutic cannabis use, which suggests that, with regard to CTP,
individuals who may  enjoy non-therapeutic use of cannabis were
not different with regard to therapeutic application of cannabis
from those participants who may  have been less likely to expect
extra-therapeutic benefit. The substantial minority of respondents
who were federally authorized to possess cannabis exhibited few
differences from unauthorized users with regard to symptoms
treated and patterns of use, but differed considerably with regard
to mode of access.

Most respondents reported using CTP to treat conditions that
are explicitly listed within the federal program; however, a large
contingent also reported use for other conditions. Comparisons of
symptoms treated across conditions indicated high levels of con-
gruence (e.g., respondents with pain-related conditions were more
likely to use cannabis to address pain symptoms), but also reflected
substantial consistency across conditions. Specifically, use to treat
sleep disturbances, and to a lesser extent anxiety and depres-
sion, was consistently high across conditions. However, despite
widespread use for anxiolytic and sedative purposes, participants
who reported anxiety or depression as primary reason for CTP use
were less likely to have obtained federal authorization to access
CTP. This may  be due to the absence of these conditions among
those explicitly listed by the federal program, but may  also reflect
accentuated stigma associated with the use of cannabis to address
mental health issues. Indeed, stigma has been identified as a

substantial barrier to accessing care for mental health conditions
such as depression and anxiety (Brown et al., 2010), and this may
be compounded by the considerable stigma associated with use of
CTP (Bottorf et al., 2013) to create a substantial barrier to accessing
treatment. Research that further elucidates the appropriateness of
using cannabis to treat anxiety and depression is required to guide
effective treatment and help to reduce stigma.

Patterns of use were also consistent across medical conditions,
with the only notable difference being slightly lower levels of
use among respondents with HIV/AIDS, a difference which may
be due to intermittent use to address nausea. Most participants
reported initiating non-therapeutic use prior to use of CTP, and
noted increased levels of use associated with the transition to thera-
peutic use. This reported increase is consistent with our observation
that the median level of therapeutic use exceeds typical levels of
non-therapeutic use (Reinarman, Cohen, & Kaal, 2004; Hazekamp
et al., 2013; but see also Hazekamp & Heerdink, 2013), and sug-
gests a potentially meaningful distinction between therapeutic
and non-therapeutic use. In contrast, the relative consistency of
use among CTP-users suggests that CTP regimens might transfer
well across conditions, and enjoy good adherence. The most pro-
nounced differences across respondents involved modes of access,
such that unauthorized users were much less likely to access CTP
from authorized, or semi-authorized (i.e. dispensaries) sources.
This discrepancy contrasts with the pronounced similarity between
authorized and unauthorized users on indicators of health and use
of CTP, and suggests that the current system of authorization may
not be discriminating among qualitatively different groups.

The primary limitations of this study are common to online
medical surveys such as potential for multiple responses from
a single respondent, a potentially unrepresentative sample, and
lack of physician confirmation of medical conditions. In addition,
response bias related to participant self-selection, and recruit-
ment through organizations that support medical cannabis patients
likely resulted in overrepresentation in our sample by individ-
uals who  respond favourably to CTP. In light of this potential bias,
our characterization of the therapeutic use of cannabis should
be interpreted with caution pending replication from research
that employs a more systematic recruitment approach. However,
these limitations are counterbalanced by several methodological

dx.doi.org/10.1016/j.drugpo.2013.08.010


Please cite this article in press as: Walsh, Z., et al. Cannabis for therapeutic purposes: Patient characteristics, access, and reasons for use.
International Journal of Drug Policy (2013), http://dx.doi.org/10.1016/j.drugpo.2013.08.010

ARTICLE IN PRESSG Model

DRUPOL-1255; No. of Pages 6

6 Z. Walsh et al. / International Journal of Drug Policy xxx (2013) xxx– xxx

strengths including the inclusion of an in-person subsample,
engagement of a community research board in the development
and dissemination of the survey, and general adherence to estab-
lished standards for reporting internet-based surveys (Eysenbach,
2004).

Conclusions

This was the largest and most comprehensive study to date
of the therapeutic use of cannabis in Canada. We  draw three
primary conclusions from the data. First, reasons for use and
perceived effectiveness were generally consistent across medical
conditions; respondents overwhelmingly reported using cannabis
to effectively address pain, sleep disturbance, and anxiety. Second,
further research is required to address the substantial discon-
nect between the therapeutic use of cannabis and research on the
risks and benefits of such use. This is particularly evident with
regard to the anxiolytic and sedative use of cannabis; extrapo-
lation from our sample to the national population of CTP users
suggests levels of use for anxiolytic and sedative purposes that
may  be comparable to the number of Canadians who currently
use benzodiazepine and other sedatives (Kassam & Patten, 2006).
Such widespread use suggests a need for the systematic evaluation
of the effectiveness and adverse effects of cannabis for the treat-
ment of these conditions, as well as comparisons of cannabis with
the widely-used pharmaceutical products that currently represent
frontline treatments. Finally, our findings highlight the apparent
discrepancy in access to cannabis across CTP users. Authorized
and unauthorized users exhibit few meaningful differences with
regard to medical conditions and patterns of use, but face sub-
stantial differences regarding access; many seriously ill Canadians
risk increased stigma (Bottorf, Bissell, Balneaves, Oliffe, Capler &
Buxton, 2013), legal sanction, and other negative outcomes asso-
ciated with accessing cannabis from illegal markets. At the time of
this writing the federal medical cannabis program is undergoing
substantial structural changes. The present study provides a base-
line for assessing the impact of these changes, the most important
of which must surely involve providing a program that facilitates
informed, safe, legal, and affordable access to a source of CTP for ill
Canadians.
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Marijuana is a psychoactive substance prepared from the dried 
flowers and subtending leaves and stems of the female can-

nabis plant, usually Cannabis sativa, which is most commonly 
consumed by inhalation from smoking.(1) In contrast, cannabis 
refers to the various psychoactive preparations from the same 
plant, including marijuana but also hashish (derived from the resin 
of flowering somites) and cannabis oil. Cannabis has been used as 
a recreational drug for centuries and it is the most common illicit 
drug consumed in the world.(2,3) 

The medical use of marijuana also goes back centuries. Marijuana 
was used for therapeutic purposes in China several millennia ago, 
with its first recorded use in a pharmacopeia appearing in 1500 BC.
(4) Marijuana was customarily used to treat insomnia and as an 
antiemetic before the onset of specific therapies in the 1930s. 
Subsequently, marijuana has been labelled a drug of abuse in most 
countries worldwide. In Canada, marijuana was added to the 
restricted list under the Opium and Narcotic Drug Act by an 
amendment passed in 1923. Over the past two decades, there has 
been growing interest in the medical use of cannabis and its prepara-
tions in adults, along with increasing discussion around its potential 
for therapeutic use in children over the past five years.

The psychoactive properties of cannabis are primarily produced 
by delta-9-tetrahydrocannabinol (delta-9-THC), a cannabinoid 

that is one of the two major neuroactive compounds found in 
marijuana.(5) The other major neuroactive compound, cannabi-
diol (CBD), lacks the psychoactive effects of delta-9-THC but 
does have behavioural and other central nervous system effects.(1) 
These compounds bind to G-protein coupled cannabinoid recep-
tors on the membrane of cells in the central nervous system to 
produce their effects.(5)

nEW InFORMATIOn
Current status in Canada
Using marijuana for therapeutic purposes has included treatment 
for refractory epilepsy, described in case reports by Gowers and 
Reynolds from the late 19th century.(5) The development of more 
potent antiepileptic therapies and the trend toward marijuana 
prohibition reduced interest in marijuana as a therapy for refrac-
tory epilepsy. As time progressed, however, increasing knowledge 
of brain biology and the potent neuroactive properties of canna-
binoids revived interest in its therapeutic potential. In 1996, 
California became the first American state to legalize the medi-
cinal use of cannabis.(6) Several American states and the District 
of Columbia have subsequently legalized the use of cannabis for 
medical purposes, despite the United States Drug Enforcement 
Administration’s designation of marijuana as a “schedule one” 
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Cannabis is a psychoactive compound with a long history of recre-
ational and therapeutic use. Current considerations regarding canna-
bis use for medical purposes in children have been stimulated by recent 
case reports describing its beneficial effect with refractory epilepsy. 
Overall, there are insufficient data to support either the efficacy or 
safety of cannabis use for any indications in children, and an increas-
ing body of data suggests possible harm, most importantly in specific 
conditions. The potential for cannabis as a therapeutic agent must be 
evaluated carefully for both efficacy and safety in treating specific 
paediatric health conditions. Smoking is not an acceptable mode of 
drug delivery for children. The use of cannabis for medical purposes in 
specific cases should not be construed as a justification for recreational 
cannabis use by adolescents. Recommendations for therapeutic use in 
exceptional paediatric cases are offered, always providing that this 
treatment course is carefully evaluated in individuals and in ongoing, 
well-designed research studies to determine safety and efficacy.
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Le cannabis à des fins médicales est-il une option 
pour les enfants?

Le cannabis est une substance psychoactive utilisée depuis très 
longtemps dans un cadre récréatif et thérapeutique. Les considérations 
actuelles à l’égard de l’utilisation du cannabis à des fins médicales en 
pédiatrie découlent de récents rapports de cas sur son effet bénéfique 
lors d'une épilepsie réfractaire. Dans l’ensemble, les données sont 
insuffisantes pour en corroborer l’efficacité ou l’innocuité pour quelque 
indication que ce soit au sein de cette population, mais les données 
s’accumulent sur son potentiel néfaste, particulièrement pour traiter 
certaines affections. Il faut en évaluer soigneusement l’efficacité et 
l’innocuité comme agent thérapeutique contre certaines affections 
infantiles. L’inhalation sous forme de cigarette n’est pas un mode 
d’administration acceptable chez les enfants. L’utilisation de cannabis 
à des fins médicales dans des situations particulières ne doit pas en 
justifier l’utilisation à des fins récréatives chez les adolescents. Des 
recommandations sont formulées quant à son utilisation à des fins 
thérapeutiques dans des cas exceptionnels en pédiatrie, à condition 
d’assurer une évaluation étroite des sujets traités et de poursuivre des 
recherches bien conçues pour en déterminer l’innocuité et l’efficacité.
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drug, defined under statute as having “no currently accepted med-
ical use and a high potential for abuse”. In Canada, medical use of 
marijuana was sanctioned by Health Canada in 2001, with 
revisions to the legislation in 2013 (www.gazette.gc.ca/rp-pr/
p1/2014/2014-06-14/html/reg1-eng.php). Canadian patients can 
obtain access to cannabis for medical purposes by visiting a health 
care practitioner, who can provide documentation to present to a 
licensed producer, with licensure being regulated on a federal basis. 
The producer can then supply the patient with up to 30 days’ sup-
ply, to a maximum weight of 150 g of marijuana. A recent ruling 
by the Supreme Court of Canada and a subsequent response from 
Health Canada have effectively removed some restrictions on the 
form in which cannabis can be supplied to patients. These rulings 
should permit the therapeutic use of preparations such as specific 
cannabis oils. 

Evidence supporting the therapeutic effect of cannabis in chil-
dren with epilepsy is sparse. There are animal models demonstrat-
ing that delta-9-THC and CBD have anticonvulsant activity in 
animal models of epilepsy, with the caveat that some studies also 
demonstrated pro-convulsant activity in healthy animals.(5) In 
these models, tolerability was limited with respect to delta-9-THC 
due to psychotrophic effects, while CBD was better tolerated. 
Overall, clinical evidence supporting the use of marijuana and 
other cannabis derivatives in children is very sparse. Individual 
case reports have been published; however, evidence tested in 
randomized or controlled trials is scant.(7,8) One recent Cochrane 
review identified four studies examining marijuana use for epilepsy.
(9) A total of only 47 patients were studied, all of whom were 
adults. While these studies demonstrated short-term tolerance, no 
single study reliably demonstrated a reduction in seizure frequency. 
The authors concluded that the use of marijuana to treat epilepsy 
needed to be evaluated in properly designed and powered studies.

Much stronger data supports the limited efficacy of marijuana 
to treat other medical conditions. Studies investigating cannabis 
use to manage spasticity in adults with multiple sclerosis (MS) 
have shown that cannabinoids, administered orally, appear to 
reduce patient-reported spasticity scores, while smoked mari-
juana was of uncertain efficacy.(10) A similar result was obtained 
for central pain or painful spasms in adults with MS. There were 
fewer bladder complaints in adults with MS treated with 
nabiximols, one of three medications derived from cannabis and 
approved for use in Canada, although no effect was demonstrated 
using other oral cannabinoids. Cannabinoids also appeared to be 
ineffective for controlling tremors in adults with MS, chorea in 
adults with Huntingdon’s disease, levodopa-associated dyskinesia 
in adults with Parkinson’s disease or tics in adults with Tourette’s 
syndrome.(10) 

Cannabis continues to be considered as a potential therapy in 
conditions for which there are, essentially, no data supporting its 
use. There have been no studies demonstrating the efficacy and 
safety of marijuana use to control children’s pain or nausea.(11)

Potent medications can be accompanied by significant, poten-
tially adverse side effects. It is well recognized, for example, that 
many drugs commonly used for seizure therapy in children are also 
associated with negative effects on behaviour and learning. The 
most predictable side effects associated with marijuana use are red 
eyes, dry mouth, delayed motor skills and tachycardia;(12) how-
ever, reviews of the medical use of cannabis have also identified 
adverse events. A review of studies investigating marijuana use for 
selected neurological disorders demonstrated that 6.9% of 1619 
patients treated with a cannabinoid for <6 months stopped use due 
to adverse events, compared with 2.2% of 1118 subjects in the 
control group.(10) While these effects were not well characterized, 

they included nausea, weakness, mood changes and anxiety. 
Studies focused on cognitive impairment appeared to show twice 
the degree of cognitive impairment among patients treated with 
marijuana compared with controls.(10,13) Cannabinoid use in 
one randomized clinical trial involving patients with MS was 
associated with a higher suicide risk compared with placebo con-
trols.(14) All of these studies involved adult patients. There is 
ongoing controversy regarding cannabis use being associated with 
a risk for serious mental health disorders such as psychosis. The 
data linking marijuana use with a higher risk for psychosis were 
highlighted in a recent study which demonstrated that up to one-
quarter of cases of new-onset psychosis were associated with the 
recreational use of high-potency cannabis.(15,16) 

There is a small body of literature suggesting that the magni-
tude of cognitive effects of cannabis may be age dependent. One 
small study focused on adolescents with attention deficit hyper-
activity disorder who used marijuana regularly, and found an asso-
ciation with impaired executive function and, potentially, for 
impaired cognitive function when marijuana use was initiated 
before 16 years of age. When regular marijuana use was not started 
until after 16 years of age, there was no apparent aggravation of 
cognitive deficits associated with attention deficit hyperactivity 
disorder.(17) One neuroimaging study examining young adult 
recreational marijuana users showed differences in grey matter 
density, volume and shape compared with controls.(18) Chronic 
marijuana exposure is associated with adverse effects on the func-
tional integrated relationship among spatially separated brain 
regions that may be exaggerated when exposure begins during 
adolescence.(12,19-21) While there are no data regarding the 
impact of cannabis use on the brains of younger children, it is 
probable that effects would be similar. Even these limited findings 
have implications for the medical use of cannabis in children. 

In the context of recreational use, there are usually periods when 
the concentration of cannabinoids in the blood is low or minimal. 
In contrast, in a therapeutic context, such as using cannabis to man-
age intractable epilepsy, one goal would be to maintain a relatively 
constant concentration of cannabinoids in the bloodstream over 
time. Therefore, future research investigating cannabis use for med-
ical purposes in children must include longitudinal developmental 
assessments, ideally with neuroimaging, and discussions about 
informed consent to participate in these studies need to include 
such considerations of effect. In conditions for which cannabis is 
used as a therapy of last resort, there should be a robust and complete 
discussion with the patient (when possible) and the family regarding 
the potential risks and benefits. The therapeutic course must be 
monitored closely for evidence of both efficacy and toxicity.

In common with many other potent psychotropic agents, mari-
juana use is associated with risk for dependence.(22) Risk levels 
range between 9% and 50% among recreational marijuana users 
and appear to be higher when marijuana use begins in adolescence 
and occurs on a daily basis.(21) Discontinuation of cannabis 
among chronic users is commonly associated with withdrawal 
symptoms including headaches, sleep disruption, irritability and 
anxiety.(23)

One issue germane to marijuana use for treating children is that 
it is usually smoked. There are several compelling reasons why 
smoking is an unacceptable drug delivery system for younger popula-
tions. Combustion produces tars and other by-products known to be 
associated with long-term harmful effects, most notably carcinogen-
esis. The delivery of drugs by smoking also makes it difficult to con-
trol or adjust dosage. This difficulty is especially relevant in that the 
THC content of marijuana available today is two to four times 
higher than from typical plants used decades ago.(21,24) There is 
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also considerable variability in THC content batch-to-batch.(21) 
Should cannabis be demonstrated to be an effective and safe therapy 
for selected health conditions in children, a more appropriate and 
stable dosing form other than smoking should be used. Recent rul-
ings governing the availability of cannabis for medical purposes in 
Canada could open the way for other formulations. 

As with other psychoactive agents, being able to demonstrate 
the efficacy and safety of cannabis use for medical purposes in 
thoughtfully designed, carefully monitored therapies for selected 
conditions in children is neither a rationale for, nor supportive of, 
the recreational use of marijuana by children or adolescents. One 
recent study from the United States that compared marijuana use 
in adolescents in states where cannabis for medical purposes was 
available with states where it was not, found there was no increase 
in recreational use where it was legal.(25) In contrast, a study in 
Colorado – where cannabis use for medical purposes is available – 
tracked attitudes toward and trends in marijuana use among ado-
lescents, and demonstrated both lower risk-perception and a 
higher rate of marijuana use among 12- to 17-year-olds, compared 
with states where it was not available.(26) The same research 
group described a significant increase in motor vehicle fatalities 
where marijuana use was a factor following the legalization of  
marijuana for medical purposes in Colorado.(27) 

If and when cannabis is proven to be therapeutically efficacious 
and safe, it must be regulated with the same care and precision as 
other psychoactive therapeutic agents.(28,29) The “medical mari-
juana” industry must also be subject to the same regulatory stan-
dards, legislative controls and degree of oversight as the 
pharmaceutical industry. Consideration of the particular safety 
issues germane to children must remain front and centre in the 
decision to treat exceptional paediatric cases.(30)

RECOMMEnDATIOnS

•	 While	anecdotal	evidence	and	biological	plausibility	suggest	
that cannabis and its derivatives may be an effective 
treatment for refractory epilepsy in children, its efficacy in this 
population should be carefully evaluated over the long-term, 
using appropriately supported and well-designed research into 
developmental effects, including neuroimaging (level of 
evidence: 4).(31)

•	 Medical	evidence	and	biological	plausibility	suggest	that	
therapeutic use of cannabis may have significant adverse 
effects in children. Risks should be carefully evaluated over 
the long-term, using appropriately supported and well-
designed research into the safety issues specific to children, 

including development and neuroimaging studies (level of 
evidence: 3).

•	 Smoking	as	the	customary	mode	of	delivery	for	marijuana	is	
unacceptable in children for several reasons. Studies 
investigating cannabis use for medical purposes in children 
should explore alternative delivery systems to provide safe and 
consistent drug concentrations (level of evidence: 3).

•	 While	research	is	ongoing,	the	use	of	cannabis	for	medical	
purposes in children should be evaluated on a case-by-case 
basis, and always with a comprehensive discussion of potential 
benefits and risks. Treatment plans that include cannabis 
should be constructed with careful attention to dose-finding, 
evaluation of efficacy and safety monitoring, and should only 
be conducted by clinicians or health teams with condition-
specific expertise and the ability to assess for, and evaluate, 
both efficacy and toxicity (level of evidence: 4).

•	 Using	cannabis	to	treat	neurological	conditions	in	children	
should be evaluated in accordance with a careful research 
strategy. The decision to study cannabis use for a specific 
condition should always be based on the biological plausibility 
of efficacy and on evidence determined by well-designed 
clinical trials (level of evidence: 4).

•	 Clinicians	who	treat	children	with	cannabis	should	have	
specific expertise and training in the use of potent 
psychoactive drugs in this population. Treatment should be 
predicated by robust discussions with the patient (if possible) 
and family concerning the goals and potential risks of this 
choice, with a strong monitoring strategy in place to test for 
efficacy and adverse effects.

•	 There	is	biological	plausibility	that	cannabis	may	produce	
harm if used to treat certain conditions in children, especially 
when started at an early age (level of evidence: 4).

•	 The	selective	use	of	cannabis	for	medical	purposes	in	children	
must not be confused with condoning its recreational use by 
adolescents. Strategies to discourage its recreational use 
among adolescents should be developed on models underway 
to discourage alcohol and tobacco use in this age group (level 
of evidence: 3).
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Abstract
Background: Cannabis, in herbal form, is widely used as self-medication by patients with diseases
such as HIV/AIDS and multiple sclerosis suffering from symptoms including pain, muscle spasticity,
stress and insomnia. Valid clinical studies of herbal cannabis require a product which is acceptable
to patients in order to maximize adherence to study protocols.

Methods: We conducted a randomized controlled crossover trial of 4 different herbal cannabis
preparations among 8 experienced and authorized cannabis users with chronic pain. Preparations
were varied with respect to grind size, THC content and humidity. Subjects received each
preparation on a separate day and prepared the drug in their usual way in a dedicated and licensed
clinical facility. They were asked to evaluate the products based on appearance (smell, colour,
humidity, grind size, ease of preparation and overall appearance) and smoking characteristics (burn
rate, hotness, harshness and taste). Five-point Likert scores were assigned to each characteristic.
Scores were compared between preparations using ANOVA.

Results: Seven subjects completed the study, and the product with highest THC content (12%),
highest humidity (14%) and largest grind size (10 mm) was rated highest overall. Significant
differences were noted between preparations on overall appearance and colour (p = 0.003).

Discussion: While the small size of the study precludes broad conclusions, the study shows that
medical cannabis users can appreciate differences in herbal product. A more acceptable cannabis
product may increase recruitment and retention in clinical studies of medical cannabis.

Background
It is now well-recognized that Cannabis sativa (marijuana,
weed, pot) is being used by patients with chronic debili-
tating diseases such as HIV/AIDS [1], chronic non-cancer
pain [2], epilepsy [3], multiple sclerosis [4] and amyo-
trophic lateral sclerosis [5] for the management of symp-
toms such as pain, nausea, poor sleep, anxiety and stress.
Since 2002, cannabis for medical use has been produced

by Prairie Plant Systems Inc (PPS) under license to Health
Canada [6]. Cannabis is cultivated for use in clinical trials,
open-label safety studies [7], and for distribution to per-
sons authorized under the Medical Marihuana Access Reg-
ulations (MMAR) to use marihuana for medical purposes
[8]. A number of authorized persons using this product
initially reported concerns about the product, include the
dryness, grind size (defined as the size of the particles after
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grinding raw herbal material), and tetrahydrocannabinol
(THC) content of the cannabis material [9].

To improve the acceptability of the cannabis product pro-
vided to patients and to facilitate recruitment and reten-
tion of research subjects in clinical trials, Health Canada
and PPS explored mechanisms to vary herbal cannabis
products with varying levels of humidity, THC content,
and grind size. This study was conducted to evaluate sev-
eral herbal cannabis presentations in which dryness, grind
size and THC content were varied. The aims of the study
were to determine experienced users' preference for can-
nabis products, and to determine whether there was any
consistent pattern towards a preferred product.

Methods
A randomized, double-blind study of cannabis products
was undertaken over a six week period in June-July 2004.
Subjects were all current holders of valid authorizations to
possess cannabis under the Medical Marijuana Access Reg-
ulations, and were currently using cannabis for medical
purposes. Subjects agreed not to drive to or from their
scheduled appointments.

Four (4) different PPS preparations of Cannabis sativa were
evaluated; an identical species was used for all prepara-
tions. THC content was varied by blending the flowering
heads with leaves from lower down the plant. The product
was milled using a dry conical mill (Quadro® Comill®,
Waterloo, Ontario), with particle size varied using screens
with circular holes of 5 or 10 mm diameter. Cannabis
preparations were packaged at PPS in 30 gram bags and
labeled as Presentation # 1 to Presentation # 4 prior to
shipment to the site pharmacy. The site pharmacist
weighed 1 g quantities of each preparation (LP 3200D
scale, Sartorius, Canada). The drug was repackaged in
plastic vials closed with a soft plastic/rubber top, which
were then dispensed to the study nurse as needed on the
days of use. The product was weighed and transferred
from the original package to the dispensing container
within 5 minutes, and the ambient temperature and
humidity conditions in the pharmacy were recorded at the
time of preparation (Digital Hygrometer DHM-010, Dav-
idoff, Canada). The original package was resealed imme-
diately after weighing the required amount of product.

The characteristics of the products were determined using
a specially designed questionnaire. Items consisted of 5-
point Likert scales and included physical characteristics
(smell (0: very unpleasant; 4: very pleasant), humidity (0:
unacceptably dry; 4: optimum humidity), appearance (0:
looks very bad; 4: looks excellent), particle size (0: very
poor, 4: excellent), colour (0: very poor, 4: excellent) and
ease of preparation (0: very hard to use; 4: very easy to
use) and smoking characteristics (hotness (0: very hot; 4:

very cool), harshness (0: very harsh; 4: very smooth), burn
rate (0: burns too fast; 4: burns just right), and taste (0:
worse possible taste; 4: best possible taste). An overall
comparison to usual cannabis was made (0: much worse
than usual cannabis; 4: much better that usual cannabis).
A global assessment was performed on the final day at
which subjects were asked to rank the products assessed in
order of preference (0: worse; 4: best). Subjects were not
asked about clinical parameters such as efficacy.

Eligible subjects were given a scheduled series of 4
appointments. Informed consent was signed at the first
appointment. The subjects were randomly assigned to test
one cannabis preparation per day over the four days. They
were asked to assess physical characteristics of the drug
prior to use. They were asked to prepare and use the can-
nabis in the manner to which they were accustomed.
Within five minutes of use they were asked to comment
on the harshness, hotness, burn rate and comparison with
usual cannabis. Subjects remained in the cannabis labora-
tory for one hour after use before being allowed to return
home by taxi. On the evening after each clinic visit the
subjects were contacted at home by the research nurse to
determine if they had additional comments or concerns
regarding the product they evaluated that day.

It was estimated that recruiting 8 subjects would allow a
basic and preliminary assessment of trends in perceptions
of differences between product characteristics. This
number of subjects was also feasible to recruit within the
time period of the study. The data were double entered
and validated in a dedicated and secure database. Data
were entered without identifiers to protect confidentiality.
Cannabis preparations were ranked according to user
preferences on each item. All items were rated equally. A
total rank score for each preparation was assigned. Ranks
according to individual physical and smoking characteris-
tics were examined. All statistical analyses were done
using SAS (SAS Institute, North Carolina). Means, fre-
quencies and a multiple analysis of variance (ANOVA) for
cross-over design (proc mixed) were calculated to assess
the comparison between products. Period effect was ana-
lyzed independently. Due to the small sample-size, no
adjustments were made for multiple comparisons.

The study was conducted at a dedicated cannabis research
laboratory at the Montreal General Hospital in the McGill
University Health Centre (MUHC). The study was
approved by the Research Ethics Committee of the McGill
University Health Centre.

Results
Eight subjects were recruited for the study. No subject
refused to participate, but one subject did not attend for
the final visit and was excluded from the final analysis.
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Therefore the final report is based on seven subjects who
completed the study. Inclusion of the eighth subject in a
limited analysis did not alter the overall direction of the
results. The period effect could not be assessed in the main
model because one subject missed one visit; however no
overall differences were found on overall comparison of
the four time periods.

There were 5 males and 2 females, and the mean age was
47 years (range 40–54 y). Diagnoses were varied and
included peripheral neuropathic pain (4 subjects), multi-
ple sclerosis (2 subjects), and HIV/AIDS (1 subject).

The overall results based on the Likert scores for each char-
acteristic and the overall scores are shown in Table 1.
Product 1 (10.6% THC, 14.4% humidity, 10 mm grind
size) was the most well rated product, and significant dif-
ferences were noted between products overall (p = 0.03),
and for physical characteristics including general appear-
ance (p = 0.03) and colour (p = 0.03).

Of the 28 different assessments (7 subjects using 4 prod-
ucts), 18 were performed using joints and 10 using pipes.
Most assessments (93%) were done with subjects report-
ing using the same amount of cannabis as usual, and 16/
18 stated no problems in preparing their joints. Product 4
received a poor rating in terms of problems rolling it by 2
subjects.

Physical characteristics
Product 2 was treated as having the best smell with 6 sub-
jects rating it pleasant or very pleasant. Product 2 was also
rated as the best humidity with 6 subjects rating it accept-
able. In general appearance, product 1 was superior; 4
subjects rated product 3 as 'looks bad'. Products 1, 2 and
3 were rated similar in terms of ease of preparation,
although all 7 subjects rated products 1 and 2 as easy or
very easy to use. Products 1 and 2 were rated equally in
terms of colour. Product 1 was rated best in terms of par-
ticle size with 5 subjects rating particle size as good or
excellent.

Smoking characteristics
Product 3 was rated most 'cool' overall. Product 2 was
rated highest in terms of harshness with 6 subjects rating
it as moderate or smooth. Product 1 was rated as having
the best burn rate (1 subject stated it 'burned just right'),
while each of products 2, 3 and 4 were rated by one sub-
ject each as burning too fast. Product 2 was rated as having
the best overall taste.

Global assessments
Fourteen out of 28 (50%) subjects rated products 1, 3 and
4 as 'worse than their usual cannabis', 11 assessments
were the 'same as usual cannabis' (4 of which were for
product 2). Only 3 assessments were 'better than usual
cannabis' (products 1, 2 and 4). Globally, product 1

Table 1: Evaluation of four cannabis preparations by physical and smoking characteristics*

Characteristic Product p-value Contrasts
1 2 3 4

Cannabis 
preparation

THC (g%) 10.6 10.6 6.6 9.6
Humidity (%) 14.4 12 11 11
Drying time 
(days)

2 4 4 4

Grind size 
(mm)

10 5 5 10

Physical
Smell 2.71 3.00 2.57 2.43 0.21
Humidity 1.71 1.86 1.71 1.14 0.28
General 
appearance

2.71 2.29 1.43 1.86 0.03 1>3,4

Ease of 
preparation

3.29 3.14 3.29 2.86 0.55

Colour 2.71 2.71 2.00 2.43 0.03 1,2>3
Particle size 2.86 2.43 1.57 1.86 0.06

Smoking
Hotness 1.86 1.86 2.14 1.86 0.81
Harshness 2.14 2.14 1.43 1.71 0.53
Burn rate 2.57 2.29 1.86 2.00 0.55
Taste 2.00 2.14 1.29 2.00 0.41

TOTAL SCORE 24.57 23.86 19.29 20.14 0.03 1,2>3,4

*Characteristic scores based on 5-point Likert scales (0–4). Higher scores reflect better ratings for each characteristic. See text for details.
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received the highest score in terms of all the product char-
acteristics measured (Table 2). In this overall analysis,
product 1 was superior to products 3 and 4, and product
2 was superior to product 3.

Of the products tested, over half (4/7) of those using
products 1 and 2 would use it on a regular basis, and over
half would not use products 3 (5/7) and 4 (5/6) on a reg-
ular basis. In terms of overall satisfaction, 3 subjects rated
product 1 as good or excellent and 2 subjects rated the
other products as good or excellent. Five subjects rated
product 3 as poor, and one rated product 2 as very poor.

Ambient humidity and temperature
The drug samples were prepared the day before the visit
for the first 5 patients, resulting in the drug being in the
new container for 16 to 20 hours. For the last 3 patients,
the drug spent from 6 to 17 days in the new container.
Temperature and humidity measurements were taken in
the pharmacy on 14 days over the 28 day period. Over this
period, the mean room temperature was 22.4°C (SD
0.23), and the mean ambient humidity was 46% (SD 4.4).

Discussion
To our knowledge, this is the first ever evaluation of med-
ical cannabis products for physical and smoking charac-
teristics by authorized patients. We have shown that
subjects may appreciate differences between cannabis
preparations on the basis of physical characteristics of the
herbal material, specifically general appearance and col-
our. We did not show differences in individual smoking
characteristics, but overall impressions confirmed that
subjects favoured higher THC content, higher humidity
and larger grind size.

The results of this study must be interpreted with consid-
erable caution as there are many limitations to the data
obtained. The small sample size reduces the power of the
study to reach definitive conclusions about patient prefer-
ence. The detected differences between products could
have arisen by chance, or may have been influenced by
other factors such as the use of different modes of admin-
istration (pipes and joints). Further study should limit the
modes of administration to reduce confounding by these
factors.

The effect of room air on the humidity levels of the prod-
uct is a factor which may affect the validity of the final
results. The average ambient humidity at the time of prod-
uct preparation was well above that of the original prod-
uct specifications (46% versus 10–15%), and could have
raised the humidity of the product during the storage
period prior to use. This would have the effect of reducing
or eliminating the potential differences between products
on humidity-based assessments. This may partially

explain why differences in physical characteristics such as
colour, particle size and general appearance were detected
(Table 2), while the hotness, harshness and burn rate
appeared to be rated similarly between products.

Subjects' evaluations of smoking characteristics of the
samples immediately after use may have been influenced
by the psychoactive effects of cannabis. This study
recruited experienced medicinal cannabis users who
would likely evaluate any cannabis product under similar
conditions ('try it and see') so we feel our approach is
pragmatic and relevant.

The subjects and investigators were initially blind to the
characteristics of the allocated products, but the ability of
the subjects to differentiate the products suggests that the
blinded condition was compromised. The investigators
(study nurse or physician) did not evaluate their own abil-
ity to differentiate the products

In spite of these potential limitations, this randomized
double-blind study has found that two of these products
(products 1 and 2) could be appreciated differently from
the other two, in terms of their physical and smoking
characteristics. Product 3, which was a 10% THC blend
(expiry date June 2004) which had been originally
shipped by Health Canada to authorized patients was
rated poorly by the subjects in this study, suggesting that
the product could be improved by changing physical char-
acteristics such as blending, particle size and humidity.
These changes may result in improved patient satisfaction
with the product, which may in turn increase the number
of patients willing to use the Health Canada product and
improve compliance in long term studies using the prod-
uct. The study results support a decision by Health Can-
ada, made prior to the study in May 2004, to distribute a
product made only of flowering head material, taking into
account preliminary reports from authorized users, with
larger grind size, higher humidity and higher THC con-
tent. A review of Health Canada statistics [10] suggests
that use of the Health Canada product increased since the
new product was shipped in the summer of 2004 (Figure
1). An initial delay in uptake may have been due to media
reports from disgruntled users about the poor quality of
the product [11].

This study should ideally be repeated with larger numbers
to validate differences between products. The reliability of
the subjects' reports may also be validated by repeating
the test with the same subjects and products to see if there
is reliability between their assessments over time. Future
studies of the effect of humidity could be done with sub-
jects removing cannabis directly from an unopened origi-
nal package prior to use rather than going through
pharmacy dispensing. Methods of rehumidification of
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herbal material should be explored. Finally, this study
design may also be used to detect differences between can-
nabis products with different cannabinoid profiles or phe-
notypic characteristics.

Conclusion
We have shown that medical cannabis users may discrim-
inate between cannabis preparations based on physical
characteristics such as humidity, grind size, and smoking
characteristics. The supply of a standardized herbal canna-
bis product within a legal medical access program needs
to be guided by user's feedback to ensure compliance. Fur-
ther work is required on other characteristics such as the
profile of cannabinoids and other constituents.
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Effects of cannabis on cognitive function in
patients with multiple sclerosis
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ABSTRACT

Background: While neuropsychological deficits have been reported in healthy individuals who use
street cannabis, data in patients with multiple sclerosis (MS) are lacking. Given that MS is associ-
ated with cognitive deterioration, the aim of this study was to determine the neuropsychological
effects of cannabis use in this population.

Methods: Two groups, each of 25 patients with MS (cannabis users and nonusers), were adminis-
tered the Minimal Assessment of Cognitive Function in MS battery of neuropsychological tests,
the Hospital Anxiety and Depression Scale (HADS), and the Structured Clinical Interview for the
DSM-IV Axis I Disorders (SCID-I). Group-matching and regression analysis were used to control
for the effects of age, sex, education, premorbid intelligence, disability, and disease course and
duration on cognitive function.

Results: Cannabis users performed significantly more poorly than nonusers on measures of infor-
mation processing speed, working memory, executive functions, and visuospatial perception.
They were also twice as likely as nonusers to be classified as globally cognitively impaired. There
were no between-group differences on the HADS measures of depression and anxiety or lifetime
SCID-I psychiatric diagnoses.

Conclusion: This cross-sectional study provides empirical evidence that prolonged use of inhaled
or ingested street cannabis in patients with MS is associated with poorer performance on cogni-
tive domains commonly affected in this population. Whatever subjective benefits patients may
derive from using street cannabis (e.g., pain and spasticity relief) should be weighed against the
associated cognitive side effects. Neurology® 2011;76:1153–1160

GLOSSARY
ANART � American National Adult Reading Test; BVMT-R � Brief Visuospatial Memory Test–Revised; COWAT � Controlled
Oral Word Association Test; CVLT-II � California Verbal Learning Test–Revised; D-KEFS � Delis-Kaplan Executive Function
System; EDSS � Expanded Disability Status Scale; HADS � Hospital Anxiety and Depression Scale; JLO � Judgment of
Line Orientation; MACFIMS � Minimal Assessment of Cognitive Function in MS; MFIS � Modified Fatigue Impact Scale;
MS � multiple sclerosis; PASAT � Paced Auditory Serial Addition Test; SDMT � Symbol Digit Modalities Test; SCID-I �
Structured Clinical Interview for the DSM-IV Axis I Disorders.

Cannabis research in patients with multiple sclerosis (MS) has largely focused on synthetic
derivatives of the drug. The clinical trials literature is small and suggests treatment may have
some mildly beneficial effects particularly in alleviating pain1 and bladder dysfunction,2 but
equivocal benefits for spasticity.3 The only clinical trial specifically focused on cognition as the
primary outcome measure failed to find any cognitive deficits associated with use of a cannabis-
based extract.4

Even less attention has focused on inhaled “street” cannabis. Data show that 36%–43% of
patients with MS have at some time smoked cannabis.5,6 The figure for current use, 14%–18%,
is more modest, but indicates that a substantial minority of patients with MS find cannabis
helpful for relief from pain, spasticity, insomnia, bladder problems, tremors, and emotional
distress.5,6
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The benefits reported above are, however,
subjective, and whether they are offset by po-
tentially adverse cognitive effects has yet to be
determined. A single pilot study suggested
that MS cannabis smokers had further com-
promise with respect to information process-
ing speed compared to nonusers.7 Given that
approximately 40%– 60% of patients with
MS are cognitively impaired to begin with,8,9

any drug that may add to this burden gives
cause for concern. The purpose of our study,
therefore, was to examine the neuropsycho-
logical effects of inhaled or ingested cannabis
on cognition in patients with MS.

METHODS Sample selection. Patients between the ages of
18 and 65 with confirmed MS10 were recruited from tertiary care
MS clinics affiliated with the University of Toronto. Exclusion
criteria included history of traumatic brain injury, psychotic ill-
ness, concurrent neurologic diseases, and poor visual acuity (less
than 20/70 corrected, both eyes). Those who had undergone
neuropsychological testing within the last year were also ex-
cluded in order to avoid possible practice effects.

Cannabis sample. Subjects who used cannabis recently and
whose urine tested positive for cannabinoids only (i.e., no other
illicit drugs were permissible) on the day of assessment were in-
cluded. Subjects who reported cannabis use less than 12 hours
prior to testing were excluded.

In addition, a history of cannabis use including age at onset,
duration, and frequency of cannabis use was recorded for all
subjects. The reasons for smoking cannabis were divided into 3
categories: medical, recreational, or a combination.

Control sample. MS cannabis users were group-matched (on
age, sex, Expanded Disability Status Scale [EDSS], disease course
and duration, level of education, and premorbid IQ based on the
American National Adult Reading Test [ANART]) to a control
group of 25 noncannabis-using patients with MS derived from a
larger control sample of 38 cannabis-naïve subjects with MS.
The control group was made up of subjects with MS who re-
ported no recent history of cannabis use and had urine that
tested negative for cannabinoids and other illicit drugs. A remote
history of occasional teenage use was not an exclusionary factor.

Urinalysis. A broad-spectrum analysis was conducted to deter-
mine the presence of the following substances: cannabis, cocaine,
opiates, amphetamines, and phencyclidine. The cannabinoid as-
say detects 11-nor-�-9-tetrahydrocannabinol-9-carboxylic
acid-B glucuronide (THC-COOH glucuronide) and 11-nor-�-
9-tetrahydrocannabinol-9-carboxylic acid (THC-COOH) in
urine. These levels are combined to provide a composite score.

Demographic and neurologic data. Demographic and
disease-related variables, namely age, sex, education, marital or
partner status, employment status, disease course, disease dura-
tion, and current medications were collected from each patient
and their medical charts. Neurologic disability according to the
EDSS11 was recorded from patient files. Alcohol consumption
referred to the total number of drinks (a glass of wine, shot of
spirits, or standard bottle [330 mL] of beer) consumed weekly.
Visual acuity was assessed using the Rosenbaum Pocket Screener.

Psychiatric assessment. The presence of lifetime psychiatric
disorders was established using the Structured Clinical Interview
for DSM-IV Axis I Disorders (SCID-I), Mood and Anxiety Dis-
order sections.12 In addition, all subjects completed the Hospital
Anxiety and Depression Scale (HADS), validated for use with
patients with MS.13 Fatigue was measured using the Modified
Fatigue Impact Scale (MFIS).14

Neuropsychological assessment. Premorbid intellectual
functioning was assessed with the ANART.15 Thereafter, patients
were administered the Minimal Assessment of Cognitive Func-
tion in MS (MACFIMS), a comprehensive battery of 7 tests
measuring 11 cognitive indices considered optimum for teasing
out deficits in this population.16 The MACFIMS is regarded as
the gold standard for cognitive assessment in MS and was put
together by consensus following a meeting of leading neuropsy-
chologists involved in MS research.17 The battery includes the
following tests: verbal learning and memory: The California Ver-
bal Learning Test–Revised (CVLT-II)18; visuospatial memory
and learning: Brief Visuospatial Memory Test–Revised (BVMT-
R)19; visual perception/spatial processing: the Judgment of Line
Orientation (JLO)20; verbal fluency/word retrieval: the Con-
trolled Oral Word Association Test (COWAT)21; executive
functions: the Delis-Kaplan Executive Function System (D-
KEFS) Sorting Test22; information processing speed and work-
ing memory: the Paced Auditory Serial Addition Test
(PASAT)8,23 with 3.0- and 2.0-second interstimulus intervals; in-
formation processing speed: the Symbol Digit Modalities Test
(SDMT).24

As specified in the MACFIMS validation data,17 global cog-
nitive impairment represents failure on 2 or more of 11 cognitive
indices. Impairment on a single test is defined as a z score of 1.5
or more below norms derived from age-, sex-, and education-
matched healthy control subjects. These normative data are pro-
vided in the test manuals.

Statistical analyses. Primary analysis included between-group
comparisons with t tests and �2 analyses. The Mann-Whitney U
test was used for non-normally distributed variables.

Further cognitive comparisons between cannabis users and
nonusers were performed with a series of linear regression analy-
ses, with each of the 11 cognitive indices as the dependent vari-
able and cannabis use as the independent variable. Age, sex,
education, EDSS, alcohol consumption, depression, anxiety,
and fatigue were entered sequentially into the analysis as covari-
ates. These variables were selected due to their potential effects
on cognition. Only covariates that changed the group coefficient
by 10% or more were retained in the final model for each cogni-
tive measure.

Similarly, binary logistic regression analysis was conducted
to investigate the effect of cannabis use on global cognitive im-
pairment after controlling for the potential confounds men-
tioned above. As before, only covariates that changed the group
coefficient by 10% or more were retained in the final model.

Pearson correlations were conducted to determine the associ-
ation between age at onset of cannabis use, duration of cannabis
use, and urine cannabinoid levels on the one hand and global
cognitive impairment on the other. �2 Analysis was used to de-
termine the association between duration of abstinence (12–24
hours vs greater than 24 hours) and global cognitive impairment.

Standard protocol approvals, registrations, and patient
consents. Ethics approval for the study was obtained from Re-
search Ethics Boards at Sunnybrook Health Sciences Centre and
St. Michael’s Hospital, both affiliated with the University of To-
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ronto. All participants provided written informed consent prior
to participating in the study. Patients were clearly informed of
the aim of the study, namely to examine the effect of cannabis
use on neuropsychiatric functioning in MS.

RESULTS Demographics and neurologic variables.
Entire sample. The sample consisted of 25 cannabis
users (11 women) and 25 nonusers (12 women). The
mean age of the entire sample was 43.60 (SD 10.7).
Thirty-three patients (66.0%) were married or co-
habitating and 21 (42.0%) were employed. Patients
had received an average of 14.0 years (SD 2.8) of
education. Average disease duration was 12.1 years
(SD 9.4). The breakdown of disease course was as
follows: relapsing-remitting 72.0%; secondary pro-
gressive 18.0%; primary progressive 10.0%. The me-
dian EDSS score was 3.0 (mean 3.32, SD 2.39, range
0 – 8.5). Twenty patients (40.0%) were taking

disease-modifying drugs. Patients consumed a me-
dian of 2.0 alcoholic beverages per week (mean 3.0,
SD 3.3, range 0–12). Four subjects had taken ste-
roids within the last 3 months.

Comparison between cannabis users and nonusers.

Comparisons between cannabis users and nonusers
on demographic and disease-related variables are pre-
sented in table 1. There were no statistically signifi-
cant group differences for age, sex, years of
education, marital status, EDSS, disease course, du-
ration of MS, and use of disease-modifying drugs.
Cannabis users were significantly more likely to be
unemployed. Cannabis users also reported slightly
higher alcohol consumption compared to nonusers,
although this difference did not reach statistical
significance.

Cannabis use. The average age at onset of cannabis
use was 17.0 years (median 15.0, SD 6.6, range 13–
47) and the average duration of cannabis use was
26.6 years (median 31.0, SD 12.1, range 1– 41).
Eighteen subjects (72.0%) used cannabis on a daily
basis, 6 (24.0%) reported weekly use, and one re-
ported biweekly use. Most cannabis users (n � 24)
reported inhalation (smoking or vaporization)
whereas one reported consumption of food products
containing cannabis. Eight subjects (32.0%) re-
ported using cannabis for medicinal reasons, 3
(12.0%) for recreational reasons, and 14 (56.0%) for
a combination.

Mean level of urine cannabinoid metabolites was
174.4 �g/L (SD 40.8, range 61–�200) and the
broad-spectrum drug screen indicated that no sub-
ject had used any illicit drugs other than cannabis.
The period of abstinence from cannabis use ranged
from 12 hours to 14 days prior to testing with most
patients (n � 18) reporting their last use on the eve-
ning prior to testing. The remaining 7 subjects had
not used cannabis for more than 24 hours.

Urine drug screening indicated that none of the
noncannabis users tested positive for cannabinoids or
any other nonmedicinal substances.

Psychiatric assessment. The lifetime prevalence of
major depression for the entire sample was 56.0%.
Lifetime prevalences for anxiety disorders were as fol-
lows: generalized anxiety disorder 26.0%; panic dis-
order 20.0%; phobia 4.0%; obsessive compulsive
disorder 2.0%; and post-traumatic stress disorder
4.0%. Lifetime prevalence for any of the anxiety dis-
orders was 36.0%.

Psychiatric comparison between cannabis users
and nonusers is presented in table 2. There were no
significant differences between groups in the lifetime
prevalences of psychiatric disorders and use of anti-
depressant medication. Similarly, scores on HADS

Table 1 Demographic and neurologic variables for MS cannabis users
and nonusers

Sample characteristics
Cannabis
users Nonusers t or �2 p

Age, y, mean (SD) 43.6 (11.7) 43.6 (9.8) t � 0.000 1.000

F/M 11/14 12/13 �2 � 0.081 0.777

Education, y, mean (SD) 13.5 (2.8) 14.6 (2.8) t � �1.482 0.145

ANART, mean (SD) 108.6 (9.7) 112.5 (7.1) t � �1.581 0.120

Employment status, n (%)
currently employed

7 (28.0) 14 (56.0) �2 � 4.023 0.045

Marital status, n (%) married/
common-law

16 (64.0) 17 (68.0) �2 � 0.089 0.765

Disease duration, y, mean (SD) 11.4 (7.6) 12.7 (11.0) t � �0.479 0.634

Disease course, n

Relapsing-remitting 17 19 �2 � 0.422 0.810

Primary/secondary
progressive

3/5 2/4

EDSS, median (range) 3.0 (0–8.5) 2.0 (0–8.0) t � 1.186 0.241

Disease-modifying drugs, n (%) 11 (44.0) 9 (36.0) �2 � 0.333 0.564

Alcohol, n/wk, median (range) 2.5 (0–12) 1.0 (0–8) t � 1.870 0.068

Abbreviations: ANART � American National Adult Reading Test; EDSS � Expanded Dis-
ability Status Scale; MS � multiple sclerosis.

Table 2 Comparison of MS cannabis users and nonusers on
psychiatric measures

Variable

Cannabis
users,
mean (SD)

Nonusers,
mean (SD) t or �2 p

SCID-I major depression, lifetime, n (%) 15 (60.0) 13 (52.0) �2 � 0.325 0.569

SCID-I anxiety disorder, lifetime, n (%) 10 (40.0) 8 (32.0) �2 � 0.347 0.556

Antidepressants, n (%) taking 10 (40.0) 12 (48.0) �2 � 0.325 0.569

HADS depression subscore 7.0 (4.4) 6.7 (4.9) t � 0.182 0.856

HADS anxiety subscore 8.8 (4.7) 7.00 (5.7) t � 1.225 0.227

Modified Fatigue Impact Scale 46.3 (16.2) 40.4 (24.2) t � 1.022 0.322

Abbreviations: HADS � Hospital Anxiety and Depression Scale; MS � multiple sclerosis;
SCID-I � Structured Clinical Interview for the DSM-IV axis I disorders.
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Depression and Anxiety subscales and the MFIS
showed no significant differences between cannabis
users and nonusers (table 2).

Neuropsychological assessment. Neuropsychological
comparisons between cannabis users and nonusers
are presented in table 3. Cannabis users scored signif-
icantly lower on the PASAT-3, PASAT-2, JLO,
SDMT, and D-KEFS Sorting Test and Description
scores. There were no between-group differences on
CVLT–immediate recall, CVLT– delayed recall,
BVMT–immediate recall, BVMT– delayed recall,
and COWAT.

Of all 50 patients, 24 (48.0%) were classified as
cognitively impaired. Cannabis users were signifi-
cantly more likely to be classified as globally im-
paired compared to nonusers (�2 � 5.13, p � 0.024;
table 3).

Although the cannabis users and nonusers were
group-matched on demographic and disease-related
variables, we further analyzed our data with the aim
of exploring the effect of cannabis use on each cogni-
tive measure independent of age, sex, education, al-
cohol consumption, EDSS, depression, anxiety, and
fatigue. The final regression models reveal that can-
nabis use remained a significant independent predic-
tor of performance on the PASAT-2, JLO, SDMT,
D-KEFS Sorting Score, and global cognitive impair-
ment, but not on CVLT–immediate recall, CVLT–
delayed recall, BVMT–immediate recall, BVMT–
delayed recall, COWAT, PASAT-3, and D-KEFS
Description Score (table 4). Exclusion of the one

subject who indicated only ingesting cannabis in
food products did not significantly alter the findings.

Global cognitive impairment was not signifi-
cantly correlated with urine cannabinoid levels (r �

�0.321, p � 0.118), age at cannabis use onset (r �

�0.321, p � 0.118), or duration of cannabis use
(r � 0.158, p � 0.451). The period of abstinence
from cannabis use was not associated with global
cognitive impairment (�2 � 0.198, p � 0.673).

DISCUSSION The specific aim of this prospective
study was to examine the effects of smoked or in-
gested cannabis on cognitive function in patients
with MS. We found that cannabis users had greater
deficits on information processing speed, working
memory, executive function, and visuospatial per-
ception compared to a sample of nonusers group-
matched on age, sex, education, premorbid
intelligence, EDSS, and disease course. Cannabis us-
ers were also twice as likely as nonusers to meet crite-
ria for global cognitive impairment. Most of these
between-group differences were retained after con-
trolling for potential confounds.

Cognitive dysfunction affects approximately
40%–60% of patients with MS8,9 with detrimental
effects on personal, social, and occupational func-
tioning.8 Cognitive functioning is also a major deter-
minant of quality of life.25 Given these adverse
psychosocial effects, identifying risk factors associ-
ated with further cognitive impairment is important.
Although not the focus of the present investigation,

Table 3 Cognitive test comparisons between MS cannabis users and nonusers

Cognitive domain Cognitive test

Cannabis users,
mean (SD)/n (%)
impaired

Nonusers, mean
(SD)/n (%)
impaired t or �2 p

Learning and memory CVLT-II immediate recall 49.5 (10.9) 52.5 (11.2) t � �0.969 0.337

CVLT-II long delay recall 10.6 (3.6) 11.2 (2.7) t � �0.681 0.499

BVMT-R total recall 22.1 (8.3) 22.8 (7.6) t � �0.284 0.777

BVMT-R delayed recall 8.2 (3.1) 8.7 (3.1) t � 0.545 0.588

Verbal fluency COWAT total score 31.0 (11.9) 33.7 (10.8) t � �0.845 0.403

Visuospatial perception JLO scorea 23.9 (4.7) 26.7 (3.5) t � �2.417 0.020

Executive functioning D-KEFS sorting score 8.4 (2.4) 10.3 (2.7) t � �2.704 0.009

D-KEFS description
score

31.4 (9.5) 37.4 (10.4) t � �2.127 0.039

Information processing speed PASAT 3.0 36.0 (12.0) 44.0 (11.4) t � �2.402 0.020

PASAT 2.0 26.1 (7.6) 35.0 (11.7) t � �3.188 0.003

SDMT Total 42.4 (11.4) 50.4 (12.9) t � �2.329 0.024

Global cognitive impairment �1.5 SD on 2 or more of
11 cognitive tests, n (%)

16 (64.0) 8 (32.0) �2 � 5.128 0.024

Abbreviations: CVLT � California Verbal Learning Test; BVMT-R � Brief Visuospatial Memory Test–Revised; COWAT �

Controlled Oral Word Association Test; JLO � Judgment of Line Orientation; D-KEFS � Delis-Kaplan Executive Functions
Test; MS � multiple sclerosis; PASAT � Paced Auditory Serial Addition Test; SDMT � Symbol Digit Modalities Test.
a JLO score corrected for sex and age.
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it is plausible that the additional cognitive deficits
associated with chronic cannabis use have deleterious
psychosocial ramifications. For example, our study
found that cannabis users were twice as likely to be
unemployed than nonusers. While the reasons for
this are not clear, an association between impaired
cognitive performance and unemployment in pa-
tients with MS has been reported,26 thereby suggest-
ing a putative link with our cannabis findings.

To date, the clinical trials literature on the effects
of cannabis on cognition in patients with MS is
sparse, largely limited to synthetic cannabis deriva-
tives or cannabis-based extracts, with measures of
cognition confined to secondary analysis. Results are
equivocal, with deficits in long-term memory storage
reported by one study1 contrasting with an absence
of deleterious cognitive problems associated with
cannabinoids reported by others.4,27 The discrepancy
between these negative findings and our results may
be attributable to differences in pharmacokinetics be-
tween the various forms of cannabis and their routes
of administration. Oral administration of cannabi-

noids has a slower onset of action, more erratic pat-
terns of absorption, and lower peak concentration
compared to inhaled cannabis, which allows for bet-
ter absorption than oral THC.

The results of our study are consistent with data
from an earlier pilot study that revealed that patients
with MS who smoked cannabis performed significantly
more poorly than cannabis-naïve patients on a test of
information processing speed.7 While informative, the
earlier study had a small sample size (10 cannabis users),
a limited neuropsychological battery, and the absence of
urinalysis confirming cannabis use. Our present study,
by virtue of a more robust methodology, extends these
earlier results and links smoked or ingested cannabis to
more extensive cognitive deficits.

The paucity of cognitive data pertaining to the
use of inhaled cannabis in patients with MS contrasts
with a much larger literature obtained from general
population studies. Results here have varied accord-
ing to the timing of the neuropsychological inquiry.
For example, there is a consistent body of evidence
showing that individuals who are acutely intoxicated

Table 4 Linear regression analyses for significant cognitive tests and cannabis usea

Cognitive domain Cognitive test indices Covariatesb B (95% CI) p

Learning and memory CVLT-II immediate recall Sex, education, EDSS,
alcohol consumption,
HADS anxiety

1.451 (�5.093 to 7.995) 0.657

Verbal fluency CVLT-II long delay recall Sex, education, EDSS,
alcohol consumption,
HADS anxiety, MFIS

0.399 (�1.286 to 2.084) 0.635

Visuospatial perception BVMT-R total recall Sex, education, EDSS,
alcohol consumption,
HADS anxiety, MFIS

�0.315 (�5.156 to 4.526) 0.896

Executive functioning BVMT-R delay recall Education, EDSS,
alcohol consumption,
HADS anxiety, MFIS

0.215 (�1.806 to 2.235) 0.831

Information processing speed COWAT total score Sex, Education, EDSS,
HADS anxiety, MFIS

1.832 (�5.115 to 8.779) 0.533

Global cognitive impairment JLO score HADS anxiety, MFIS 2.904 (0.545 to 5.263) 0.017

D-KEFS sorting score Education, alcohol
consumption

1.676 (0.274 to 3.077) 0.020

D-KEFS description
Score

Education, EDSS,
alcohol consumption

4.943 (�0.663 to 10.548) 0.083

PASAT -3.0 Sex, education, alcohol
consumption, HADS
anxiety

4.355 (�2.600 to 11.310) 0.214

PASAT 2.0 Education 8.007 (2.347 to 3.667) 0.007

SDMT total EDSS, alcohol
consumption

7.116 (0.337 to 13.895) 0.040

�1.5 SD on 2 or more of
11 cognitive tests, n (%)

Education �1.468 (1.265 to 14.887) 0.020

Abbreviations: BVMT-R � Brief Visuospatial Memory Test–Revised; CI � confidence interval; COWAT � Controlled Oral
Word Association Test; CVLT � California Verbal Learning Test; EDSS � Expanded Disability Status Scale; HADS � Hospi-
tal Anxiety and Depression Scale; JLO � Judgment of Line Orientation; D-KEFS � Delis-Kaplan Executive Functions Test;
MFIS � Modified Fatigue Impact Scale; PASAT � Paced Auditory Serial Addition Test; SDMT � Symbol Digit Modality Test.
a All models contained group as a predictor. Model parameters are presented for cannabis group after controlling for
confounds.
b Only variables that changed the coefficient for cannabis group by 10% or more were retained in the final model as
covariates.
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display impaired memory, slowed information pro-
cessing speed, and poor attention.28,29 What defines
acute intoxication in the literature is somewhat arbi-
trary, with studies using 4 to 24 hours as the cutoff
period.28,29 Of note, however, is that pharmacoki-
netic studies have shown that the acute cognitive ef-
fects of cannabis attributable to the initial rapid rise
in serum THC begin tapering off 3 to 5 hours after
consumption.30,31 Given that we did not want to test
cognition in patients who were acutely intoxicated,
we set a time frame for psychometric testing as
greater than 12 hours following the last inhalation or
ingestion of cannabis. The literature from the general
population suggests, with few exceptions,32 that there
are residual, adverse cognitive difficulties extending
beyond this period.33-35 Our finding in the cannabis
users replicates this picture and points toward the
detrimental effects of cannabis persisting beyond in-
toxication. While it is likely that these persistent def-
icits are due to the residual effects of the drug itself,
whether and to what extent withdrawal effects fol-
lowing a short period of abstinence contribute as well
cannot be ascertained from our data. Notably, we did
not find an association between cognitive perfor-
mance and duration of abstinence (12–24 hours vs
greater than 24 hours) in this study.

Cognitive dysfunction in our sample was not as-
sociated with the level of cannabinoid metabolites
detected in the urine and the age at onset, duration of
cannabis use, or abstinence. It is, however, possible
that the lack of association may be an artifact of our
sample selection where the overwhelming majority of
our cannabis users began using the drug in adoles-
cence and in whom urinary levels of metabolites clus-
tered tightly at the upper limits of the range of
detection. Our data also diverged from the general
population finding of higher rates of psychopathol-
ogy in cannabis users.36 This pertained both to the
lifetime prevalence of these disorders and current in-
dices of emotional distress as captured by the HADS.
This result may, in part, be attributed to the already
high prevalence of depressive and anxiety disorders
associated with MS itself.37,38

A notable cognitive finding from our study was
that twice as many cannabis users were rated as glob-
ally impaired when compared with the noncannabis
users. While our methodology did not address etio-
logic constructs, fMRI data from patients with MS
have consistently shown that in response to a cogni-
tive challenge, ancillary brain activation occurs as a
compensatory response to the presence of cerebral
pathology.39,40 It is therefore tempting to speculate
that the deleterious effects of cannabis may be linked
to an inhibition of these compensatory responses. In
addition, functional imaging findings from the gen-

eral psychiatry literature have demonstrated lower
global and prefrontal blood flow in cannabis users
even before they are challenged with a cognitive
task.40 These resting state data suggest that a degree
of “background” cerebral compromise may further
complicate cognitive functioning.

Our study has limitations. The cross-sectional de-
sign limits our ability to establish a cause and effect rela-
tionship between cannabis use and greater cognitive
dysfunction. It is also important to emphasize that our
results are derived from patients who have smoked can-
nabis on a regular basis, as much as several times per
day, for more than 2 decades. These results do not nec-
essarily extend to occasional cannabis use or frequent
use for a brief period of time. Indeed, studies of canna-
bis use in healthy individuals have shown that the cog-
nitive effects of cannabis are dose-dependent, with
deficits in cognition primarily observed in heavy canna-
bis users34,35 and those who use cannabis over a long
period of time.35 Our study also does not address the
reversibility of these cognitive deficits following long-
term abstinence from the drug. Finally, our modest
sample size introduces a cautionary note.

Our study demonstrates that inhaled or ingested
cannabis is associated with adverse effects on cogni-
tion following prolonged use. Given the prevalence
of cannabis use in patients with MS, further research
is needed to replicate these findings in a larger sample
and to explore the cerebral underpinnings of how
these changes may come about.

ACKNOWLEDGMENT
The authors thank Alex Kiss, PhD, Institute for Clinical and Evalua-

tive Sciences and Department of Research Design and Biostatistics,

University of Toronto, for providing statistical support; Warren

Walsh, BSc, Senior Resource Technologist at the Hospital for Sick

Children, Department of Pediatric Laboratory Medicine, for supervis-

ing all toxicology testing; and Liesly Lee, MD, and Kathleen Carr, RN,

for assisting with recruitment.

DISCLOSURE
K. Honarmand has received speaker honoraria from EMD Serono,

Inc.; and receives/has received support from an Ontario Graduate

Scholarship and an MS Society of Canada Research Studentship grant.

Dr. Tierney reports no disclosures. Dr. O’Connor serves on scientific

advisory boards for Novartis, Sanofi-Aventis, Bayer Schering Pharma,

Genentech, Inc., and Roche; has received speaker honoraria from Bio-

gen Idec, Teva Pharmaceutical Industries Ltd., Novartis, and Sanofi-

Aventis; has served as a consultant for Biogen Idec, Actelion

Pharmaceuticals Ltd, Bayer Schering Pharma, EMD Serono, Inc.,

Teva Pharmaceutical Industries Ltd., Genentech Inc., and Warburg

Pincus; has received research support from Abbott, Bayer Schering

Pharma, Novartis, BioMS Medical, Sanofi-Aventis, CIS Pharma, Gen-

mab A/S, Cognosci, Inc., Wyeth, Daiichi Sankyo, and Roche; and

serves as the National Scientific and Clinical Advisor to the MS Soci-

ety of Canada. Dr. Feinstein has served on scientific advisory boards

for Merck Serono and Avanir Pharmaceuticals; has received speaker

honoraria from Merck Serono, Teva Pharmaceutical Industries Ltd.,

Bayer Schering Pharma, and Biogen Idec; serves on the editorial

boards of Multiple Sclerosis and the African Journal of Psychiatry; re-

ceives publishing royalties for The Clinical Neuropsychiatry of Multiple

Sclerosis (Cambridge University Press, 2007); serves on the Medical

1158 Neurology 76 March 29, 2011



Advisory Committee for the Multiple Sclerosis Society of Canada;

conducts neuropsychiatric evaluation, cognitive testing, brain imaging

in neuropsychiatry in his clinical practice (20% effort); and receives

research support from Teva Pharmaceutical Industries Ltd., Merck

Serono, Canadian Institute of Health Research, and the Multiple Scle-

rosis Society of Canada.

Received August 3, 2010. Accepted in final form December 17, 2010.

REFERENCES
1. Rog DJ, Nurmikko TJ, Friede T, Young CA. Random-

ized, controlled trial of cannabis-based medicine in central
pain in multiple sclerosis. Neurology 2005;65:812–819.

2. Freeman RM, Adekanmi O, Waterfield MR, Waterfield
AE, Wright D, Zajicek J. The effect of cannabis on urge
incontinence in patients with multiple sclerosis: a multi-
centre, randomized placebo-controlled trial (CAMS-
LUTS). Int Urogynecol J 2006;17:636–641.

3. UK MS Research Group, Zajicek J, Fox P, et al. Cannabi-
noids for treatment of spasticity and other symptoms re-
lated to multiple sclerosis (CAMS study): multicentre
randomized placebo-controlled trial. Lancet 2003;362:
1517–1526.

4. Aragona M, Onesti E, Tomassini V, et al. Psychopatholog-
ical and cognitive effects of therapeutic cannabinoids in
multiple sclerosis: a double-blind, placebo controlled,
crossover study. Clin Neuropharmacol 2009;32:41–47.

5. Clark AJ, Ware MA, Yazer E, Murray TJ, Lynch ME. Pat-
terns of cannabis use among patients with multiple sclero-
sis. Neurology 2004;62:2098–2100.

6. Martinez-Rodriguez JE, Munteis E, Carreno M, et al.
Cannabis use in Spanish patients with multiple sclerosis:
Fulfillment of patient expectations? J Neurol Sci 2008;
273:103–107.

7. Ghaffar O, Feinstein A. Multiple sclerosis and cannabis: a cogni-
tive and psychiatric study. Neurology 2008;71:164–169.

8. Rao SM, Leo GJ, Bernardin L, Unverzagt F. Cognitive
dysfunction in multiple sclerosis: I: frequency, patterns,
and prediction. Neurology 1991;41:685–691.

9. Lyon-Caen O, Jouvent R, Hauser S, et al. Cognitive func-
tion in recent-onset demyelinating diseases. Arch Neurol
1986;43:1138–1141.

10. McDonald WI, Compston A, Edan G, et al. Recom-
mended diagnostic criteria for multiple sclerosis: guide-
lines from the International Panel on the Diagnosis of
Multiple Sclerosis. Ann Neurol 2001;50:121–127.

11. Kurtzke JF. Rating neurologic impairment in multiple
sclerosis: an Expanded Disability Status Scale (EDSS).
Neurology 1983;33:1444–1452.

12. American Psychiatric Association. Diagnostic and Statisti-
cal Manual of Mental Disorders, 4th ed. Washington, DC:
American Psychiatric Association; 1994.

13. Honarmand K, Feinstein A. Validation of the Hospital
Anxiety and Depression Scale for use with multiple sclero-
sis patients. Mult Scler 2009;15:1518–1524.

14. Fisk JD, Ritvo PG, Ross L, Haase DA, Marrie TJ, Schlech
WF. Measuring the functional impact of fatigue: initial
validation of the Fatigue Impact Scale. Clin Infect Dis
1994;18:S79–S83.

15. Nelson HE. National Adult Reading Test (NART): test
manual. Windsor, UK: NFER Nelson; 1982.

16. Benedict RHB, Fischer JS, Archibald CJ, et al. Minimal
neuropsychological assessment of MS patients: a consensus
approach. Clin Neuropsychol 2004;16:381–397.

17. Benedict RHB, Cookfair D, Gavett R, et al. Validity of

the minimal assessment of cognitive function in multi-

ple sclerosis (MACFIMS). J Int Neuropsychol Soc

2006;12:549 –558.

18. Delis DC, Kramer JH, Kaplan E, Ober BA. California

Verbal Learning Test Manual, Adult Version, 2nd ed. San

Antonio, TX: Psychological Corporation; 2000.

19. Benedict RHB. Brief Visuospatial Memory Test–Revised:

Professional Manual. Odessa, FL: Psychological Assess-

ment Resources, Inc.; 1997.

20. Benton AL, Sivan AB, Hamsher K, Varney NR, Spreen O.

Contributions to Neuropsychological Assessment, 2nd ed.

New York: Oxford University Press; 1994.

21. Benton AL, Hamsher K. Multilingual Aphasia Examina-

tion Manual. Iowa City: University of Iowa; 1989.

22. Delis DC, Kaplan E, Kramer JH. Delis-Kaplan Executive

Function System. San Antonio, TX: Psychological Corpo-

ration; 2001.

23. Gronwall DMA. Paced Auditory Serial Addition Test: a

measure of recovery from concussion. Percept Mot Skills

1977;44:367–373.

24. Smith A. Symbol Digit Modalities Test Manual. Los An-

geles: Western Psychological Services; 1973.

25. Benito-Leon J, Morales JM, Rivera-Navarro J. Health-

related quality of life and its relationship to cognitive and

emotional functioning in multiple sclerosis patients. Eur

J Neurol 2002;9:497–502.

26. Beatty WW, Blanco CR, Wilbanks SI, Paul RH. Demo-

graphic, clinical, and cognitive characteristics of multiple

sclerosis patients who continue to work. Neurorehabil

Neural Repair 1995;9:167–173.

27. Wade DT, Makela P, Robson P, House H, Bateman C.

Do cannabis-based medicinal extracts have general or spe-

cific effects on symptoms in multiple sclerosis? A double-

blind, randomized, placebo-controlled study on 160

patients. Mult Scler 2004;10:434–441.

28. Leirer VO, Yesavage JA, Morrow DG. Marijuana carry-

over effects on aircraft pilot performance. Aviat Space En-

viron Med 1991;62:221–227.

29. Barnett G, Licko V, Thompson T. Behavioral pharmacoki-

netics of marijuana. Psychopharmacology 1985;85:51–56.

30. Grotenhermen F. Pharmacokinetics and pharmacody-

namics of cannabinoids. Clin Pharmacokinetics 2003;

42:327–360.
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Cannabis use in patients with multiple sclerosis

MS Chong1,4, K Wolff2, K Wise2, C Tanton3, A Winstock2 and E Silber1

Introduction Little is known about the extent and patterns of cannabis use in people with multiple
sclerosis (MS).
Methods MS patients attending neurology outpatient clinics at two hospitals in London and one in
Kent, UK completed a questionnaire.
Results Questionnaires were completed by 254/337 (75%) MS patients. Forty-three per cent had
used cannabis at some stage (ever users). Of these, 68% (75/110) had used cannabis to alleviate
symptoms of MS (MS-related cannabis use). Forty-six (18%) had used cannabis in the last month
(current users), of whom 12% (31/254) had used it for symptom relief. Being married or having a
long-term partner, tobacco smokers and increasing disability were independent risk factors for MS-
related cannabis use. Compared to patients who could walk unaided, cannabis use was more likely
in those who were chair-bound (adjusted OR 2.47; 1.10�5.56) or only able to walk with an aid
(adjusted OR 1.56; 0.90�3.60). Pain and spasms were common reasons for cannabis use. Seventy-
one per cent of individuals who had never used cannabis said they would try the drug if it were
available on prescription.
Conclusion A large proportion of MS patients had tried cannabis for symptom control, however
current use was small. A subgroup with greater disability appears to derive some symptomatic
benefit. Multiple Sclerosis 2006; 12: 646�651. www.sagepub.co.uk

Key words: addiction; cannabis; multiple sclerosis; pain; spasticity

Introduction

Multiple sclerosis (MS) is the most common cause
of neurological disability affecting young adults in
the UK. Drug therapies for MS include steroids for
acute relapses and disease-modifying agents, how-
ever symptom control remains the cornerstone of
management. Conventional drug therapies have
limited benefit in alleviating symptoms, often
because of adverse effects, leading a number of
patients with MS to use alternative therapies.
Cannabis was legally prescribed in the UK until it
was reclassified as a Schedule 1 drug within the
1971 Misuse of Drugs Act. In spite of this, anecdotal
evidence suggests that many patients continue to
use cannabis illegally for medicinal purposes.

The medical use of cannabis is the subject of
medical research and public debate [1,2]. A recent
report by the House of Lords Select Committee

recommended that cannabis be reclassified as a
Schedule 2 drug, enabling medical prescription.
Cannabinoids have been purported to alleviate a
variety of MS-related symptoms including spasti-
city, pain, tremor and bladder dysfunction [3].
Interest in the potential therapeutic uses in MS
had resulted in The Medical Research Council
funding a national placebo-controlled trial to assess
the efficacy of synthetic ^9 tetrahydrocannabinol
(THC) and cannabis extract for alleviating MS
symptoms [4].

Despite limited evidence of efficacy, it was our
impression that many MS patients use cannabis for
medicinal purposes. There have been anecdotal
reports where people with MS describe benefits
from the drug and a limited number of studies
have systematically tried to address the extent,
reasons for and patterns of use in a variety of
neurological conditions, including MS [5�11]. We
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aimed to assess the extent and patterns of cannabis
use amongst MS patients in South East London and
surroundings. We surveyed MS patients to deter-
mine whether there are demographic, behavioural
and MS-disability-related factors associated with the
medicinal use of cannabis. We also report the
perceived benefits and adverse effects of cannabis
use.

Methods

Patients with a diagnosis of MS known to the
Neurology Departments of Kings College Hospital
and the Queen Elizabeth Hospitals in South Lon-
don and The Medway Hospital in Kent were
recruited. Patients under 18 years of age, those
with severe mental health problems and those
unwilling or unable to give consent were excluded.
Information was collected through a self-report
questionnaire, which was developed after consulta-
tion with and piloting amongst one of the local MS
patient support groups. The questionnaire com-
prised a number of components: (a) demographic
details, (b) MS history including disease duration,
and disability using the Guy’s Neurological Dis-
ability Scale [12], (c) current and previous cannabis
and other recreational drug use, and (d) subjects
were asked about current symptoms using a list
derived from clinical experience and patient re-
ports; for each symptom they were asked whether
cannabis had been used to try to relieve this and its
perceived efficacy.

Subjects who had used cannabis at least once
were defined as ‘ever users’. Those who were using
cannabis at least once a month at the time of the
survey were defined as ‘current users’. ‘MS-related
cannabis use’ was defined as those individuals who
reported that they had (1) not used cannabis before
developing MS and that they had started because of
MS or (2) those who would not use cannabis if they
did not have MS.

Data were entered into SPSS and analysed using
STATA (Stata Corporation Texas). Those who com-
pleted questionnaires were compared to ‘non-re-
sponders’. Comparison was made between MS-
related users and the rest of the group (non-users
and recreational users) and possible risk factors for
MS-related cannabis use were determined. Odds
ratios (ORs) and 95% confidence intervals
(95%CIs) for MS-related cannabis use were calcu-
lated using logistic regression.

Results

A response rate of 75% (254/337) was achieved with
higher completion among women (79% versus

66%; P�/0.01). Amongst men, there was a tendency
for a lower response rate in those aged less than 50
years compared to those aged 50 or older (P�/0.08).

Characteristics of patients included in the study
are shown in Table 1. The median age was 49 years
and one-quarter were male. Sixty-five per cent were
non-smokers and the majority (66%) drank alcohol
within national recommended limits (21 units/
week for males and 14 units for females). Nearly
70% of those who completed the questionnaire
were either married or cohabiting with a partner
and 40% of households had children living at
home. MS was diagnosed within the last five years
in 34%; between 5 and 15 years ago in 40%; and
�/15 years ago in 23% of patients. In terms of lower-
limb disability, 29% were able to walk indepen-
dently, 45% required an aid to walk and 25%
required a wheelchair for at least part of the day.
When asked to rate their disability, 28% classified
themselves as having no or mild disability, 59%
reported moderate disability and 12% severe dis-
ability. Fifty-two per cent were unable to work or
were medically retired.

One hundred and ten subjects (43%) reported
having used cannabis at least once in their lifetime
(ever users). Amongst ‘ever users’ (excluding an
individual who only used cannabis in a trial), first
cannabis use was split fairly evenly before and after
the diagnosis of MS. Of the 59 individuals who used
cannabis for the first time after diagnosis, 90%
reported starting because of their MS. Forty-six
(18%) subjects were using cannabis at the time of
the survey (current-users, Table 2) and 12% (31/
247) reported using cannabis in an attempt to
alleviate MS symptoms.

Seventy-five patients (30%) reported cannabis
use to attempt to alleviate MS symptoms (MS-
related users). The symptoms for which cannabis
was used and its perceived effect are shown in
Table 3. The most commonly cited symptoms for
cannabis use were pain and spasms (�/80%) and the
majority of persons using it for these symptoms
reported benefit. Seventy-one per cent of indivi-
duals who had never used cannabis stated that they
would try the drug if it were legal or available on
prescription.

Comparison of MS-related cannabis users with
the rest of the group (Table 1) showed that they
were less likely to be single than married or
cohabiting. Whether there were children living at
home did not influence the risk of using cannabis.
There was a strong association between smoking
cigarettes and MS-related cannabis use, but no
significant association with alcohol consumption
or other illicit drug use. There was no significant
geographical variation between the three survey
sites with regard to cannabis use.
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The risks of MS-related cannabis use increased
with greater physical disability. Use was higher in
those who rated their disability as moderate or
severe and there was a significant trend to increas-
ing use with greater lower-limb dysfunction (OR
1.56; 95%CI 1.07�2.28; Ptrend�/0.02). The odds of
cannabis use were approximately double among
those who had upper-limb problems that made
them dependent upon others (OR�/2.22; 95%CI
1.04�4.32) compared with those with no upper-
limb disability. MS-related cannabis use did not
correlate with fatigue, mood, cognitive, visual,
speech or swallowing problems. There was a ten-
dency to greater use of cannabis amongst those

reporting bowel and sexual dysfunction but these
were not statistically significant. Multivariate ana-
lysis (Table 4) identified tobacco smoking and
marital status as independent risk factors for MS-
related cannabis use. There was a tendency to
lower-limb disability as a risk factor for cannabis
use however this did not reach statistical signifi-
cance.

The side effects experienced by MS-related can-
nabis users are shown in Table 5. The most
common of these were feeling ‘quiet and mellow’
(41%), sedated (35%), euphoric (‘giggly’ 27%), ‘lazy’
(23%) and increased appetite (29%). Three subjects
reported that cannabis made them feel ‘paranoid’, a

Table 1 Comparison of risk factors between MS-related cannabis users (n�/75) and non-MS-related cannabis users (n�/179)

Users n (%) Non-users n (%) Univariate Ors (95%CI) P-value

Age group 0.15
B/40 years 19 (25.3) 46 (27.1) 1

40�49 years 16 (21.3) 54 (31.8) 0.72 (0.33�1.55)

50�/ years 40 (53.3) 70 (41.2) 1.38 (0.71�2.68)

Sex 0.19
Male 23 (30.7) 39 (22.7) 1
Female 52 (69.3) 133 (77.3) 0.66 (0.36�1.22)

Ethnicity 0.10
UK White 72 (96.0) 155 (90.1) 1
Other 3 (4.0) 17 (9.9) 0.38 (0.11�1.34)

Marital status 0.005
Married/cohabiting 55 (74.3) 115 (69.3) 1
Divorced/Separated 15 (20.3) 19 (11.5) 1.65 (0.78�3.49)
Single 4 (5.4) 32 (19.3) 0.26 (0.09�0.78)

Children at home 0.50
Yes 28 (37.8) 69 (41.3) 1
No 46 (62.2) 98 (58.7) 1.22 (0.69�2.14)

Educational level 0.54
5/16 years old 37 (50.7) 79 (48.8) 1
16�18 years old 23 (31.5) 49 (30.3) 1.00 (0.53�1.88)
Tertiary education 10 (13.7) 19 (11.7) 1.12 (0.48�2.65)
Other 3 (4.1) 15 (9.3) 0.43 (0.12�1.57)

Smoking status 0.001
Non-smoker 37 (49.3) 124 (72.1) 1
Smoker 38 (50.7) 48 (27.9) 2.65 (1.51�4.65)

Alcohol consumption 0.36
Non-drinker 22 (31.4) 42 (26.3) 1
Within recommended limits 46 (65.7) 107 (66.9) 0.82 (0.44�1.53)
Over recommended limits 2 (2.9) 11 (6.9) 0.35 (0.07�1.71)

Other illicit drug use 0.27
No 58 (80.6) 145 (86.3) 1
Yes 14 (19.4) 23 (13.7) 1.52 (0.73�3.16)

Mobility 0.06
Able to walk unaided 15 (20.0) 57 (33.5) 1
Able to walk only with aid 36 (48.0) 76 (44.7) 1.80 (0.90�3.60)
Largely chair-bound 24 (32.0) 37 (21.8) 2.46 (1.15�5.30)

Self-rated disability 0.05
None/mild 15 (20.0) 54 (32.0) 1
Moderate/severe 60 (80.0) 115 (68.1) 1.88 (0.98�3.60)

Non-MS-related cannabis users included non-users and recreational users. All subjects did not complete each question, thus totals do

not add up to 254.
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further three said it exacerbated their weakness and
one experienced hallucinations. The most fre-
quently expressed concerns raised by MS-related
users were that not enough research had been
carried out on the medicinal use of cannabis for
MS (59%), potential harm from smoking tobacco
with cannabis (41%), including effects on their
lungs (32%), risk of dependence (31%), interference
with other treatments (27%), cognitive effects
(25%), effects on mood (21%), financial costs
(48%) and possible stigma (25%).

Discussion

Our results raise a number of issues including the
extent of cannabis use amongst our subjects, the
clinical efficacy of cannabis, the risk factors for MS-
related use and possible adverse effects. Almost half
of the respondents had tried cannabis at some time
and of these 68% were ‘MS-related users’. There was

a significant correlation between MS-related canna-
bis use and disability. The other independent
determinants of cannabis use were being married
or in a stable relationship and cigarette smoking.
Possible reasons for the increased use amongst
people who were married or cohabiting include
the partner’s ability to acquire and prepare the
cannabis, particularly in those who are more dis-
abled.

There remains debate as to the clinical efficacy of
cannabinoids in the management of MS symptoms.
Cannabinoids appear to have benefit in reducing
pain in MS [13] and other neuropathic pain syn-
dromes [14], however a meta-analysis has suggested
that cannabinoids are not more efficacious than
minor opiates in the management of pain [15].
Both the CAMS [4] and an earlier smaller study [16]
found no significant improvement in spasticity. In
the CAMS study, ambulant subjects on cannabi-
noids had a significant improvement in walking
times and self-rated scores of pain and spasticity.
Other controlled trials using cannabinoids in MS
have reported improvement in bladder function
[17], but not tremor [18].

Despite the limited evidence for clinical efficacy
and the fact that the drug remains illegal, almost
one-third of our patients with MS had used canna-
bis in an attempt to alleviate symptoms. In the
previous month, 18% had used the drug and in
two-thirds of these this was MS-related use. The
most common symptoms for cannabis use cited by
our subjects were pain and spasticity and a large
proportion experienced benefit. Similarly, in a
survey of 112 MS patients known to use cannabis
in the UK and USA, over 90% reported alleviation of
symptoms of spasticity and pain [8]. Of note is that
over half of our subjects had used cannabis to treat
sleep problems and that 88% found cannabis to be
helpful for this symptom. The issue of sleep
problems in MS has received relatively little re-
search attention but a recent clinic-based survey in

Table 2 Pattern of cannabis consumption in 46 current users

n (%)

First use before MS diagnosis
Yes 20 (43.5)
No 26 (56.5)

No. of times cannabis is used in a week
0�5 28 (60.9)
5�10 6 (13.0)
10�15 2 (4.4)
20�/ 5 (10.9)
Missing 5 (10.9)

Type of cannabis used
Hash 23 (50.0)
Herbal 16 (34.8)
Both 3 (6.5)
Missing 4 (8.7)

MS-related use
Yes 31 (67.4)
No 15 (32.6)

Table 3 Symptoms experienced by MS-related cannabis users (n�/75) and perceived effect

Symptom Number reporting symptom Ever tried cannabis to help n (%) Improves/relieves symptom n (%)

Pain 49 41 (83.7) 31 (75.6)
Limb spasms 46 37 (80.4) 30 (81.1)
Headaches 30 18 (60.0) 10 (55.6)
Anxiety 28 16 (57.1) 10 (62.5)
Sleep problems 47 25 (53.2) 22 (88.0)
Low mood 37 19 (51.4) 11 (57.9)
Difficulty walking 50 20 (40.0) 13 (65.0)
Sexual dysfunction 24 8 (33.3) 5 (62.5)
Concentration problems 29 9 (31.0) 3 (33.3)
Fatigue 48 14 (29.2) 6 (42.9)
Vertigo/dizziness 22 6 (27.3) 5 (83.3)
Visual disturbances 26 7 (26.9) 4 (57.1)
Memory problems 23 6 (26.1) 1 (16.7)
Bladder 34 4 (11.8) 2 (50)
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our unit has identified initial, middle and terminal
insomnia in approximately half of patients [19].
Cannabis use for sleep was not questioned in most
previous studies apart from a recent study in Nova
Scotia where sleep problems were relieved in over
90% of cases [9]. Surprisingly, in our survey bladder
problems were rarely cited as a reason for cannabis
use.

Despite the large amount of media attention
given to medicinal cannabis use, other studies have
also reported relatively low rates of regular self-
medication with cannabis. In a recent survey, 43%
of patients had used cannabis, 16% for medical
proposes [10], and in another survey 36% had ever
used cannabis, and 14% continued to use it for
symptom treatment [9]. These results are similar to
ours and suggest that despite the largely negative
results of the recent well conducted trial of canna-
bis use for spasticity the drug may be both bene-

ficial and tolerated in a small proportion of patients
with symptoms resistant to conventional therapies.

There may be risks of self-medication with a
psychoactive substance by people with a neurolo-
gical illness. Recent work has raised concerns about
alcohol and illicit drug use amongst people with MS
[20,21]. In our subjects, MS-related cannabis use
was not associated with alcohol or other illicit
substance misuse, however 15% had used other
illicit drugs previously. If anything, there appeared
to be an inverse relationship between high levels of
alcohol consumption and MS-related cannabis use.
On the other hand, cigarette smoking was an
independent predictor of cannabis use and a pro-
portion of subjects expressed concern about asso-
ciated tobacco use. A proportion of MS-related users
expressed concerns about the costs of cannabis use.
Over 70% of non-users said that they would try
cannabis if it were legal or available on prescription.
Medical prescribing and other formulations (such
as tablets or a spray) may be helpful in addressing
both the issues of smoking and the association with
illicit drug use.

There is a need for careful dosage induction and
monitoring when cannabis is used for therapeutic
purposes. A small proportion of our cohort experi-
enced potentially serious adverse effects, including
psychiatric symptoms and increasing weakness.
The long-term safety of cannabis use is uncertain
and some have raised concerns about the risk of
developing psychiatric disorders with prolonged
cannabinoids use [22].

This study has a number of strengths and weak-
nesses. Like all self-reported surveys, these data are
dependent on veracity and recall, a fact that is
especially relevant with illegal and/or stigmatizing
behaviour. In contrast to some earlier studies [8],
our response rate is relatively high (75%) and may
thus be more representative of our population. This
study also analysed specific risks for cannabis use,
in particular social factors, levels of disability and

Table 4 Univariate and adjusted ORs for MS-related cannabis use

Univariate ORs (95%CI) Adjusted ORs* (95%CI) P-value

Mobility 0.09
Able to walk unaided 1 1
Able to walk only with aid 1.81 (0.90�3.66) 1.56 (0.75�3.28)
Largely chair-bound 2.72 (1.25�5.90) 2.47 (1.10�5.56)

Smoking status 0.001
Non-smoker 1 1
Smoker 2.60 (1.47�4.62) 2.69 (1.48�4.90)

Marital status 0.02
Married 1 1
Divorced/separated 1.47 (0.69�3.16) 1.27 (0.57�2.82)
Single 0.27 (0.09�0.79) 0.26 (0.08�0.81)

*Adjusted for other variables in the table (n�/232).

Table 5 Side effects reported as moderate or severe experi-
enced by MS-related cannabis users (n�/75)

Side effect (n�/75) Moderate/severe No. (%)*

Feeling quiet and mellow 31 (41.3)
Sedating/nodding off 26 (34.7)
Increased appetite 22 (29.3)
Making one giggly 20 (26.7)
Making one feel lazy 17 (22.7)
Feeling hyper and chatty 14 (18.7)
Feeling unreal 8 (10.7)
Loss of balance 2 (2.7)
Confused/forgetful thinking 8 (10.7)
Feeling disconnected 8 (10.7)
Rushing thoughts 5 (6.7)
Speech/swallowing 3 (4.0)
Weakness 3 (4.0)
Loss of appetite 2 (2.7)
Headache 4 (5.3)
Blurred vision 1 (1.3)
Paranoia 3 (4.0)
Hallucinations 1 (1.3)
Nausea 1 (1.3)
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the specific symptoms for which cannabis was used
and its perceived effects.

This study complements information from con-
trolled trials by providing details of actual cannabis
use in a large spectrum of people with MS. It
demonstrates a strong relationship between canna-
bis use and disability and raises concerns about the
relationship with tobacco use. Further long-term
study is needed prior to the drug being made more
widely available. These include dosage, routes of
delivery, interaction with other prescription drugs
and alcohol as well as the possibility of psycholo-
gical dependence.
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Objective: Medicinal use of cannabis in chronic neurological diseases is a controversial topic of medical
research and the subject of intense public debate. The aim of the study was to evaluate the prevalence of
cannabis use, related factors, and degree of satisfaction in Spanish patients with multiple sclerosis (MS) prior
to the establishment of medically supervised use.
Methods: Cross-sectional, questionnaire-based survey provided during routine medical visits to consecutive
patients in two university-based neurology clinics.
Results: The questionnaire was returned by 175 MS patients (94.1% response rate). The prevalence of ever-use
and medicinal cannabis use were 43% and 17.1%, respectively. At the time of the survey, cannabis was being
used by 12.5% (5/45) of recreational and 56.7% (17/30) of medical users (pb0.001). First cannabis
consumption was after MS onset in 15 (50%) medicinal users. Clinical improvement was reported by 14
(46.7%) medicinal users. Smoking use, awareness of cannabis potential benefits, pain, higher disability, and
lower age were independently associated with the medicinal use of cannabis. Most patients would support a
future legalisation of cannabis for the control of their symptoms and were willing to receive cannabis under
medical control once legalised (83.4% of never-users, 94.5% of ever-users, pb0.05).
Conclusion: Almost half of our MS patients had tried cannabis at some time. However, medicinal use was low
and clinical improvement after cannabis use was only reported by a subset of patients. Overall, MS patients
were highly motivated for a future medically controlled use.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The limited benefit of current treatments for the relief of symp-
toms in patients with multiple sclerosis (MS) has led to the search for
alternative and untried therapies. The use of cannabis in this setting is
a controversial topic of medical research with great public interest [1].
Whereas most studies have noted an improvement of some MS
symptoms after cannabis use [2,3], others reported a lack of efficacy or
even clinical worsening [4]. However, most authors suggest a benefit
of cannabinoids in MS in at least a subset of patients with spasticity,
muscle spasms, neuropathic pain, and lower urinary tract symptoms.

In 2001, a proposition to the Spanish administration by the
Parliament of Catalonia, an autonomous community in northeastern
Spain, in order to legalise the medical use of cannabis was denied, but
opened up an intense public debate. Since 2007, an oromucosal

cannabis-based medicine can be prescribed as compassionate med-
icine for the treatment of spasticity and as a foreign medicine for the
treatment of neuropathic pain in MS. The present study was aimed at
evaluating the current prevalence and pattern of cannabis use, degree
of satisfaction and expectations inMS patients of our community prior
to any medically supervised cannabis use.

2. Patients and methods

The study was based on a consecutive series of adult patients with
a diagnosis of MS, based on McDonald criteria. Patients were
controlled in twoMS University Clinics (Hospital del Mar and Hospital
Clinic of Barcelona, Spain) and were invited to participate in the
survey from September 2006 to May 2007. There were no exclusion
criteria with the exception of moderate to severe cognitive impair-
ment. A cross-sectional, questionnaire-based survey with fifty-six
detailed questions was provided to consecutive patients during their
routine visits in the outpatient clinics. Patients were assessed for the
Expanded Disability Status Scale (EDSS), progression index, MSSS
(Multiple Sclerosis Severity Score), and the MS form (relapsing–
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remitting, secondary progressive, primary progressive). The ques-
tionnaire was completed at home and sent back to the Hospital in a
postage-paid envelope. No personal identity data was included in the
survey, so anonymity was maintained throughout the analysis. The
study was approved by the local ethics committees.

Questions were designed to collect detailed information on demo-
graphic data, history of cannabis use and opinions. The questionnaire
included the following sections: Section 1, demographic and disease
characteristics: age, sex, marital status, years of education, employment
status, economic incomes, smoking habit and alcohol intake, years of
disease evolution, age at disease onset, self-reported MS symptoms
(detailed in fourteen symptoms as present or absence), and current
treatments. Section 2, personal history of cannabis use: previous and
current consumption (last month), purpose (recreational/medicinal),
age at first use, consumption pattern, frequency, type of cannabis
(hashish ormarijuana), and sourceof thedrug.Medicinal use of cannabis
was defined as any recurrent consumption in order to relieve symptoms
related with MS. Section 3, cannabis for medical use: evaluation of the
cannabis effect on clinical symptoms based on 100-mmvisual analogue
scale (VAS), reasons for cannabis withdrawal, cannabis adverse effects,
and general subjective perceptions after cannabis use. Section 4, opinion
of cannabis and general comments: awareness of the potential medicinal
benefits of cannabis, reasons for non-consumption, opinions on
cannabis legalisation, and expectations concerning future medically
supervisedusemeasuredbyVAS.A standardHamilton ratingdepression
scale was additionally included in the survey to assess any potential

effect of the patients' mood state on their answers. A value ≥18 was
considered suggestive of moderate depression.

3. Statistical analysis

The sample size was calculated estimating the proportion of MS
patients using cannabis for medicinal reasons (12% of MS patients, as
previously reported) [5] and an estimated prevalence in our region of
3000 MS patients [6]. A sample of 163 patients was required to
provide a 95% confidence interval at the 5% level. Patients were
classified as cannabis non-users, recreational users, and medicinal
users. Values were expressed as percentage or mean (SD). Categorical
variables were analysed using the chi-square test, and parametric and
non-parametric variables using T-test and Kruskal–Wallis test,
respectively. Multivariate analysis evaluated odds ratios (OR) and
the resulting 95% confidence intervals (CI) of those variables related
with cannabis use reaching a pb0.1 in the univariate analysis.
Statistical significance was established at a 0.05 level.

4. Results

One hundred and seventy-five MS patients returned the ques-
tionnaire (94.1% response rate). The frequency of cannabis ever-use
was 43% (75/175). Recreational use of cannabis was reported by 45
patients (25.7%) and medicinal use by 30 patients (17.1%). At the time
of the survey, 5 patients were using cannabis for recreational purposes

Table 1
Characteristics of MS patients who are medicinal users of cannabis (past and current users) compared to non-medicinal users (non-users and recreational users)

Non-medicinal use (145) Medicinal use (30) p

Age (y) 43.1 (11.6) 41.6 (9.2) 0.5
Females (%) 94 (64.8%) 19 (63.3%) 0.9
Years of education 13.3 (3.8) 13.4 (3.3) 0.9
Laboral status Active 88 (60.7%) 12 (40%) 0.076

Unemployed 9 (6.2%) 4 (13.3%)
Retired 42 (28%) 13 (44.3%)
No answer 6 (4.1%) 1 (0.3%)

Monthly economic incomes b€ 600 16 (11%) 3 (10%) 0.98
€ 600–b€ 1200 50 (34.5%) 11 (36.6%)
€ 1200–b€ 1800 25 (17.2%) 5 (16.7%)
N€ 1800 28 (19.3%) 5 (16.7%)
No answer 26 (18%) 6 (20%)

Cigarette smoking 43 (29%) 21 (70%) b0.001
Alcohol intake 52 (35.8%) 10 (33.3%) 0.8
Time of evolution (y) 10.4 (8.1) 9.8 (5.8) 0.7
MS Disability EDSS 2.9 (2) 4.3 (2.1) b0.01⁎

Progression index 0.37 (0.3) 0.6 (0.42) b0.01⁎
MSSS 3.63 (2.47) 5.8 (2.59) b0.001⁎

MS clinical form Relapsing–remitting 106 (73.1%) 18 (58.6%) 0.28
Secondary progressive 30 (20.7%) 19 (34.5%)
Primary progressive 9 (6.2%) 3 (6.9%)

MS complaints Spasticity 44 (30.3%) 17 (56.7%) b0.01⁎
Pain 33 (22.7%) 19 (63.3%) b0.001⁎
Fatigue 111 (76.6%) 29 (96.7%) b0.05⁎
Nocturnal sleep 57 (39.3%) 17 (56.7%) 0.083
Tremor 36 (24.8%) 7 (23.3%) 0.88
Anxiety 44 (30.3%) 11 (36.7%) 0.49
Muscle spasms 45 (31%) 14 (46.7%) 0.1
Depression 39 (26.9%) 16 (53.3%) b0.01⁎
Anal dysfunction 50 (34.5% 17 (56.7%) b0.05⁎
Urinary dysfunction 48 (33.1%) 18 (60%) b0.01⁎
Sexual dysfunction 43 (29.6%) 13 (43.3%) 0.14
Diplopia 20 (13.8%) 5 (16.7%) 0.7
Appetite 16 (11%) 6 (20%) 0.19
Walking 70 (48.3%) 24 (80%) b0.01⁎

DMD 102 (70.3%) 21 (70%) 0.97
Awareness of cannabis potential benefit for MS 84 (57.9%) 26 (86.7%) b0.01
Prone to legalisation 133 (91.7%) 28 (93.3%) 0.8
Prone to future supervised medical cannabis use 121 (83.4%) 29 (96.7%) 0.17
Hamilton Depression Scale 10.78 (6.96) 15.07 (7.5) b0.01
Expected future benefit (VAS analysis, mm) 65 (30) 62 (26) 0.65

Mean (SD). DMD: disease-modifying drugs. ⁎Statistically significant.
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(12.5% recreational users) and 17 patients for medicinal purposes
(56.7% medicinal users) (pb0.001).

Table 1 shows the demographic and clinical characteristics of
medicinal cannabis users. These patients had a considerable degree of
disability (mean EDSS 4.2 (2.1)) and more than 50% reported disabling
clinical symptoms such as pain, spasticity, fatigue, depression,
sphincter dysfunction and walking disturbances. Comparison of
medicinal users with non-medicinal users (non-users and recreational
users) (Table 1) showed a higher frequency of cigarette smoking,
higher EDSS, progression index, MSSS, and Hamilton Scale score in
medicinal users (pb0.05). Medicinal cannabis users were also signifi-
cantly more often retired, smokers, had more progressive forms of the
disease, higher EDSS, progression index, MSSS and more depressive

symptoms (Hamilton Scale score 15.1 (7.5) vs. 9.4 (7.3), pb0.01) when
compared to recreational users (Table 2).

Medicinal users began cannabis consumption at older ages, and
half of them after the onset of MS. Use of own prepared ingested or
vapour inhaled cannabis were found only among MS medicinal users
(pb0.001), and mainly among patients with no previous history of
recreational use. Both recreational and medicinal users consumed
marijuana more often than hashish, and usually before evening bed-
time whatever the purpose of use. Medicinal users grew their own
cannabis more often than recreational users (pb0.001) (Table 2).
Cigarette smoking, awareness of cannabis potential benefit, pain,
higher EDSS, and lower age were independently associated with
medicinal use of cannabis (Table 3).

Table 2
Comparison of MS medicinal cannabis users with recreational users

Recreational use (n=45) Medicinal use (n=30) p

Age (y) 37.8 (8.7) 41.6 (9.2) 0.079
Females (%) 29 (64.4%) 19 (63.3%) 0.8
Years of education 13.2 (3.5) 13.4 (3.3) 0.86
Laboral status Active 34 (75.6%) 12 (40%) b0.05

Unemployed 3 (6.7%) 4 (13.3%)
Retired 6 (13.3%) 13 (44.3%)
No answer 2 (4.4%) 1 (0.3%)

Monthly economic incomes b€ 600 2 (4.4%) 3 (10%) 0.69
€ 600–b€ 1200 18 (40%) 11 (36.6%)
€ 1200–b€ 1800 10 (22.2%) 5 (16.7%)
N€ 1800 11 (24.5%) 5 (16.7%)
No answer 4 (8.9%) 6 (20%)

Cigarette Smoking 19 (42.2%) 21 (70%) b0.05⁎
Alcohol intake 25 (55.8%) 10 (33.3%) 0.09
Time of evolution (y) 8.6 (7.1) 9.8 (5.8) 0.47
Disability EDSS 2.19 (1.76) 4.3 (2.1) b0.001⁎

Progression index 0.31 (0.26) 0.6 (0.42) b0.01⁎
MSSS 2.71 (1.97) 5.8 (2.59) b0.001⁎

MS clinical form Relapsing–remitting 39 (86.4%) 18 (58.6%) b0.05⁎
Secondary progressive 5 (11.4%) 19 (34.5%)
Primary progressive 1 (2.2%) 3 (6.9%)

MS complaints Spasticity 10 (22.2%) 17 (56.7%) b0.01⁎
Pain 7 (15.6%) 19 (63.3%) b0.001⁎
Fatigue 31 (68.9%) 29 (96.7%) b0.01⁎
Nocturnal sleep 14 (31.1%) 17 (56.7%) b0.05⁎
Tremor 10 (22.2%) 7 (23.3%) 0.9
Anxiety 14 (31.1%) 11 (36.7%) 0.7
Muscle spasms 15 (33.3%) 14 (46.7%) 0.29
Depression 10 (22.2%) 16 (53.3%) b0.05⁎
Anal dysfunction 15 (33.3%) 17 (56.7%) 0.056
Urinary dysfunction 13 (28.9%) 18 (60%) b0.01⁎
Sexual dysfunction 15 (33.3%) 13 (43.3%) 0.29
Diplopia 4 (8.9%) 5 (16.7%) 0.3
Appetite 7 (15.6%) 6 (20%) 0.9
Walking 16 (35.6%) 24 (80%) b0.001⁎

Hamilton Depression Scale 9.4 (7.3) 15.1 (7.5) b0.01⁎
DMD 74.4% 21 (70%) 0.6
Age at first consumption 19.4 (4.5) 28.6 (12.6) b0.001⁎
Current use 5 (11.1%) 17 (56.7%) b0.001⁎
Consumption prior to MS 37 (82.2%) 15 (50%) b0.01⁎
Type of cannabis Hashish 12 (26.7%) 2 (6.7%) b0.001⁎

Marijuana 21 (46.6%) 26 (86.7%)
Both 12 (26.7%) 2 (6.7%)

Consumption patterns of cannabis Smoked 45 (100%) 24 (80%) b0.001⁎
Ingested 2 (4.4%) 11 (36.7%)
Inhaled 0 1 (3.3%)

Source Own growing 6 (13.3%) 16 (53.3%) b0.001⁎
Family/Friend 39 (86.7%) 17 (56.7%)
Bought 3 (6.7%) 4 (13.3%)
No answer 3 (6.7%) 1 (3.3%)

Adverse effects 10 (22%) 13 (43.3%) 0.05⁎
Cannabis discontinuation 11.4% 56.7% b0.001⁎
Patients reporting symptoms improvement after cannabis 0 14 (46.7%) b0.001⁎
Awareness of cannabis potential benefit for MS 31 (68.9%) 26 (86.7%) b0.05⁎
Prone to legalisation 44 (97.8%) 28 (93.3%) 0.3
Prone to future supervised medicinal cannabis use 42 (93.3%) 29 (96.7%) 0.55
Expected future benefit (VAS analysis, mm) 7.1 (2.7) 6.2 (2.6) 0.24

Mean (SD). DMD: disease-modifying drugs. ⁎Statistically significant.
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When MS patients were asked about any symptom amelioration,
14 out of 30 medicinal users (46.7%) reported clinical improvement
after cannabis use. The VAS evaluation of self-reported clinical
modifications after cannabis medicinal use showed a wide range of
improvement that was mainly perceived in sleep disturbances, pain,
tremor, and muscle spasms (Table 4). Adverse effects, mainly dry
mouth, dizziness, somnolence, and feeling “high”, were reported by 13
medical users (43%) and 10 recreational users (22%) (p=0.05) (Table 5).
Cannabis therapy had to be discontinued at some time by 56.7% of
medicinal users due to supply problems (9 patients), adverse effects (6
patients), and lack of efficacy (2 patients). Once suppressed, more than
50% of these patients reported some kind of worsening of MS
symptoms. Current medicinal users (17 patients) compared to past
medicinal users (13 patients) had significantly more tremor (41% vs.
0%), grew cannabis by their own more often (64.7% vs.15.4%), and
reported higher frequency of clinical improvement after cannabis use
(52.9% vs. 15.4%).

Awareness of potential cannabis benefits for the control of MS
symptoms was higher among consumers (86.7% of MS patients using
cannabis for medicinal use, 68.9% of recreational users, and 52.6% of
non-users, pb0.01). Reasons for not using cannabis despite the
awareness of a potential benefit were concerns about possible adverse
effects (40.6%), absence of interest (36.2%), considerations of the
drug's illegality (14.5%), and unknown supplies (8.7%). Most MS
patientswould support a future legalisation of cannabis for the control
of their symptoms andwerewilling to receive cannabis undermedical
control once legalised (83.4% of never-users of cannabis and 94.5% of
ever-users, pb0.05) (Tables 1 and 2). Most arguments for denying a
future supervised use of cannabis were considerations about the
illegality of the drug and concerns about possible adverse effects. The

expected future benefits assessed by VAS were 62 mm (31) in never-
users, 71 mm (27) in recreational users, and 62 mm (26) in medicinal
users (p=0.4).

5. Discussion

The most common symptoms reported by our MS medicinal users
of cannabis were spasticity, pain, fatigue, sleep disturbances, depres-
sion, sphincter dysfunctions, and walking disturbances. These results
were not unexpected considering the high disability of these patients
(mean EDSS, 4.3). However, the only disabling complaint indepen-
dently associated with medicinal cannabis use was the presence of
pain. In addition to the well-known association with cigarette
smoking, other factors significantly related to medicinal use in the
multivariate analysis were awareness of the potential benefits of
cannabis, higher disability measured by the EDSS, and younger age.

A beneficial effect of cannabis on clinical complaints was perceived
by 46.7% of medicinal users of cannabis, a value that was also very
similar among current medicinal users (52.9%). The VAS analysis
showed a wide range of clinical improvements suggesting a consider-
able variability in patients’ response. Although the reduced number of
analyzed patients limits the interpretation of our study, the percen-
tage of clinical improvement was very similar to a recently published
study assessing patients using long-term medicinal cannabis [7]. A
feeling of general improvement might explain why patients continue
to use cannabis even after no clinical improvement. Additionally, a
placebo effect cannot be excluded in those patients consuming the
drug for medicinal purposes. Recreational MS users did not perceive
any positive effects on clinical complaints, although they have lower
disability than medicinal users.

The prevalence of ever-users (43%) and medicinal users (17.1%) of
cannabis in our MS patients was similar to other surveys in Canada,
UK, USA, and The Netherlands (ranging from 36 to 43%, and from 12 to
22%, respectively) [5,8–11]. The response rate in our study was very
high (95%), thus reducing any possible influence of more motivated
patients. In addition, our study also directly evaluated the EDSS,
progression index, and MSSS as measures of disability and disease
progression. As a result, a more accurate assessment was obtained
than the self-reported measurements used in previous surveys. It is
noteworthy that most of our MS medicinal cannabis users were older
than recreational users and started the cannabis use after disease
onset. This result differs from previous reports that suggest that
medicinal use usually evolves from a prior recreational use [8,11,12].
This consumption patternwould indicate an active search for the drug
as an alternative therapy rather than a modification of prior recrea-
tional use.

The most usual cannabis source was by own growing or supplies
from a close friend or relative. Our MS patients reported frequent
discontinuation of the medicinal cannabis use, often due to difficulties
in obtaining the drug. Half of these patients had some kind of clinical
worsening after suppression. Current medicinal users reported greater
clinical improvement and grew more their own cannabis than past

Table 3
Multivariate analysis of factors related with medicinal use of cannabis in MS patients

OR IC 95% p

Cigarette smoking 10.592 2.775–40.429 0.001⁎
Awareness of potential benefit 6.612 1.131–33.572 0.036⁎
Pain 5.204 1.294–20.921 0.02⁎
EDSS 1.608 1.056–2.448 0.027⁎
Age 0.93 0.867–0.997 0.041⁎
Retired 1.265 0.283–5.662 0.76
Hamilton Scale ≥18 0.587 0.113–3.048 0.53
Spasticity 1.433 0.342–6.015 0.62
Fatigue 1.641 0.152–17.755 0.68
Urinary dysfunction 2.56 0.642–10.202 0.18
Anal dysfunction 1.104 0.276–4.416 0.89
Sleep disturbances 3.551 0.9–14.023 0.071
Muscle spasms 0.815 0.212–3.135 0.77

⁎Statistically significant.

Table 4
Perceived effect of medicinal cannabis analyzed by visual analogue scales (VAS)

n VAS

Nocturnal sleep 14 64.2 (27.2)
Muscle spasms 10 50 (27.8)
Pain 17 50 (20.9)
Tremor 7 49.3 (34.5)
Anxiety 10 47.4 (32.8)
Sexual dysfunction 10 40.6 (42.6)
Spasticity 15 40.5 (21.4)
Fatigue 16 40.3 (25.8)
Depression 14 39.7 (30.6)
Walking 16 34.1 (30.5)
Appetite 6 25.7 (35.2)
Diplopia 8 25.2 (35.7)
Anal dysfunction 8 17.4 (21.9)
Urinary dysfunction 9 16.2 (25.5)

Values are expressed as mean (SD).

Table 5
Side effects reported by medicinal and recreational users

Recreational use (45) Medicinal use (30)

Dry mouth 3 (6.7%) 5 (16.7%)
Somnolence 4 (8.9%) 3 (10%)
Dizziness 3 (6.7%) 3 (10%)
High 3 (6.7%) 1 (3.3%)
Headache 0 2
Delirium 0 0
Walking disturbances 1 (2.2%) 1 (3.3%)
Anxiety 2 (4.4%) 1 (3.3%)
Palpitations 3 (6.7%) 0
Nausea 0 1 (3.3%)
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medicinal users, therefore contributing to the continuation of the
therapy due to easier cannabis availability. All these facts may imply
that most MS patients using cannabis on their own have a high risk of
treatment discontinuation with the subsequent potential worsening of
symptoms and, additionally, a higher chance of consumption of non-
reliable and uncontrolled products.

The therapeuticproperties of cannabinoids inMShave been assessed
by several studies [1–3,13,14]. Although improvement of clinical
symptoms after cannabis use has only been reported by a subset of
MS patients, the potential benefits of cannabis in MSmay have received
too much emphasis based on the popular knowledge of this substance
and patients' opinion, favouring the use of cannabis as an alternative
therapy in this disease.Whatever the benefit of cannabinoids inMS and
its potential long-term effects [7,15], the overall expectations for
medically controlled cannabis are high. Our results suggest that once
cannabinoids products are available, the majority of MS patients will be
more than willing to use them under medical prescription. Further
scientific studies are therefore needed to establish the indications for
medically controlled cannabinoids for the management of MS symp-
toms and to avoid the setbacks of a non-supervised use.
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Report of a parent survey of cannabidiol-enriched cannabis use
in pediatric treatment-resistant epilepsy
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Abstract

Severe childhood epilepsies are characterized by frequent seizures, neurodevelopmental delays

and impaired quality of life. In these treatment-resistant epilepsies, families often seek alternative

treatments. This survey explored the use of cannabidiol-enriched cannabis in children with

treatment-resistant epilepsy. The survey was presented to parents belonging to a Facebook group

dedicated to sharing information about the use of cannabidiol-enriched cannabis to treat their

child’s seizures. Nineteen responses met the inclusion criteria for the study: a diagnosis of

epilepsy and current use of cannabidiol-enriched cannabis. Thirteen children had Dravet

syndrome, four had Doose syndrome, and one each had Lennox-Gastaut syndrome and idiopathic

epilepsy. The average number of anti-epileptic drugs (AEDs) tried before using cannabidiol-

enriched cannabis was 12. Sixteen (84%) of the 19 parents reported a reduction in their child’s

seizure frequency while taking cannabidiol-enriched cannabis. Of these, two (11%) reported

complete seizure freedom, eight (42%) reported a greater than 80% reduction in seizure frequency,

and six (32%) reported a 25-60% seizure reduction. Other beneficial effects included increased

alertness, better mood and improved sleep. Side effects included drowsiness and fatigue. Our

survey shows that parents are using cannabidiol-enriched cannabis as a treatment for children with

treatment-resistant epilepsy. Because of the increasing number of states that allow access to

medical cannabis, its use will likely be a growing concern for the epilepsy community. Safety and

tolerability data for cannabidiol-enriched cannabis use among children is not available. Objective

measurements of a standardized preparation of pure cannabidiol are needed to determine whether

it is safe, well tolerated and efficacious at controlling seizures in this difficult-to-treat pediatric

population.
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Introduction

Childhood epilepsies beginning in the first few years of life are frequently characterized by

seizures that are resistant to available treatments, including anti-epileptic drugs (AEDs), the

ketogenic diet, high doses of steroids and surgery [1]. A high seizure burden in early

childhood likely contributes to the severe cognitive, behavioral and motor delays common in

these children [2].

When indicated treatments fail to control their child’s seizures, some parents turn to

alternative treatments. One of these alternative treatments is cannabidiol-enriched cannabis.

The cannabis plant contains approximately 80 cannabinoids of which cannabidiol and Δ9-

tetrahydrocannabinol (THC) are the two most abundant [3,4].

Cannabidiol and THC exert very different physiological effects. Most importantly,

cannabidiol is not psychoactive. In recent years, medical uses of cannabis have focused on

cannabidiol, both because of its non-psychoactive nature and because it shows promise in

treating disease [5]. However, in states where medical cannabis is legal, cannabidiol is

currently only available in whole plant preparations that contain all the components of the

cannabis plant, including THC. This poses significant risks when administering cannabidiol-

enriched cannabis to epileptic children. First, cannabis use during development has been

correlated with deleterious effects on brain development and cognition, primarily due to

THC [6,7]. Second, THC can be pro-convulsive in epileptic brains [8].

In contrast to THC, numerous studies conducted over the last 40 years demonstrate

anticonvulsant effects of pure cannabidiol in partial and generalized seizure animal models,

including acute and kindling models [9,10,11,12,13,14]. In humans, two small double blind,

placebo-controlled studies examined pure cannabidiol in adults with treatment-resistant

epilepsy. In 1978, Mechoulam et al. randomized nine patients to either 200mg/day of pure

cannabidiol or placebo [15]. During the three-month trial, two of four patients treated with

cannabidiol became seizure free, whereas seizure frequency was unchanged in the five

patients receiving placebo. In a second small clinical trial, 15 adult patients suffering from

treatment-resistant secondary generalized epilepsy were randomly divided to placebo or

400mg of pure cannabidiol daily for up to 18 weeks [16]. Among the eight cannabidiol

patients, four had a marked reduction and three had a partial reduction in seizures. One of

the seven patients on placebo experienced a partial reduction in seizures. The most often

reported side effect of pure cannabidiol was drowsiness. No patients reported psychoactive

effects. In contrast, an open-label study found that cannabidiol was ineffective in controlling

seizures; Ames and Cridland reported that seizure frequency was unchanged in 12

institutionalized patients with uncontrolled seizures receiving 200 mg of pure cannabidiol

daily [17].

With the legalization of medical cannabis in an increasing number of states, parents of

children with uncontrolled seizures have opted to treat their children’s seizures with

cannabidiol-enriched cannabis. This trend has produced an online presence of parents

describing cannabidiol-enriched cannabis use in children with epilepsy. We asked parents

from a Facebook group to anonymously fill out a survey on their experience of giving
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cannabidiol-enriched cannabis to their children in order to gain insights into current

cannabidiol-enriched cannabis use as an alternative treatment for childhood epilepsy.

Methods

The Stanford University institutional review board judged the study exempt from requiring

full review by the board. Study data were collected and managed using REDCap electronic

data capture tools hosted at the Stanford Center for Clinical Informatics. REDCap (Research

Electronic Data Capture) is a secure web-based application designed to support data capture

for research studies [18]. The survey consisted of 24 questions that measured clinical

factors, including diagnosis and seizure types, and the parental-reported effect of

cannabidiol-enriched cannabis on the child’s seizure frequency and side effects. The survey

was presented to a Facebook group composed of approximately 150 parents supporting the

use of cannabidiol-enriched cannabis to treat seizures in their children with treatment-

resistant epilepsy. The survey link was posted and displayed for two weeks, then reposted to

the top of the group’s page for another two weeks. Twenty parents responded to the survey.

Nineteen responses met the inclusion criteria – diagnosis of treatment-resistant epilepsy and

cannabidiol-enriched cannabis use – and were included in the analysis. One response was

excluded because the child’s diagnosis did not include epilepsy.

Because the cannabidiol-enriched cannabis survey results had a large number of patients

with Dravet Syndrome and reported mostly positive outcomes for both seizure control and

side effects, we wanted to assess parents’ response to the same survey questions with a well

known and effective treatment for seizures in Dravet syndrome, stiripentol. This would

allow us to see if the parents’ responses to our seizure burden questions were similar to the

results from a clinical trial of stiripentol. In addition, side effects across the two drugs could

be compared. To this end, we administered the same survey substituting stiripentol in place

of cannabidiol-enriched cannabis. The stiripentol survey was presented to a different

Facebook support group composed of parents of children with Dravet Syndrome having

approximately 800 members. The stiripentol survey link was also initially posted for two

weeks, and reposted to the top of the group’s page for two additional weeks. Twenty-two

parents responded to the stiripentol survey and all responses were included in analysis.

Responses from both surveys were descriptively analyzed.

Results

The results from the cannabidiol-enriched cannabis survey are summarized in Table 1. The

children ranged in age from 2 to 16 years. Thirteen children had Dravet syndrome (one of

whom had epilepsy in female with mental retardation, EMFR), four children had Doose

syndrome, and one each had Lennox-Gastaut syndrome and idiopathic early-onset epilepsy.

The children experienced a variety of seizure types including focal, tonic-clonic, myoclonic,

atonic and infantile spasms. In all cases, except patient 14 (age 2 years), the children

experienced treatment-resistant epilepsy for more than 3 years before trying cannabidiol-

enriched cannabis. The 2 year old had experienced intractable seizures for 16 months before

trying cannabidiol-enriched cannabis. The children had unsuccessfully tried an average of

12 other AEDs before their parents began cannabidiol-enriched cannabis treatment. The
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doses of cannabidiol the parents reported providing ranged from less than 0.5 mg/kg/day to

28.6 mg/kg/day. The doses of THC contained within those samples were reported to range

from 0 to 0.8mg/kg/day. To obtain dosage information, parents reported having their

preparations tested at commercial medical cannabis testing facilities. Seizure frequency

before administering cannabidiol-enriched cannabis ranged from 2 per week to 250 per day.

The duration of cannabidiol-enriched cannabis administration ranged from two weeks to

over one year. Sixteen (84%) of the 19 parents reported a reduction in their child’s seizure

frequency. Two parents reported that their child became seizure-free after more than 4

months of cannabidiol-enriched cannabis use. Of the remaining 14 parents reporting a

change in seizure frequency, 8 reported a greater than 80% reduction in seizure frequency,

three reported a greater than 50% seizure frequency reduction and three reported a greater

than 25% seizure frequency reduction. Three parents reported no change. Twelve parents

weaned their child from another AED after starting cannabidiol-enriched cannabis treatment

(see Table 1).

Beneficial effects of cannabidiol-enriched cannabis other than reduced seizures included

better mood (15/19, 79%), increased alertness (14/19, 74%), better sleep (13/19, 68%) and

decreased self-stimulation (6/19, 32%). Negative side effects included drowsiness (7/19,

37%) and fatigue (3/19, 16%) (Table 2). Side effects reported while taking other AEDs

included rash, vomiting, irritability, dizziness, confusion and aggressive behavior; none

were reported with the use of cannabidiol-enriched cannabis.

To understand if our questions might produce results similar to clinical trial results, we

asked for responses to an identical survey replacing cannabidiol-enriched cannabis with

another AED in use for Dravet syndrome. We surveyed parents on a Facebook group about

stiripentol, which is approved only in Europe (though Americans can obtain it). We asked

these parents to report how stiripentol affects their child’s seizure frequency as well as

which side effects were evident on the drug. Fifteen of the 22 (68%) parents reported that

stiripentol reduced their child’s seizure frequency. Four parents reported a substantial

increase in seizure frequency, while three parents reported no change. Common negative

side effects reported on stiripentol included appetite decrease (5/22, 23%), weight loss (6/22,

27%), insomnia (4/22, 18%) and increased self-stimulation (3/22, 14%). The reports in

response to our survey are consistent with published data on the effects of stiripentol in

children with Dravet syndrome [19], and support that our survey questions identify seizure

and side effects similar to clinical trial results.

Discussion

Summary

We found that parents of children with severe treatment-resistant epilepsies are using

cannabidiol-enriched cannabis to treat their child’s epilepsy. Parents report a high rate of

success in reducing seizure frequency with this treatment. Cannabidiol-enriched cannabis

appears to be behaviorally well tolerated with some positive side effects not commonly

associated with other AEDs. There are, of course, multiple limitations of an anonymous

parental survey. We cannot verify the doses or the children’s response to the cannabidiol-

enriched cannabis. We approached a group of parents who have an ongoing interest in using

Porter and Jacobson Page 4

Epilepsy Behav. Author manuscript; available in PMC 2014 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



cannabidiol-enriched cannabis for their children’s seizures which likely selected for positive

outcomes. Nonetheless, the overall positive results on seizure control in a medically

refractory group of childhood epilepsies suggest further studies of cannabidiol are

warranted.

Parents report reduced seizures

The report of reduced seizure burden in the population that we surveyed is surprising. The

children comprised a highly refractory epilepsy population with the majority having Dravet

syndrome, a severe form of childhood epilepsy that often does not respond to available

treatments, including AEDs, the ketogenic diet and the vagus nerve stimulator [1]. The

children had failed to respond to an average of 12 AEDs prior to the use of cannabidiol-

enriched cannabis. The children experienced various seizure types and the parental reports

suggest that cannabidiol-enriched cannabis may have efficacy for diverse seizures. The

limited size of our survey and small representation of syndromes other than Dravet does not

provide additional guidance on what epilepsy types to move forward with in clinical trials. It

is important to note, however, that the diagnoses and seizure types reported in this

anonymous survey could not be validated by an experienced clinician.

Parents report favorable side effects profile

Quality of life surveys show that adverse effects of AEDs have as much of an impact on the

patient’s ability to enjoy life as the seizures themselves [20]. Our survey reports that

cannabidiol-enriched cannabis is behaviorally well tolerated and may have beneficial effects

on cognition and mood. Many parents reported that their children experienced better sleep,

increased alertness, and better mood while taking cannabidiol-enriched cannabis. These

beneficial side effects are rarely reported with pediatric use of other AEDs [21].

Additionally, many negative side effects commonly associated with AEDs, such as

irritability, insomnia and aggressive behavior were notably absent from the parent reports on

cannabidiol-enriched cannabis. Because of the apparent efficacy of cannabidiol-enriched

cannabis, 12 parents reported weaning their child from other AEDs, thereby further

increasing the child’s quality of life by removing negative side effects associated with those

other AEDs.

Bias Issues

We recognize that this survey has multiple biases that prevent us from making strong

conclusions about the overall efficacy of cannabidiol-enriched cannabis in pediatric

epilepsy. The positive reports on seizure control and side effects prompted us to investigate

whether the wording of the questions produced a strong positive bias. We conducted an

additional survey, using the same questions, of parents using stiripentol, a drug that is

approved for treatment of Dravet syndrome in Europe. Our results from the stiripentol

survey are consistent with published studies on the efficacy and tolerability of stiripentol

[19]. Because the answers to the stiripentol survey match the published data on stiripentol’s

effects, it is unlikely that the wording of the survey questions was inherently biased. Still,

there remains the bias of subject selection, in that the parents involved in the Facebook

group were proponents of using cannabidiol-enriched cannabis for their children.
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Use of medical cannabis poses risks

The new trend of medical cannabis use in children poses risks due to a lack of

standardization and regulation, imprecise dosing and possible adverse side effects and

medication interactions. A lack of regulation and standardization in the medical cannabis

industry results in products that are of questionable quality and composition. Most parents

reported using cannabis extracts, either purchased from a dispensary, or directly from a

medical cannabis grower. Cannabis extracts are often inaccurately labeled and can contain

highly variable levels of cannabidiol and THC. These extracts could also contain

contaminants, such as fungus and pesticides, which may cause long-term organ damage.

Further, while published reports on pure cannabidiol in animal models, as well as in humans

with epilepsy, have demonstrated an anticonvulsant effect of cannabidiol, the data on THC’s

role in epilepsy is conflicting. In some cases, THC has been shown to be pro-convulsive

[22]. Furthermore, animal studies have demonstrated that removal of THC from epileptic

animals treated with THC can lead to hyperexcitability [8,22].

Future Directions

Because parents are increasingly using artisanal preparations of cannabidiol-enriched

cannabis in an attempt to reduce the child’s seizure burden, it is critical to obtain more data

about the safety and efficacy of cannabidiol. These poorly regulated preparations may not

represent the potential benefits and risks of pure cannabidiol. Formal studies to determine

safety, optimal dosing, tolerability and efficacy of a standardized cannabidiol preparation in

different populations of children and adults with epilepsy will provide the data necessary to

determine whether cannabidiol has a place in epilepsy treatment.
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Table 2
Reported side effects

Cannabidiol Stiripentol All AEDs

Positive Side Effects

Better Mood 15/19 (79%) 6/22 (27%) 4/22 (18%)

Increased Alertness 14/19 (74%) 5/22 (23%) 6/22 (27%)

Better Sleep 13/19 (68%) 6/22 (27%) 5/22 (23%)

Decreased Self-
stimulation 6/19 (32%) 2/22 (9%) 3/22 (14%)

Negative Side Effects

Drowsiness 7/19 (37%) 5/22 (23%) 20/22 (91%)

Fatigue 3/19 (16%) 7/22 (32%) 19/22 (86%)

Appetite Decrease 1/19 (5%) 5/22 (23%) 17/22 (77%)

Irritability -- 2/22 (9%) 17/22 (77%)

Insomnia -- 4/22 (18%) 17/22 (77%)

Aggressive Behavior -- 1/22 (5%) 15/22 (68%)

Weight Loss -- 6/22 (27%) 15/22 (68%)

Increased Self-stimulation -- 3/22 (14%) 14/22 (64%)

Appetite Increase -- 2/22 (9%) 10/22 (45%)

Confusion -- -- 9/22 (41%)

Weight Gain -- 1/22 (5%) 9/22 (41%)

Anxiety -- 1/22 (5%) 7/22 (32%)

Nausea -- 2/22 (9%) 6/22 (27%)

Rash -- -- 5/22 (23%)

Vomiting -- 2/22 (9%) 5/22 (23%)

Dizziness -- -- 5/22 (23%)

--, not reported
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Medicinal Cannabis: History, Pharmacology,  
And Implications for the Acute Care Setting

Mary Barna Bridgeman, PharmD, BCPS, BCGP; and Daniel T. Abazia, PharmD, BCPS, CPE

INTRODUCTION
Medicinal cannabis, or medicinal marijuana, is a therapy 

that has garnered much national attention in recent years. 
Controversies surrounding legal, ethical, and societal implica-
tions associated with use; safe administration, packaging, and 
dispensing; adverse health consequences and deaths attributed 
to marijuana intoxication; and therapeutic indications based on 
limited clinical data represent some of the complexities associ-
ated with this treatment. Marijuana is currently recognized by 
the U.S. Drug Enforcement Agency’s (DEA’s) Comprehensive 
Drug Abuse Prevention and Control Act (Controlled Substances 
Act) of 1970 as a Schedule I controlled substance, defined as 
having a high potential for abuse, no currently accepted medici-
nal use in treatment in the United States, and a lack of accepted 
safety data for use of the treatment under medical supervision.1 

Cannabis is the most commonly cultivated, trafficked, and 
abused illicit drug worldwide; according to the World Health 
Organization (WHO), marijuana consumption has an annual 
prevalence rate of approximately 147 million individuals or 
nearly 2.5% of the global population.2 In 2014, approximately 
22.2 million Americans 12 years of age or older reported 
current cannabis use, with 8.4% of this population reporting 
use within the previous month.3,4 General cannabis use, both for  
recreational and medicinal purposes, has garnered increas-
ing acceptance across the country as evidenced by legislative 
actions, ballot measures, and public opinion polls; an October 
2016 Gallup poll on American’s views on legalizing cannabis 
indicated that 60% of the population surveyed believed the 
substance should be legalized.5 Further, a recent Quinnipiac 
University poll concluded 54% of American voters surveyed 
would favor the legalization of cannabis without additional 
constraints, while 81% of respondents favored legalization of 
cannabis for medicinal purposes.6 Limited data suggest that 
health care providers also may consider this therapy in certain 
circumstances.7–9 In the United States, cannabis is approved 
for medicinal use in 28 states, the District of Columbia, Guam, 
and Puerto Rico as of January 2017.10 

The use and acceptance of medicinal cannabis continues 
to evolve, as shown by the growing number of states now 
permitting use for specific medical indications. The Food 
and Drug Administration (FDA) has considered how it might 
support the scientific rigor of medicinal cannabis claims, and 
the review of public data regarding safety and abuse potential 

Dr. Bridgeman is a Clinical Associate Professor at the Ernest Mario 
School of Pharmacy at Rutgers, the State University of New Jersey, in 
Piscataway, New Jersey, and an Internal Medicine Clinical Pharmacist 
at Robert Wood Johnson University Hospital in New Brunswick, New 
Jersey. Dr. Abazia is a Clinical Assistant Professor at the Ernest Mario 
School of Pharmacy at Rutgers, the State University of New Jersey, and 
an Internal Medicine Clinical Pharmacist at Capital Health Regional 
Medical Center in Trenton, New Jersey.

is ongoing.11,12 The purpose of this article is to review the 
historical significance of the use of medicinal cannabis and 
to discuss its pharmacology, pharmacokinetics, and select 
evidence on medicinal uses, as well as to describe the impli-
cations of evolving medicinal cannabis regulations and their 
effects on the acute care hospital setting. 

HISTORICAL SIGNIFICANCE 
Cannabis is a plant-based, or botanical, product with origins 

tracing back to the ancient world. Evidence suggesting its use 
more than 5,000 years ago in what is now Romania has been 
described extensively.13 There is only one direct source of 
evidence (∆6-tetrahydrocannabinol [∆6-THC] in ashes) that 
cannabis was first used medicinally around 400 ad.14 In the U.S., 
cannabis was widely utilized as a patent medicine during the 
19th and early 20th centuries, described in the United States 
Pharmacopoeia for the first time in 1850. Federal restriction 
of cannabis use and cannabis sale first occurred in 1937 with 
the passage of the Marihuana Tax Act.15,16 Subsequent to 
the act of 1937, cannabis was dropped from the United States 
Pharmacopoeia in 1942, with legal penalties for possession 
increasing in 1951 and 1956 with the enactment of the Boggs 
and Narcotic Control Acts, respectively, and prohibition under 
federal law occurring with the Controlled Substances Act of 
1970.1,17,18 Beyond criminalization, these legislative actions 
contributed to creating limitations on research by restricting 
procurement of cannabis for academic purposes.

In 1996, California became the first state to permit legal 
access to and use of botanical cannabis for medicinal pur-
poses under physician supervision with the enactment of the 
Compassionate Use Act. As previously stated, as of January 1, 
2017, 28 states as well as Washington, D.C., Guam, and Puerto 
Rico will have enacted legislation governing medicinal cannabis 
sale and distribution; 21 states and the District of Columbia 
will have decriminalized marijuana and eliminated prohibition 
for possession of small amounts, while eight states, including 
Alaska, California, Colorado, Maine, Massachusetts, Nevada, 
Oregon, and Washington, as well as the District of Columbia, 
will have legalized use of marijuana for adult recreation.10,19 

THE MEDICINAL CANNABIS DEBATE 
As a Schedule I controlled substance with no accepted 

medicinal use, high abuse potential, concerns for dependence, 
and lack of accepted safety for use under medical supervision—
along with a national stigma surrounding the potential harms 
and implication of cannabis use as a gateway drug to other 
substances—transitioning from a vilified substance to one with 
therapeutic merits has been controversial. The United States 
Pharmacopoeia and the FDA have considered the complexities 

Disclosures: The authors report no commercial or financial interests in 
regard to this article.
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of regulating this plant-based therapy, including the numerous 
compounds and complex interactions between substances in 
this product, and how it might fit into the current regulatory 
framework of drugs in United States.11,12,17 

The emergence of interest in botanical medicinal cannabis 
is thought by many to be a collateral effect of the opioid abuse 
epidemic; public perception surrounding the use of medicinal 
cannabis suggests that this plant-based therapy is viewed as not 
much different than a botanical drug product or supplement 
used for health or relief of symptoms if disease persists. Like 
some herbal preparations or supplements, however, medicinal 
cannabis may similarly pose health risks associated with its 
use, including psychoactive, intoxicating, and impairing effects, 
which have not been completely elucidated through clinical 
trials. Proponents argue that there is evidence to support botani-
cal medicinal cannabis in the treatment of a variety of conditions, 
particularly when symptoms are refractory to other therapies; 
that beneficial cannabinoids exist, as evidenced by single-entity 
agents derived from cannabis containing the compounds THC 
and cannabidiol (CBD); that cannabis is relatively safe, with 
few deaths reported from use; that therapy is self-titratable by 
the patient; and that therapy is relatively inexpensive compared 
with pharmaceutical agents.20–22 Opponents of medicinal can-
nabis use argue, in part, that well-designed randomized trials 
to confirm benefits and harms are lacking; that it has not 
been subject to the rigors of the FDA approval process; that 
standardization in potency or quantity of pharmacologically 
active constituents is absent; that adverse health effects relate 
not only to smoking cannabis but to unmasking mental health 
disorders, impairing coordination, and affecting judgment; 
that standardization does not exist for product packaging and 
controls to prevent inadvertent use by minors or pets; that 
there is a potential for dependence, addiction, and abuse; and 
that costs pose a potential burden.23–25 

Regardless of personal views and perceptions, to deny or 
disregard the implications of use of this substance on patient 
health and the infrastructure of the health care system is irre-
sponsible; clinicians must be aware of these implications and 
informed about how this therapy may influence practice in a 
variety of health care settings, including acute care.

PHARMACOLOGY 
Endocannabinoids (eCBs) and their receptors are found 

throughout the human body: nervous system, internal organs, 
connective tissues, glands, and immune cells. The eCB system 
has a homeostatic role, having been characterized as “eat, sleep, 
relax, forget, and protect.”26 It is known that eCBs have a role in 
the pathology of many disorders while also serving a protective 
function in certain medical conditions.27 It has been proposed 
that migraine, fibromyalgia, irritable bowel syndrome, and 
related conditions represent clinical eCB deficiency syndromes 
(CEDS). Deficiencies in eCB signaling could be also involved in 
the pathogenesis of depression. In human studies, eCB system 
deficiencies have been implicated in schizophrenia, multiple scle-
rosis (MS), Huntington’s disease, Parkinson’s disease, anorexia, 
chronic motion sickness, and failure to thrive in infants.28

The eCB system represents a microcosm of psycho-
neuroimmunology or “mind–body” medicine. The eCB system 
consists of receptors, endogenous ligands, and ligand metabolic 

enzymes. A variety of physiological processes occur when can-
nabinoid receptors are stimulated. Cannabinoid receptor type 1 
(CB1) is the most abundant G-protein–coupled receptor. It is 
expressed in the central nervous system, with particularly dense 
expression in (ranked in order): the substantia nigra, globus 
pallidus, hippocampus, cerebral cortex, putamen, caudate, cer-
ebellum, and amygdala. CB1 is also expressed in non-neuronal 
cells, such as adipocytes and hepatocytes, connective and 
musculoskeletal tissues, and the gonads. CB2 is principally 
associated with cells governing immune function, although it 
may also be expressed in the central nervous system.

The most well-known eCB ligands are N-arachidonyl-
ethanolamide (anandamide or AEA) and sn-2-arachidonoyl-
glycerol (2-AG). AEA and 2-AG are released upon demand 
from cell membrane phospholipid precursors. This “classic” 
eCB system has expanded with the discovery of secondary 
receptors, ligands, and ligand metabolic enzymes. For example, 
AEA, 2-AG, N-arachidonoyl glycine (NAGly), and the phyto-
cannabinoids ∆9-THC and CBD may also serve, to different 
extents, as ligands at GPR55, GPR18, GPR119, and several 
transient receptor potential ion channels (e.g., TRPV1, TRPV2, 
TRPA1, TRPM8) that have actions similar to capsaicin.28 The 
effects of AEA and 2-AG can be enhanced by “entourage com-
pounds” that inhibit their hydrolysis via substrate competition, 
and thereby prolong their action through synergy and augmen-
tation. Entourage compounds include N-palmitylethanolamide 
(PEA), N-oleoylethanolamide (SEA), and cis-9-octadecenoamide 
(OEA or oleamide) and may represent a novel route for molecu-
lar regulation of endogenous cannabinoid activity.29 

Additional noncannabinoid targets are also linked to canna-
bis. G-protein–coupled receptors provide noncompetitive inhibi-
tion at mu and delta opioid receptors as well as nor epinephrine, 
dopamine, and serotonin. Ligand-gated ion channels create 
allosteric antagonism at serotonin and nicotinic receptors, and 
enhance activation of glycine receptors. Inhibition of calcium, 
potassium, and sodium channels by noncompetitive antagonism 
occurs at nonspecific ion channels and activation of PPARα 
and PPARγ at the peroxisome proliferator-activated receptors 
is influenced by AEA.30 

THC is known to be the major psychoactive component of 
cannabis mediated by activation of the CB1 receptors in the 
central nervous system; however, this very mechanism limits 
its use due to untoward adverse effects. It is now accepted that 
other phytocannabinoids with weak or no psychoactivity have 
promise as therapeutic agents in humans. The cannabinoid that 
has sparked the most interest as a nonpsychoactive component 
is CBD.31 Unlike THC, CBD elicits its pharmacological effects 
without exerting any significant intrinsic activity on CB1 and 
CB2 receptors. Several activities give CBD a high potential 
for therapeutic use, including antiepileptic, anxiolytic, anti-
psychotic, anti-inflammatory, and neuroprotective effects. CBD 
in combination with THC has received regulatory approvals in 
several European countries and is under study in registered 
trials with the FDA. And, some states have passed legislation 
to allow for the use of majority CBD preparations of cannabis 
for certain pathological conditions, despite lack of standardiza-
tion of CBD content and optimal route of administration for 
effect.32 Specific applications of CBD have recently emerged in 
pain (chronic and neuropathic), diabetes, cancer, and neuro-
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Within the shifting legal landscape of medical cannabis, 
different methods of cannabis administration have impor-
tant public health implications. A survey using data from 
Qualtrics and Facebook showed that individuals in states with 
medical cannabis laws had a significantly higher likelihood of 
ever having used the substance with a history of vaporizing 
marijuana (odds ratio [OR], 2.04; 99% confidence interval [CI],  
1.62–2.58) and a history of oral administration of edible mari-
juana (OR, 1.78; 99% CI, 1.39–2.26) than those in states without 
such laws. Longer duration of medical cannabis status and 
higher dispensary density were also significantly associated 
with use of vaporized and edible forms of marijuana. Medical 
cannabis laws are related to state-level patterns of utilization 
of alternative methods of cannabis administration.34

DRUG INTERACTIONS 
Metabolic and pharmacodynamic interactions may exist 

between medical cannabis and other pharmaceuticals. 
Quantification of the in vitro metabolism of exogenous can-
nabinoids, including THC, CBD, and cannabinol (CBN), indi-
cates hepatic cytochrome 450 (CYP450) isoenzymes 2C9 and 
3A4 play a significant role in the primary metabolism of THC 
and CBN, whereas 2C19 and 3A4 and may be responsible 
for metabolism of CBD.40 Limited clinical trials quantifying 
the effect of the exogenous cannabinoids on the metabolism 
of other medications exist; however, drug interaction data  
may be gleaned from the prescribing information from  
cannabinoid-derived pharma ceutical products such as Sativex 
(GW Pharmaceuticals, United Kingdom) and dronabinol 
(Marinol, AbbVie [United States]).41,42 Concomitant adminis-
tration of ketoconazole with oromucosal cannabis extract con-
taining THC and CBD resulted in an increase in the maximum 
serum concentration and area under the curve for both THC 
and CBD by 1.2-fold to 1.8-fold and twofold, respectively; 
coadministration of rifampin is associated with a reduction in 
THC and CBD levels.40,41 In clinical trials, dronabinol use was 
not associated with clinically significant drug interactions, 
although additive pharmacodynamic effects are possible when 
it is coadministered with other agents having similar physi-
ological effects (e.g., sedatives, alcohol, and antihistamines may 
increase sedation; tricyclic antidepressants, stimulants, and 
sympathomimetics may increase tachycardia).41 Additionally, 
smoking cannabis may increase theophylline metabolism, as 
is also seen after smoking tobacco.40,42 

ADVERSE EFFECTS 
Much of what is known about the adverse effects of medic-

inal cannabis comes from studies of recreational users of 
marijuana.43 Short-term use of cannabis has led to impaired 
short-term memory; impaired motor coordination; altered 
judgment; and paranoia or psychosis at high doses.44 Long-
term or heavy use of cannabis, especially in individuals who 
begin using as adolescents, has lead to addiction; altered 
brain development; cognitive impairment; poor educational 
outcomes (e.g., dropping out of school); and diminished life 
satisfaction.45 Long-term or heavy use of cannabis is also associ-
ated with chronic bronchitis and an increased risk of chronic 
psychosis-related health disorders, including schizophrenia 
and variants of depression, in persons with a predisposition to 

degenerative diseases, such as Huntington’s disease. Animal 
studies indicate that a high dose of CBD inhibits the effects 
of lower doses of THC. Moreover, clinical studies suggest 
that oral or oromucosal CBD may prolong and/or intensify 
the effects of THC. Finally, preliminary clinical trials suggest 
that high-dose oral CBD (150–600 mg per day) may exert a 
therapeutic effect for epilepsy, insomnia, and social anxiety 
disorder. Nonetheless, such doses of CBD have also been 
shown to cause sedation.33

PHARMACOKINETICS AND ADMINISTRATION 
The three most common methods of administration are  

inhalation via smoking, inhalation via vaporization, and inges-
tion of edible products. The method of administration can 
impact the onset, intensity, and duration of psychoactive effects; 
effects on organ systems; and the addictive potential and  
negative consequences associated with use.34 

Cannabinoid pharmacokinetic research has been challeng-
ing; low analyte concentrations, rapid and extensive metabo-
lism, and physicochemical characteristics hinder the separa-
tion of compounds of interest from biological matrices and 
from each other. The net effect is lower drug recovery due 
to adsorption of compounds of interest to multiple surfaces.35 
The primary psychoactive constituent of marijuana—∆9-THC— 
is rapidly transferred from lungs to blood during smoking. 
In a randomized controlled trial conducted by Huestis and  
colleagues, THC was detected in plasma immediately after the 
first inhalation of marijuana smoke, attesting to the efficient 
absorption of THC from the lungs. THC levels rose rapidly 
and peaked prior to the end of smoking.36 Although smoking 
is the most common cannabis administration route, the use of 
vaporization is increasing rapidly. Vaporization provides effects 
similar to smoking while reducing exposure to the byproducts 
of combustion and possible carcinogens and decreasing adverse 
respiratory syndromes. THC is highly lipophilic, distributing 
rapidly to highly perfused tissues and later to fat.37 A trial of 
11 healthy subjects administered ∆9-THC intravenously, by 
smoking, and by mouth demonstrated that plasma profiles 
of THC after smoking and intravenous injection were similar, 
whereas plasma levels after oral doses were low and irregular, 
indicating slow and erratic absorption. The time courses of 
plasma concentrations and clinical “high” were of the same 
order for intravenous injection and smoking, with prompt onset 
and steady decline over a four-hour period. After oral THC, the 
onset of clinical effects was slower and lasted longer, but effects 
occurred at much lower plasma concentrations than they did 
after the other two methods of administration.38

Cannabinoids are usually inhaled or taken orally; the rectal 
route, sublingual administration, transdermal delivery, eye 
drops, and aerosols have been used in only a few studies and 
are of little relevance in practice today. The pharmaco kinetics of 
THC vary as a function of its route of administration. Inhalation 
of THC causes a maximum plasma concentration within minutes 
and psychotropic effects within seconds to a few minutes. 
These effects reach their maximum after 15 to 30 minutes and 
taper off within two to three hours. Following oral ingestion, 
psychotropic effects manifest within 30 to 90 minutes, reach 
their maximum effect after two to three hours, and last for 
about four to 12 hours, depending on the dose.39 
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such disorders.46–48 Vascular conditions, including myocardial 
infarction, stroke, and transient ischemic attack, have also 
been associated with cannabis use.49–51 The use of cannabis 
for management of symptoms in neurodegenerative diseases, 
such as Parkinson’s, Alzheimer’s, and MS, has provided data 
related to impaired cognition in these individuals.52,53

A systematic review of published trials on the use of medical 
cannabinoids over a 40-year period was conducted to quantify 
adverse effects of this therapy.54 A total of 31 studies evaluat-
ing the use of medicinal cannabis, including 23 randomized 
controlled trials and eight observational studies, was included. 
In the randomized trials, the median duration of cannabinoid 
exposure was two weeks, with a range between eight hours 
and 12 months. Of patients assigned to active treatment in 
these trials, a total of 4,779 adverse effects were reported; 96.6% 
(4,615) of these were not deemed by authors to be serious. The 
most common serious adverse effects included relapsing MS 
(9.1%; 15 events), vomiting (9.8%; 16 events), and urinary tract 
infections (9.1%; 15 events). No significant differences in the 
rates of serious adverse events between individuals receiving 
medical cannabis and controls were identified (relative risk, 
1.04; 95% CI, 0.78–1.39). The most commonly reported non-
serious adverse event was dizziness, with an occurrence rate 
of 15.5% (714 events) among people exposed to cannabinoids.54 

Other negative adverse effects reported with acute cannabis 
use include hyperemesis syndrome, impaired coordination 
and performance, anxiety, suicidal ideations or tendencies, 
and psychotic symptoms, whereas chronic effects may include 
mood disturbances, exacerbation of psychotic disorders, can-
nabis use disorders, withdrawal syndrome, and neuro cognitive 
impairments, as well as cardiovascular and respiratory condi-
tions.52 Long-term studies evaluating adverse effects of chronic 
medicinal cannabis use are needed to conclusively evaluate 
the risks when used for an extended period of time. 

MEDICINAL USES 
Cannabis and cannabinoid agents are widely used to alleviate 

symptoms or treat disease, but their efficacy for specific indica-
tions is not well established. For chronic pain, the analgesic 
effect remains unclear. A systematic review of randomized 
controlled trials was conducted examining cannabinoids in 
the treatment of chronic noncancer pain, including smoked 
cannabis, oro mucosal extracts of cannabis-based medicine, 
nabilone, dronabinol, and a novel THC analogue.55 Pain con-
ditions included neuropathic pain, fibromyalgia, rheumatoid 
arthritis, and mixed chronic pain. Fifteen of the 18 included 
trials demonstrated a significant analgesic effect of cannabi-
noids compared with placebo. Cannabinoid use was generally 
well tolerated; adverse effects most commonly reported were 
mild to moderate in severity. Overall, evidence suggests that 
cannabinoids are safe and moderately effective in neuropathic 
pain with preliminary evidence of efficacy in fibromyalgia and 
rheumatoid arthritis.55

While there is not enough evidence to suggest routine use 
of medicinal cannabis for alleviating chemotherapy-related 
nausea and vomiting by national or international cancer societ-
ies, therapeutic agents based on THC (e.g., dronabinol) have 
been approved for use as an antiemetic in the United States for 
a number of years. Only recently has the efficacy and safety of 

cannabis-based medicines in managing nausea and vomiting 
due to chemotherapy been evaluated. In a review of 23 random-
ized, controlled trials, patients who received cannabis-based 
products experienced less nausea and vomiting than subjects 
who received placebo.56 The proportion of people experiencing 
nausea and vomiting who received cannabis-based products was 
similar to those receiving conventional antiemetics. Subjects 
using cannabis-based products experienced side effects such as 
“feeling high,” dizziness, sedation, and dysphoria and dropped 
out of the studies at a higher rate due to adverse effects com-
pared with participants receiving either placebo or conventional 
antiemetics. In crossover trials in which patients received 
cannabis-based products and conventional antiemetics, patients 
preferred the cannabis-based medicines. Cannabis-based medi-
cations may be useful for treating chemotherapy-induced nausea 
and vomiting that responds poorly to conventional antiemetics. 
However, the trials produced low to moderate quality evidence 
and reflected chemotherapy agents and antiemetics that were 
available in the 1980s and 1990s.

With regard to the management of neurological disorders, 
including epilepsy and MS, a Cochrane review of four clinical 
trials that included 48 epileptic patients using CBD as an adjunct 
treatment to other antiepileptic medications concluded that 
there were no serious adverse effects associated with CBD 
use but that no reliable conclusions on the efficacy and safety 
of the therapy can be drawn from this limited evidence.57 The 
American Academy of Neurology (AAN) has issued a Summary 
of Systematic Reviews for Clinicians that indicates oral cannabis 
extract is effective for reducing patient-reported spasticity scores 
and central pain or painful spasms when used for MS.58 THC 
is probably effective for reducing patient-reported spasticity 
scores but is likely ineffective for reducing objective measures 
of spasticity at 15 weeks, the AAN found; there is limited evi-
dence to support the use of cannabis extracts for treatment of 
Huntington’s disease, levodopa-induced dyskinesias in patients 
with Parkinson’s disease, or reducing tic severity in Tourette’s.58 

In older patients, medical cannabinoids have shown no 
efficacy on dyskinesia, breathlessness, and chemotherapy-
induced nausea and vomiting. Some evidence has shown that 
THC might be useful in treatment of anorexia and behavioral 
symptoms in patients with dementia. The most common adverse 
events reported during cannabinoid treatment in older adults 
were sedation-like symptoms.59 

Despite limited clinical evidence, a number of medical condi-
tions and associated symptoms have been approved by state 
legislatures as qualifying conditions for medicinal cannabis 
use. Table 1 contains a summary of medicinal cannabis indica-
tions by state, including select disease states and qualifying 
debilitating medical conditions or symptoms.10,60,61 The most 
common conditions accepted by states that allow medicinal 
cannabis relate to relief of the symptoms of cancer, glaucoma, 
human immunodeficiency virus/acquired immunodeficiency 
syndrome, and MS. A total of 28 states, the District of Columbia, 
Guam, and Puerto Rico now allow comprehensive public 
medical marijuana and cannabis programs.10 The National 
Conference of State Legislatures uses the following criteria 
to determine if a program is comprehensive:

1. Protection from criminal penalties for using marijuana for 
a medical purpose;
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Table 1  Medicinal Cannabis Indications for Use by State10,60,61

Select Medical Conditions and Diseases
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Alzheimer’s disease ✓ ✓ 1 ✓ 1 1 ✓ ✓ 2 1 ✓
✓ 
4

✓ ✓ ✓

HIV/AIDS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2 ✓ ✓ ✓ ✓ ✓
✓ 
4

✓ 
3

✓
✓ 
3

✓ ✓ ✓ ✓ ✓
✓ 
3

✓

Amyotrophic lateral sclerosis ✓ ✓ 1 ✓ 1 ✓ ✓ ✓ 2 ✓ ✓ ✓
✓ 
4

✓ ✓ ✓ ✓ ✓ ✓

Cancer ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2 ✓ ✓
✓ 
3

✓ ✓
✓ 
4

✓ 
3

✓
✓ 
3

✓ ✓ ✓ ✓ ✓
✓ 
3

✓

Inflammatory bowel disease  
(e.g., Crohn’s, ulcerative colitis)

✓ ✓ 1 ✓ 1 ✓ ✓ ✓ 2 ✓ ✓ ✓ ✓
✓ 
4

✓ ✓ ✓ ✓ ✓ ✓
✓ 
3

Glaucoma ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2 ✓ ✓ ✓ ✓ ✓
✓
4

✓
3

✓ ✓ ✓ ✓ ✓ ✓
✓
3

Multiple sclerosis 1 ✓ 1 ✓ ✓ 2 ✓ ✓
✓ 
4

✓ ✓ ✓ ✓ ✓
✓
3

✓

Parkinson’s disease 1 ✓ 1 ✓ 2 ✓
✓
4

✓
✓
3

✓ ✓

Post-traumatic stress disorder ✓ ✓ 1 ✓ ✓ 1 ✓ ✓ ✓ ✓ 2 1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Debilitating Medical Conditions or Associated Symptoms 

Cachexia, anorexia, or wasting syndrome ✓ ✓ ✓ ✓ ✓ ✓ ✓ 1 1 ✓ ✓ ✓
✓ 
2

1 ✓ ✓ ✓
✓ 
4

✓ 
3

✓ 
3

✓ ✓ ✓
✓ 
3

✓ 
3

Severe or chronic pain ✓ ✓ ✓ ✓ ✓
✓ 
3

1 1 ✓
✓ 
3

✓ 
2

1 ✓
✓ 
3

✓
✓ 

3, 4
✓ 
3

✓ ✓ ✓ ✓ ✓
✓ 
3

✓ 
3

✓ 
3

Severe or chronic nausea ✓ ✓ ✓ ✓ ✓
✓ 
3

1 1 ✓ ✓
✓ 
2

1 ✓ ✓ ✓
✓ 
4

✓ 
3

✓ ✓ ✓
✓ 
3

✓ 
3

Seizure disorders (e.g., epilepsy) ✓ ✓ ✓ ✓ ✓ ✓
✓
3

1 ✓ ✓ ✓
✓ 
2

1 ✓ ✓ ✓ ✓
✓ 
4

✓ 
3

✓ ✓ ✓ ✓ ✓ ✓ ✓
✓ 
3

✓ 
3

Skeletal muscle spasticity  
(e.g., multiple sclerosis)

✓ ✓ ✓ ✓ ✓
✓ 
3

✓ ✓ 1 ✓ ✓ ✓
✓ 
2

1 ✓ ✓
✓ 
3

✓
✓ 
4

✓ 
3

✓ ✓ ✓ ✓ ✓ ✓ ✓
✓ 
3

1 = State law additionally covers any condition where treatment with medical cannabis would be beneficial, according to the patient’s physician
2 = State law covers any severe condition refractory to other medical treatment
3 = Additional restrictions on the use for this indication exist in this state 
4 = State law requires providers to certify the existence of a qualifying disease and symptom

HIV/AIDS = human immunodeficiency virus/acquired immunodeficiency syndrome

Table adapted with permission from the Marijuana Policy Project;60 table is not all-encompassing and other medical conditions for use 
may exist. The reader should refer to individual state laws regarding medicinal cannabis for specific details of approved conditions for 
use. In addition, states may permit the addition of approved indications; list is subject to change.
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Alzheimer’s disease ✓ ✓ 1 ✓ 1 1 ✓ ✓ 2 1 ✓
✓ 
4

✓ ✓ ✓

HIV/AIDS ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2 ✓ ✓ ✓ ✓ ✓
✓ 
4

✓ 
3

✓
✓ 
3

✓ ✓ ✓ ✓ ✓
✓ 
3

✓

Amyotrophic lateral sclerosis ✓ ✓ 1 ✓ 1 ✓ ✓ ✓ 2 ✓ ✓ ✓
✓ 
4

✓ ✓ ✓ ✓ ✓ ✓

Cancer ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2 ✓ ✓
✓ 
3

✓ ✓
✓ 
4

✓ 
3

✓
✓ 
3

✓ ✓ ✓ ✓ ✓
✓ 
3

✓

Inflammatory bowel disease  
(e.g., Crohn’s, ulcerative colitis)

✓ ✓ 1 ✓ 1 ✓ ✓ ✓ 2 ✓ ✓ ✓ ✓
✓ 
4

✓ ✓ ✓ ✓ ✓ ✓
✓ 
3

Glaucoma ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 2 ✓ ✓ ✓ ✓ ✓
✓
4

✓
3

✓ ✓ ✓ ✓ ✓ ✓
✓
3

Multiple sclerosis 1 ✓ 1 ✓ ✓ 2 ✓ ✓
✓ 
4

✓ ✓ ✓ ✓ ✓
✓
3

✓

Parkinson’s disease 1 ✓ 1 ✓ 2 ✓
✓
4

✓
✓
3

✓ ✓

Post-traumatic stress disorder ✓ ✓ 1 ✓ ✓ 1 ✓ ✓ ✓ ✓ 2 1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Debilitating Medical Conditions or Associated Symptoms 

Cachexia, anorexia, or wasting syndrome ✓ ✓ ✓ ✓ ✓ ✓ ✓ 1 1 ✓ ✓ ✓
✓ 
2

1 ✓ ✓ ✓
✓ 
4

✓ 
3

✓ 
3

✓ ✓ ✓
✓ 
3

✓ 
3

Severe or chronic pain ✓ ✓ ✓ ✓ ✓
✓ 
3

1 1 ✓
✓ 
3

✓ 
2

1 ✓
✓ 
3

✓
✓ 

3, 4
✓ 
3

✓ ✓ ✓ ✓ ✓
✓ 
3

✓ 
3

✓ 
3

Severe or chronic nausea ✓ ✓ ✓ ✓ ✓
✓ 
3

1 1 ✓ ✓
✓ 
2

1 ✓ ✓ ✓
✓ 
4

✓ 
3

✓ ✓ ✓
✓ 
3

✓ 
3

Seizure disorders (e.g., epilepsy) ✓ ✓ ✓ ✓ ✓ ✓
✓
3

1 ✓ ✓ ✓
✓ 
2

1 ✓ ✓ ✓ ✓
✓ 
4

✓ 
3

✓ ✓ ✓ ✓ ✓ ✓ ✓
✓ 
3

✓ 
3

Skeletal muscle spasticity  
(e.g., multiple sclerosis)

✓ ✓ ✓ ✓ ✓
✓ 
3

✓ ✓ 1 ✓ ✓ ✓
✓ 
2

1 ✓ ✓
✓ 
3

✓
✓ 
4

✓ 
3

✓ ✓ ✓ ✓ ✓ ✓ ✓
✓ 
3

1 = State law additionally covers any condition where treatment with medical cannabis would be beneficial, according to the patient’s physician
2 = State law covers any severe condition refractory to other medical treatment
3 = Additional restrictions on the use for this indication exist in this state 
4 = State law requires providers to certify the existence of a qualifying disease and symptom

HIV/AIDS = human immunodeficiency virus/acquired immunodeficiency syndrome

Table adapted with permission from the Marijuana Policy Project;60 table is not all-encompassing and other medical conditions for use 
may exist. The reader should refer to individual state laws regarding medicinal cannabis for specific details of approved conditions for 
use. In addition, states may permit the addition of approved indications; list is subject to change.
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2. Access to marijuana through home cultivation, dispensa-
ries, or some other system that is likely to be implemented;

3. Allows a variety of strains, including more than those 
labeled as “low THC;” and

4. Allows either smoking or vaporization of some kind of 
marijuana products, plant material, or extract.

Some of the most common policy questions regarding medical 
cannabis now include how to regulate its recommendation and 
indications for use; dispensing, including quality and standard-
ization of cultivars or strains, labeling, packaging, and role 
of the pharmacist or health care professional in education or  
administration; and registration of approved patients and providers. 

REGULATORY IMPLICATIONS  
OF MEDICINAL CANNABIS 

The regulation of cannabis therapy is complex and unique; pos-
session, cultivation, and distribution of this substance, regardless 
of purpose, remain illegal at the federal level, while states that 
permit medicinal cannabis use have established individual laws 
and restrictions on the sale of cannabis for medical purposes. 
In a 2013 U.S. Department of Justice memorandum to all U.S. 
attorneys, Deputy Attorney General James M. Cole noted that 
despite the enactment of state laws authorizing marijuana pro-
duction and sale having a regulatory structure that is counter 
to the usual joint efforts of federal authorities working together 
with local jurisdictions, prosecution of individuals cultivating and 
distributing marijuana to seriously ill individuals for medicinal 
purpose has not been identified as a federal priority.62

There are, however, other regulatory implications to con-
sider based on the federal restriction of cannabis. Physicians 
cannot legally “prescribe” medicinal cannabis therapy, given 
its Schedule I classification, but rather in accordance with state 
laws may certify or recommend patients for treatment. Medical 
cannabis expenses are not reimbursable through government 
medical assistance programs or private health insurers. As previ-
ously described, the Schedule I listing of cannabis according to 
federal law and DEA regulations has led to difficulties in access 
for research purposes; non practitioner researchers can register 
with the DEA more easily to study substances in Schedules II–V 
compared with Schedule I substances.63 Beyond issues related 
to procurement of the substance for research purposes, other 
limitations in cannabis research also exist. For example, the 
Center for Medicinal Cannabis Research at the University of 
California–San Diego had access to funding, marijuana at differ-
ent THC levels, and approval for a number of clinical research 
trials, and yet failed to recruit an adequate number of patients to 
conduct five major trials, which were subsequently canceled.64 
Unforeseen factors, including the prohibition of driving during 
the clinical trials, deterred patients from trial enrollment. The 
limited availability of clinical research to support or refute thera-
peutic claims and indications for use of cannabis for medicinal 
purposes has frequently left both state legislative authorities 
and clinicians to rely on anecdotal evidence, which has not 
been subjected to the same rigors of peer review and scrutiny 
as well-conducted, randomized trials, to validate the safety and 
efficacy of medicinal cannabis therapy. Furthermore, although 
individual single-entity pharmaceutical medications, such as 
dronabinol, have been isolated, evaluated, and approved for use 
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by the FDA, a plant cannot be patented and mass produced by 
a corporate entity.65 Despite this limitation, some corporations, 
including GW Pharmaceuticals, are mass producing cannabis 
plants and extracting complex mixtures or single cannabinoids 
for clinical trials.65 The complex pharmacology related to the 
numerous substances and interactions among chemicals in the 
cannabis plant coupled with environmental variables in cultiva-
tion further complicate regulation, standardization, purity, and 
potency as a botanical drug product.

RELEVANCE TO HOSPITAL PRACTITIONERS 
Although the public has largely accepted medicinal cannabis 

therapy as having a benefit when used under a provider’s supervi-
sion, the implications of the use of this substance when patients 
transition into the acute care setting are additionally complex 
and multifaceted. The Schedule I designation of cannabis causes 
hospitals and other care settings that receive federal funding, 
either through Medicare reimbursement or other federal grants 
or programs, to pause to consider the potential for loss of these 
funds should the federal government intercede and take action if 
patients are permitted to use this therapy on campus. Similarly, 
licensed practitioners registered to certify patients for state 
medicinal cannabis programs may have comparable concerns 
regarding jeopardizing their federal DEA registrations and ability 
to prescribe other controlled substances as well as jeopardizing 
Medicare reimbursements. In 2009, U.S. Attorney General Eric 
Holder recommended that enforcement of federal marijuana laws 
not be a priority in states that have enacted medicinal cannabis 
programs and are enforcing the rules and regulations of such a 
program; despite this, concerns persist.

The argument for or against the use of medicinal cannabis 
in the acute care setting encompasses both legal and ethical 
considerations, with the argument against use perhaps seeming 
obvious on its surface. States adopting medical cannabis laws 
may advise patients to utilize the therapy only in their own 
residence and not to transport the substances unless absolutely 
necessary.66 Further, many acute care institutions have policies 
prohibiting smoking on facility grounds, thus restricting the 
smoking of cannabis, regardless of purpose or indication. Of 
note, several Canadian hospitals, including Montreal’s Jewish 
General Hospital and Quebec’s Centre Hospitalier Universitaire 
de Sherbrooke, have permitted inpatient cannabis use via 
vaporization; the pharmacy departments of the respective 
institutions control and dispense cannabis much like opioids 
for pain. Canada has adopted national regulations to control 
and standardize dried cannabis for medical use.67,68 There are 
complicated logistics for self-administration of medicinal can-
nabis by the patient or caregiver; in particular, many hospitals 
have policies on self-administration of medicines that permit 
patients to use their own medications only after identification 
and labeling by pharmacy personnel. The argument can be 
made that an herb- or plant-based entity cannot be identified 
by pharmacy personnel as is commonly done for traditional 
medicines, although medicinal cannabis dispensed through 
state programs must be labeled in accordance with state laws. 
Dispensing and storage concerns, including an evaluation of 
where and how this product should be stored (e.g., within the 
pharmacy department and treated as a controlled substance, 
by security personnel, or with the patient); who should admin-
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ister it, and implications or violations of federal law by those 
administering treatment; what pharmaceutical preparations 
should be permitted (e.g., smoked, vaporized, edible); and 
how it should be charted in the medical record represent other 
logistical concerns. Inpatient use of medicinal cannabis also 
carries implications for nursing and medical staff members. 
The therapy cannot be prescribed, and states may require 
physicians authorizing patient use to be registered with local 
programs. In a transition into the acute care setting from the 
community setting, a different clinician who is not registered 
could be responsible for the patient’s care; that clinician would 
be restricted in ordering continuation of therapy.

Despite the complexities in the logistics of continuing medici-
nal cannabis in the acute care setting, proponents of palliative 
care and continuity of care argue that prohibiting medicinal can-
nabis use disrupts treatment of chronic and debilitating medical 
conditions. Patients have been denied this therapy during acute 
care hospitalizations for reasons stated above.69 Permission to 
use medicinal cannabis in the acute care setting may be depen-
dent on state legislation and restrictions imposed by such laws. 
Legislation in Minnesota, as one example, has been amended 
to permit hospitals as facilities that can dispense and control 
cannabis use; similar legislative actions protecting nurses from 
criminal, civil, or disciplinary action when administering medical 
cannabis to qualified patients have been enacted in Connecticut 
and Maine.70–73 Proposed legislation to remove restrictions on 
the certification of patients to receive medicinal cannabis by 
doctors at the Department of Veterans Affairs was struck down 
in June; prohibitions continue on the use of this therapy even in 
facilities located in states permitting medicinal cannabis use.74 

CONCLUSION 
Despite lingering controversy, use of botanical cannabis 

for medicinal purposes represents the revival of a plant with 
historical significance reemerging in present day health care. 
Legislation governing use of medicinal cannabis continues to 
evolve rapidly, necessitating that pharmacists and other clini-
cians keep abreast of new or changing state regulations and 
institutional implications. Ultimately, as the medicinal cannabis 
landscape continues to evolve, hospitals, acute care facilities, 
clinics, hospices, and long-term care centers need to consider 
the implications, address logistical concerns, and explore the 
feasibility of permitting patient access to this treatment. Whether 
national policy—particularly with a new presidential administra-
tion—will offer some clarity or further complicate regulation 
of this treatment remains to be seen.
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Parkinson’s disease (PD), a neurodegenerative disorder, is the second most common neurological illness in United States.
Neurologically, it is characterized by the selective degeneration of a unique population of cells, the nigrostriatal dopamine neurons.
The current treatment is symptomatic and mainly involves replacement of dopamine deficiency.This therapy improves only motor
symptoms of Parkinson’s disease and is associated with a number of adverse effects including dyskinesia. Therefore, there is unmet
need for more comprehensive approach in the management of PD. Cannabis and related compounds have created significant
research interest as a promising therapy in neurodegenerative and movement disorders. In this review we examine the potential
benefits of medical marijuana and related compounds in the treatment of bothmotor and nonmotor symptoms as well as in slowing
the progression of the disease. The potential for cannabis to enhance the quality of life of Parkinson’s patients is explored.

1. Introduction

Marijuana, the crude product (dried flowers, stems, seeds,
and leaves) derived from the cannabis sativa plant, consists
of more than 85 phytocannabinoids [1, 2]. The term phy-
tocannabinoids is used to differentiate these plant-derived
cannabinoids from the synthetic cannabinoids and the struc-
turally different endogenous cannabinoids (endocannabi-
noids). Among the phytocannabinoids, Cannabidiol (CBD)
andΔ9-Tetrahydrocannabinol (Δ9-THC, THC) are themajor
constituents ofmarijuana [3].Δ9-THC is a psychoactive agent
with analgesic and muscle relaxant property [3, 4]. While
CBD is a nonpsychoactive compound and has been shown
to have hypnotic, anxiolytic, antipsychotic, antioxidant, and
neuroprotective effects [5], THC is a partial agonist at the
cannabinoid receptor 1 (CB1) and receptor 2 (CB2). Unlike
Δ9-THC, CBD has antagonistic/inverse agonistic property at
CB1 receptor and appears to modulate Δ9-THC-associated
side effects including anxiety, tachycardia, and hunger [3].
CBD also appears to potentiate the effect of endocannabi-
noids by inhibiting their inactivation, thereby alleviating
psychotic symptom [6].

Despite the placement of marijuana in the schedule 1
category under the US Federal Controlled Substance Act [7]
and the US Federal Government’s continued opposition on
its legalization, 24 states and Washington DC have enacted
laws allowing marijuana to treat certain medical conditions
[8]. The range and types of disease conditions for which
medical marijuana have been approved vary from state to
state. The most common disease conditions approved by the
states include cancer, HIV/AIDS, glaucoma, chronic and/or
severe pain, seizure/epilepsy, cachexia, andmultiple sclerosis.
Moreover, two cannabinoids (dronabinol and nabilone) have
been approved by the FDA for clinical use. The synthetically
produced Δ9-THC, dronabinol (Marinol�), is a schedule III
drug, which is indicated in the treatment of chemotherapy-
induced nausea and emesis as well as anorexia associated
with weight loss in AIDS patients. A synthetic cannabinoid,
nabilone (Cesamet�), is a schedule II drug that is indicated
for the treatment of nausea and vomiting associated with
cancer chemotherapy. Another cannabinoid, Cannabidiol
(Epidiolex�), is in a clinical trial for the treatment of drug-
resistant epilepsy in children [9]. A phytocannabinoid prepa-
ration, nabiximols (Sativex�), has been approved for the
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treatment of spasticity due to multiple sclerosis in a number
of countries outside the United States. Nabiximols is an
extract of Cannabis sativa L that consists of mainly THC and
CBD [10, 11].

Although recent studies have provided strong evidence
for the therapeutic benefit of medical marijuana [12–16],
increasing access to cannabis and/or cannabinoids can result
in side effects such as addiction, respiratory illness, and
decline in cognitive processing. Cannabis use has been
indicated as a potential cause, aggravator, or masker of major
psychiatric symptoms, including psychotic, depressive, and
anxiety disorders, particularly in young people [17–19]. Other
negative effects include working memory deficits, reduced
attention and processing speed, anhedonia, abnormal social
behavior, and susceptibility to mood and anxiety disor-
ders [20, 21]. While adult users seem comparatively resis-
tant to cannabis-induced behavioral and brain morphologic
changes, the individuals who start using cannabis during
their early teens can have more severe and more long-lasting
effects [22].

The target of medical marijuana and its constituents
is the endocannabinoid system, which is involved in the
modulation of a number of physiological functions. The
endocannabinoid system includes the endocannabinoids, the
cannabinoid receptors, and the enzymes involved in the
biosynthesis and inactivation of the endocannabinoids [23]
The cannabinoid receptors aremainly expressed in the central
nervous system and the immune system, but they have also
been identified in a number of other parts of the body includ-
ing the cardiovascular system, the peripheral nervous system,
the reproductive system, and the gastrointestinal tract. Due
to its wide distribution and effects on a range of biological
process, the cannabinoid system has become an attractive
target for the development of drugs that can potentially be
used for the treatment of a number of pathological conditions
including mood disorders and movement disorders such as
PD [24]. Components of the endocannabinoid system are
abundant in the striatum and other parts of the basal ganglia
and play a crucial role in modulating dopamine activity and
motor functions [25–27].

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder following Alzheimer’s disease
and the 14th leading cause of death in all age groups in
the United States [28]. The prevalence of PD increases with
age and is shown to be higher in males than females in
some age groups [29]. The number of people with PD is
projected at approximately 9 million by 2030 in the 15 most
populous countries in the world [30, 31]. Neurologically
PD is characterized by the destruction of dopaminergic
cells in the pars compacta region of the substantia nigra
in the midbrain, resulting in dopamine deficiency in the
nerve terminals of the striatum in the forebrain [32]. These
changes cause impairments not just to the motor system
but also to the cognitive and neuropsychological systems
[33]. The nigrostriatal pathway is one of the dopamine
pathways in the brain that regulates movement. The exact
cause for the loss of neuronal cells is unknown, and the trigger
of dopaminergic degeneration seems to be multifactorial
including environmental factors and genetic susceptibilities

[34–36]. Clinically, PD is characterized by resting tremor,
muscle rigidity, bradykinesia, and postural instability [32,
34, 37, 38] and it is also associated with a number of
nonmotor symptoms including depression, anxiety, consti-
pation, orthostatic hypotension, fatigue, and sleep disorders,
as well as, in advanced disease, dementia [39–44]. Although
dopamine deficiency accounts for themajormotor symptoms
of the disease, loss of noradrenergic and serotoninergic nerve
terminals in the limbic system may account for several of the
nonmotor features seen in Parkinson’s disease [45, 46].

Current therapy involves treatment of motor symptoms
of PD through replacement of dopamine deficiency [47].
This includes (1) enhancement of the synthesis of brain
dopamine by administration of levodopa, a dopamine pre-
cursor, (2) direct stimulation of dopamine receptors, (3)
decreasing dopamine catabolism, and (4) stimulation of
dopamine release and inhibition of dopamine reuptake from
presynaptic sites. Another therapy involves restoring the
normal balance of cholinergic and dopaminergic actions on
the basal ganglia using anticholinergic drugs [47–49].

However these drugs treat only motor symptoms of
Parkinson’s disease and are associated with a number of
adverse effects. Long-term use of levodopa, the mainstay
therapy for PD, is associated with motor fluctuations [50]
and levodopa-induced dyskinesia [51–53]. The monoamine
oxidase B (MAO-B) inhibitors (selegiline and rasagiline) as
well as inhibitors of catechol-o-methyltransferase, COMT
(tolcapone and entacapone), are used mostly to reduce the
motor fluctuations associated with levodopa therapy due
to their levodopa-sparing effect [54–59]. Several dopamine
agonists including pramipexole, ropinirole, rotigotine, and
apomorphine are used as monotherapy in early stage of
Parkinson disease or as adjunctive therapy with levodopa
in patients with advanced PD in order to reduce motor
fluctuations [56, 60–64]. In addition to their limited efficacy
on motor symptoms and their adverse effects, drugs that are
currently used for the treatment of PD do not have an effect
on disease progression.Therefore, there is an urgent need for
the development of safer drugs that treat both the motor and
nonmotor symptoms of PD as well as drugs that slow the
progression of the disease.

Medical marijuana has been demonstrated to improve
motor symptoms including tremor, rigidity, and bradykinesia
as well as nonmotor symptoms such as pain and sleep
disorders of PD in observational studies [65]. Survey of
PD patients in Colorado, USA, also indicated the beneficial
effects of marijuana in alleviating nonmotor symptoms of
PD [66]. Cannabidiol (CBD), one of the major constituents
of marijuana, has been shown to be effective in the treat-
ment of psychosis and sleep disorders in PD patients [67–
69]. Another phytocannabinoid, Δ9-tetrahydrocannabivarin
(Δ9-THCV, THCV), was studied in animal disease model
of PD and found to have neuroprotective and symptom-
relieving effects [70]. Therefore, marijuana may provide an
alternative or add-on therapy for Parkinson’s disease. In
addition, Parkinson’s disease has been listed as one of the
disease conditions for which medical marijuana is allowed in
Connecticut, Illinois, Massachusetts, New Hampshire, New



Parkinson’s Disease 3

Mexico, and New York. However, it may also be covered
under chronic illnesses in several other states.

In this review we seek to investigate any scientific evi-
dence that indicates the potential use of marijuana and/or
its components for the treatment of Parkinson’s disease. The
review aims to (i) examine briefly current treatment and
the unmet need of PD therapy, (ii) assess the role of the
cannabinoid system in the modulation of movement and
neuroprotection, (iii) look at the mechanism of action of
marihuana constituents in the modulation of movement and
PD-associated disorders, (iv) assess other beneficial effects of
marihuana that contribute to the amelioration of PD, and (v)
gather scientific evidence on the clinical benefit of marijuana
and/or its constituents in PD patients.

2. Marijuana and Its Influence on
the Endocannabinoid System

Cannabis has been used to treat disease since ancient times.
Marijuana is derived from the Cannabis sativa L. plant. Mar-
ijuana contains the active chemicals known as cannabinoids.
At least 85 cannabinoids have been identified as unique com-
pounds in Cannabis [1]. The therapeutic potential of many
of these ligands still remains largely unexplored prompting a
need for further research. The chemicals responsible for the
medicinal effects of marijuana are D9-Tetrahydrocannabinol
(THC) and Cannabidiol (CBD) [71, 72]. THC is the major
psychoactive ingredient, acting primarily upon the central
nervous system where it affects brain function. CBD is the
major nonpsychoactive ingredient in cannabis and produces
neuroprotective and anti-inflammatory effects [73]. Both
compounds, TCH and CBD, have anticonvulsant properties
[74]. Cannabinoids have also potential to alleviate motor
disorders by reducingmotor impairments and neuron degen-
eration [75]. In addition, cannabinoids have been shown
to be effective in preclinical studies involving excitotoxicity,
oxidative stress, neuroinflammation, and motor complica-
tions associated with PD [76].

Some cannabinoids (endocannabinoids or ECBs) are
found in the body. Initially, ECBswere discovered in the brain
and subsequently in the periphery in humans and animals.
Endocannabinoids are produced by cultured neurons [77],
microglia, and astrocytes [78]. ECBs interact with the endo-
cannabinoid system and aid in regulation of memory, plea-
sure, concentration, thinking, movement and coordination,
sensory and time perception, appetite, and pain [24, 79, 80].
The ECBs activate two guanine nucleotide-binding protein-
(G-protein-) coupled cell membrane receptors, consequently
named the cannabinoid type 1 (CB1) and type 2 (CB2) recep-
tors [81]. CB1 receptors are located primarily in the central
and peripheral neurons andCB2 receptors are predominantly
found in immune cells [82]. CB1 receptors are important
mediators in signaling pathways and have been identified
on both glutamatergic and gamma-aminobutyric (GABA)
neurons [83]. It is believed that one important role of the
neuronal CB1 component is to modulate neurotransmitter
release in amanner thatmaintains homeostasis by preventing
the development of excessive neuronal activity in the central

nervous system [82]. Animal models illustrate that activation
of the CB1 receptor by their endogenous ligands can result in
prominent neuroprotective effects and may prevent epileptic
seizures [84]. Other studies suggest that activation of CB1
receptors offers neuroprotection against dopaminergic lesion
and the development of L-DOPA-induced dyskinesias [85].
CB2 receptors are closely related to CB1 and are mainly
expressed on T cells of the immune system, on macrophages
and B cells, and in hematopoietic cells [86]. They are also
expressed on peripheral nerve terminals where these recep-
tors play a role in antinociception and the relief of pain
[87]. In the brain, CB2 receptors are mainly expressed by
microglial cells, where their role remains unclear [88].

The major identified ECBs are arachidonoyl ethanola-
mide (anandamide, AEA), 2-arachidonoyl glycerol (2-AG),
O-arachidonoyl ethanolamine (virodhamine), and 2-ara-
chidonoyl glyceryl ether (noladin ether) [89]. Both AEA and
2-AG are specific ligands of CB1 and CB2 receptors. Besides
having activity on CB1 and CB2 receptors, AEA also has full
agonistic activity at TRPV1 receptor [90]. AEA is localized
in the brain and periphery [91]. In the brain AEA shows
high distribution in the hippocampus, thalamus, striatum,
and brainstem and to a lesser extent in the cerebral cortex and
cerebellum [92]. Lower concentrations of AEA are found in
human serum, plasma, and cerebrospinal fluid [93]. Similarly,
2-AG is observed in both the brain and periphery, although its
concentration is almost 150 times higher in brain compared
to that of AEA [92, 94, 95]. 2-AGhas greater potency, stability,
and agonistic activity at CB1 and CB2 receptors compared
to that of AEA [96, 97]. Two prominent areas involved in
the control of movement, such as the globus pallidus and the
substantia nigra, contain not only the highest densities of CB1
receptors [88], but also the highest levels of ECBs, especially
AEA [98, 99]. Tissue levels of AEA are regulated by fatty
acid amide hydrolase (FAAH) [100]. It has also been shown
that the basal ganglia contain the precursor of AEA [98, 99],
supporting the theory of in situ synthesis for this compound.
Studies have demonstrated that AEA synthesis is regulated by
dopaminergic D2 receptors in the striatum, suggesting that
the endocannabinoid system acts as an inhibitory feedback
mechanism countering the dopamine-induced facilitation of
motor activity [101].

Marijuana compound THC is CB
1
and CB

2
receptor

partial agonist [82]. Due to the structural similarity of natural
cannabinoid THC to the endogenous cannabinoid AEA,
many therapeutic advantages of THC have been identified,
such as lowering ocular pressure, inhibiting smooth muscle
contractions, and increasing appetite [102]. When smoked,
THC is rapidly absorbed from the lungs into the bloodstream
and has an effect on the cannabinoid receptors. The central
nervous system and specific areas of the brain contain the
highest concentration of cannabinoid receptors. Therefore,
cannabis or THC administration can create an overexcitation
of the system that results in altered perceptions, pleasure, and
mood [103].

Unlike THC, CBD has little affinity for CB1 and CB2
receptors but acts as an indirect antagonist of cannabinoid
agonists. While this should cause CBD to reduce the effects
of THC, it may potentiate THC’s effects by increasing CB1
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receptor density or through another CB1-related mechanism
[73]. CBD is also an inverse agonist of CB2 receptors. CBD
can counteract some of the functional consequences of CB1
activation in the brain, possibly by indirect enhancement
of adenosine A1 receptors activity through equilibrative
nucleoside transporter (ENT) inhibition [73]. CBD helps to
augment some of THC’s beneficial effects, as it reduces the
psychoactivity of THC, enhances its tolerability, and widens
THC’s therapeutic window [104].

Other cannabinoids can also contribute to the cannabis
medicinal effects. Studies in experimental models and hu-
mans have suggested anti-inflammatory, neuroprotective, anx-
iolytic, and antipsychotic properties of chemicals extracted
from marijuana [6, 15, 82, 105, 106].

3. Cannabinoids and Parkinson’s Disease

3.1. Changes in the Cannabinoid System in Parkinson’s Disease.
Recent data from several studies indicate the important
role of the endocannabinoid system in Parkinson’s disease.
The components of the endocannabinoid system are highly
expressed in the neural circuit of basal ganglia, which is
part of a complex neuronal system. This neuronal system
coordinates activities from different cortical regions that
directly or indirectly participate in the control of movement
[107, 108]. In the basal ganglia, the endocannabinoid system
bidirectionally interacts with dopaminergic, glutamatergic,
and GABAergic signaling systems [109]. Endocannabinoids
play a dominant role in controlling transmission at synapses
between cortical and striatal neurons, in mediating the
induction of a particular form of synaptic plasticity, and in
modulating basal ganglia activity and motor functions [110].
The progressive loss of dopaminergic neurons that occurs
in PD leads to lower striatal levels of dopamine. These low
levels of dopamine result in the alteration of the equilibrium
between the direct and the indirect basal ganglia pathways
and ECB signaling [111].

The cannabinoid signaling system mentioned above
experiences a biphasic pattern of changes during the pro-
gression of PD [112]. Early and presymptomatic PD stages,
characterized by neuronal malfunction with little evidence
of neuronal death, are associated with desensitization/down-
regulation of CB1 receptors and aggravation of various
cytotoxic insults such as excitotoxicity, oxidative stress, and
glial activation [113]. However, intermediate and advanced
stages of PD, characterized by a deep nigral degeneration
and manifestation of major Parkinsonian symptoms, are
associated with upregulatory responses of CB1 receptors and
the endocannabinoid ligands [113]. This could explain the
potential of CB1 receptor ligands in alleviating common PD
symptoms.

In the brain, CB1 receptors are expressed by GABAergic
neurons innervating the external and internal segments of the
globus pallidus and the substantia nigra [114–116]. CB1 recep-
tors are also present in the corticostriatal glutamatergic ter-
minals and in the excitatory projections from the subthalamic
nucleus to the internal segment of the globus pallidus and the
substantia nigra [114–116].Within the striatum, CB1 receptors

are expressed in parvalbumin immune-reactive interneurons,
cholinergic interneurons, and nitric oxide synthase-positive
neurons [117, 118]. Animal models of Parkinson’s disease
show an increase in the density of CB1 receptors, levels of
endogenous ligands, and CB1 receptor binding in the basal
ganglia [119–122]. Endogenous cannabinoids activate CB1
receptors on presynaptic axons and reduce neurotransmitter
and glutamate release, working as retrograde synaptic mes-
sengers released from postsynaptic neurons [123]. Similarly,
activation of CB1 receptors inhibits both glutamate release
from substantia nigra afferents and GABA release from
striatal afferents. At the same time, activation of presynaptic
CB1 receptors in the external segments of the globus pallidus
can increase local GABA levels by reducing GABA reuptake
from striatal afferents to the nucleus and decrease GABA
release from striatal afferents of the substantia nigra [114,
116, 118]. Based on these evidences, it is thought that the
function of the basal ganglia neuronal system is controlled by
ECB. The presence of endocannabinoid systems in different
neural structures and their interaction with dopaminergic,
glutamatergic, and GABAergic neurotransmitter signaling
systems make the components of endocannabinoid system
ideal targets for a novel nondopaminergic treatment of PD.

Endocannabinoid signaling is also bidirectionally linked
to dopaminergic signaling within the basal ganglia [118].
The CB1, D1, and D2 dopamine receptors are localized
in the striatum [114, 115]. In animal models, CB1 and D2
dopamine receptors share a common pool of G proteins,
suggesting the link of their signal transduction mechanisms
[124, 125]. In addition, D2 receptor stimulation resulted in
release of ECBs in the striatum [101]. However, stimulation
of CB1 receptors completely inhibited D1-dopamine receptor
mediated activation of adenylyl cyclase and decreased GABA
release from striatal afferents of dopaminergic neurons of the
substantia nigra resulting in an increased firing of these cells
[114–116].

Another receptor involved in control of movement is
transient receptor potential vanilloid type 1 (TRPV1), which
is expressed in sensory neurons and basal ganglia circuitry
of dopaminergic neurons [126, 127]. TRPV1 receptors are
molecular integrators of nociceptive stimuli activated by
endovanilloids [128]. TRPV1 also interacts with ECB. In
particular, anandamide is one of the major endogenous acti-
vators of TRPV1 [129–131]. Studies have revealed that motor
behavior can be suppressed by the activation of vanilloid
receptors [98, 99], suggesting that TRPV1 receptors might
play a role in the control of motor function.

3.2. Preclinical Data on the Endocannabinoid System as a
Target for Parkinson’s Disease Therapy. The association of
cannabinoids with regulation of motor functions is well
established [132–135].The effect of the cannabinoids onmotor
activity depends on the impact of the endocannabinoid
system on the dopaminergic, glutamatergic, and GABAergic
signaling systems throughout the basal ganglia [112, 136].
The high density of cannabinoid, dopamine, and vanilloid-
like receptors coupled with ECBs within the basal ganglia
and cerebellum suggests a potential therapeutic role for the
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cannabinoids in the control of voluntary movement and
in movement disorders such as Parkinson’s disease [98, 99,
121, 137]. Additional indications of an important role of the
endocannabinoid system in the control of movement involve
an inhibitory action of cannabinoids through fine tuning of
various classical neurotransmitters activity [138], prominent
changes in transmission of ECBs in the basal ganglia [139],
and alteration of the CB1 binding as well as CB1 availability
in the substantia nigra [85, 112, 119, 120, 140, 141]. These data
support the idea that cannabinoid- based compounds act on
vital pathways of endocannabinoid transmission and there-
fore might be of therapeutic interest due to their potential to
diminish motor symptoms in extrapyramidal disorders such
as Parkinson’s disease [27, 76, 142].

Research with cannabinoid agonists and antagonists
demonstrates that the cannabinoids can modulate motor
activity and produce alterations in corresponding molecular
correlates [129, 143–145]. It has been widely reported that
synthetic, plant-derived, or endogenous cannabinoid ago-
nists exert a powerful motor inhibition in laboratory species
[129, 144, 146–149]. This hypokinetic effect was shown to be
mediated by the activation of CB1 receptors in neurons of
the basal ganglia circuitry [88, 137, 141, 150–152]. Stimulation
of the CB1 receptor by a synthetic cannabinoid HU-210
decreased spontaneous glutamatergic activity and reduced
the rotations induced by levodopa/carbidopa by 34% in PD
rats [153, 154]. Administration of CB1 receptor agonists THC
and two synthetic cannabinoidsWIN 55,212-2 and CP 55,940
increased extracellular dopamine concentrations in rats [152,
155, 156]. WIN 55,212-2 and CP 55,940 also weakened
contralateral rotations induced by a selective D

1
/D
5
receptor

partial agonist SKF38393 without developing catalepsy in PD
rats [148]. In a gender study THC produced an increase in
tyrosine hydroxylase activity in parkin-null male mice (a
model of early stages of PD) and caused a motor inhibition
that was significantly greater compared to wild-type animals
[122]. Treatment with THC inhibited motor activity and
produced catalepsy in rats [109, 144, 146, 147] and caused
antinociception and ring immobility in mice [157]. In other
studies THC diminished the motor inhibition caused by 6-
hydroxydopamine [70] and potentiated the hypokinetic effect
of reserpine in rats more than 20-fold [135]. However, in
a primate model of Parkinson’s disease THC did not affect
locomotor activity but increased bradykinesia [125].

Administration of WIN 55,212-2 increased stimulation
of GTP𝛾S binding in the caudate nucleus, putamen, globus
pallidus, and substantia nigra of marmosets, indicating an
effective activation of CB1 signaling mechanisms [119, 120].
WIN 55,212-2 produced a dose-dependent reduction of the
spontaneous motor activity and catalepsy in mutant Syrian
hamsters, increased antidystonic efficacy of benzodiazepines
[158], and significantly reduced the antikinetic effects of
quinpirole in the reserpine-treated rats [159]. Treatment
with WIN 55,212-2 also reduced levodopa-induced dyskine-
sias, attenuated axial, limb, and severe orolingual abnormal
involuntary movements in 6-hyroxydopamine- (6-OHDA-)
lesioned rats [160–163]. An endogenous cannabinoid agonist
oleoylethanolamide (OAE) produced reduction in dyskinetic
contralateral rotations correlatedwith reduction ofmolecular

associates of L-DOPA-induced dyskinesia: reduced FosB
striatal overexpression and phosphoacetylation of hystone
3 [164]. Another synthetic agonist levonantradol decreased
general and locomotor activity and increased bradykinesia
in a primate model of Parkinson’s disease [125]. Nabilone,
a synthetic cannabinoid agonist, coadministered with lev-
odopa significantly decreased total dyskinesia comparedwith
levodopa alone treatment and increased the duration of
antiparkinsonian action of levodopa by 76% in PD mar-
mosets [165, 166].

Cannabinoid agonist anandamide (AEA) and its syn-
thetic analog methanandamide increased the extracellular
dopamine levels in the nucleus accumbens shell of rats
by the activation of the mesolimbic dopaminergic system
[167]. This dopamine increase was inhibited by the cannabi-
noid CB1 receptor antagonist rimonabant [167]. However,
recent discoveries indicate that AEA is also able to acti-
vate vanilloid VR(1) receptors and that the activation of
these receptors might also be responsible for changes in
nigrostriatal dopaminergic activity and anandamide-induced
hypokinesia [168–170]. AEA produced a tonic facilitation of
glutamate release in the substantia nigra via stimulation of
VR1 receptors, indicating the involvement of this receptor in
motor and cognitive functions of the dopaminergic system
[171]. Preclinical data have shown that AEA decreased the
activity of nigrostriatal dopaminergic neurons and produced
hypokinesia that was completely reversed by an antagonist
of vanilloid-like receptors, capsazepine [129]. Additional
studies have demonstrated that AEA inhibited ambulation
and stereotypic behavior, increased inactivity, and occluded
the effects of an agonist of vanilloid VR

1
receptors, livanil,

on locomotion in mice, suggesting a common mechanism
of action for the two compounds [170]. Treatment with
anandamide lowered motor activity with the maximal inhi-
bition by approximately 85% and produced hypothermia and
analgesia inmice, increased the inactivity time, andmarkedly
decreased the ambulation and the frequency of spontaneous
non-ambulatory activities in rats [146, 147, 172, 173]. More-
over, AEAproduced a decrease in spontaneousmotor activity
in laboratory animals similar to the reported actions of THC
[129, 145, 153, 170]. The hypokinetic actions of AEA were
boosted by coadministration with a selective inhibitor of
endocannabinoid uptake N-(3-furylmethyl) eicosa-5,8,11,14-
tetraenamide, UCM707 [174].

Tissue concentrations of endocannabinoids are impor-
tant for producing motor effects. Levels and activities of
AEA and 2-AG can be manipulated by inhibition of FAAH
enzyme, the action of which is reduced in experimental
models of PD [153, 175]. Animal studies have shown that the
FAAH enzyme inhibitor [3-(3-carbamoylphenyl) phenyl] N-
cyclohexylcarbamate (URB597) magnified and prolonged a
rapid, brief dopamine increase that was produced by AEA
[167]. Additional studies have confirmed that FAAH inhibi-
tion remarkably increases AEA tissue levels but reduces 2-
AG levels [176, 177]. To determine whether FAAH inhibition
has beneficial impact on PD symptoms the effect of the
FAAH inhibitor, URB597, was studied in MPTP- lesioned
marmosets. Treatment with URB597 increased plasma levels
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of AEA, did not modify the antiparkinsonian actions of L-
DOPA, and reduced the magnitude of hyperactivity to levels
equivalent to those seen in normal animals [178]. In PD
mice URB597 prevented induced motor impairment [179].
Moreover, other FAAH inhibitors, JNJ1661010 and TCF2, also
have anticataleptic properties [179]. These results reveal that
FAAH inhibition may represent a new strategy for treatment
of PD.

Overall, these results indicate that endogenous or exoge-
nous cannabinoid agonists activate the dopaminergic system
and play a very important role in modulation of motor
behavior [180]. In addition to the effects on movement
activity, cannabinoid agonists have demonstrated neuropro-
tective properties, suggesting that the cannabinoids have a
promising pharmacological profile for not only improving
Parkinsonian symptoms but also delaying PD progression
[70, 85, 181–183].

The CB1 receptor antagonists can also influence move-
ment syndromes of Parkinson’s disease suggesting that mod-
ulation of the CB1 signaling system might be valuable in
treatment of motor disorders. In a study with PD rats rimon-
abant (SR141716A), a selective antagonist of CB1 receptors has
shown the potential to act as an antihypokinetic agent by
enhancing glutamate release from excitatory afferents to the
striatum [184]. Moreover, SR141716A prevented the effects of
THC on dopamine release [156, 167] and also increased the
locomotor activity in mice and rats preexposed to THC [170,
185]. SR141716A produced a 71% increase in motor activity
in MPTP-lesioned marmosets with LID [136]. Coadminis-
tration of SR141716A with levodopa resulted in significantly
less dyskinesia than administration of levodopa alone [136,
160]. SR141716A also reversed effect of the cannabinoid
agonist WIN 55,212-2 and increased the locomotor activity
in 6-OHDA-lesioned animals [159, 163]. Coadministration of
SR141716A with a selective D

2
/D
3
receptor agonist quinpirole

reduced levels of AEA and 2AG by sevenfold in the globus
pallidus, boosted the locomotive effects of quinpirole, and
produced restoration of locomotion in animal models of
Parkinson’s disease [98, 99, 101, 136, 186]. In parkin-null
mice SR141716A produced a decrease in tyrosine hydroxylase
activity in the caudate–putamen and as result formed a
hyperkinetic response [122]. However, SR141716A did not
alleviate the motor deficits in a primate model of Parkinson’s
disease [125].

Another CB1 receptor antagonist AM251 and SR141716A
produced antiparkinsonian effects in rats with very severe
nigral degeneration (>95% cell loss) [187]. Local adminis-
tration of these antagonists into denervated striatum, globus
pallidus, and subthalamic nucleus reducedmotor asymmetry
in Parkinsonian rats [187, 188], which was inhibited by CB1
receptor agonist AM404 [187]. Another CB1 antagonist CE-
178253 produced a 30% increase in motor behavior responses
to L-DOPA in MPTP-treated rhesus monkeys but did not
modify levodopa-induced dyskinesias [189]. THCV caused
changes in glutamatergic transmission and attenuated the
motor inhibition in PD rats [70]. Overall, these findings
suggest that cannabinoid CB1 antagonists might be thera-
peutically effective in the control of Parkinson’s disease and
levodopa-induced dyskinesia [114, 190].

The activation of CB2 receptors might also contribute to
some extent to the potential of cannabinoids in PD [191].
THCV, which is not only a CB1 antagonist but also a CB2 par-
tial agonist, reduced the loss of tyrosine hydroxylase-positive
neurons in the substantia nigra with preservation of these
neurons in CB2 receptor-deficient mice [70]. CBD has also
reduced the loss of tyrosine hydroxylase-positive neurons in
the substantia nigra of PD rats. Both compounds, THCV and
CBD, have acted via neuroprotective and antioxidant mech-
anisms [70, 182, 191]. CBD has also demonstrated significant
effects in preclinical models of neurodegenerative disorders
in combination with other cannabinoids [15, 70, 192]. CB2
receptor agonists display a promising pharmacological profile
for delaying disease progression.

The cannabinoid pharmacologicmanipulation represents
a promising therapy to alleviate movement disorders and
levodopa-induced dyskinesias. Thus, CB1 antagonists appear
to have antiparkinsonian effects, while cannabinoid receptor
agonists may be useful in the treatment of motor complica-
tions in Parkinson’s disease.

3.3. Effect of Cannabinoids on Patients with Movement Dis-
orders. Cannabis and related compounds have created sig-
nificant research interest as a promising therapy in neurode-
generative and movement disorders. The successful use of
tincture of Cannabis indica in treating PD was first described
in Europe by Gowers [193]. Despite the lack of controlled
studies, there is evidence that cannabinoids are of therapeutic
value in the treatment of tics in Tourette syndrome, some
forms of tremor and dystonia, chorea inHuntington’s disease,
the reduction of levodopa-induced dyskinesia in Parkinson’s
disease, and Parkinsonian syndromes [194–201].

A study with smoked cannabis queried 339 PD patients
indicated that marijuana produced significant improvement
of general PD symptoms in 46% of the patients; 31 % of them
reported improvement in resting tremor, 38% reported relief
from rigidity, 45% defined reduced bradykinesia, and 14%
of the patients reported alleviated dyskinesias [202]. High
urine concentration (>50 ng/ml) of the THC primary active
metabolite, 11-HO-THC, was associated with relief from PD
symptoms [202]. The dose and frequency of the cannabis
administrations were important in relieving PD symptoms.
Smoked cannabis also produced a statistically significant
improvement in tremor, rigidity, and bradykinesia as well
as improvement in sleep and pain scores in 22 PD patients
[65]. In another study, smoked cannabis was responsible for
a significant improvement in the mean total motor Unified
Parkinson’s Disease Rating Scale (UPDRS) score, tremor,
rigidity, and bradykinesia in 17 patients with PD [203]. One
dose of smoked marijuana provided symptoms relief for up
to 3 hours [203]. Moreover, both studies reported significant
improvement of nonmotor symptoms of PD, such as pain
and sleep [65, 203]. However, smoked marijuana did not
reduce Parkinsonian symptoms in 5 patients with idiopathic
Parkinson’s disease and severe tremor [204]. A clinical trial
in 19 PD and 6 patients with levodopa-induced dyskinesia
demonstrated that oral cannabis extract was ineffective for
alleviating parkinsonism or dyskinesia [205].



Parkinson’s Disease 7

Few studies have evaluated the effects of CBD on PD
symptoms. In a pilot study CBD lowered total UPDRS
scores and significantly reduced psychotic symptoms in 6 PD
patients with psychosis [67]. In another study CBD admin-
istration produced no improvement in measures of motor
and general symptoms in 21 PD patients [68, 69]. However,
the group treated with CBD had significantly different mean
total scores in the Parkinson’s Disease Questionnaire, 39
compared to the placebo group [68, 69]. Oral CBD improved
dyskinesia by up to 30% without a significant worsening
of the parkinsonism in PD patients [206]. CBD withdrawal
caused severe generalized dystonia [206].

Clinical studies have been conducted to evaluate the
effect of a synthetic cannabinoid nabilone. Oral nabilone
significantly reduced dyskinesia without aggravating parkin-
sonism in seven PD patients with severe L-DOPA-induced
dyskinesia [207]. In another study, nabilone produced a 22%
reduction in levodopa-induced dyskinesia in PD patients
[208]. Nabilone showed efficacy not only against LID but
also against bradykinesia in PD patients [209]. Some other
cannabinoid related compounds such as CE178253, OEA, and
HU-210 have also been reported to be efficacious against
L-DOPA-induced dyskinesia and bradykinesia in PD [199,
209]. However, SR 141716 did not improve Parkinsonian
motor disability in PDpatients [210].TheAmericanAcademy
of Neurology (AAN) review deemed marijuana “probably
ineffective” for treating L-DOPA-induced dyskinesia [211].
These conflicting results indicate the need for more research
in this area.

Several clinical studies have been performed to evaluate
the effect of marijuana on dystonia. Inhaled cannabis has
provided a marked reduction in dystonia and complete pain
relief in patients with right hemiplegic painful dystonia.
Moreover, the patients have been able to completely dis-
continue opioid use [212]. Smoked cannabis also improved
idiopathic dystonia and generalized dystonia due to Wilson’s
disease [213, 214]. In a preliminary study, administration of
CBD resulted in a 50% improvement in spasm severity and
frequency in a patient with blepharospasm-oromandibular
dystonia [215] and amelioration of the dystonic movements
within 2-3 hours in patients with dystonic movement dis-
orders [201]. CBD also improved dystonia by 20–50% in
dystonic patients and stopped tremor and hypokinesia in
2 patients with Parkinson’s disease [200]. Another cannabis
compound, THC, produced a reduction of abnormal move-
ment patterns in a 14-year-old girl withmarked dystonia [216]
and decreased intensity of myoclonic movements in a 13-
year-old boy with athetosis and myoclonic movements [216].
In contrast to these findings, one study found no significant
reduction in dystonia following treatment with nabilone [165,
166].

Studies have looked at the potential benefits of medical
marijuana and cannabinoids for the treatment of Hunt-
ington’s disease (HD). Nabilone versus placebo showed a
treatment difference of 0.86 for total motor score; 1.68 for
chorea; 3.57 for Unified Huntington’s Disease Rating Scale
(UHDRS) cognition; 4.01 for UHDRS behavior; and 6.43
for the neuropsychiatric inventory in HD patients [217].
However, in previous study nabilone was found to increase

choreatic movements in patients with HD [197, 198]. AAN
guideline examining the efficacy of marijuana for treating
chorea in HD stated nabilone can be used for modest
decreases in HD chorea [218]. Available data regarding the
effect of CBD on HD symptoms are inconsistent. CBD
produced improvement (20–40%) in the choreic movements
in HD patients [219]. However, a latter study did not confirm
the earlier finding [220]. A comparison of the effects of
CBD and placebo on chorea severity in neuroleptic-free
HD patients indicated no significant or clinically important
differences [220].

Few studies have indicated that marijuana and THC can
reduce tics and associated behavioral disorders in patients
with Tourette’s syndrome (TS) [221]. Cannabis inhalations
produced a significant amelioration of TS symptoms [222].
Followingmarijuana administration 82% of TS patients (𝑁 =
64) reported a reduction, or complete remission of motor
and vocal tics, and an amelioration of premonitory urges
and obsessive-compulsive symptoms (OCB) [199]. Smoked
marijuana also eliminated TS symptoms in one case study
[223]. Administration of THC to a boy with TS improved
tics and enhanced short-interval intracortical inhibition and
the prolongation of the cortical silent period [224]. TCH
significantly reduced tics and improve driving ability in a
Tourette’s patient [225]. Treatment with THC lowered the
mean C1 specific over nonspecific binding ratio (𝑉

3
) from

0.30 to 0.25 in six TS patients, although the difference was not
significant. However 𝑉

3
clearly declined in a patient with a

marked clinical response [226]. To date, there have been only
two controlled trials that investigated the effect of THC on
TS [194], both of which reported a significant improvement
of tics and OCB after THC administration [195, 196].

Considering the relevance of these data, the need for alter-
native treatments for PD motor and nonmotor symptoms,
medical marijuana, or related compoundsmay provide a new
approach to the treatment of Parkinson’s disease.

4. Beneficial Effects of Cannabinoids in the
Amelioration of Nonmotor Symptoms and
Progression of Parkinson’s Disease

4.1. Neuroprotective Actions of Cannabinoids. Cannabinoids
have been shown to have neuroprotective effect due to their
antioxidative, anti-inflammatory actions and their ability to
suppress exitotoxicity. Plant-derived cannabinoids such as
THC and CBD can provide neuroprotection against the in
vivo and in vitro toxicity of 6-hydroxydopamine and this was
thought to be due to their antioxidative property or modula-
tion of glial cell function or a combination of both [182]. Stud-
ies found that CBD was able to recover 6-hydroxydopamine-
induced dopamine depletion and also induced upregulation
of Cu, Zn-superoxide dismutase, which is a key enzyme in
endogenous defense against oxidative stress [70, 191, 227].
The reported data suggest that CBD also diminishes the
increase in nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase expression and decreases the markers
of oxidative stress, inflammation, and cell death in the
kidneys [228]. Another study has also emphasized a role for



8 Parkinson’s Disease

superoxide anion produced by microglial NADPH oxidase
in augmenting the demise of dopaminergic neurons in the
PD brain [229]. The mechanism by which CBD acts to
reduce NADPH oxidase expression and inhibit oxidative
injury within the PD brain has yet to be confirmed but
it seems to act through mechanisms independent of CB1
or CB2 receptors [76]. However, data obtained from recent
studies have hinted towards a direct relationship between
the CB1 receptor and mitochondrial functions in the brain
[230]. The phenolic ring moieties in cannabinoids display
antioxidant activity guarding against glutamate-induced neu-
rotoxicity in a cellular model [231]. CBD produced reduc-
tion of hydroperoxide-induced oxidative damage and was
more protective against glutamate neurotoxicity compared to
ascorbate and a-tocopherol, indicating that CBD is a potent
antioxidant [232]. Taken together, these discoveries support
the hypothesis that treatment with cannabinoids having
antioxidant effects may modulate mitochondrial reactive
oxygen species production [233] in the PD brain.

Inflammation has been shown to be a crucial patho-
logical factor responsible for the demise of dopaminergic
neurons in PD [234–236]. Glial cells appear to play a key
role in neuroinflammation, since higher levels of activated
microglia are reported in the substantia nigra of patients
with PD compared to brains of control subjects [237, 238].
Cannabinoids demonstrate anti-inflammatory activities by
suppressing toxic cytokine release and microglia activation
[181–183]. Increased CB2 receptor expression in nigral cells
and stimulation of these receptors protect dopaminergic
neurons from microglia-induced inflammation and regulate
neuronal survival [70]. The cannabinoids are known to be
able to activate the CB2 receptor, which mediate the anti-
inflammatory effects of the compounds and preserve cells
from excessive apoptosis. Recent evidence substantiates that
some cannabinoids may attenuate the neuroinflammation
associatedwith PD [191, 239–241]. Several studies showed that
CBD has anti-inflammatory properties [242–246] and can
produce beneficial effect in acute inflammation and chronic
neuropathic states [5, 247, 248]. THC demonstrates anti-
inflammatory effect via activation of the CB1 receptor [249–
251]. In addition, cannabinoids provide anti-inflammation
effect by reducing the vasoconstriction and restoring blood
supply to the injured area [252]. All these data support
that cannabinoids are potentially effective compounds for
the treatment of neuroinflammatory conditions, including
neurodegenerative diseases like PD.

Marijuana may prevent brain damage by protecting
against neuronal injury.There are a fewmechanisms bywhich
cannabinoids provide neuroprotection. One of the mech-
anisms involves an induction/upregulation of cannabinoid
CB2 receptors, mainly in reactivemicroglia, and regulates the
influence of these glial cells on homeostasis of surrounding
neurons [253]. In combination with the increased antitoxic
effects observed in cell cultures containing glia, this sug-
gests that immunomodulation produced by CB2 receptor
activation may play a primary role in the neuroprotective
properties of cannabinoids [182]. Anothermechanismof neu-
roprotection is activation of CB1 receptors. Loss of dopamin-
ergic neurons and greater degree of motor impairment in

CB1 knockout mice have been reported [85]. Cannabinoids
activating the CB1 receptor are antiexcitotoxic due to sup-
pression of glutamatergic activity with a subsequent decrease
in calcium ion influx and eventual nitric oxide production
[254–256]. Sativex-like combination of phytocannabinoids
has been demonstrated to produce neuroprotective effect
via interaction with both CB1 and CB2 receptors [134, 257].
In addition, THC reduced the loss of tyrosine hydroxylase-
positive neurons in the substantia nigra [70] and exhibited
neuroprotective effect by activation of the PPAR𝛾 receptors
[258]. Overall, these data suggest that cannabinoids are
neuroprotective in acute and chronic neurodegeneration and
can delay or even stop progressive degeneration of brain
dopaminergic system, a process that cannot be prevented
currently.

4.2. Analgesic Effect of Cannabinoids. Pain is a relevant and
often underestimated nonmotor symptom of PD [259, 260].
Pain affects more that 50% of people with this disorder
and can cause extreme physical, psychological, and social
disorders and worsen Parkinsonian disability [261, 262].
Different treatment options are used to treat PD pain [262–
265]. However, these medications have significant side effects
and do not provide universal efficacy [264, 265]. Cannabis
is well known as a pain-relieving plant. The cannabinoid
receptors in the central and peripheral nervous systems have
been shown to modulate pain perception [266, 267].

Several clinical studies have been performed to inves-
tigate the effect of marijuana or cannabinoids on pain.
Smoked cannabis significantly reduced neuropathic pain
intensity as well as significantly improved mood disturbance,
physical disability, and quality of life in HIV-patients [268].
Cannabis was effective at ameliorating neuropathic pain in
patients with central and peripheral neuropathic pain [269].
Inhaled cannabis significantly reduced pain intensity (34%)
compared to placebo in a clinical trial of painful distal sym-
metric polyneuropathy (DSPN) [270]. Whole plant extracts
of Cannabis sativa produced statistically significant improve-
ments on the mean pain severity score [271]. Cannabis-based
medicine significantly decreased chronic pain intensity as
well as sleep disturbance in multiple sclerosis patients [272,
273]. Oromucosal nabiximols (1 : 1 combination of the THC
and CBD) produced a reduction in pain intensity scores in
patients with neuropathic pain [274].

These findings are consistent with other discoveries
supporting the efficacy of cannabis in relieving pain. The
analgesic effect of cannabinoids has been reviewed [75, 211,
275–281].The review of the literature suggests that marijuana
and/or cannabinoids may be efficacious for pain relieving in
various disease states including PD.

4.3. Antidepressant Effect of Cannabinoids. Depression is
one of the common nonmotor symptoms of PD and the
estimated rate varies widely, with an average prevalence of up
to 50%. [282–284]. Despite its association with poor health
outcomes and quality of life, depression in PD patients is
underdiagnosed and undertreated [285–287]. Studies have
indicated that the endocannabinoid system is involved in
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the regulation of mood and emotional behavior, and the
loss or blockade of the endocannabinoid signaling system
results in depressive symptoms [288]. For example, the CB1
receptor antagonist rimonabant has been shown to induce
symptoms of anxiety and depression [289–291]. In addition,
polymorphism of the gene that encodes the CB1 receptor
has been associated with depression in PD [292]. In animal
models, low level of THC produced antidepressant activity
and increased serotogenic activity via activation of the CB1
receptor [293]. Animal studies have also shown that inhibi-
tion of hydrolysis of the endocannabinoid anandamide exerts
antidepressive effect [294] and resulted in an increased sero-
tonergic andnoradrenergic neuronal activity in themidbrain.
Currently available antidepressant drugs act via increasing
serotonin and/or noradrenaline levels.These, andmany other
studies, indicate that the cannabinoid system is a potential
target for the development of novel antidepressant drugs.
Epidemiological studies have demonstrated that people who
used cannabis daily or weekly exhibit less depressed mood
and more positive effect than nonusers of cannabis [295].
Other studies have shown an association between heavy
cannabis use and depressive symptoms. However, it is not
clear whether the increased depressive symptoms are due
to cannabis use or other factors that increased the risk of
both depression and heavy use of cannabis [296]. Therefore,
moderate use of cannabis in PD patients may help alleviate
depressive symptoms and improve quality of life.

4.4. Effect of Cannabinoids on Sleep Disorders. Sleep disor-
ders are common in PD patients and negatively affect the
quality of life. The reported prevalence ranges from 25%
to 98% and this wide variation could be due to differ-
ences in study design and diagnostic tools used [297]. The
causes of the sleep disturbances in PD are multifactorial
and include neurodegeneration and the medications used
to treat motor symptoms of PD [298]. Various sleep disor-
ders including rapid eye movement sleep behavior disorder,
insomnia, sleep fragmentation, excessive daytime sleepiness,
restless legs syndrome, and obstructive sleep apnea have been
described in PD patients [299, 300]. Cannabidiol, the major
nonpsychotic component of marijuana, has been reported to
improve rapid eye movement sleep behavior disorder in PD
patients [68, 69]. Marijuana has also been shown to improve
nonmotor symptoms of PD including sleep [65]. In clinical
trials involving 2000 patients with various pain conditions,
nabiximols has been demonstrated to improve subjective
sleep parameters [301]. Thus, marijuana could be used to
enhance the quality of life of PD patients by alleviating sleep
disorders and pain.

5. Summary

Cannabis and related compounds have recently been studied
as promising therapeutic agents in treatment of neurode-
generative and movement disorders including Parkinson’s
disease. In this review we have examined the potential
benefits of medical marijuana and cannabinoids in the
treatment of both motor and nonmotor symptoms as well as

in slowing the progression of the disease. We have looked
into any scientific evidence that indicates the potential use
of marijuana and/or related compounds for the treatment of
PD. Current treatments of PD provide only relief of motor
symptoms and are associated with adverse effects such as
dyskinesia. In addition, these therapies do not slow the
progression of the disease. Therefore, there is an urgent need
for safer drugs that can treat both motor and nonmotor
symptoms of PD as well as drugs that slow the progression
of the disease.

In spite of the placement of marijuana in schedule 1
category under the US Federal Controlled Substance Act, 24
states andWashingtonDChave enacted laws allowing the use
of marijuana to treat a range of medical conditions. Parkin-
son’s disease has been listed as one of the disease conditions
for whichmedical marijuana is allowed in a number of states.
Research studies have provided evidence for the potential
effectiveness of medical marijuana and its components in the
treatment of PD as cannabinoids act on the sameneurological
pathway that is disrupted in Parkinson’s disease. Involvement
of the endocannabinoid system in the regulation of motor
behavior, the localization of the cannabinoid receptors in
areas that control movement, and the effect of cannabi-
noids on motor activity indicate that cannabinoids can be
potentially used in the treatment of movement disorders.
Cannabinoid agonists and antagonists have been shown to
modulate the endocannabinoid system and modify motor
activity. Cannabinoid receptor antagonists appear to produce
antiparkinsonian effects while cannabinoid receptor agonists
exert a powerful motor inhibition and may be useful in
the treatment of motor complications. In addition, we have
assessed the role of the cannabinoid system and marijuana
constituents in neuroprotection as well as considered other
beneficial effects of marijuana. Marijuana has been shown
to improve nonmotor symptoms of PD such as depression,
pain, sleep, and anxiety. Moreover, components of cannabis
have been demonstrated to have neuroprotective effect due
to their anti-inflammatory, antioxidative, and antiexcitotoxic
properties. Due to combination of the above mentioned
beneficial effects, cannabis may provide a viable alternative
or addition to the current treatment of Parkinson’s disease.
However, there are concerns regarding the use of medical
marijuana including lack of standardization and regulation,
imprecise dosing, possible adverse effects, and medication
interactions. Further studies are needed to provide more
data on efficacy, safety, pharmacokinetics, and interactions of
cannabinoids.
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Abstract Cannabis has been used for centuries to treat sei-
zures. Recent anecdotal reports, accumulating animal model
data, and mechanistic insights have raised interest in cannabis-
based antiepileptic therapies. In this study, we review current
understanding of the endocannabinoid system, characterize
the pro- and anticonvulsive effects of cannabinoids [e.g.,
Δ9-tetrahydrocannabinol and cannabidiol (CBD)], and high-
light scientific evidence from pre-clinical and clinical trials of
cannabinoids in epilepsy. These studies suggest that CBD
avoids the psychoactive effects of the endocannabinoid
system to provide a well-tolerated, promising therapeutic for
the treatment of seizures, while whole-plant cannabis can both
contribute to and reduce seizures. Finally, we discuss results
from a new multicenter, open-label study using CBD in a
population with treatment-resistant epilepsy. In all, we seek
to evaluate our current understanding of cannabinoids in
epilepsy and guide future basic science and clinical studies.
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Introduction

Epilepsy affects 2.9 million people in the USA and 65 million
people worldwide (cdc.gov/epilepsy). One in 26 people in the
USAwill develop epilepsy in their lifetime [1]. Characterized
by recurrent seizures, epilepsy encompasses multiple disor-
ders caused by varied etiologies, including genetic syndromes,
stroke, infection, and traumatic brain injury. Many patients
with epilepsy also have sensorimotor, cognitive, psychologi-
cal, psychiatric, and social impairments, as well as impaired
quality of life and an increased risk of premature death [1].
While epilepsy can affect patients of all ages, it most com-
monly affects children, the elderly, and individuals with low
socioeconomic status. The estimated direct and indirect annu-
al cost of epilepsy in the U.S. is $15.5 billion (cdc.gov/
epilepsy).

While many drugs can limit seizures, no drug can prevent
the underlying cause of epilepsy or the development of epi-
lepsy (epileptogenesis) in patients who are at risk (e.g., after
head trauma). A third of patients remain pharmacoresistant,
failing to achieve sustained seizure freedom after 2 or more
adequately chosen, tolerated, and appropriately used antiepi-
leptic drugs (AEDs; more accurately termed antiseizure drugs)
[2–4]. Patients resistant to multiple AEDs have an increased
risk for sudden unexpected death in epilepsy and other forms
of epilepsy-related mortality [5, 6], as well as impairments in
psychosocial, behavioral, and cognitive functions [3, 7–9].
For many patients, epilepsy is a progressive disorder associ-
ated with ongoing loss of brain tissue and function. Finally,
multidrug combinations and high dosages cause more severe
side effects, a particular problem in patients with treatment-
resistant epilepsies. Assessing the side effects of AEDs is es-
pecially challenging in patients on long-term AEDs as any
‘baseline’may be many years past and even intelligent adults,
parents, and physicians may fail to appreciate chronic adverse
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effects. The available AEDs fail to meet the clinical needs for
both efficacy and safety [10], indicating a dire need for novel
therapeutics that are targeted, disease-, and age-specific.

Recently, mounting anecdotal reports and media coverage
have sparked intense interest among parents, patients, and the
scientific community regarding the potential of medical can-
nabis to treat seizures. A potential alternative or supplement to
current AEDs, the cannabis plant includes >100 diverse
phytocannabinoids that, in part, target an endogenous
endocannabinoid signaling network, as well as other net-
works. Two major phytocannabinoids derived from cannabis
are psychoactive Δ9- tetrahydrocannabinol (THC) and
nonpsychoactive cannabidiol (CBD). Both Δ9-THC and
CBD can prevent seizures and reduce mortality in animal
models of seizure with low toxicity and high tolerability
[11]. However, a systematic analysis from the American
Academy of Neurology and a Cochrane Database review both
concluded that medical cannabis is of “unknown efficacy” to
treat epilepsy [12, 13]. In this review, we examine the history
of cannabinoids in epilepsy, discuss the effectiveness of pre
clinical seizure model studies with cannabinoids, and review
recent clinical data, including a multicenter clinical trial of
CBD for patients with treatment-resistant epilepsy.

History of Cannabis in Epilepsy

Cannabis has been used for millennia for medical, recreation-
al, and manufacturing purposes. Around 2900 BCE, the Chi-
nese Emperor Fu Hsi characterized cannabis as having sacred
yin (weak, passive forces) and yang (strong, active forces)
features, suggesting that it could restore homeostasis to an
unbalanced body. Physicians in ancient India, Egypt, Persia,
Rome, Arabia, and Greece used cannabis for spiritual and
medicinal purposes, including menstrual fatigue, gout, rheu-
matism, malaria, beriberi, constipation, pain, and absentmind-
edness [14]. Early documented uses of cannabis to treat sei-
zures include a Sumerian text from 2900 BCE and an Arabian
document from the twelfth century [15, 16].

The 1854, the US Dispensatory listed cannabis to treat
neuralgia, depression, pain, muscle spasms, insomnia, tetanus,
chorea, insanity, and other disorders [17]. Cannabis was val-
ued for its analgesic, anti-inflammatory, appetite-stimulating,
and antibiotic properties. In the mid-1800s, the British sur-
geon William O’Shaughnessy reported cannabis therapy for
the treatment of epilepsy, recounting an “alleviation of pain in
most, a remarkable increase of appetite in all, unequivocal
aphrodisia, and great mental cheerfulness” [14, 18]. Two of
England’s most prominent mid-to-late nineteenth- century
neurologists, J.R. Reynolds and W. Gowers, also noted the
benefits of cannabis in epilepsy [19]. Gowers reported a man
who previously failed bromides whose seizures were

controlled on 9.8 g of Cannabis indica, dosed 3 times daily
for up to 6 months [20].

Cannabis was first regulated in the USA with the 1906
“Pure Food and Drug Act”. The follow-up 1937 Marijuana
Tax Act was opposed by the American Medical Association,
which considered the more severe restrictions an infringement
on physician’s freedom to treat patients [17]. In 1970, the US
Comprehensive Drug Abuse Prevention and Control Act cat-
egorized marijuana as a Schedule I drug with high potential
for abuse and no accepted medicinal use. Legislation has been
introduced to the US Senate to change marijuana to a Sched-
ule II drug.

Over the last 50 years, the main chemical constituents of
cannabis have been isolated and synthesized. Δ9-THC was
isolated in 1964 and synthesized in 1971 [21, 22]. CBD was
isolated in 1940 and synthesized in 1963 [23, 24]. The canna-
binoid type 1 (CB1R) and type 2 (CB2R) receptors, which
bindΔ9-THC, were cloned in the 1990s [25, 26], supporting
an endogenous system for this principal cannabinoid’s phar-
macological activity.

The Endocannabinoid System

The discovery of the endocannabinoid system in the early
1990s revealed the neuronal mechanisms that underlie the
psychoactive effects ofΔ9-THC in cannabis. Initial studies
demonstrated that brief postsynaptic depolarization re-
duced neurotransmitter release from excitatory terminals
onto Purkinje cells in the cerebellum and inhibitory termi-
nals onto pyramidal neurons in the hippocampus [27, 28].
This phenomenon was termed “depolarization-induced
suppression of excitation/inhibition” (DSE and DSI, re-
spectively). Postsynaptic depolarization was postulated to
trigger the release of an undiscovered substance that tran-
siently limited presynaptic neurotransmitter release. Along
with the discovery of nitric oxide (NO), this paradigm-
shifting view suggested the concept of retrograde signaling
in contrast to a primarily anterograde view of synaptic sig-
naling. Application of a CB1R agonist (or antagonist) en-
hanced (or prevented) DSE and DSI, suggesting that it was
mediated by an endogenous cannabinoid ligand [29–31].
These endocannabinoids were identified as the hydropho-
bic ligands N-arachidonoyl ethanolamide (anandamide)
[32] and 2-arachidonoyl glycerol (2-AG) [33, 34].

Anandamide and 2-AG are synthesized from postsynaptic
membrane phospholipid precursors and released in an activi-
ty-dependent, “on-demand” manner, unlike traditional vesic-
ular neurotransmitters (Fig. 1). Depolarization of the postsyn-
aptic cell or direct activation of metabotropic glutamate recep-
tors increases levels of intracellular calcium, which trigger
second messenger cascades that promote endocannabinoid
synthesis [35–39]. Anandamide is synthesized via
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phospholipase D-mediated hydrolysis of N-arachidonoyl-
phosphatidylethanolamine, and degraded by the fatty acid am-
ide hydrolase (FAAH) into arachidonic acid and ethanolamine
[40–43]. 2-AG is synthesized via diacylglycerol (DAG) lipase
(DAGL) α-mediated hydrolysis of DAG, and degraded by
FAAH into arachidonic acid and glycerol , or by
monoacylglycerol lipase [41–44]. Chronic hyperexcitability
leads to dynamic changes in the endocannabinoid pathway
(see “The Endocannabinoid System: CB1Rs”). Thus, the en-
zymes that regulatemetabolism and cannabinoid receptors rep-
resent attractive targets to treat several neurological disorders
[45]. Accordingly, the selective CB1R blocker rimonabant was
approved in >50 countries as an anorectic to treat obesity [46],
and showed promise in helping smokers quit tobacco use [47],
but its use was suspended when postmarketing surveillance
revealed high rates of depression and suicidal ideation.

Produced in an activity-dependent manner, endocannabinoids
travel to the presynaptic cell and bind to CB1Rs. CB1Rs are G
protein-coupled receptors linked to pertussis-sensitive Gi/o α
subunits. Activation of the α subunit triggers dissociation of
the βγ complex, which reduces adenylate cyclase production

of cyclic adenosine monophosphate [48], inhibits N- and P/Q-
type voltage-gated calcium channels [31, 49–52], stimulates A-
type potassium channels [53–56], activates G protein-coupled
inwardly-rectifying potassium channels [57–59], and inhibits
the vesicular releasemachinery [60]. Thesemultiplemechanisms
reduce presynaptic cell excitability and Ca2+, strongly
diminishing presynaptic neurotransmitter release. CB1Rs can al-
so regulate the presynaptic release of multiple neuromodulators
such as acetylcholine, dopamine, and norepinephrine [61]. Final-
ly, endocannabinoid signaling may modulate regional-specific
long-term synaptic plasticity, including long-term potentiation
and long-term depression (for a review, see [62, 63]).

CB1Rs are distributed primarily in axon terminals in the
neocortex (especially cingulate, frontal, and parietal re-
gions), hippocampus, amygdala, basal ganglia, thalamus,
hypothalamus, nucleus accumbens, substantia nigra, ven-
tral tegmental area, cerebellum, and brainstem [39]. CB1Rs
are most densely expressed at cortical and hippocampal
presynaptic γ-aminobutyric acid (GABA)ergic presynaptic
boutons, especially cholecystokinin-positive (CCK+) and
parvalbumin-negative GABAergic interneurons [64–66].
Glutamatergic axon terminals in cortical and subcortical
neurons contain fewer presynaptic CB1 receptors than
GABAergic terminals [65, 67–71].

Phytocannabinoids: Classification and Function

The cannabis plant consists contains >100 C21 terpenophenolic
compounds, known collectively as phytocannabinoids [72].
Most of these lipophilic cannabinoids are closely related and
differ only by a single chemical functional group. Cannabinoids
fall into 10 main groups, with constituents representing degra-
dation products, precursors, or byproducts (Fig. 2, adapted from
[73]). Two of the most abundant constituents areΔ9-THC and
CBD, the ratios of which vary by cannabis strain. Cannabis
sativa contains a higher ratio of Δ9-THC to CBD, producing
more stimulating, psychotropic effects. Cannabis indica strains
contains a higher ratio of CBD:Δ9-THC and are typically more
sedating [11, 73].

Δ9-THC

Δ9-THC is a partial agonist at central nervous system (CNS)
CB1Rs and CB2Rs in the immune system. Most behavioral,
cognitive, and psychotropic effects of cannabis result from the
effects of Δ9-THC at brain CB1Rs. The subjective “high”
produced by cannabis can be blocked by pretreatment with
the CB1R antagonist rimonabant [74]. Δ9-THC impairs
short-term working memory in several rodent models, which
can be reversed by preapplication of a CB1R antagonist
[75–78]. Inhibition of long-term potentiation at hippocampal
CA3 Schaffer Collateral/CA1 synapses may underlie this

a

b

Fig. 1 Biosynthesis, degradation, and signaling of endocannabinoids. (A)
Presynaptic cannabinoid type 1 receptor (CB1R) signaling. (B) Postsynaptic
endocannabinoid biosynthesis/signaling. NArPE = N-arachidonoyl
phosphatidylethanolamine; DAG = 1-acyl, 2-arachidonoyl diacylglycerol;
VGCC = voltage-gated calcium channels; PEA = palmitoylethanolamide;
ACPA = arachidonylcyclopropylamide; ACEA = arachidonyl-2'-
chloroethylamide; PMSF = phenylmethylsulfonyl fluoride
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effect on memory [35]. Δ9-THC or CB1R agonists can in-
crease or decrease food intake in different species [79]. Δ9-
THC also regulates neuronal excitability during seizures (see
“Preclinical Evidence”). Thus, Δ9-THC acts through the
endocannabinoid system to regulate mood, learning and mem-
ory, neuronal excitability, and energy balance.Δ9-THC exerts
potent anti-inflammatory functions via CB1Rs and CB2Rs on
microglia, the primary immune cells in the CNS.Δ9-THC or
CB1R agonists limit neurotoxicity in in vitro and in vivo as-
says, including chemotoxic [80–83], low Mg2+ [84], and is-
chemic [85, 86] models.Δ9-THC has antioxidant effects inα-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid- and
N-methyl-D-aspartate-mediated cytotoxicity models via a
CB1R-independent mechanism [87]. Cannabinoids reduce
neuronal and glial release of the proinflammatory cytokines
tumor necrosis factor-α, NO, interleukin (IL)-1 and IL-6
[88–93], and increase release of anti-inflammatory cytokines
IL-4, IL-10, and IL-1 receptor antagonist (IL-1a) [94, 95] via
CB1R- and CB2R-dependent mechanisms in neurons and glia
[94, 95] (reviewed in [96]).Δ9-THC also transiently activates
and desensitizes the transient receptor potential (TRP) chan-
nels TRPA1, TRPV1, and TRPV2 [97–99]. Given the syner-
gistic relation between seizures and inflammation [100–102],
the cannabinoid system provides a novel strategy to target
both segments of this feedback cycle.

CBD

CBD resembles Δ9-THC structurally but the 2 molecules
differ significantly in pharmacology and function. CBD has
very low affinity at CB1R and CB2R, unlike Δ9-THC
[103–106]. The potential targets for CBD are reviewed in
detail in another article in this issue (“Molecular Targets of
CBD in Neurological Disorders”). CBD is an agonist at TRP
channels (TRPV1, TRPV2, TRPA1) [98, 99, 104], 5-
hydroxytryptamine1α receptors [107], and glycine receptors
[108]. CBD is an antagonist at TRP melastatin type-8 chan-
nels [97], T-type voltage-gated calcium channels [109], and G
protein-coupled-receptor GPR55 (see below).

CBD exerts dynamic control over intracellular calcium
stores through multiple, activity-dependent pathways [110,
111]. CBD induces a bidirectional change in intracellular cal-
cium levels that depends on cellular excitability. Under normal
physiological Ca2+ conditions, CBD slightly increases intra-
cellular Ca2+, whereas CBD reduces intracellular Ca2+under
high-excitability conditions. These changes were blocked by
the pretreatment with an antagonist of the mitochondrial Na+/
Ca2+ exchanger, suggesting a mitochondrial site of action
[111]. CBD also produces biphasic changes in intracellular
calcium levels via antagonism of the mitochondrial voltage-
dependent anion channel 1 [112].

CBD antagonizes GPR55, which functions as a counterpart
to the canonical CB1R/CB2R signaling pathway [113].
GPR55 is present in the caudate, putamen, hippocampus, thal-
amus, pons, cerebellum, frontal cortex, and thalamus. GPR55
was initially characterized as a novel cannabinoid receptor,
coupled to Gα13 [114]. Activation of GPR55 in human em-
bryonic kidney cells triggers the release of intracellular Ca2+

from endoplasmic reticulum stores via a pathway dependent
on RhoA (Ras homolog gene family member A), phospholi-
pase C, and inositol 1,4.5-trisphosphate receptor [115]. The
e n d o g e n o u s m em b r a n e p h o s p h o l i p i d L -α -
lysophosphatidylinositol is a GPR55 agonist [116]. Brief ap-
plication of L-α-lysophosphatidylinositol transiently in-
creases intracellular Ca2+ levels and vesicular release proba-
bility at excitatory hippocampal synapses. CBD opposes this
effect by reducing glutamate release, suggesting a potential
antiseizure mechanism [117]. CBD also reduces epileptiform
activity (burst amplitude and duration) in in vitro (4-
aminopyridine and Mg2+) models through a CB1-indepen-
dent, concentration-dependent, and region-specific manner
in the hippocampus. Preclinical studies demonstrate an anti-
seizure effect of CBD (see “Preclinical Evidence”).

CBD also regulates several transporters, enzymes, andmet-
abolic pathways that are common to Δ9-THC and
endocannabinoid signaling. CBD inhibits uptake of adenosine
by blocking the equilibrative nucleoside transporter [118,
119]. Increased levels of adenosine activate A2 receptors,
which regulate striatal CB1Rs [120]. At high micromolar

Fig. 2 Biosynthesis of phytocannabinoids [73]
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levels, CBD also inhibits the uptake and enzymatic degrada-
tion of anandamide via FAAH, elevating anandamide extra-
cellular concentrations [121]. Thus, dynamic interactions like-
ly occur between the multiple plant cannabinoids such as
CBD and Δ9-THC (see “Entourage Effect”).

CBD limits inflammation and oxidative stress [122]. CBD
reduces oxidative toxicity in an in vitro glutamate excitotoxicity
assay [123], and raises adenosine to oppose lipopolysaccharide-
induced inflammation and tumor necrosis factor-α release [118,
124]. In mice with middle cerebral artery occlusion, CBD trig-
gered a CB1R-independent decrease in reperfusion injury, in-
flammation, and death. This neuroprotective action may result
from reduced myeloperoxidase activity, neutrophil migration,
and microglia high-mobility group box 1 expression [125,
126]. Additionally, CBD activates peroxisome proliferator-
activated receptor-γ, reduces NO and IL-β release, limits gliosis,
and restricts neuroinflammation in mice injected with amyloid β
[127–129]. Finally, treatment of microglial cultures with
interferon-γ raised mRNA levels of the CBD receptor GPR55
[130], which regulates the inflammatory responses to neuropath-
ic pain [131]. Taken together, these studies suggest that CBD
reduces neuroinflammation in several disease-specific
conditions.

The “Entourage Effect”

The “entourage effect” was a term originally coined by Ben-
Shabat et al. [132] to refer to the potentiating effects of
endocannabinoid metabolic byproducts on endocannabinoid
function at CB1Rs and CB2Rs. They observed that 2 esters of
the endocannabinoid 2-AG—s2-linoleoyl-glycerol and 2-
palmitoyl-glycerol—were present in spleen, brain, and gut, to-
gether with 2-AG. While these esters do not bind to cannabi-
noid receptors or inhibit adenylyl cyclase via either CB1 or
CB2, each ester potentiated 2-AG-induced inhibition of motor
behavior, immobility on a ring, analgesia on a hot plate, and
hypothermia: behavioral tests commonly referred to as the ‘tet-
rad’ by which CB1-mediated effects can be detected [132].
Thus, the original concept of the entourage effect referred to a
specific group of endogenous compounds, structurally similar
to endocannabinoids, that potentiated the effects of endogenous
cannabinoid receptor agonists at CB1Rs and CB2Rs.

Subsequently, the idea of the entourage effect has expanded
considerably both with regard to mechanisms of interactions,
as well as classes of chemical agents. The diversification of
entourage effects has been promoted by scientific and lay
authors, and often well beyond its original boundaries. Wag-
ner and Ulrich-Merzenich [133] proposed 4 potential mecha-
nisms of synergy for phytotherapeutics, using cannabis as an
exemplar: 1) multitarget effects; 2) pharmacokinetic effects
(e.g., improved bioavailability or solubility); 3) improved bac-
terial resistance; and 4) modulation of adverse events (AEs;

truly an antagonism, albeit a beneficial one) [133]. This ap-
proach thereby extended the tightly defined entourage effect
to include practically any plant mixture acting through any
molecular target to exert any effect.

The cannabis plant contains a complex mixture of both
cannabinoids (i.e., Δ9-THC and CBD) and terpenoids
(limonene, myrcene, α-pinene, linalool, β-caryophyllene,
caryophyllene oxide, nerolidol, and phytol) derived from a
common precursor (geranyl pyrophosphate). Several stud-
ies posited that the “entourage” of “[whole] plants are bet-
ter drugs than the natural products isolated from them”,
suggesting that the clinical effects of cannabis usage may
be due to complex interactions between several plant can-
nabinoids [134, 135]. In support of this view, CBD may
potentiate the beneficial effects associated with Δ9-THC
(analgesia, antiemesis, and anti-inflammation) and reduce
the negative psychoactive effects of Δ9-THC (impaired
working memory, sedation, tachycardia, and paranoia)
[136–138]. Users of cannabis with a high CBD:Δ9-THC
ratio have greater tolerability and lower rates of psychosis
than users of high Δ9-THC:CBD ratios (or Δ9-THC
alone) [139]. Additional reports claim potential synergis-
tic interactions of phytocannabinoids and phytoterpenoids
that may include therapeutic effects on pain, inflamma-
tion, depression, anxiety, addiction, epilepsy, cancer, fun-
gal, and bacterial infections [135, 140]. However, proper
characterization of any “synergistic” effects of multiple
plant cannabinoids requires statistically robust demonstra-
tions of effects greater than the sum of the parts. These
effects can be tested in vitro or in vivo using assays such
as the isobolographic approach [141, 142]. Such a design
can show if any 2 compounds, extracts, or mixtures are
additive in the specific assay (e.g., models of seizure),
synergistic, or antagonistic, thereby avoiding speculation
about potential synergism or the confusion of additive
effects with synergism. Although experimental data sup-
port the efficacy of both CBD and Δ9-THC as individ-
ual agents in various animal models of epilepsy, we are
not aware of any studies demonstrating synergy of these
compounds in animal models nor any controlled trials
that establish a synergistic effect in patients with
epilepsy.

Collectively, several studies demonstrate functional (but
not defined molecular) interactions between plant cannabi-
noids that extended the initial concept of the entourage effect
far beyond its original intent. While such interactions may
exist, further well-defined research is required to verify anec-
dotal claims regarding the increased antiseizure efficacy of
CBD withΔ9-THC (vs CBD alone) in patients with epilepsy.
While natural selection may have led to combinations of phy-
tochemicals in cannabis to resist infection or predation, there
is no reason to expect “nature” to combine chemicals in a
single plant to treat human epilepsy.
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Animal Models of Seizures and Epilepsy

Animal models provide powerful assays to assess the po-
tential antiseizure or antiepileptic effects of cannabinoids.
Each preclinical paradigm has unique advantages and dis-
advantages, and many represent unique seizure etiologies,
semiologies, or corresponding electroencephalography
(EEG) patterns. Table 1 (adapted from [143–145]) summa-
rizes animal models discussed in this review, grouped by
relevance to human epilepsies. Acute models (e.g., kainic
acid and pentylenetetrazol) allow high-throughput screen-
ing for upregulation of biomarkers, but cannot recapitulate
spontaneous recurrent seizures or reduced seizure thresh-
olds found in chronic epilepsy. Chronic models of seizure
activity elicit spontaneous, recurrent seizures that can be
recorded on video EEG.While technically challenging, the-
se models better represent epileptogenesis and drug screen-
ing for humans. However chronic models are specific to the
type of insult (traumatic brain injury, mouse genetic
models), and may not reflect broad anatomical or functional
changes in generalized epilepsy [145].

Preclinical Evidence of Cannabinoids in Epilepsy

Multiple animal models demonstrate the efficacy of cannabi-
noids in preventing seizures and reducing mortality in epilep-
sy. Animal models highlight dynamic changes in the
endocannabinoid system follow chronic seizures, with both
acute and chronic homeostatic regulatory components.

The Endocannabinoid System

Endocannabinoid release prevents seizure-induced neurotoxic-
ity. Kainic acid (KA) (30 mg/kg)-induced seizures increased
levels of the anandamide in wild-type mice (20 min postinjec-
tion) [146], and pilocarpine (375 mg/kg)-induced seizures in-
creased levels of 2-AG (15 min postseizure onset) [147]. Thus,
epileptiform activity triggers a neuroprotective, on-demand re-
lease of endocannabinoids (or increase endocannabinoid levels
in a downstream pathway unrelated to neuroprotection). Pre-
treatment with an anandamide reuptake inhibitor (UCM707;
3 mg/kg) reduced KA-induced seizure severity, but not in mice
with conditional CB1R deletion in principal forebrain excitato-
ry neurons [146]. Blockade of the endocannabinoid catabolic
enzyme FAAH (with AM374; 8 mg/kg) increased levels of
anandamide and protected against KA (10mg/kg)-induced hip-
pocampal seizures and subsequent impairments in balance and
coordination [148]. Inhibition of both FAAH (with AM374)
and the anandamide reuptake transporter (with AM404) in rat
hippocampus prevented α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid-induced excitotoxic insults (cytoskele-
tal damage and synaptic decline) in vitro and behavioral and

memory impairment in vivo [149]. Blockage of FAAH and
DAGLα (with AM6701, 5 mg/kg) raised levels of anandamide
and 2-AG, protected against KA (10 mg/kg)-induced seizures,
and reduced seizure-induced cytotoxicity [150]. The
endocannabinoids, methanandamide, and 2-AG reduced neu-
ronal firing in a lowMg2+ in vitromodel of status epilepticus, in
a dose -dependen t manner (EC50 145 ± 4 .15 nM
methanandamide, 1.68±0.19 μM 2-AG) [151].

CB1Rs

Animal models demonstrate that activation of CB1Rs reduces
seizure severity. Mice with conditional deletion of CB1Rs in
principal forebrain excitatory neurons (but not interneurons)
exhibited more severe KA-induced seizures (30 mg/kg) than
wild-type controls. Conditional deletion of the CB1R in-
creased gliosis and apoptosis following KA-induced seizures
and prevented activation of the protective immediate early
genes (c-Fos, Zif268, brain-derived neurotrophic factor)
[146]. CB1R expression in hippocampal glutamatergic (but
not GABAergic) inputs is necessary and sufficient to protect
against KA-induced seizures [152]. Further, viral-induced
overexpression of CB1Rs targeted to the hippocampus re-
duced KA-induced seizure severity, seizure-induced CA3 py-
ramidal cell death, and mortality [153], Together, these results
demonstrate that CB1Rs could limit seizure activity and pro-
tect neurons from subsequent cell death and reactive gliosis.

Seizures trigger homeostatic changes in hippocampal
CB1Rs and the endocannabinoid system (reviewed in [154])
(Fig. 3). Levels of CB1R expression in the CA1-3 stratum
oriens and radiatum (presumed excitatory inputs) and dentate
gyrus steadily increased 1-week post-pilocarpine-induced sei-
zures (Fig. 3, dark green trace) [147, 155–158]. However,
sclerotic and nonsclerotic hippocampal tissue resected from
patients with epilepsy displayed a reduction in DAGLα (2-
AG biosynthetic enzyme), CB1R mRNA, and CB1R excitato-
ry terminal immunoreactivity (Fig. 3, light green trace) [159].
Furthermore, compared with healthy controls, patients with
temporal lobe epilepsy have reduced levels of anandamide
in cerebrospinal fluid samples [160]. These findings suggest
that seizure activity induces a homeostatic upregulation of
excitatory terminal CB1Rs, which may reduce excitatory neu-
rotransmitter release via DSE (see “The Endocannabinoid
System”). This compensatory process may be impaired in
patients with prolonged treatment-resistant epilepsy or hippo-
campal sclerosis, leading to neuronal hyperexcitability,
pharmacoresistance, and inconsistent effects of cannabis ex-
posure. However, further research is required to verify the
functional effects of this potential process in human patients,
and whether CB1R homeostasis indeed limits seizure severity
or occurrence.

In contrast to effects at excitatory terminals, seizures induce a
homeostatic reduction in CB1R expression in inhibitory
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terminals (Fig. 3, dark red trace). Beginning 4 days following
pilocarpine-induced seizures in rats, CB1R expression progres-
sively decreased in hippocampal CCK+ inhibitory nerve termi-
nals [161], particularly in the CA1 stratum pyramidale and the
dentate gyrus inner molecular layer, unaccounted for by CA1
neuronal cell loss alone [155, 156, 162]. By reducing CB1R
expression on inhibitory terminals (and presumed DSI), this
homoeostatic processmay limit network disinhibtion and restrain
elevated excitability during prolonged epileptiform activity. In
sclerotic hippocampal tissue removed from 1) 2 months post
pilocarpine-induced seizures in mice [163], and 2) human pa-
tients [164], levels of CB1Rs remained consistently elevated in
interneuron axonal terminals (Fig. 3, light red trace). This finding
suggests that patientswith prolonged, pharmacoresistant epilepsy
may suffer from impaired CB1R homeostasis on inhibitory inter-
neuron terminals, leading to prolonged disinhibition and network
excitability. Postseizure changes in CB1Rs may be specific to
seizure type or developmental stage, as mice with a single epi-
sode of febrile seizures induce an overall increase in DSI and
CB1R on CCK+ interneurons [165, 166].

Modulators of the Endocannabinoid System
and Synthetic CB1R Agonists/Antagonists

Figure 4 summarizes the effects of synthetic cannabinoids and
phytocannabinoids in 175 pre-clinical seizure models or dis-
crete conditions (adapted from [167]). These studies are
subclassified by drug type and seizure model in corresponding
tables in the Appendix (see Supplementary Material).

Results from 13 studies from 3 species (rat, mouse, guinea
pig) demonstrate that modulation of the endocannabinoid sys-
tem (via inhibition of FAAH or anandamide reuptake) pro-
vides about 46.2 % (6/13) anticonvulsant, 23.1 % (3/13)
mixed effect, and 30.8 % (4/13) no significant effect in seizure
models. CB1R agonists produced an anticonvulsant effect in
68.1 % (47/69), proconvulsant effect in 2.9 % (2/69), mixed
effect in 7.2 % (5/69), and no significant effect in 21.7 % (15/
69) of seizure models in rats andmice. One study suggests that

CB1R agonists may produce an anticonvulsant effect through
CB1Rs at low doses, but a proconvulsive effect through
TRPV1 channels at high doses [168]. In addition, CB1R ago-
nists (WIN55, 212, ACEA) often produce a additive effect
when combined with several commonly prescribed AEDs
(see Fig. 4B) [169–177]. In 18 studies from mice, rats, and
guinea pigs, CB1R antagonists were pro convulsant in 38.9 %
(7/18), anti-convulsant in 5.6 % (1/18), and showed no signif-
icant effect in 55.6 % (10/18) of trials. Although CB1R ago-
nists were anticonvulsant in 68.1% of the studies, only 38.9%
of CB1R antagonists were proconvulsive (most showed no
effect). Thus, while activation of the endocannabinoid system
may prevent long-term consequences of seizure sequelae, in-
hibition of the endogenous protective mechanisms may not
contribute significantly to seizures. Variations in the pro- vs
anticonvulsant effects in each system may reflect specific ef-
fects of the species, seizure models (acute vs chronic, focal vs
generalized), dose ranges, timing, or experimental design.

Phytocannabinoids: Δ9-THC and CBD

Evidence from 34 studies from 6 animal species demonstrate
that Δ9-THC is anticonvulsant in 61.8 % (21/34),
proconvulsant in 2.9 % (1/34), mixed in 2.9 % (1/34), and
shows no significant effect in 32.4 % (11/34) of seizure
models. Δ9-THC potentiated the effects of phenytoin and
phenobarbital in the maximal electroshock model of general-
ized seizures [178, 179]. The National Toxicology Program
noted a pro convulsant effect of Δ9-THC in rats and mice
[180], although species-specific differences in CB1R expres-
sion may underlie variable responses to Δ9-THC. CBD and
its homologue cannabidivarin (CBDV) were 80.5 % (33/41)
anticonvulsive and 19.5 % (8/41) ineffective, at reducing sei-
zures in mice and rats. Notably, no studies showed a
proconvulsive effect for CBD or CBDV. CBDV potentiated
the effects of phenobarbital, ethosuximide, and valproate in 2
seizure models [181]. These studies suggest that both Δ9-
THC and CBD provide significant protection from seizures

Fig. 3 Homeostatic changes to
hippocampal cannabinoid type 1
receptors (CB1Rs) in preclinical
animal seizure models [147,
154–166]. GABA = γ-
aminobutryic acid
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in preclinical animal trials, presenting potential targets for hu-
man studies.

Tolerance and Withdrawal

Prolonged treatment withΔ9-THC or synthetic CB1 agonists
leads to a dose-dependent and region-specific desensitization,
downregulation, and internalization of CB1Rs [182–203].
These changes produce tolerance to the acute behavioral ef-
fects of Δ9-THC in in vivo models, reducing cannabinoid-
induced hypomotility, hypothermia, antinocioception, and
memory impairment with repeated usage [182, 183, 185,
197, 199, 204, 205]. In several seizure models, prolonged
Δ9-THC (but not CBD) exposure leads to tolerance to the
antiepileptic activity of cannabinoids [206–210]. In humans,
chronic cannabinoid usage produces tolerance towards Δ9-
THC-mediated changes in autonomic behaviors, sleep and
sleep EEGs, and self-reported psychotropic high, although
these changes vary in frequent users [211–216].

Withdrawal from rats chronically dosed withΔ9-THC trig-
gers rebound seizures and elevated anxiety-like responses in
several preclinical animal studies [217–219]. Monkeys that
previously self-administered intravenous Δ9-THC demon-
strate abstinent symptoms of aggressiveness, hyperirritability,
and anorexia [220], as well as impaired operant behavior
[221]. Results from human studies demonstrated symptoms
of anxiety, aggression, dysphoria, irritability, anorexia, sleep
disturbances, and sweating during abstinence from chronic
Δ9-THC usage, rescued by Δ9-THC re-administration
[222]. Withdrawal from cannabis use can trigger rebound sei-
zures in several preclinical animal and human studies [203,
209, 210, 223–226], although other studies show no
proconvulsant effect of cannabis withdrawal [178, 227].

Unlike Δ9-THC, CBD (or nabiximols, CBD/Δ9-THC in a
1:1 ratio) does not seem to produce significant intoxication [228],
tolerance [229–231], or withdrawal effects [232]. CBD and/or
nabiximols may counteract the Δ9-THC-dominant effects of
cannabis withdrawal [233–235]. In summary, evidence suggests
that while both tolerance and some withdrawal symptoms may
occur with Δ9-THC, CBD may limit the effects of cannabis
tolerance and withdrawal, but more studies are needed.

Clinical Evidence of Cannabinoids in Epilepsy

Several clinical studies have examined the association be-
tween cannabis use and seizures. These include case studies,
surveys and epidemiological studies, and clinical trials.

Case Studies

Case reports describe proconvulsant and anticonvulsant effect
of cannabis, with the majority reporting either beneficial or

lack of effect on seizure control. Selected examples illustrate
the diverse spectrum of reported responses. Cannabis used 7
times within 3 weeks was associated with multiple tonic–clon-
ic seizures in a patient previously seizure free for 6 months on
phenytoin and phenobarbital. However, seizures were not
temporally correlated with immediate intoxication or with-
drawal [236]. Cannabis withdrawal increased complex partial
seizure frequency in a 29-year-old man with a history of alco-
holism and bipolar disorder (each of with are independently
associated with seizures) [226]. In another 2-part case study, a
43-year-old on carbamazepine experienced about 5–6 nightly
violent seizures lasting 1 min each. When he consumed about
40 mg C. sativa at night, seizure frequency was reduced by
70 %, but withdrawal triggered a doubling of his baseline
seizure frequency. In the same study, a 60-year-old man with
a 40-year history of cannabis usage (6–8 cigarettes per day)
developed status epilepticus after cannabis withdrawal [225].
Additionally, synthetic “designer” cannabinoid drugs (“spice”
or “K2”) induce new-onset seizures, tacharrythmia, and psy-
chosis, often with greater severity and toxicity than cannabis
[237–245]. The toxicity of these synthetic agents may result
from their properties as full agonists of CB1R, whileΔ9-THC
is a partial agonist.

The majority of other studies demonstrate an anticonvul-
sant effect of cannabis. In a 1949 trial, administration of aΔ9-
THC homolog (1,2-dimethyl heptyl) reduced the “severe an-
ticonvulsant resistant (phenobarbital or phenytoin) grand mal
epilepsy” in 2/5 children [246]. One patient whose seizures
were not controlled on low-dose phenobarbital or phenytoin
had fewer tonic–clonic seizures while smoking 2–5 cannabis
cigarettes per day [247]. Myoclonic and other seizures were
reportedly reduced in 3 adolescents on oral 0.07– 0.14 mg/kg
Δ9-THC daily. Parents reported that their children were
“more relaxed…more alert, more interested in her surround-
ings” [248]. In another study, a 45-year-old man with cerebral
palsy and treatment-resistant focal epilepsy experienced a
marked reduction in focal and secondary generalized seizures
on daily marijuana [249]. Other recent cases also support the
observation that cannabis use can reduce seizures in some
patients [250, 251]. These studies suggest that cannabis can
not only reduce seizure susceptibility, but also trigger rebound
seizures during withdrawal. Limitations of open-label, often
retrospective single case reports are compounded by the var-
iability in epilepsy syndrome, differences in cannabis dosage,
route, and composition.

Epidemiological Reports and Surveys

Recent epidemiological reports and surveys depict the incidence
of medical marijuana usage for seizure control. The predicted
prevalence of medical cannabis use in epileptic patients ranges
from about 4 % (77=total patient population in US medical
cannabis program) to about 20% (310=total patients at a tertiary
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epilepsy clinic in Germany) [252, 253]. One percent of the med-
ical marijuana users in California (~2500=total patient popula-
tion) use cannabis to control seizures [254]. In a telephone survey
of 136 patients with epilepsy, 21.0 % were active users, 13.0 %
were frequent users, 8.1 % were heavy users, and 3.0 % met
Diagnostic and StatisticalManual ofMentalDisorders-IV criteria
for marijuana dependence.

The majority of patient and caregiver surveys found either
beneficial effects or no significant effect of cannabis in patients
with epilepsy. In a small, 1976 survey of 300 patients with epi-
lepsy, cannabis usage had no effect on seizure frequency in 30%
of patients, increased seizures in 1 patient, and decreased seizures
in another [255]. A 1989 12-year retrospective study reported
10% of 47 patients with “recreational drug-induced [tonic–clon-
ic] seizures” had consumed cannabis prior to seizures, although
this was confounded by recent cocaine, amphetamine, or LSD

(lysergic acid diethylamide) usage. No seizures were reported
following cannabis use alone [256]. A single epidemiological
study provided limited evidence that cannabis may possess anti-
seizure properties in humans. In a study of illicit drug use
and new-onset seizures in Harlem utilizing a case–control
methodology, cannabis used within 90 days before hospi-
talization was associated with a 2.8-fold decreased risk of
first seizures among men but not women [257]. In a tele-
phone survey of adult patients from a tertiary care epilep-
sy center, most active users reported beneficial effects on
seizures (68 % reduced severity, 54 % reduced incidence),
and 24 % of all subjects believed marijuana was an effec-
tive therapy for epilepsy. No patient reported a worsening
of seizures with cannabis use [258]. The majority (84 %)
of patients in a German tertiary care center reported that
cannabis had no effect on their seizure control [253].
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Fig. 4 Summary of cannabinoids and preclinical seizure models. (A)
Composite data from 175 preclinical seizure models (e.g., maximal
electroshock, kainic acid) or discrete experimental designs (e.g., with
combined antiseizure medications). Pro-/antiseizure effects are
subclassified by given intervention: 1) modulators of the
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(e.g., WIN55212-2); 3) CB1R antagonists (e.g., SR141716A); 4) Δ9-
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cannabidivarin (CBDV). (See Supplementary Material for complete
description of preclinical studies.) (B) Summary of preclinical data on
cannabinoid interactions with antiseizure medications. Sources
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A 2013 survey of 19 parents of children with treatment-
resistant epilepsy investigated the use of high CBD:Δ9-THC
ratio artisanal marijuana products. These parents were primarily
identified from social media and included 12 children with
Dravet syndrome (DS). Of the 12 children with DS, parents
reported that 5 (42 %) experienced a>80 % reduction in seizure
frequency and 2 (11 %) reported complete seizure freedom. The
single child with Lennox–Gastaut syndrome (LGS) was reported
to have a>80 % reduction in seizure frequency. In addition to
seizure control, parents reported positive effects of increased
alertness (74 %), better mood (79 %), improved sleep (68 %),
and decreased self-stimulation (32 %), and rare AEs of drowsi-
ness (37 %) and fatigue (16 %) [259]. A more recent retrospec-
tive case study described 75 patients from Colorado with
treatment-resistant epilepsy who moved to Colorado for oral
cannabis extract treatment. Oral cannabis extract treatment con-
trolled seizures in 57% of patients, reduced seizures by >50% in
33 % of patients, and showed greater effectiveness in patients
with LGS (88.9 %) than in patients with DS (23.0 %). Reported
additional benefits included improved behavior/alertness (33 %),
language (10 %), and motor skills (10 %), as well as rare AEs of
increased seizures (13 %) and somnolence/fatigue (12 %). Inter-
estingly, the study also reported a significant, independent “pla-
cebo effect” of families moving to Colorado for treatment (see
“Placebo Effect”) [260]. Collectively, these surveys suggest a
predominantly antiseizure (or no significant) effect of cannabis
usage. However, it is essential to consider the limitations of sub-
jective self-reporting, potentially biased sampling of patient ad-
vocacy groups (over-reporting positive effects), and uncontrolled
differences in CBD:Δ9-THC content in various strains of can-
nabis in these studies.

Clinical Trials

A recent Cochrane review assessed 4 primary clinical trials to
examine the efficacy of medical marijuana in seizure control
(summarized in Table 2, adapted from [11], [13]). Two of
these studies demonstrated a partial antiseizure effect of
CBD [261, 262], while 2 showed no significant effect [263,
264]. However, all 4 studies included significant limitations,
including low study sizes, insufficient blinding or randomiza-
tion, or incomplete data sets. The authors of the Cochrane
review and a recent meta-analysis from the American Acade-
my of Neurology both emphasized the need for follow-up
placebo-controlled, blinded, randomized clinical trials exam-
ining the role of CBD in seizure control [12, 13].

Phase I Clinical Trial for CBD in Treatment-resistant
Epilepsy

Preliminary preclinical and clinical evidence reveal the thera-
peutic potential of CBD to reduce seizures with high

tolerability and low toxicity. Accordingly, CBD represents a
highly desirable treatment alternative for patients with early-
onset, severe epilepsy such as DS and LGS. In addition to
pharmacoresistant seizures, these patients suffer from severe
neurodevelopmental delay, intellectual disability, autism, mo-
tor impairments, and significant morbidity and mortality [265,
266]. As patients with DS and LGS require effective and
better-tolerated therapies and represent relatively homoge-
neous populations, they stand out as candidates for an initial
trial of CBD safety and efficacy.

Study Design and Results

Investigator-initiated open-label studies at 10 epilepsy centers
using Epidiolex (GWPharma, Salisbury, UK; 99 % CBD)
collected data on 213 patients with treatment-resistant epilep-
sies. This predominantly pediatric population had a mean age
of 10.8 years (range 2.0–26.0 years). CBD was added to
existing AEDs; there was an average of 3 concomitant AEDs.
The average baseline was 60 per month for total seizures and
30 per month for convulsive seizures.

The primary goal of the study was to assess safety but
seizure diaries were obtained for convulsive, drop, and total
seizures to provide a potential signal regarding efficacy.
Twelve-week or longer continuous exposure data were obtain-
ed for 137 patients and were used in efficacy measures. The
most common epilepsy etiologies were DS and LGS syn-
dromes; others included Aicardi syndrome, Doose syndrome,
tuberous sclerosis complex, CDKL5, Dup15q syndrome, and
many others. At week 12, total convulsive and nonconvulsive
seizures showed a median percent reduction from baseline of
54 %, and total convulsive seizures showed a median percent
reduction from baseline of 51 %. In patients with DS (n=23),
CBD reduced convulsive seizure frequency by 53 %, and
16 % of DS reached complete convulsive seizure freedom
by week 12. Atonic seizure frequency among patients with
LGS (n=10) was reduced by a median of 52 % at week 12.
AEs>10 % included somnolence (21 %), diarrhea (17 %),
fatigue (17 %), and decreased appetite (16 %). Nine patients
(4%) were discontinued for AEs. The investigators concluded
that CBD reduced seizure frequency across multiple drug-
resistant epilepsy syndromes and seizure types and was gen-
erally well-tolerated in the open-label study. Randomized con-
trolled trials (RCTs) are now ongoing for DS and LGS.

Safety Issues

There is a strong tendency to equate “cannabis as a natural
therapy” with “cannabis as a safe therapy”. This a priori as-
sumption—the naturalistic fallacy—is countered by many in-
stances of toxic or deadly plants (e.g., amotoxins in mush-
rooms) and animals (e.g., tetrodotoxin in puffer fish). A more
muted naturalistic view is that if side effects occur with
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cannabis, they would be less severe than those from drugs
produced by the pharmaceutical industry. A recent Epilepsia
survey of 776 individuals found that 98 % of the general
public supported the use of medical marijuana for severe cases
of epilepsy, compared with only 48 % of epileptologists. Sim-
ilarly, the majority of the public and a minority of
epileptologists thought that there was sufficient safety (96 %
vs 34 %) and efficacy (95 % vs 28 %) data for medical mar-
ijuana use in severe epilepsy. This significant disparity in
opinion between professionals and the lay public, possibly
swayed by the appeal of natural remedies, emphasizes an in-
creased need for further research and public education regard-
ing medicinal cannabis and epilepsy [267].

As with efficacy, the most valid assessment of side effects is
with RCTs. RCT data on the safety of Δ9-THC and CBD in
adults comes from trials of cannabinoid-containing medications,
including nabixomols [Sativex (GWPharma) 1:1 Δ9-
THC:CBD], purified cannabis extracts [Cannador, Institute for
Clinical Research, IKF, Berlin, Germany, (2:1Δ9-THC:CBD)],
synthetic Δ9-THC analogues Dronabinol and Nabilone. These
drugs have been approved by many international regulatory
agencies. In a meta-analysis of 1619 patients treated with
nabiximols for neurological indications (mainly pain, spasticity,
spasm, or tremor) for 6 months or less, 6.9 % of those on can-
nabinoid therapies were discontinued because of adverse effects
versus 2.25 % in the placebo groups [12]. Adverse effects occur-
ring in at least 2 studies included nausea, dizziness, increased
weakness, behavioral or mood changes, hallucinations, suicidal
ideation, fatigue, and feeling of intoxication. No deaths from
overdose were reported [12]. However, our knowledge on the
safety of these compounds in children is very limited.

The adverse health effects of recreational cannabis use were
recently reviewed [268]. Δ9-THC is presumed to be the major
cannabinoid resulting in adverse acute and chronic health effects
of cannabis. The 4-fold increase in Δ9-THC content of confis-
cated cannabis in the last 20 years is associated with increased
acute complications. In 2011, there were 129,000 emergency
department visits for cannabis alone and 327,000 additional visits
for cannabis in combination with other drugs. From 2004 to
2011, the rate of emergency department visits for cannabis tox-
icity doubled [268]. Short-term use can impair short-term mem-
ory, coordination, and judgment. In high doses, paranoia and
psychosis can occur [137, 269]. Long-term use of recreational
cannabis in adolescents is associated with addiction (9 % overall
but 17 % among adolescents) and impaired cognitive and aca-
demic performance [270–274]. Additionally, cannabis treatment
in animal and human studies altered brain development (espe-
cially with use in early childhood) and structure [272, 275–277],
creating long-lasting functional and structural brain abnormalities
[277–279]. Early and/or heavy cannabis use is associated with
neurochemical abnormalities on magnetic resonance spectrosco-
py [272], impaired maintenance of neuronal cytoskeleton dy-
namics [277], decreased white matter development or integrity

[272, 275, 276], increased impulsivity [276], and abnormal acti-
vation patterns during cognitive tasks on functional magnetic
resonance imaging [272, 280]. In patients withmultiple sclerosis,
use of cannabis is associated with impaired cognition and acti-
vation patterns on functional magnetic resonance imaging [281].
Further research is required to determine the short- and long-term
effects of CBD alone, whichmay have lower toxicity than whole
plant cannabis orΔ9-THC.

Cannabidiol Formulations, Pharmacokinetics,
Pharmacodynamics, and Drug–Drug Interactions

We are aware of 3 pharmaceutical products that are currently
in trials or in development: 1) Epidiolex (99 % CBD derived
from C. sativa plants, in a strawberry-flavored sesame oil), 2)
synthetic CBD from Insys Therapeutics (Chandler, AZ,
USA), and 3) Transdermal CBD gel from Zynerba Pharma-
ceuticals (Devon, PA, USA). Other CBD-containing products
are available commercially and obtained online [e.g., Realm
of Caring's Charlotte's Web (whole cannabis extract contain-
ing 50 mg/ml CBD)]. However, the quality control and con-
sistency of these products may vary considerably. Indeed, a
recent study by the US Food and Drug Administration tested
18 products, claimed to contain CBD, made by 6 companies.
Of these, 8 contained no CBD, 9 contained <1 % CBD, and 1
contained 2.6 % CBD (http://www.fda.gov/NewsEvents/
PublicHealthFocus/ucm435591.htm).

Because lipophilic cannabinoids (including CBD) have low
water solubility, CBD is traditionally delivered orally in either
an oil-based capsule or sublingual spray, permitting less vari-
able pharmacokinetics in gastrointestinal absorption. A single
10-mg dose of nabiximols (equal parts CBD and Δ9-THC) in
humans produces a maximum serum concentration (Cmax) of
3.0±3.1 μg/l (buccal) [2.5±1.8 μg/l (sublingual)] and maxi-
mum time (Tmax) of 2.8±1.3 h (buccal) [1.6±0.7 h (sublin-
gual)] [282]. CBD is primarily protein-bound in the blood,
and preferentially deposits in brain and adipose tissue [283].

The cannabinoids are primarily metabolized by the liver
cytochrome P-450 (CYP-450) enzymes. Both Δ9-THC and
CBD can inhibit CYP-450 metabolic activity, particularly the
CYP2C isozymes at low concentrations and CYP3A4 iso-
zymes at higher concentrations [284–289]. CYP2C and
CYP3A4 are induced by carbamazepine, topiramate, and phe-
nytoin, and inhibited valproate and other drugs [290]. The
cannabinoids, particularly CBD, can inhibit other isozymes,
including 2D6 and 1A1 [285, 291]. Therefore, use of Δ9-
THC or CBD could potentially contribute to bidirectional
drug–drug interactions with antiepileptic and other drugs. In
our open-label CBD study, patients treated with CBD had
elevated levels of the nordesmethyl metabolite of clobazam
[292], which may account for a portion of the apparent seda-
tion, as well as efficacy, of CBD.
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Placebo Effect

The magnitude of the placebo response is related to the power
of belief. Given the social and mainstream media attention se-
lectively reporting dramatic benefits of artisanal cannabis prep-
arations for children with epilepsy, there are high expectations
on the part of many parents. The potent role of the placebo
response was suggested by a recent survey of parents whose
children with epilepsy who were cared for at Colorado Chil-
dren’s Hospital. A beneficial response (>50 % seizure reduc-
tion) was reported 3 times more often by parents who moved to
the state compared with those who were long-time residents
[260]. No differences in epilepsy syndrome, type of artisanal
preparation, or other factor could account for this difference.

While studies have reported a significant placebo response
in adult patients (such as those with Parkinson’s Disease
[293]), placebo response rates are particularly high among
children and adolescents in a subset of disorders, including
psychiatric (anxiety, major depression, and obsessive compul-
sive and attention deficit disorders), medical (asthma), and
painful (migraine, gastrointestinal) conditions [294, 295]. As
the current RCTs of CBD primarily target children with severe
epilepsy, this may be an important issue. Among patients with
treatment-resistant focal epilepsy, a meta-analysis found that
the placebo response in children (19.9 %) was significantly
higher than in adults (9.9 %), while the response to the AED
was not statistically different in children (37.2 %) and adults
(30.4 %) [296]. In one predominantly pediatric LGS trial,
seizures were reduced in 63 % of placebo-treated patients
and 75 % of drug-treated patients [297]. Paradoxically, the
intense interest and strong beliefs in the efficacy of cannabis
for epilepsy may elevate placebo responses and make it more
difficult to demonstrate a true benefit in RCTs.

Legal/Ethical Concerns

The Drug Enforcement Agency (DEA) classifies cannabis and
products derived from cannabis plants as Schedule I drugs.
Schedule I drugs have a high potential for abuse and no cur-
rently accepted medical use; they are the most dangerous
drugs of all the drug schedules with potentially severe psycho-
logical or physical dependence (DEA website; http://www.
dea.gov/druginfo/ds.shtml). It is thus paradoxical that opiates
and benzodiazepines, which have a much greater potential for
psychological and physical dependence than cannabis, are
classified as Schedule II drugs. With regard to the DEA’s
“claim” that cannabis-derived drugs have no currently accept-
ed medical use, therapies such as nabiximols (CBD and Δ9-
THC) and other products have been approved by regulatory
agencies in >20 countries. These approvals are based on RCTs
that establish efficacy and a favorable safety profile, including
a low potential for abuse [228, 298].

The Schedule I categorization makes it challenging for inves-
tigators to study cannabis-derived cannabinoids in basic and clin-
ical science. There is often a long and costly process to secure
approvals and inspections to obtain cannabinoids, purchase a
large safe, the weight of which may require clearance from en-
gineers, and add security systems to the room and building in
which they are stored. The Schedule I designation often prevents
patients who live in developmental centers or residential homes
from participating in clinical trials. The threshold of effort for
basic and clinical investigators to study cannabinoids remains
as high as ever, while the availability of these substances for
parents to give is expanding rapidly. This has created a widening
gap between knowledge and exposure, an especially relevant
concern in children for whom safety data are largely lacking.

Conclusion

For over a millennium, pre-clinical and clinical evidence have
shown that cannabinoids such as CBD can be used to reduce
seizures effectively, particularly in patients with treatment-
resistant epilepsy. However, many questions still remain (see
Box 1) regarding the mechanism, safety, and efficacy of canna-
binoids in short- and long-term use. Future basic science re-
search and planned multicenter, placebo-controlled clinical tri-
als will provide insight into cannabinoid function and the po-
tential neuroprotective effects of the endocannabinoid system.
These findings will increase our mechanistic understanding of
seizures and may provide novel, targeted therapeutics for
epilepsy.

Box 1 Unanswered questions and directions for future studies

1. How do the pro and anti-epileptic effects of cannabis change with
development? Are there age-specific differences in responsiveness,
side effects, and target receptor expression?

2. What are the long-term effects of cannabis/cannabidiol use?
3. Are certain types of seizures or genetic channelopathies more likely to

respond to cannabidiol than others?
4. What is the safety of cannabidiol in patients with special conditions

(pregnancy, recent or planned surgery, vagus nerve stimulation, etc.)?
5. How do synthetic cannabinoids (“spice” or “K2”) dysregulate the

central nervous system to induce seizures? What is their relative safety
and toxicity relative to cannabis?
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Abstract — Many advances have been made toward understanding the benefits of medical cannabis.
However, less is known about medical cannabis patients themselves. Prior research has uncovered
many important patient characteristics, but most of that work has been conducted with partici-
pants in California, who may not represent medical cannabis patients throughout the United States.
Furthermore, it is unknown if medical cannabis legalization, which typically imposes strict regula-
tions on cannabis cultivation and sale, impacts patients’ experiences acquiring and using cannabis. The
goal of this study was to address these limitations by (1) examining the characteristics, perceptions,
and behaviors of medical cannabis patients in Arizona; and (2) questioning participants with a history
of cannabis use regarding their experiences with cannabis before and after legalization. Patients in
Arizona share many characteristics with those in California, but also key differences, such as average
age and degree of cannabis consumption. Participants also had positive perceptions of the effect of
medical cannabis legalization, reporting that feelings of safety and awareness were higher after legal-
ization compared to before. The results are discussed in relation to evidence from patients in other
states and in terms of their potential policy implications.

Keywords — Arizona, medical cannabis, medical cannabis legalization, patient characteristics,
perceptions

Support for the use of cannabis for medical purposes
is growing throughout the United States. To date, 23 states
and the District of Columbia have enacted laws legaliz-
ing medical cannabis, and 16 states have similar legislation
under consideration. Recent polls also show that the major-
ity of Americans believe that cannabis should be legal-
ized for medical purposes (Anderson Robbins Research
& Shaw & Company Research 2013; Associated Press-
CNBC 2010), and the popularity of this sentiment has
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increased over time (Anderson Robbins Research & Shaw
& Company Research 2013).

Support may be on the rise, in part, due to research that
shows the potential therapeutic effects of medical cannabis.
Animal studies, for example, show that cannabis-derived
extracts mitigate cancer cell proliferation and tumor growth
(Aviello et al. 2012) and have antidepressant-like effects
(Jiang et al. 2005). Studies also show that cannabis may
be beneficial for humans. Bar-Sela and colleagues (2013)
found that nausea, vomiting, weight loss, sleep disorders,
and pain were reduced in cancer patients after 6–8 weeks of
cannabis use. Studies also show that cannabis significantly
reduces chronic pain (see Lynch and Campbell 2011),
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inflammatory bowel disease (Allegretti et al. 2013), post-
traumatic stress disorder (Greer, Grob, and Halberstadt
2014), and seizure disorders (Lorenz 2004).

Although many advances have been made in under-
standing the benefits of medical cannabis, less is
known about US medical cannabis patients themselves.
Demographically, most patients are White, male, and
approximately 35 to 45 years of age (Bonn-Miller et al.
2014; Grella, Rodriguez, and Kim 2014; Ryan-Ibarra,
Induni, and Ewing 2015; Aggarwal et al. 2013; Ilgen
et al. 2013; Nunberg et al. 2011; Reinarman et al. 2011;
Aggarwal et al. 2009; Reiman 2009; O’Connell and Bou-
Matar 2007; Harris et al. 2000). Most patients report
medicating with cannabis daily (Bonn-Miller et al. 2014;
Ilgen et al. 2013; Reinarman et al. 2011; O’Connell and
Bou-Matar 2007), consuming six to nine grams of cannabis
per week (Bonn-Miller et al. 2014; Reinarman et al. 2011;
O’Connell and Bou-Matar 2007), and prefer inhalation as
the method of consumption (O’Connell and Bou-Matar
2007).

Studies also show that the majority of patients use
medical cannabis to relieve pain. However, patients also
report using cannabis to treat a variety of other conditions,
including anxiety, sleep apnea, hypertension, incontinence,
and depression (Aggarwal et al. 2013; Nunberg et al. 2011;
Reinarman et al. 2011). Generally, patients report that med-
ical cannabis is effective for helping them manage their
condition(s) (Bonn-Miller et al. 2014; Ryan-Ibarra, Induni,
and Ewing 2015; Aggarwal et al. 2013; Harris et al. 2000).
For example, Aggarwal and colleagues (2013) found that,
on a scale from 1 to 10, where 10 indicated absolute
symptom control, patients reported that cannabis provided
symptom control in the range of 7 to 10 across a vari-
ety of conditions. Patients also often reduce their use of
other medications (i.e., prescription and over-the-counter
drugs) when using medical cannabis (Nunberg et al. 2011;
Aggarwal et al. 2009; Reiman 2009, 2007).

Though these studies are informative, one limitation is
that most were conducted with samples of patients living
in California. California patients may not represent those
living in other areas of the country because the regula-
tions that govern patients in California are different from
those in other states. For example, residents of California
may legally obtain medical cannabis to treat a number
of ailments, including any chronic or persistent condition
that considerably limits major life activities or that, if not
alleviated, may compromise the patient’s safety or health
(California Senate Bill 420 2003). Because the list of con-
ditions for which the legal medical use of cannabis is
granted in other states is often less inclusive, patients from
these states may differ from those in California.

Considering that medical cannabis has been legalized
in many states, there is an opportunity to paint a more com-
prehensive picture of American medical cannabis patients
by conducting similar studies in other geographic locations.

Scientists have begun to conduct such research through
the examination of patients living in Washington State
(Aggarwal et al. 2013, 2009) and Michigan (Ilgen et al.
2013). Our first goal was to continue this line of research
by studying medical cannabis patients in Arizona. To aid
comparisons with previous research, we assessed patient
characteristics, behaviors, and perceptions that have been
examined in prior studies. These included patterns of use
(e.g., frequency of consumption, amount of consumption,
preferred method of consumption), degree of relief expe-
rienced when using medical cannabis, and use of other
medications.

In addition to the limited research on medical cannabis
patients outside of California, to our knowledge there has
been no systematic examination of patients’ perceptions of
the outcomes of medical cannabis legalization. One objec-
tive of legalizing cannabis for medical use is to safeguard
its acquisition and production, which often involves strict
regulation of its cultivation and sale. For instance, the
rules and regulations of the Arizona Medical Marijuana
Program require that those authorized to operate medical
cannabis dispensaries and cultivation facilities enact strict
security policies and procedures (Arizona Department of
Health Services Medical Marijuana Rules 2012). In addi-
tion, many dispensaries and facilities employ third-party
laboratories to test cannabis products for possible contami-
nants. However, it is unknown if such regulations translate
to changes in patient safety or product quality.

Because individuals who use cannabis medicinally are
those most affected by these regulations, surveying patients
regarding their experiences purchasing and using medi-
cal cannabis may uncover the changes legalization has
had on patient safety and product quality. In particular,
patients with a history of using cannabis medicinally prior
to legalization can provide their perspective on the changes
that legalization has generated. The second goal of the
present study was to determine the effectiveness of mea-
sures invoked to regulate and secure the cultivation and
sale of medical cannabis by examining the perceptions
of patients that used cannabis medicinally prior to legal-
ization. Patients were asked to compare their perceptions
of safety, product knowledge, and the effectiveness of
cannabis for treating their condition(s) before and after
legalization. Because of the regulations imposed with the
legalization of medical cannabis, we hypothesized that
patients would feel greater safety, have better knowledge,
and that cannabis effectiveness would be greater after
legalization.

METHOD

Participants and Procedures
Participants were 367 patients recruited from four

medical cannabis dispensaries located throughout Arizona.
The majority of the patients were male (63.8%), and
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ranged from 18 to 83 years of age (M = 45.78 years;
SD = 13.76 years). Most of the patients were White
(86.4%), whereas the rest were Hispanic (6.3%), Black
(2.5%), Native American (1.9%), Asian (0.8%), or Other
(2.1%). These figures are similar to those reported by the
Arizona Department of Health Services (2014) for this
patient population.

To protect patient confidentiality, the authors did not
directly contact patients, but approached dispensary owners
to request assistance in recruiting participants. Dispensary
owners informed their patients of the study, and interested
patients were directed to a website that provided infor-
mation about the research, including a description of the
study, an explanation of patients’ rights as participants,
and information regarding the collection and storage of
participant responses (i.e., responses were anonymous and
would be stored on a password-protected server and/or
computer only accessible to the researchers). If the patient
agreed to participate, he or she checked a box indi-
cating his or her agreement and the survey questions
appeared.

Measures
Patient conditions. Participants were asked to select

from an extensive list of conditions for which they use
medical cannabis to control or treat. For each condition
selected, participants completed subsequent questions and
rated them on five-point Likert-type scales regarding the
degree of relief experienced overall (1 = No relief at all;
5 = Almost complete relief), the degree of relief compared
to other medications (1 = Much less relief; 5 = Much
more relief), and the use of other medications since using
medical cannabis (1 = I use other medications much less
frequently; 5 = I use other medications much more fre-
quently). Higher scores indicated greater relief or more
frequent use of other medications.

Patterns and methods of cannabis use. Patients
reported on the frequency (“On average, how frequently
do you medicate with medical cannabis?”: “Less than
once per month” to “Several times per day”) and amount
(“On average, how much medical cannabis do you con-
sume in a month?”: “Less than one gram” to “More than
one ounce”) of consumption. Patients also completed a
single-item measure regarding their preferred method of
consumption (smoking, edibles, tinctures, vaporizing, raw
consumption, or oils).

Perceptions of prior medical cannabis users.
Participants were asked if they had used cannabis to
treat their condition(s) before its legalization in Arizona.
Those who replied “yes” were asked to complete four
additional items. These items included the perceived
safety of acquiring cannabis (“Compared to when you did
not have a medical marijuana card, acquiring cannabis
as a medical marijuana card holder feels”: 1 = Much
more dangerous; 5 = Much safer), knowledge of strain

characteristics (“Compared to when you did not have a
medical marijuana card, your knowledge of what strain
you are acquiring and its characteristics is”: 1 = Much
worse; 5 = Much better), confidence in a safe product
(“Compared to when you did not have a medical marijuana
card, your confidence that you are receiving a safe, uncon-
taminated product is”: 1 = Much lower; 5 = Much higher),
and product effectiveness for treating their condition(s)
(“Compared to when you did not have a medical marijuana
card, the effectiveness of the cannabis you receive to
treat your condition is”: 1 = Much worse; 5 = Much
better).

RESULTS

The conditions for which patients reported using med-
ical cannabis are displayed in Table 1. Consistent with pre-
vious research, the majority of patients reported suffering
from chronic pain. Other commonly reported conditions
included anxiety, depression, headaches, insomnia, muscle
spasms, nausea, and stress.

Figure 1 shows the distributions of patients for fre-
quency of cannabis use (Figure 1A), amount of cannabis
consumed per month (Figure 1B), and preferred method of
cannabis consumption (Figure 1C). The large majority of
patients (83.7%) reported using medical cannabis several
times per week or more, with most using medical cannabis
daily (61%). Most patients consumed one-half of an ounce
of cannabis or less per month (78.1%), and the most popu-
lar method of consumption was inhalation (i.e., smoking or
vaporizing; 67.2%).

Perceived Effectiveness of Medical Cannabis
Patients’ perceptions of the effectiveness of medical

cannabis for treating their condition(s) are presented in
Table 1. The values reflect the percent of patients who
reported experiencing, overall, a lot of relief or almost
complete relief from their symptoms and conditions when
using medical cannabis (second column), a little more relief
or much more relief from medical cannabis compared to
other medications (third column), and using other medica-
tions a little less frequently or much less frequently when
medicating with cannabis (fourth column).

For many of the conditions, patients reported that
cannabis was effective for helping them manage their ail-
ments. For example, at least 70% of patients reported
experiencing a lot of relief or almost complete relief for
24 of the 42 conditions. Similarly, for 27 of the 42 con-
ditions, at least 70% of patients reported experiencing
a little more relief or much more relief from medical
cannabis compared to other medications. Finally, at least
70% of patients reported using other medications a little
less frequently or much less frequently for 24 of the 42
conditions.
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TABLE 1
Percent of Patients Who Experience Relief and Less Frequently Use other Medications Due

to Medical Cannabis Use, by Condition

Condition
Number of

patients (%)
General
reliefa

Relief compared to
other medicationsb

Less frequent use of
other medicationsc

Alcohol Dependency 23 (6.3%) 91.30% 100% 100%
Anxiety 181 (49.3%) 82.90% 79.30% 85.90%
Arthritis 90 (24.5%) 63.30% 68.30% 81.20%
Asthma 13 (3.5%) 61.50% 50% 80.00%
ADHD 32 (8.7%) 81.20% 65% 84.60%
Bipolar Disorder 23 (6.3%) 60.90% 90.00% 56.30%
Bowel Distress 38 (10.4%) 78.90% 88.40% 95.40%
Cancer 17 (4.6%) 88.30% 54.60% 78.60%
Carpal Tunnel 15 (4.1%) 40.00% 80.00% 100%
Chronic Pain 318 (86.6%) 76.70% 73.50% 90.20%
Diabetes 26 (7.1%) 38.40% 37.50% 54.10%
Crohn’s Disease 14 (3.8%) 85.70% 75% 81.80%
Depression 106 (28.9%) 82.10% 86.90% 65.10%
Fibromyalgia 26 (7.1%) 76.90% 76.20% 93.80%
Glaucoma 9 (2.5%) 55.50% 50.00% 60%
Headaches 106 (28.9%) 68.90% 73.70% 93.80%
Hepatitis C 11 (3.0%) 45.50% 85.80% 28.60%
HIV 1 (0.3%) 100% 100% —
Huntington’s Disease 1 (0.3%) 100% — —
Hypertension 26 (7.1%) 65.40% 60.00% 46.60%
Insomnia 145 (39.5%) 82.70% 77.40% 81.90%
Loss of Appetite 67 (18.3%) 79.10% 92.30% 88.90%
Multiple Sclerosis 5 (1.4%) 100% 75.00% 33.30%
Muscle Spasms 130 (35.4%) 76.20% 82.10% 91.40%
Muscular Dystrophy 1 (0.3%) 100% 100% —
Nausea 105 (28.6%) 85.70% 87.30% 94.80%
Neuropathy 45 (12.3%) 51.10% 69.70% 60.70%
OCD 17 (4.6%) 64.70% 62.50% 33.40%
Opioid Dependency 8 (2.2%) 75% 60.00% 50.00%
Osteoarthritis 39 (10.6%) 61.50% 66.60% 84%
PTSD 28 (7.6%) 67.90% 92.90% 44.40%
Schizophrenia 2 (0.5%) 100% 100% —
Seizures 15 (4.1%) 80.00% 61.60% 84.70%
Skin Conditions 5 (1.4%) 60.00% 50.00% 50.00%
Sleep Apnea 31 (8.5%) 58.10% 85.00% 66.60%
Stress 164 (44.7%) 87.20% 91.60% 79.10%
Tourette’s Syndrome 4 (1.1%) 100% 100% —
Tremors 6 (1.6%) 50.00% 100% 100%
Vomiting 31 (8.4%) 71.00% 87.50% 82.40%
Wasting 6 (1.6%) 50.00% 66.70% 100%
Weight Loss 24 (6.5%) 62.50% 80.00% 70.00%

aThe percent of patients with this condition who reported that they experienced a lot or almost complete overall relief.
bThe percent of patients with this condition who reported that they experienced a lot or almost complete overall relief.
cThe percent of patients with this condition who reported that they use other medications a little or much less frequently.

Perceived Effects of Medical Cannabis Legalization
Nearly two-thirds of participants (n = 239) reported

using cannabis medicinally prior to legalization. These
patients were asked to compare their current experiences

acquiring, their knowledge of, and their experiences using
medical cannabis to their experiences and knowledge
before legalization. Distributions of the patient’s responses
are shown in Figure 2. Compared to their experiences
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Troutt & DiDonato Medical Cannabis in Arizona

FIGURE 1
Distributions of patient responses, by percentage,
for cannabis-related behaviors and perceptions:

(A) the frequency of patient’s cannabis use; (B) the
amount of cannabis consumed by patients per

month; (C) patient’s preferred mode of cannabis
consumption.
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before legalization, 89.1% of patients reported that acquir-
ing cannabis after legalization felt somewhat safer or much
safer, 80.3% reported that their knowledge of the cannabis
strains they acquired was somewhat better or much better,
85.4% reported that they had somewhat more confidence or
much more confidence that they were purchasing a safe and
uncontaminated product, and 79.5% reported that the med-
ical cannabis was somewhat more effective or much more
effective for treating their condition(s).

DISCUSSION

The goals of this study were to (1) examine the char-
acteristics, perceptions, and behaviors of medical cannabis
patients in Arizona; and (2) question participants with a his-
tory of cannabis use regarding their perceptions of safety
acquiring cannabis, the quality of the cannabis they have
obtained, their knowledge of the cannabis, and its perceived
effectiveness, before and after legalization.

Patient Characteristics, Perceptions, and Behaviors
Consistent with research in other states (Bonn-Miller

et al. 2014; Aggarwal et al. 2013; Ilgen et al. 2013;
Nunberg et al. 2011; Reinarman et al. 2011; Aggarwal
et al. 2009; Reiman 2009; O’Connell and Bou-Matar 2007;
Harris et al. 2000), participants in the present study were
mostly White men. Average patient age, approximately
46 years, differed from that in other states. For exam-
ple, average ages reported in studies of patients from
California range from 28 to 41 years (Bonn-Miller et al.
2014; Grella, Rodriguez, and Kim 2014; Reiman 2009,
2007; Harris et al. 2000). Average patient age is somewhat
higher in Colorado (42 years of age; Colorado Department
of Public Health and Environment 2014) and Washington
State (41 to 47 years of age; Aggarwal et al. 2013, 2009).
In Michigan (46 years of age; Murphy 2013) and Montana
(47 years of age; Montana Department of Public Health and
Human Services 2014), average patient age more closely
approximates that of Arizona.

State-level variation in the average age of medical
cannabis patients may in part be explained by the condi-
tions that qualify a person to use medical cannabis in each
state. For example, the qualifying conditions in Arizona,
Colorado, Montana, Michigan, and Washington State are
less inclusive than those in California, and are generally
limited to more debilitating diseases. Individuals who suf-
fer from more serious conditions may also be older, which
may account for higher average patient ages in states other
than California. The variability in these statistics under-
scores the risk of generalizing findings from patients living
in California to those residing in other states and highlights
the importance of studying patients throughout the United
States. State-level differences in regulations also present an
opportunity to explore how such regulations shape patient
characteristics. A potential avenue for future work may be
to study and compare patients in all states that have legal-
ized the medical use of cannabis, ideally using a national
sample to aid state-level comparisons.

Participants in the present study reported that, on
average, they consumed cannabis on a daily basis and
that inhalation was the preferred method of consump-
tion, patterns of use that reflect those found in prior work
(Bonn-Miller et al. 2014; Ilgen et al. 2013; Reinarman
et al. 2011; O’Connell and Bou-Matar 2007). However,
previous research shows that patients consume between
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Troutt & DiDonato Medical Cannabis in Arizona

FIGURE 2
Distributions of patient responses, by percentage, of their current experiences acquiring and knowledge of
medical cannabis compared to their experiences before legalization: (A) the perceived safety of acquiring

cannabis; (B) knowledge of medical cannabis characteristics; (C) perceived confidence in a safe product; and (D)
perceived effectiveness of cannabis for treating their condition(s).
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six and nine grams of cannabis per week or, equivalently,
0.85 to 1.25 ounces per month (Bonn-Miller et al. 2014;
Reinarman et al. 2011; O’Connell and Bou-Matar 2007).
This is in contrast to the findings of the present study, which
show that 78% of patients consumed 0.5 ounces of cannabis
per month or less.

State-level differences in average patient age, in par-
ticular, may affect variation in consumption. Patients in
Arizona are, on average, older than those in California, and
older patients may consume less cannabis than younger
patients. Evidence from the present study supports this
hypothesis, as there is a small, but significant, nega-
tive correlation between age and the amount of cannabis
consumed per month (r = −.11, p < .05). Relatedly,
Grella and colleagues (2014) found that younger patients
visited dispensaries more frequently than older patients.
Although there are likely other factors that contribute to
consumption disparities, these findings also highlight the
importance of studying medical cannabis patients across
the US.

Patients reported using medical cannabis to treat a
variety of conditions. The most commonly reported con-
ditions included chronic pain, muscle spasms, nausea, anx-
iety, arthritis, depression, headaches, insomnia, and stress.
Patients also reported that cannabis was effective for treat-
ing the symptoms of many of these conditions, findings that
are consistent with previous research (Bonn-Miller et al.
2014; Ryan-Ibarra, Induni, and Ewing 2015; Aggarwal
et al. 2013; Harris et al. 2000). This effectiveness included
feelings of general relief and relief compared to other medi-
cations. The conditions for which the highest proportions of
patients reported relief included alcohol dependency, anx-
iety, bowel distress, depression, insomnia, muscle spasms,
and stress. Furthermore, patients reported using other medi-
cations less frequently when using cannabis. This is consis-
tent with findings from other studies of patient perceptions
(Reiman 2007, 2009; Nunberg et al. 2011; Reinarman et al.
2011), as well as a study of opiate overdose mortality,
which showed that states with legalized medical cannabis
had significantly lower opiate overdose mortality compared

Journal of Psychoactive Drugs 6 Volume 00 (00), Xxxx – Xxxx 2015

D
ow

nl
oa

de
d 

by
 [

E
co

le
 H

au
te

s 
E

tu
de

s 
C

om
m

er
-M

on
tr

ea
l]

 a
t 1

5:
35

 0
1 

Se
pt

em
be

r 
20

15
 



Troutt & DiDonato Medical Cannabis in Arizona

to those without legalized medical cannabis (Bachhuber
et al. 2014).

Medical cannabis may benefit Arizona patients suf-
fering from a variety of conditions. This conclusion has
potential policy implications, as patients report deriv-
ing benefit not only for conditions that fall under the
list of conditions that qualify a person to use medical
cannabis (e.g., cancer, chronic pain, muscle spasms), but
also for conditions that are not listed (e.g., anxiety, depres-
sion, insomnia). Officials in Arizona previously considered
research on post-traumatic stress disorder (PTSD; Greer,
Grob, and Halberstadt 2014) in their decision to include
PTSD among Arizona’s qualifying conditions. Thus, offi-
cials may consider the findings from the present study,
in conjunction with other research, to determine the suit-
ability of expanding the list of qualifying conditions in
Arizona.

Legalization and Patient Experiences
The present study was, to our knowledge, the first

to examine the effect of legalization on patient’s experi-
ences with medical cannabis. Regarding safety, the major-
ity of patients reported feeling safer acquiring medi-
cal cannabis after legalization, and their confidence that
they were acquiring a safe, uncontaminated product was
higher. Patients also reported that their knowledge of the
strains they acquired was better and that the cannabis they
acquired after legalization was more effective for treating
their condition(s) than the cannabis they acquired before
legalization.

These findings show that the Arizona medical cannabis
program has had some success, as regulations have pro-
vided a safe environment for patients to acquire a safe
and high-quality product. However, the potential negative
effects of medical cannabis legalization were not assessed
in the present study. For example, participants in other
studies have reported difficulties affording legal medi-
cal cannabis (Aggarwal et al. 2009), a factor which may
preclude some individuals from taking advantage of the
program, leaving them seeking other, potentially illegal
means of cannabis acquisition. Other factors, such as limits
on the amount of cannabis that can be purchased or legal

issues related to medical cannabis use, may also have
negative consequences for some segments of the patient
population.

The results of this study should be considered in light
of some limitations. First, participant recruitment was con-
ducted through medical cannabis dispensaries. Although
this is a common method of recruitment (e.g., Bonn-Miller
et al. 2014; Grella, Rodriguez, and Kim 2014; Aggarwal
et al. 2013; Reiman 2009, 2007; Harris et al. 2000), such
samples may have a positive bias for medical cannabis, as
individuals who medicate with cannabis but for whom it
was not effective are unlikely to be available to participate.
However, at least one study using a large, representative
sample of current and former medical cannabis users
reported similar findings (Ryan-Ibarra, Induni, and Ewing
2015), lending validity to the results of the present study
and those of previous research. Second, relatively few
patients reported using medical cannabis for some of the
conditions. Although this is not surprising, given the low
incidence of some conditions, conclusions should be tem-
pered for these conditions with respect to the effectiveness
of medical cannabis for providing relief and/or for use as
a substitute for other medications. Finally, patients’ expe-
riences acquiring and their knowledge of medical cannabis
before and after legalization were assessed retrospectively,
using a single measurement time-point.

Despite these limitations, this study has signifi-
cance for understanding the characteristics, behaviors,
and perceptions of Arizona medical cannabis patients.
Additionally, it highlights the importance of studying
patients throughout the US and understanding the poten-
tial effects of state-level regulatory differences on patient
populations. The findings regarding the effectiveness of
cannabis for treating various conditions have potential
policy implications for the state of Arizona, as patients
reported that cannabis was effective for treating condi-
tions that currently do not qualify individuals for med-
ical cannabis use. Furthermore, the results showed that
the majority of patients report positive experiences as a
result of legalization, although more work is needed to
fully understand the consequences of Arizona’s medical
cannabis program.
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A B S T R A C T

Background: In 2014 Health Canada replaced the Marihuana for Medical Access Regulations (MMAR) with
the Marihuana for Medical Purposes Regulations (MMPR). One of the primary changes in the new
program has been to move from a single Licensed Producer (LP) of cannabis to multiple Licensed
Producers. This is the first comprehensive survey of patients enrolled in the MMPR.
Methods: Patients registered to purchase cannabis from Tilray, a federally authorized Licenced Producer
(LP) within the MMPR, were invited to complete an online survey consisting of 107 questions on
demographics, patterns of use, and cannabis substitution effect. The survey was completed by
271 respondents.
Results: Cannabis is perceived to be an effective treatment for diverse conditions, with pain and mental
health the most prominent. Findings include high self-reported use of cannabis as a substitute for
prescription drugs (63%), particularly pharmaceutical opioids (30%), benzodiazepines (16%), and
antidepressants (12%). Patients also reported substituting cannabis for alcohol (25%), cigarettes/tobacco
(12%), and illicit drugs (3%). A significant percentage of patients (42%) reported accessing cannabis from
illegal/unregulated sources in addition to access via LPs, and over half (55%) were charged to receive a
medical recommendation to use cannabis, with nearly 25% paying $300 or more.
Conclusion: The finding that patients report its use as a substitute for prescription drugs supports prior
research on medical cannabis users; however, this study is the first to specify the classes of prescription
drugs for which cannabis it is used as a substitute, and to match this substitution to specific diagnostic
categories. The findings that some authorized patients purchase cannabis from unregulated sources and
that a significant percentage of patients were charged for medical cannabis recommendations highlight
ongoing policy challenges for this federal program.

© 2017 Elsevier B.V. All rights reserved.

Background

The past two decades have witnessed a resurgence of interest in
the therapeutic potential of cannabis, with several nations and
jurisdictions developing regulations to allow for access to cannabis
for medical purposes (Fischer, Murphy, Kurdyak, Goldner, & Rehm,
2015). One potential salutary consequence of these developments

is the substitution of cannabis for other substances (Allsop et al.,
2014; Lucas et al., 2013, 2016). Indeed, examinations of juris-
dictions with legal access to medical cannabis have reported
reductions in negative health outcomes associated with the use of
other substances, such as opioid overdose (Bachhuber, Salone,
Cunningham, & Barry, 2014), and cannabis substitution has been
forwarded as a mechanism to help explain these public health
benefits. Consistent with this proposal, several large surveys
confirm that medical cannabis users report substituting cannabis
for other medications (Lucas, 2012a; Lucas et al., 2013, 2016;
Reiman, 2009). Although extant surveys have provided broad
evidence of cannabis substitution, the extent to which cannabis is
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used to substitute for distinct classes of substances by distinct
patient groups has not been systematically examined from a
patient-centred perspective. The present study addresses this
knowledge gap by examining the extent to which physician-
authorized medical cannabis users report using cannabis as a
substitute for specific classes of substances, and by disaggregating
this examination according to condition-based patient group. We
also add to the nascent literature on medical cannabis use by
describing patient characteristics, patterns of use and barriers to
access.

In 2001 Canada become one of the first nations to develop a
program to allow access to cannabis for medical purposes. The
program has undergone numerous convolutions, culminating in
the 2014 establishment by Health Canada of the Marihuana for
Medical Purposes Regulations (MMPR) (Walsh et al., 2013), and
ultimately in the Access to Cannabis for Medical Purposes
Regulations in August 2016. One of the primary changes of the
MMAR was the authorization of multiple Licensed Producers of
cannabis: as of August 2016 >30 federally authorized Licensed
Producers provide hundreds of strains of cannabis, as well as
cannabis extracts to approximately 67,075 patients (Office of
Medical Cannabis, 2016). The ACMPR adds regulations by which
patients can produce their own cannabis, an option that was
removed in the transition from MMAR and MMPR, and
subsequently re-established through a court decision (Allard
et al. v. Canada).

In contravention of the MMPR/ACMPR, a large number of
patients access cannabis through community-based outlets known
as dispensaries or compassion clubs, as well as from friends and
other sources. In addition, although many Provincial medical
colleges expressly forbid physicians from charging patients for
providing patients with medical cannabis prescriptions, 3rd party
patient aggregator services have emerged that provide cannabis
prescriptions, occasionally in exchange for a substantial fee. To
date, the prevalence of this practice among clients of LPs has not
been explicitly examined. In addition to providing a more granular
examination of cannabis substitution, this study also adds to the
growing literature chronicling patterns of medical cannabis use
and user characteristics using a novel sampling methodology:
whereas prior studies generally queried self-identified medical
cannabis users who may not have obtained physician authoriza-
tion (Lucas, 2012b; Lucas et al., 2013; Walsh et al., 2013), to our
knowledge this is the first study since the establishment of the
MMPR to include only those medical cannabis users with
confirmed physician authorization to access cannabis for thera-
peutic purposes.

Design and methods

A password protected 107 question online cross-sectional
survey was made available in French and English for a 2 week
period in July 2015 to patients of Tilray—a licensed producer of
cannabis. 1310 participants were notified of the opportunity to
participate in this study via direct email to patients that had opted
in to receive online communication from Tilray upon registration.
Participants were compensated $10 credit for Tilray cannabis. The
study was approved by Institutional Review Board Services, and
gathered data on demographics, patient experiences, patterns of
use, and cannabis substitution effect. Respondents were not forced
to answer a given question in order to proceed to the next and as
such the number of recorded responses varies across items. All
reported percentages are based on number of responses rather
than on the entire sample; we accompany all reported percentages
with number of responses.

Findings

The survey was started by 301 participants, and completed by
over 90% of respondents (n = 271). The 30 non-completers only
filled out the demographic section of the study, and based on this
information did not differ on age, gender, education, income or
work status compared to those that completed the survey. The
primary demographics of respondents corresponds with the
greater Tilray patient population but was more male and
Caucasian, single, disabled and of lower income than the general
Canadian population, with over-representation in Western Canada
and Ontario, and under-representation in Quebec (see Table 1 for
demographic characteristics).

While an increasingly common medical treatment, cannabis is
often used for symptom relief rather than as a curative agent,
therefore it’s important to distinguish between the primary
conditions for which cannabis is officially prescribed by a
physician, and the specific symptoms for which patients report
relief. For example, while a patient might report having a
prescription for MS, the list of symptoms impacted might include
chronic pain, spasticity, and insomnia. In this survey, respondents
could select a single primary condition from a drop-down list, but
could then select multiple symptoms affected by the medical use of
cannabis. In regards to conditions, pain-related conditions were
the most common, reported by 53% of participants (n = 144;
chronic pain 36%; (n = 98), arthritis 12% (n = 32), headache 5%
(n = 14)). The second most prominent class was mental health
(eating disorder, PTSD & psychiatric disorder), reported by 15%
(n = 41). Other prominent conditions included gastrointestinal I
disorders (11%, n = 29), insomnia (7%, n = 18) and multiple sclerosis
(4%, n = 11).

In regards to symptoms; the most highly endorsed were chronic
pain (73%, n = 197), stress (60%, n = 162), insomnia (57%, n = 155),
depression (46%, n = 126) and headache (32%, n = 87). Gastrointes-
tinal (GI) issues also featured prominently, with 29% (n = 79) citing
appetite loss and another 29% (n = 79) nausea. Cannabis was
perceived to be very effective at symptom relief, with 95% (n = 257)
reporting that it “often” or “always” helped alleviate their
symptoms.

Patterns of use

The mean age of initiation was 18.50 (SD = 7.42) for recreational
use and 34.13 (SD = 13.74) for medical use, as determined by
responses to the question “How old were you when you first used
cannabis” followed by “How old were you when you first used
cannabis for medical purposes?”. It is notable that participants
readily distinguished between their recreational and medical use
of cannabis, with recreational cannabis use preceding medical use
for 81% (n = 220) of respondents, with 16% (n = 44) reporting no
history of recreational cannabis use, and 3% (n = 7) reporting
precedence of medical use prior to recreational use.

In regard to frequency, 88% (n = 238) reported using cannabis at
least daily, and the modal amount used per day was 1–2 g, with 29%
(n = 79) using a larger amount.

In regard to methods of use, 90% (n = 243) had tried joints, 86%
(n = 234) vaporizers, 76% (n = 207) oral/edibles (such as baked
goods, butter, tincture, etc.) and 16% (n = 44) had used cannabis-
infused topical ointments. Regarding primary methods of use,
vaporizers proved most popular (38%, n = 102), followed by joints
(25%, n = 67), oral/edibles (14%, n = 37), waterpipe/bongs (12%,
n = 33), pipes (11%, n = 30), and topicals (1%, n = 2). Regarding
preferred method, vaporization was rated most highly by a plurality
(44%, n = 119), with oral/edibles second (23%, n = 63). Respondents
overwhelmingly reported that not all strains/types of cannabis
were “equally effective” at relieving symptoms (77%, n = 210): 82%
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(n = 222) reported a preferred cannabis type; 25% (n = 68) indicas,
21% hybrids (n = 56), 18% favoring strains high in cannabidiol (CBD)
(n = 50), and 18% sativas (n = 48). While many Licensed Producers
continue to identify cannabis by these phenotypes (Cannabis sativa
and Cannabis indica) in keeping with classifications found in the
black market, there is a growing academic debate about whether
these classifications represent real and distinct genetic classifica-
tions, with evidence suggesting that the label of indica or sativa is
not consistent with the actual genetics of many of these strains
(Sawler et al., 2015). However, evidence that cannabinoids and
terpenes are found at different ratios within each distinct cannabis
phenotype supports the subjective differences between strains
commonly reported by patients.

Cannabis substitution effect

Overall, 71% (n = 186) of participants report substituting
cannabis for either prescription drugs, alcohol, tobacco/nicotine
or illicit substances, with 63% reporting substitution for

prescription medication (n = 166), 25% for alcohol (n = 66), 12%
for tobacco/nicotine (n = 31), and 3% for illicit substances (n = 9).
To facilitate interpretation of substitution for prescription
medications, pharmaceuticals were classed into the following
4 categories: opioids, benzodiazepines, antidepressants and a
category of other medication that included diverse substances
that were less frequently endorsed (e.g., NSAIDs, Methylpheni-
date). Respondents were allowed to report up to three medications
for which they substituted cannabis; of those who explicitly listed
prescription substitution 59% (n = 92) reported substituting for a
single class of medications, 33% (n = 52) reported substituting for
two classes, and 8% (n = 13) reported substituting cannabis for
three classes. The most common form of substitution was for
opioids (32%, n = 80), followed by benzodiazepines (16%, n = 40),
and antidepressants (12%, n = 31) (Table 2). The reasons most
frequently ranked as being most important for substituting
cannabis for prescribed medications were “less adverse side effect”
(39%, n = 68); “cannabis is safer” (27% n = 48), and “better symptom
management” (16%, n = 28).

Table 1
Demographics.

Tilray, survey respondents (n = 271)
(%)

Tilray, all patients (n = 3077)a

(%)
Canadian average, stats Canada, 2011 censusb

(%)

Gender
Male 73 70 49
Female 27 30 51

Age (Range: 20–77)
Mean 40 44 41

Background
Caucasian 94 N/A 77
Black 4 N/A 3
Aboriginal/Metis 3 N/A 4
South Asian 2 N/A 5
Asian 2 N/A 5

Marital status
Married 43 N/A 46
Domestic partnership/civic union 9 N/A 11
Divorced/separated 10 N/A 8
Single 38 N/A 28

Education (Age 25–64)
Less than high school 7 N/A 13
High school or equivalent 20 N/A 23
Some college/university 21 N/A N/A
Technical and/or non-university degree 28 N/A 21
University degree 15 N/A 17
Graduate degree 8 N/A 10

Employment 15 years and over
Employed, full time 45 N/A 51
Employed, part time 12 N/A 12
Disabled 30 N/A 14
Not employed 8 N/A 7.8
Retired 5 N/A N/A

Income
Less than $10,000 9 N/A 5
$10,000–39,999 32 N/A 27
$40,000–99,999 40 N/A 42
>$100,000 19 N/A 26

Province of residence
Prairies 24 19 18
British Columbia 17 22 13
Atlantic 8 7 7
Territories 1 1 1
Ontario 49 49 38
Quebec 2 2 24

a As of July 31, 2015.
b Statistics Canada. Canadian census, 2011. https://www12.statcan.gc.ca/census-recensement/2011/dp-pd/prof/index.cfm?Lang=E.
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Supplementary analyses examined variation across diagnostic
groups, and indicated that respondents who used cannabis for pain-
related conditions were more likely to substitute cannabis for
opioids (42% (n = 57) vs. 20% (n = 23), x2= 13.78(1), p < 0.01),whereas
respondents who used cannabis to address mental health were more
likely to substitute cannabis for benzodiazepines (31% (n = 12) vs.13%
(n = 28), x2 = 7.75(1), p < 0.01) and for antidepressants (26% (n = 10)
vs. 10% (n = 21), x2 = 7.69(1), p = 0.01) (Fig. 1). Our data suggested no
relationship between age, amount of cannabis used, mode of
administration, access or affordability on substitution effect.

Access

Although all respondents accessed cannabis from Tilray, 21%
(n = 56) also reported purchasing cannabis from another Licensed
Producer, 25% (n = 67) purchased from dispensaries, 18%(n = 47)
from a friend, and 8% (n = 20) buy from an illicit dealer. In total, 42%
(n = 111) of respondents reported accessing from one or more
unregulated sources. Regarding cost, 44% (n = 118) spend less than
$250 monthly and 78% (n = 212) spend less than $500 per month on
cannabis, whereas 4% spend $1000 or more (n = 11). Capacity to
“often” or “always” afford to buy enough cannabis to relieve
symptoms was reported by 40% (n = 109), leaving 60% (n = 162)
who report “sometimes” or “never” affording sufficient cannabis.
Similarly, 53% (n = 146) reported choosing between medical
cannabis and other necessities (food, rent, other medicines . . . )
in the past year due to finances. Only 3% (n = 7) cited having 3rd
party insurance coverage, and another 3% (n = 8) reported getting
the cost of cannabis covered through Veterans Affairs Canada.

Findinga supportive physicianwasareportedchallenge,with 31%
(n = 78) having changed doctors in relation to medical cannabis use,
and 55% reporting feeling discriminated against by their doctor
becauseofmedical cannabis use (n = 139). Paying a physicianorclinic
a fee for recommendations to use medical cannabis was reported by
55% (n = 140), with a modal price of between $300–99 (n = 50) and

94% (n = 131) paying $100 or more. It is therefore unsurprising that
29% (n = 75) reported that obtaining an authorization to use medical
cannabis was “difficult” or “very difficult”.

Interpretation

The finding that patients using cannabis to treat pain-related
conditions have a higher rate of substitution for opioids, and that
patients self-reporting mental health issues have a higher rate of
substitution for benzodiazepines and antidepressants has signif-
icant public health implications. In light of the growing rate of
morbidity and mortality associated with these prescription
medications (Bachhuber et al., 2014; Fischer, Rehm, Goldman,
& Popova, 2008), cannabis could play a significant role in
reducing the health burden of problematic prescription drug use.
Indeed, a recent study of US states that have legalized medical
cannabis, found that the number of prescriptions significantly
dropped for drugs that treat pain, depression, anxiety, nausea,
psychoses, seizures and sleep disorders, with the annual number
of doses prescribed for chronic pain falling by more than 11% per
physician (Bradford & Bradford, 2016). Additionally, according to
Veterans Affairs Canada, a recent significant increase in the use of
medical cannabis by patients is paralleled by a nearly 30%
decrease in the use of benzodiazapines and a 16% decrease in the
use of opioids (Hager, 2016). Moreover, the finding that cannabis
might be used to substitute for multiple medications is
particularly promising in light of concerns patients may have
regarding adherence to complex pharmaceutical regimens, and
attendant side effects (Brown & Bussell, 2011; Ingersoll & Cohen,
2008; Sylvestre, Clements, & Malibu, 2006). Indeed, tolerability
of side effects was identified as a prominent reason for cannabis
substitution.

The finding that medical cannabis is used primarily to treat
chronic pain is consistent with past research (Ware et al., 2010;
Ware, Wang, Shapiro, & Collet, 2015). However, the extensive self-
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Fig. 1. Substitution by condition.

Table 2
Substitution for prescription medications.

Class n %

Opioids (Oxy/Oxyneo/Percocet/hydromorphone/morphine/codeine derivatives, etc.) 80 32
Benzodiazepines 40 16
Antidepressants 31 12
Other medication 100 40
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reported use to treat mental health conditions and associated
symptoms represents a novel and interesting trend, and suggests
that the conceptualization of cannabis as deleterious to mental
health may not generalize across conditions or populations.
Studies currently underway to investigate cannabis for the
treatment of PTSD, anxiety, and other psychiatric conditions
may soon provide more information on these potentially promis-
ing treatment options.

Our finding that most patients use 2 grams or less is
consistent with past research (Carter, Weydt, Kyashna-Tocha, &
Abrams, 2004; Clark, 2013; Hazekamp, Ware, Muller-Vahl,
Abrams, & Grotenhermen, 2013). To our knowledge, this is
the first patient survey to report vaporization as the primary
method of ingestion, and non-smoked forms of ingestion as
primary and preferred methods of ingestion. This marks a
health conscious shift in medical cannabis use under the MMPR
that may be attributed to a few factors: since patients in the
MMPR require a physicians support to access medical cannabis,
they may be more likely to be focused on safer methods of
ingestion than non-MMPR patient populations; improvements
in vaporizer technology and associated reductions in cost,
patient outreach and education initiatives focused on safe and
responsible use by cannabis vendors, and ongoing restrictions
on smoking in the public realm.

Cannabis is rather unique as a therapeutic treatment in that
many patients report some permeability between recreational
and medical use (Walsh et al., 2013). However, unlike opioids
where medical use via prescription often precedes recreational
use and dependence (Fischer et al., 2008), the pathways
between the medical and recreational use of cannabis are
reversed, with previous recreational use often a precursor to
prescription medical use, while the reverse is rarely the case.
Although most respondents in this study had experience with
recreational cannabis use prior to initiation of medical use (81%,
n = 220), transition from medical use to recreational use was
only reported by 7 participants (<3%), which is suggestive of a
low risk of abuse associated with medical cannabis. Addition-
ally, with so many patients reporting use for the relief of mental
health conditions like stress, insomnia and depression, much of
this medical use is ultimately focused on improving psycholog-
ical well being and quality of life. This perhaps blurs the lines
between traditional biomedical approaches to disease and more
holistic approaches (such as yoga or naturopathic medicine)
used as adjunct treatments to address the symptoms, side-
effects and psychological impacts of long-term illness/disability
and/or the modern pressures of every day life. This is supported
by previous research that has found that patients who use
medical cannabis often cite depression and anxiety as a primary
symptoms for which they seek relief, regardless of their actual
medical condition (Bonn-Miller, Boden, Bucossi, & Babson,
2014; Ogborne, Smart, Weber, & Birchmore-Timney, 2000;
Walsh et al., 2016), as well a growing amount of preclinical
research supporting the use of CBD as a potential treatment for
both anxiety (Blessing, Steenkamp, Manzanares, & Marmar,
2015) and depression (Linge et al., 2015).

Despite the legal protection and quality control offered through
the MMPR, 42% of participants report accessing cannabis from
unregulated sources which may be due to restrictions imposed on
LPs by the MMPR during that period. At the time of this survey, LPs
were only allowed to provide raw cannabis flowers, whereas other
sources may have provided a diverse array of extracts and edibles.
Since that time regulations have been altered to allow LPs to
produce extracts, and to once again produce their own cannabis
supply. Future research may determine whether this regulatory
revision alters patient behaviour in regards to access through
unregulated sources.

In light of consistent evidence that many lower income patients
face affordability issues in regards to the cost of medical cannabis
(Belle-Isle et al., 2014), the finding that so many patients had to pay
high medical fees to gain access medical cannabis is concerning
and suggests there may subsequently be an under-representation
of low income patients in the MMPR/ACMPR.

Conclusions

The high rate of substitution for prescription drugs among
patients with pain-related and mental health conditions suggests
that medical cannabis may be an effective adjunct or substitute
treatment to prescription drugs used to treat these conditions.
Further research into the comparative efficacy of cannabis relative
to front-line treatments for theses conditions is warranted, and
longitudinal research would help elucidate the context of cannabis
substitution effect, and the potential impact of cannabis substitu-
tion on the quality of life of patients (in-progress, Lucas).

While the MMPR had only been in place for approximately
15 months when this survey took place, the findings that some
authorized patients continue to purchase cannabis from unregu-
lated sources and that a significant percentage of patients have had
to pay high fees for medical cannabis recommendations highlight
ongoing policy challenges for the federal medical cannabis
program. As Canada’s federal medical cannabis policy continues
to evolve (both organically and in response to legal challenges) and
as provinces and municipalities seek regulatory solutions to issues
like dispensaries, personal production, and private medical
cannabis clinics, it will be important to keep tracking the impact
of these policy developments on patient access to and experiences
with medical cannabis.

Limitations

The relatively low response rate to the survey (21%) leaves open
the possibility this could potentially be an unrepresentative
sample. It is not possible to confirm the impact of cannabis
substitution on quantity of use of prescription drugs, alcohol or
illicit drug use. Additionally, all data regarding the cannabis
substitution effect in this study were self-reported by patients and
did not benefit from biological drug detection to confirm use or
non-use of a substance. In light of this potential bias, our
characterisation of the therapeutic use of cannabis and/or cannabis
substitution effect should be interpreted with caution pending
replication by research that employs a more systematic recruit-
ment approach, longitudinal monitoring, and biological drug
testing.

However, these limitations are counterbalanced by several
methodological strengths, including the large size of the sample,
assurance that all participants were using medical cannabis with
the support of a physician, and adherence to established standards
for reporting Internet-based surveys (Eysenbach, 2004).
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SUMMARY

The use of cannabis for medical purposes is a controversial but

an important topic of public and scientific interest. We report

on the results of a self-administered questionnaire study con-

ducted in the United Kingdom between 1998 and 2002. The

questionnaire consisted of 34 items and included demographic

data, disease and medication use patterns and cannabis use

profiles. Subjects were self-selected; 3663 questionnaires were

distributed and 2969 were returned [1805 (60.9%) women,

mean age 52.7 years (SD 12.7)]. Medicinal cannabis use was

reportedbypatientswith chronic pain (25%),multiple sclerosis

and depression (22% each), arthritis (21%) and neuropathy

(19%). Medicinal cannabis use was associated with younger

age, male gender and previous recreational use (p< 0.001).

While cautionmust be exercised in interpreting these data, they

point to the need for clinical studies of cannabis and cannabi-

noids with standardised and quality-controlled products.

Keywords: Cannabis; chronic diseases; epidemiology; pain;

therapeutics

� 2004 Blackwell Publishing Ltd

INTRODUCT ION

The potential use of cannabis and related derivatives (canna-

binoids) for medical purposes is currently under intense

scientific investigation. Research efforts are predominantly

focused on exploring the cellular and neurophysiological

effects of agonists and antagonists on endogenous cannabin-

oid receptors in animal models, and a novel endogenous

cannabinoid pathway is being described with roles in move-

ment, pain, appetite and cardiovascular control. This scienti-

fic knowledge is emerging at the same time as increasing

numbers of patients’ reports of the effective use of herbal

cannabis. It is therefore plausible that patients using cannabis

as a medicine may be exploiting this novel neurophysiological

signalling system. Further information on the alleged effects

of cannabis may guide the development of cannabis-based

medicines for symptoms of chronic diseases.

Few data are available on the patterns and prevalence of the

medicinal use of cannabis. A large number of case reports of

effective medicinal cannabis use have been published in peer-

reviewed journals, including central thalamic pain and dys-

tonia (1), proximal myotonic myopathy (2), familial Medi-

terranean fever (3) and multiple sclerosis (MS) (4). In a

telephone survey of adults in 2508 households in Ontario,

Canada, 49 people (1.9%) reported using cannabis for a

medical reason in the past year, mainly for pain or nausea

(5). Wide-ranging effects of cannabis are noted in large case

series: 50 self-selected medicinal cannabis users reported use

for a variety of conditions including HIV AIDS-related

problems, chronic pain, depression, anxiety, menstrual

cramps, migraine and narcotic addiction, as well as everyday

aches, pains, stresses and sleeping difficulties (6). In a survey

of 53 UK and 59 US patients with MS, cannabis was reported

to affect spasticity, chronic pain of extremities, acute parox-

ysmal phenomena, tremor, emotional dysfunction, anorexia/

weight loss, fatigue states, double vision, sexual dysfunction,

bowel and bladder dysfunctions, vision dimness, dysfunctions

of walking and balance and memory loss (7). In a survey of 15

chronic pain patients who admitted to using cannabis medi-

cinally pain, sleep and mood were most frequently improved,

while doses used were modest (8).

Several prospective studies among specific patient popula-

tions have now been published. In a survey of ambulatory

patients with HIV/AIDS in three HIV clinics in eastern

Canada, 35% reported current use of cannabis (9). This is

higher than an estimated prevalence of 30% in British

Columbia (10) and 15–23% in California (11,12). In a

survey of 220 patients with chronic non-cancer pain, 10%

reported continuing medicinal use (13). The prevalence of

medical cannabis use among patients with MS has been

estimated at 14% (14). Large population-based surveys are

needed to further describe the characteristics of medicinal

cannabis users and their reasons for use.
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METHODS

A cross-sectional survey was conducted to collect data from

self-selected medicinal cannabis users in the UK. Patients

were identified by word of mouth and through patients’

support groups. A questionnaire instrument was developed

for postal distribution and self-administration. A stamped

addressed envelope was provided to improve response rates.

The questionnaire consisted of 34 items including binary

(yes/no) responses, Likert scales and open-ended questions.

Information collected included demographics (age and

gender), disease and symptom status and patterns of cannabis

use both medicinally and non-medicinally. Patients were

asked to select their diseases and/or symptoms from a list,

and space was provided for additional information. Disease

and symptom information was accepted as reported by the

patient in the questionnaire responses, and no attempt to

validate these diagnoses was made.

Data were single-entered into a relational database (MICRO-

SOFT ACCESS 2000). Missing data and outliers were excluded

from the analysis; these accounted for less than 5% of the

total responses for the variables of interest. Data were

imported and analysed using a standard statistical package

(STATA version 8, Houston, TX, USA). Categorical data

were compared using Pearson’s w2-tests. Ordered categorical

data were analysed using Mantel–Haenzel tests. Signifi-

cance was set at the 95% level, and all tests were two sided.

The database was registered with the Data Protection Act

1998.

RESULTS

Over the period 1998–2002, 3663 questionnaires were dis-

tributed, and 2969 were returned (81% response rate).

Demographic Information

The mean age of the 2969 subjects was 52.7 years (SD 12.7),

of whom 1805 (60.7%) were female. MS was the most

common disease, reported by 1753 subjects (59%), while

1280 reported neuropathy (43%), 1125 reported chronic

pain (33%) and 777 reported arthritis (26%). There was

considerable overlap among these conditions.

Cannabis Use Patterns

Ever Use of Cannabis for Medicinal Purposes. A total of 947

(31.9%) subjects reported ever having used cannabis for med-

ical purposes. The remainder were assumed to be never users.

The median duration of medicinal use among 616 subjects

for whom the duration of use data were available was 4 years

[interquartile range: (2–7)]. The demographic profile of med-

ical cannabis users is summarised in Table 1, compared to the

never users. Medical cannabis use was associated with male

gender, younger age and non-medical use (p< 0.001 for all

tests).

Continuing Use of Cannabis for Medicinal Purposes. Of

those who had ever used cannabis medicinally, 543 (18.3%

of total sample) persons reported continuing to use cannabis

for medical purposes, while 403 (13.6%) said they no longer

used it. The 30 diseases or symptoms for which continuing

medical cannabis use was most common are summarised in

Table 2, along with the median duration of use for each

condition. As noted above, some subjects reported cannabis

use for more than one purpose. Reasons given for no longer

using cannabis for medical purposes are also summarised in

Table 3.

Patterns of Cannabis Use

Frequency of Use. Patients were asked how many days per

week they usually used cannabis for medicinal purposes. Of

946 responses, 333 (35%) used 6–7 days per week, 219

(23%) used 3–5 days per week, 139 (15%) used 1–2 days

per week, 73 (8%) used less than 1 day per week and 182

(19%) reported ‘other’.

Reasons for Trying Cannabis. When asked why they decided

to try cannabis for medical purposes, 585 said it was because a

friend, family member or acquaintance had suggested it, 519

said they read a book or article about cannabis, 177 said they

had been prior users and found out ‘by accident’, 152 said

their doctor had suggested it and 128 gave other reasons.

Modes of Administration. Smoking was the most common

means of administration, reported by 777 (82%) of medical

cannabis users. The modes of administration were: eating was

reported by 406 (43%) subjects, tea by 267 (28%), sublingual

spray by 20 (2%) and 118 (12%) used other means.

Amount of Cannabis Used. Nine hundred and sixteen sub-

jects reported amounts of cannabis used for medical purposes.

Of these, 18 used 10 or more grams per day, 60 used 5–9 g

Table 1 Characteristics of ever-medicinal cannabis users

Medicinal cannabis use

Variable Ever % Never % Total p-Value

Age (years) <0.001

<45 395 55 325 45 720

45–50 171 39 265 61 436

50–59 274 30 643 70 917

>60 104 14 620 86 724

Gender <0.001

Male 439 40 649 60 1088

Female 508 30 1209 70 1717

Non-medical cannabis use <0.001

Yes 357 66 182 34 539

No 575 28 1454 72 2029
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per day, 107 used 3–4 g per day, 249 used 1–2 g per day, 153

used several grams per week, 107 used several grams per

month and 222 used only occasionally when needed.

Change in Amount Used. Seven hundred and seventy-seven

subjects reported on whether the amounts of cannabis needed

to control symptoms had changed over time since they had

started; 54 said they needed much more, 171 needed a little

more, 514 said it was about the same, 31 said they needed less

and seven said they needed much less.

Perceived Effects of Cannabis

Overall Effectiveness. Of 948 reported users, 648 (68%)

reported that cannabis made their symptoms overall much

better, 256 (27%) said a little better, 36 (4%) said no differ-

ence and eight subjects said a little worse (four subjects) or

much worse (four subjects).

Effectiveness Compared to Other Medications. When asked

how cannabis compared to other medications overall, 412 of

916 subjects (45%) said it worked much better than pre-

scribed medications, 261 (28%) said it was somewhat

better and 45 (5%) said it was about the same; only 27

subjects said that prescription medicines worked better than

cannabis (18 somewhat better and nine much better). One

hundred and seventy-one (19%) subjects said it was impos-

sible to tell.

Side Effects Compared to other Medications. When asked to

compare the undesirable effects of cannabis to those of pre-

scribed medicines, 872 subjects responded, of whom six

found that cannabis produced much worse side effects, 23

found somewhat worse side effects and 54 said the side effects

were about the same. Two hundred and sixty-four (30%)

subjects stated that side effects of prescribed medicines were

somewhat worse and 294 (34%) said they were much worse.

Two hundred and thirty-one (26%) stated that it was impos-

sible to tell.

Effects on Other Medication Use. Of the 909 subjects

responding to this question, 374 stated that their use of

cannabis had changed their use of other medications, while

521 said it had not. Fourteen were not coded.

Return of Symptoms on Stopping. Of the 876 subjects

responding, 673 said their symptoms returned or got worse

when they stopped using cannabis, and 203 denied any

worsening on stopping cannabis.

Non-medicinal Cannabis Use. Five hundred and thirty-nine

(18%) subjects reported ever having used cannabis for reasons

not related to disease (assumed to mean non-medical use),

while 2029 subjects stated that they had never used cannabis

for non-medical purposes. Medicinal cannabis use was sig-

nificantly associated with recreational use (p< 0.001)

(Table 1).

DISCUSS ION

To our knowledge, this is the most extensive survey of

medical cannabis use among chronically ill patients con-

ducted to date. Before any conclusions may be drawn,

however, the potential limitations of the study must be

addressed.

The sample of patients recruited for this study was not

selected through any systematic procedure or by random

recruitment. The questionnaire was distributed primarily by

word of mouth to patients and patients’ support groups, and

Table 3 Reasons for stopping medicinal cannabis

Reason Number of responses % of number stopping

Unable to find supply 207 7

Could not afford 169 5.7

Did not like side effects 40 1.3

Did not work 25 1

Did not like ‘high’ 20 0.7

Other 173 5.8

Table 2 Thirty diseases and symptoms for which continuing

cannabis use is most commonly reported

Disease/symptom Number %
Median years of use
(interquartile range)

Multiple sclerosis 249 11.61 3 (2–6)

Neuropathy 239 11.14 4 (2–8)

Chronic pain 235 10.96 4 (2–9)

Depression 172 8.02 6 (3–10)

Arthritis 155 7.23 4 (2–8)

Gastrointestinal 84 3.92 5 (2–10)

Migraine 74 3.45 6 (3.5–15)

Allergy 62 2.89 3 (2–7)

Spinal pain 62 2.89 4 (2–9)

Asthma 53 2.47 4 (2–7)

Weight loss (unintended) 40 1.86 6 (2–13)

Spinal cord injury 39 1.82 7 (4–16)

Genitourinary 36 1.68 2 (2–5)

Chronic fatigue syndrome 27 1.26 4 (3–9)

Dystonia 27 1.26 2.5 (2–6)

Limited mobility 25 1.17 3 (2–6)

Epilepsy 24 1.12 4.5 (2.5–10)

Psychological 24 1.12 6.5 (3–17)

Fibromyalgia 23 1.07 5 (2–14)

Spinal disorder 22 1.03 5 (3–11)

Spinal surgery 22 1.03 6 (2–12)

Cardiovascular condition 21 0.98 4 (2–6)

Bone disorder 18 0.84 3 (2–6)

Spinal disc disorder 16 0.75 3 (2–10)

Spinal paralysis 16 0.75 9.5 (4.5–15)

Surgery 15 0.7 3.5 (2–16)

Visual impairment 15 0.7 5 (1–16)

Insomnia 14 0.65 4 (1–8)

Skin condition 14 0.65 3 (2–5)

Carcinoma 13 0.61 5 (4–6)

Other 309 14.4 n/a

Total 2145 100

n/a, not applicable.
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the high rate of response (81%) suggests that this was a highly

motivated population. Therefore, there is potential for a

strong selection bias to inflate the estimated of reported

effectiveness of cannabis (assuming the responses reflect

mainly ‘successful’ cannabis users) and to minimise the

adverse effects. The subjects were chronically ill patients

with a range of comorbid conditions, and the need for add-

itional symptom relief may explain the self-reported on-going

medical cannabis use prevalence of 18%. However, this is not

out of the range of other prevalence surveys in MS (14%) (14)

and chronic pain (10%) (13). However, because of the poten-

tial for bias, we caution against drawing any conclusions with

respect to the efficacy of cannabis from this study. It is

important, however, to recognise these results as contributing

to our understanding of what the perceived effects of cannabis

are among these subjects.

Most of the awareness of this study was achieved by word

of mouth between patients, spread by patients putting notes

about the project into their various newsletters/magazines, etc.

MS patients have a large active patient support network in the

UK and may have raised the awareness of this questionnaire

study. This would have the effect of weighting the sample

towards this population. There is a noticeable paucity of data

from subjects with HIV/AIDS and cancer, populations which

are also associated with therapeutic cannabis use. We believe

that at the time of analysis, awareness of this questionnaire

was not very high among the HIV/AIDS and cancer ‘network

groups’.

The presence of a significant selection bias may also have

the effect of excluding cannabis non-responders, persons who

have tried cannabis and for whom it has not been of any use.

This is a difficult group to target, and only randomly selected

large-scale surveys would be able to identify the extent of this.

Such studies usually rely on postal distribution and often have

low response rates. Detailed estimates of response to any

medication are best captured in formal clinical trials.

In spite of these limitations, we believe that this survey is

the best available assessment of current medical cannabis use

in the UK. Some key messages emerge from the findings. Our

study found that 68% of users had found cannabis to make

symptoms overall much better and 27% a little better, sug-

gesting that over 95% of the patients using cannabis had

obtained some benefit from cannabis. In spite of this, about

half of these subjects had not continued to use cannabis. The

reasons for this are illuminating: the lack of supply or cost

were more commonly reported as reasons for stopping com-

pared to ineffectiveness or intolerable side effects. This lends

support to ongoing efforts to make cannabis-based medicines

available for research purposes and lends credence to changes

in public policy on compassionate grounds.

The study has found that ever use of medicinal cannabis is

significantly associated with young age, male gender and non-

medical use. This relationship has been found in other surveys

(13) and may represent a general bias towards medical can-

nabis use in this population. Alternatively, the association

may be explained by factors which make clinical response to

cannabis more favourable in this population. It is known that

males and females respond differently to cannabis (15), and

younger age groups may be better able to find and use

cannabis as more socially ‘acceptable’. This may particularly

be true of the recreational users who would more likely have

discovered medical use by ‘accident’ (19% of ever-medical

users).

Finally, recent randomised controlled clinical trials have

pointed to potential therapeutic benefits of cannabinoids for

patients with MS (16) and chronic neuropathic pain (17).

This suggests that patients’ reports of the effectiveness of

cannabis should not be discounted as purely anecdotal, but

rather could serve as a valid indicator of target diseases and

symptoms for cannabinoid drug development.

In conclusion, we believe that this survey presents a broad

picture of the current state of cannabis use for medical pur-

poses in the UK. The extent of use and the reported effects

lend support to the further development of safe and effective

medicines based on cannabis.
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Abstract

Introduction: Chronic prostatitis/chronic pelvic pain syndrome 
(CP/CPPS) is a chronic pelvic pain condition largely refractory to 
treatment. Cannabis (marijuana) use has been reported for a wide 
variety of chronic pain conditions, but no study has examined 
prevalence of cannabis use, symptom benefit or side effects, or 
frequency in CP/CPPS. 
Methods: Participants were recruited from an outpatient CP/
CPPS urology clinic (n = 98) and online through the Prostatitis 
Foundation website (n = 244). Participants completed question-
naires (demographics, CP/CPPS, depression, cannabis). 
Results: The clinic sample included Canadian patients and the 
online sample included primarily American patients. Due to differ-
ences, groups were examined separately. Almost 50% of respon-
dents reported using cannabis (clinic n = 49; online n = 89). Of 
the cannabis users, 36.8% of clinic and 75% of online respondents 
reported that it improved their symptoms. Most of the respondents 
(from the clinic and online groups) reported that cannabis improved 
their mood, pain, muscle spasms, and sleep. However, they did not 
note any improvements for weakness, fatigue, numbness, ambula-
tion, and urination. Overall, the effectiveness of cannabis for CP/
CPPS was “somewhat/very effective” (57% clinic; 63% online). 
There were no differences between side effects or choice of con-
sumption and most reported using cannabis rarely.
Conclusions: These are the first estimates in men suffering from CP/
CPPS and suggest that while cannabis use is prevalent, its medical 
use and benefit are unknown. This is an understudied area and the 
benefit or hazard for cannabis use awaits further study.

Introduction 

Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) 
is characterized by pain in the perineum, pelvic, and supra-
pubic areas or the external genitalia with variable degrees of 
voiding or ejaculatory disturbances.1,2 The prevalence is about 

7.1% (range: 2.2%–16%), with a 6.7% median.3 CP/CPPS 
symptoms do not routinely remit, with 66% of community-
based samples experiencing symptoms 1 year later,4 and 
patients showing no changes in pain, disability, or catastroph-
izing over 2 years later.5 CP/CPPS etiology is unclear and 
medical treatments are largely ineffective.6 Medications (anti-
microbials, alpha-blockers, anti-inflammatories), as well as 
phytotherapy, biofeedback, thermal therapies, and pelvic floor 
training have been examined7 and may provide mild benefit,6 
but most men continue to experience chronic pain.  

Physicians may use opioids to manage CP/CPPS pain, but 
their efficacy is limited and physicians fear tolerance, mis-
use, and side effects, such as nausea/vomiting or sedation.8 
Chronic pain patients are turning to alternate forms of symp-
tom relief, yet no research on this is available for CP/CPPS. 
Cannabis sativa has been used for pain and symptom relief 
for thousands of years. In Canada and several American 
states, patients use medical cannabis for severe intractable 
illnesses. As an addition to opioid treatment for chronic pain, 
vaporized cannabis results in pain reduction without alter-
ing plasma opioid levels.9 Moreover, 71% of the available 
randomized controlled studies concluded that cannabinoids 
were associated with pain relief, with low adverse effects, 
and good tolerance.10 Cannabis may be used in conjunc-
tion with or substitute for prescription opiates resulting in 
reduced opiate use.11 Wide ranging types, quantities, and 
frequency of cannabis use for pain relief have been reported, 
with chronic non-cancer pain patients reporting previous 
use (15%) or current use (10%).12 

We examined cannabis prevalence among men experi-
encing CP/CPPS-like symptoms from a tertiary care urology 
department and from an online group. Although previous 
work has not examined cannabis use in CP/CPPS, it was 
expected that use would echo previous pain studies.12 We 
also solicited patient self-reports on the side effects or poten-
tial benefits, frequency, and indication of future cannabis 
use. 

A survey of cannabis (marijuana) use and self-reported benefit in 
men with chronic prostatitis/chronic pelvic pain syndrome

Original research
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Methods 

Participants/procedure

Identical online and outpatient surveys were administered 
to an online community-based sample and a tertiary care 
outpatient CP/CPPS clinic sample. All participants remained 
anonymous and received no financial compensation. Clinic 
patients were approached after their appointments and 
briefed about this Research Ethics Board-approved study. 
Interested participants then provided written consent and 
received a package (letter of information, debriefing form, 
questionnaires, postage-paid return envelope) to complete 
and mail back. The online sample was recruited through 
the Prostatitis Foundation.13 Participants were a self-selected 
“availability” sample from site visitors. All participants were 
required to read and write in English. All questionnaires 
were in English. 

Measures 

Demographics 

Participants completed questions on demographics (age, CP/
CPPS diagnosis, health problems, tobacco use, medication 
use). 

Medical symptoms 

The National Institutes of Health Chronic Prostatitis Symptom 
Index (NIH-CPSI)14 assessed prostatitis-like symptoms and 
their impact on daily life (pain, urinary symptoms, qual-
ity of life) providing a score range from 0 to 43. The self-
administered NIH-CPSI provides a valid, psychometrically 
robust outcome measure.14 Confirmation of CP/CPPS cases 
was based on NIH-CPSI pain/discomfort in perineum and/or 
with ejaculation and NIH-CPSI total pain score of ≥4 (0–21), 
used in the community15-17 and in the general population18 
studies. 

Depression 

The Patient Health Questionnaire 9 (PHQ-9)19 is a reliable 
and valid self-report measure using 9 items to assess depres-
sive symptoms. An item sum was used for the indexation 
of depression. 

Experience with cannabis 

We used a 21-question descriptive survey on experience with 
cannabis; questions were binary (yes/no), multiple choice, 

and rating scales. Questions included whether participants 
had ever used cannabis, the purpose of use, relief of pain/
effects with use, potential side effects, usage frequency, and 
usage method.12 Participants rated personal experience with 
different modes of delivery using Likert scale-style responses.

Data analysis 

Scores were excluded if >15% of the items were missing 
on measures. Participants who provided ≥85% of items on 
a particular measure had the missing items imputed using 
means replacement procedures.20 As a check on generaliz-
ability, primary comparisons between the online and clinic 
data were computed for age and domains of NIH-CPSI (qual-
ity of life pain, urinary), and the PHQ-9. If outcomes differed 
significantly, online and clinical samples would be exam-
ined separately. Due to the exploratory nature, unadjusted 
t-tests and descriptive analyses (chi-square) were used to 
evaluate differences between cannabis users and non-users. 

Results 

The total sample of participants was comprised of an online 
self-reported CP/CPPS sample (n = 376) and a tertiary care 
outpatient CP/CPPS clinic sample (n = 100). Two participants 
were excluded from the clinic sample and 35% (n = 132) 
of the online sample was excluded due to incomplete data. 
In the end, we had 244 online and 98 clinic participants. 
Missing data pattern for the online group was random. 

The online group was on average 10 years younger than 
the clinic group (p < 0.001), with an average age of 44.57 
(standard deviation 13.96) for the full sample (Table 1). The 
clinic sample was Canadian and the online sample was 
primarily American. 

The online group reported more depressive symptoms, 
pain, poorer quality of life, and worse symptom scores (Table 
2). For the remaining analyses, samples were examined 
across groups. Most of clinic (63.3%) and online (79.1%) 
participants reported a score of 4 or above on prostatitis 
cut scores (χ2 = 9.24, p = 0.013). While the clinic and 
online groups did not differ in terms tobacco use (χ2 = 1.17, 
p = 0.340), the online group (63.1%) consumed more medi-
cation for pain, mood, sleep, or spasms than the clinic group 
(47.4%) (χ2 = 7.00, p = 0.01). There were no group differ-
ences when asked if they had ever used cannabis (χ2 = 0.87, 
p = 0.390) (yes 50% clinic, 44.3% online). Examining only 
those previously using, 36.8% clinic and 75% of the online 
groups reported that cannabis improved their symptoms 
(χ2 = 7.63, p = 0.006). 

Participants were questioned whether cannabis use made 
their symptoms “worse/no better” to “slightly/much better” 
(Table 3). The large majority of online and half of clinic par-
ticipants reported that cannabis improved their mood by a 
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“slightly/much better” degree (Fisher’s exact test p = 0.026). 
Across both groups, cannabis’ effects made pain “slightly/
much better” (χ2 = 2.48, p = 0.619), as with muscle spasms 
(χ2 = 0.51, p = 0.474), sleep (χ2 = 0.54, p = 0.461), and a 
borderline majority for nausea (χ2 = 0.51, p = 0.474). Also 
a minority of participants reported “slightly/much better” 
improvement in weakness (χ2 = 3.11, p = 0.078), fatigue 
(χ2 = 3.40, p = 0.065), numbness (χ2 = 1.16, p = 0.281), 
ambulating (χ2 = 0.64, p = 0.423), and urination (Fisher’s 
exact test p = 0.432). When asked on overall effectiveness 
of cannabis for CP/CPPS, most participants (57% clinic, 
63% online) reported cannabis as “somewhat/very effec-
tive” (χ2 = 7.89, p = 0.051). 

There was an even distribution of side effects reported by 
the groups, with most suggesting “none’ to “mild” side effects 
from cannabis use (70.3% clinic, 70.8% online) (χ2 = 0.05, 
p = 0.972) (Table 4). Also, if offered a choice, participants 
reported similar preferences for cannabis method across 
groups (χ2 = 1.99, p = 0.370), but smoking was a leading 
choice. There were no differences when asked about the pre-
ferred form of cannabis they had used (χ2 = 2.59, p = 0.274), 
although most participants listed herbal option (buds, sin-
semilla, hydrophonic). In current cannabis users, frequency 
did not differ between groups (χ2 = 0.27, p = 0.88), with most 
respondents using “rarely” (73.3% clinic, 77.3% online). 

Discussion 

This is the first study to document the initial prevalence and 
patterns of cannabis use in men suffering from CP/CPPS 
from an outpatient urology clinic and online. Almost 50% 
of participants used cannabis and almost 3/4 reported using 
it for symptom relief. These figures are bigger than those in 
other studies.12 The samples were treated as separate during 
analyses because the online group was younger, reported 
greater depression, pain, and diminished quality of life. 
Interestingly, while examining only those having used can-
nabis, fewer clinic respondents reported benefit compared 
to the online group. This almost doubling of the reported 

benefit by the online group may be related to symptom/dis-
ease severity differences in this study. The present data can-
not describe factors underlying differences in benefit across 
groups, but this study is consistent with the suggestion that 
chronic pain is associated with lifetime marijuana use.21 

Physicians should be aware and question patients on 
cannabis use. Despite a lack of information on the mecha-
nisms of glycinergic cannabinoids for pain, cannabidiol, a 
major nonpsychoactive component of cannabis, suppressed 
chronic inflammatory pain in mice.22 Furthermore, the use 
of cannabis was not associated with analgesic tolerance in 
rats.22 It appears that cannabinoids’ anti-inflammatory action 

Table 1. Sample demographics

Online (n= 244) Clinic (n = 98)
Age (years ± SD) 42.04 (13.33) 51.56 (12.21)

Continent N (% of column total)

North America 162 (66%)

Canada 12 (7%) 98 (100%)

United States 150 (93%)

South America 6 (2%)

Europe 54 (22%)

Australia 4 (2%)

Asia 15 (6%)

Africa (Egypt) 3 (1%)
SD: standard deviation.

Table 2. Psychological and NIH-CPSI differences between 
clinic and online participants

N Mean SD p value

Depressive 
symptoms 

Clinic 92 7.15 6.66 <0.001

Online 231 10.23 6.88

NIH-CPSI pain 
domain 

Clinic 98 9.04 5.79 <0.001

Online 244 11.54 4.16

NIH-CPSI urinary 
domain

Clinic 98 4.3061 3.43544 0.388

Online 244 4.6475 2.92547

NIH-CPSI QoL 
domain

Clinic 98 5.8061 3.53672 0.025

Online 244 6.6680 2.04689

NIH-CPSI total 
Clinic 98 19.1531 11.13122 0.003

Online 244 22.8566 7.23104
NIH-CPSI: National Institutes of Health Chronic Prostatitis Symptom Inventory; SD: standard 
deviation; QoL: quality of life.

Table 3. Cannabis illness-symptom effects across clinic and 
online participants

“Worse/No 
Better” (n)

“Slightly/Much 
Better” (n)

Mood
Clinic 50.0% (12) 50.0% (12)

Online 15.8 (3) 84.2% (16)

Pain
Clinic 33.3% (8) 66.7% (16)

Online 26.3% (5) 73.7% (14)

Muscle Spasms
Clinic 47.8% (11) 52.2% (12)

Online 36.8% (7) 63.2% (12)

Sleep
Clinic 25.0% (6) 75.0% (18)

Online 15.8% (5) 84.2% (16)

Nausea
Clinic 58.3% (14) 41.7% (10)

Online 47.4% (9) 52.6% (10)

Weakness
Clinic 82.6% (19) 17.4% (5)

Online 57.9% (11) 42.1% (8)

Fatigue
Clinic 79.2% (19) 20.8% (5)

Online 52.6% (10) 47.4% (9)

Numbness
Clinic 78.3% (18) 21.7% (5)

Online 63.2% (12) 36.8% (7)

Ambulating
Clinic 79.2% (19) 20.8% (5)

Online 68.4% (13) 31.6% (6)

Problems with 
bladder/urination

Clinic 87.5% (21) 12.5% (3)

Online 73.7% (14) 26.3% (5)
Note. Numbers in BOLD represent the majority of respondents in the category row.
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stimulates cannabinoid receptors.23 However, contrasting 
results about cannabis side effects discouraged the authors 
for suggesting its chronic use for pain relief due to associated 
cognitive deficits and gastrointestinal toxicity.23

The online group reported greater distress and NIH-CPSI 
symptoms, but both groups showed trends where most 
reported improved symptoms like mood, pain, muscle 
spasms and sleep. However, no improvements were in 
weakness, fatigue, numbness, or ambulation. Improved 
symptoms for some patients might reflect the shared effects 
that pain/muscle spasm can have in regard to improving 
sleep and ultimately mood. Current research shows that 
unresolved chronic pain, continuing disease, obesity, and 
sleeping problems predict the persistence of pain, while 
issues like mood are weakly associated.24 Of other note, 
cannabis use was not helpful for urinary symptoms, which 
can be very bothersome in patients with CP/CPPS. 

This survey showed that the side effects of cannabis appear 
minimal, with most patients reporting “none’ to “mild” side 
effects. More detailed information on the amount of canna-
bis use, the types used (medical vs. other) would be impor-
tant to provide a more detailed pattern of examining benefits. 
If offered a choice on how to use cannabis, participants 
reported smoking as the preferred methods – this is similar 
with other studies.25 There were no differences by groups – 
the herbal form was endorsed by most respondents. In regard 
to current frequency of use, most participants reported using 
cannabis “rarely;” further study into usage patterns may shed 
some light on whether participants use cannabis primarily to 
manage pain flares or muscle spasms, or to aid with sleep. 
If usage is associated with intermittent pains, as flares, then 
that may reflect the rarity of reported use.  

Our study has its limitations. This initial survey cannot 
qualify the benefits/risks of cannabis use in CP/CPPS, and 
simply suggests rates for further comparison. Sample size 
was an issue in some analyses because finer detail in ques-
tions, such as symptom benefit, had to be collapsed into 2 
categories (“worse/no change” and “slightly/much better”) 
from original categories (“much worse,” “slighty worse,” “no 
change,” “slightly better,” “much better”). Larger samples 

are necessary to gather more accurate patterns of use and 
benefit. 

Although our samples were not randomized or stratified, 
they represent tertiary care outpatient males diagnosed with 
CP/CPPS, as well as community-based men with CP/CPPS-
like symptoms. More online participants reported a prosta-
titis cut score. Perhaps the clinic men experienced reduced 
symptoms under the care of a specialist, but there was no 
opportunity to verify this in our study. Future research should 
also collect healthcare utilization and previous treatments 
prior to the onset of cannabis use. This data would allow 
contrasts and provide insight into medical comorbidities 
prior to cannabis use. It would also be interesting to exam-
ine the associations between psychological pre-cannabis 
use pain-associated comorbidities, like catastrophizing, and 
patterns of use. 

Conclusion 

This is the first study to examine and report on cannabis 
usage and benefit in participants with CP/CPPS from a ter-
tiary care and community “availability” sample. The current 
data suggest that almost 50% of men with CP/CPPS-like 
symptoms have used cannabis in their lifetimes and that a 
minority of clinic patients versus most online participants 
reported cannabis benefit. Future research should examine 
larger representative samples to further document usage 
patterns, fuller CP/CPPS symptom benefit, and associated 
factors with usage in predictive models. The ultimate study 
would be a randomized controlled trial prospectively evalu-
ating the efficacy and safety of cannabis compared to either 
placebo or an active comparator.

Competing interests: Authors declare no competing financial or personal interests.

This paper has been peer-reviewed. 

Table 4. Side effects, preferred choice, and form used for cannabis across groups

Cannabis side effects None (n) Mild (n) Moderate-severe (n)
Clinic 37.0% (10) 33.3% (9) 29.6% (8)

Online 39.3% (35) 31.5% (28) 29.2% (26)

Preferred cannabis method for 
use if offered the choice

Smoked
Sublingual spray/
vaporizer/inhaler

Rectal suppository/skin patch

Clinic 47.2% (17) 41.7% (15) 11.1% (4)

Online 61.1% (44) 29.2% (21) 9.7 (7)

Cannabis form used Hashish
Herbal 

(Leaf and stem)
Herbal 

(Buds, sinsemilla, hydrophonic)

Clinic 26.5% (9) 17.6% (6) 55.9% (19)

Online 16.2% (12) 29.7% (22) 54.1% (40)
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Abstract
Background: There are indications that marijuana is increasingly used to alleviate symptoms and
for the treatment of a variety of medical conditions both physical and psychological. The purpose
of this study was to describe the health concerns and problems that prompt some adolescents to
use marijuana for therapeutic reasons, and their beliefs about the risks and benefits of the
therapeutic use of marijuana.

Methods: As part of a larger ethnographic study of 63 adolescents who were regular marijuana
users, we analyzed interviews conducted with 20 youth who self-identified as using marijuana to
relieve or manage health problems.

Results: Thematic analysis revealed that these teens differentiated themselves from recreational
users and positioned their use of marijuana for relief by emphasizing their inability to find other
ways to deal with their health problems, the sophisticated ways in which they titrated their intake,
and the benefits that they experienced. These teens used marijuana to gain relief from difficult
feelings (including depression, anxiety and stress), sleep difficulties, problems with concentration
and physical pain. Most were not overly concerned about the risks associated with using marijuana,
maintaining that their use of marijuana was not 'in excess' and that their use fit into the realm of
'normal.'

Conclusion: Marijuana is perceived by some teens to be the only available alternative for teens
experiencing difficult health problems when medical treatments have failed or when they lack
access to appropriate health care.

Background
There is lively public debate surrounding the use of med-
ical marijuana. While some remain sceptical about the
therapeutic value of marijuana, there is a growing body of
research that emphasizes its salutary effects. The literature
points to the use of marijuana among adults to alleviate a

variety of symptoms including pain, nausea, muscle
spasm, insomnia, anorexia and anxiety as well as the treat-
ment of a variety of medical conditions that are both
physical and psychological [1-5]. However, less is known
about adolescents' use of marijuana for therapeutic pur-
poses.
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Background Literature
For individuals who set out to "feel better" through the
use of marijuana, use has also been referred to as "self-
medication," a hypothesis which posits that people do
not misuse substances solely for the experience of being
"high;" rather, they do so as a means of gaining relief from
psychological and emotional pain [6]. In contrast to the
adult literature on marijuana use where therapeutic use is
linked to treatment of specific symptoms and illnesses, in
the adolescent literature there is less clarity about how to
define non-recreational uses of marijuana.

A motivationally-driven approach is one way that
researchers have attempted to understand marijuana use
among adolescents [7]. It is proposed that different rea-
sons for using marijuana may shape patterns and contexts
of use, which in turn may be associated with different
problems related to use. Social motives for marijuana use,
for example, have been associated with patterns of recrea-
tional use (e.g., sensation seeking). Coping motives have
been used to classify adolescents using marijuana for non-
recreation purposes. Differences have been observed
among youth using marijuana for social and coping rea-
sons that support the motives framework. In contrast to
youth aged 16–24 years using marijuana for social rea-
sons, users of the same age reporting coping motives have
been observed to have lower mental health, higher psy-
chopathology, more psychosocial distress and more
stressful life events than non-cannabis-using youth [8].

Although there is a large body of literature related to rec-
reational use of marijuana among adolescents [9,10] less
is known about other motivations for the use of mari-
juana in this population. Several hypotheses have
emerged related to non-recreational uses of marijuana
among adolescents. The "self-medication hypothesis"
[11-14] is most closely associated with the therapeutic use
of marijuana. Instrumental use is another term applied to
taking drugs for specific pharmacological effects of the
substance rather than for pleasure or recreational pur-
poses. For example, Glassner [15] examined the notion of
instrumental drug use in a qualitative study of young drug
users, and found that marijuana was used for its calming
effects, to relieve tension, and to gain self-confidence. Fur-
ther, support for a typology of drug related beliefs that
included relief-oriented beliefs [16] was demonstrated in
a study of cannabis use in a sample of 285 French high
school students [17]. In this study, four 'positive' relief-
oriented beliefs were identified related to how the sub-
stance creates relaxation and calms anxiety, reduces suffer-
ing, relieves boredom, and makes one feel better. The
presence of relief-oriented beliefs was the only predictor
of cannabis dependence.

Associations between marijuana and psychological prob-
lems have also lead researchers to consider other possible

explanations, including whether marijuana use may rein-
force psychiatric symptoms or increase the risk of devel-
oping a psychiatric illness later in life [18-21]. A full
understanding of marijuana use and its potential adverse
effects, however, will require further research.

The trend toward the use of marijuana for therapeutic pur-
poses among adults raises questions regarding how this may
influence young people's use of marijuana for similar rea-
sons. Recent studies suggest that adolescents are aware that
marijuana is sometimes used to gain relief from physical and
psychological pain [22-24]. Furthermore, there is evidence
suggesting that adolescents may be using marijuana for rea-
sons that are analogous to adults who use marijuana for ther-
apeutic reasons. For example, young marijuana users with
coping motives report more stressful life events (e.g., death
of a family member or friend), personal injury and illness
than socially motivated marijuana users and non-users [8].
There is also indirect evidence that adolescents with mental
health conditions might be seeking relief through marijuana
use. In a sample of 992 adolescents in drug treatment pro-
grams in four U.S. cities, more than half had at least one co-
morbid mental disorder. In total, 72.5% of these youth were
dependent on marijuana [25]. Among youth entering outpa-
tient treatment programs for cannabis use disorders, 76%
were reported to have concurrent mental health conditions
[26]. Finally, in a sample of homeless young people in the
UK who used a variety of drugs including marijuana, partic-
ipants were found to be self-medicating to deal with the
stress and problems they encountered including depression,
loneliness, and physical problems such as aches and pains
[13].

As part of a larger study to understand the culture of fre-
quent marijuana use among young people, we were struck
by the extent to which some participants spontaneously
described using marijuana to gain relief from symptoms.
In order to develop these emergent findings, we con-
ducted a focused ethnography in which we examined the
ways in which youth use marijuana to seek relief.

Methods
This study was designed to understand and describe ado-
lescents' experiences in using marijuana for therapeutic
reasons, and explore how their constructions of these
experiences are influenced by social norms. Compared to
other types of ethnographic studies, focused ethnogra-
phies occur on a smaller scale and seek to examine a spe-
cific problem or phenomenon [27]. Typically, focused
ethnographies are time-limited, involve a limited number
of participants drawn from a specific population who
have experience and understanding directly related to the
area of inquiry, and are conducted through selected epi-
sodes of participant observation and/or interview [28]. In
this focused ethnography, both in-depth interviews and
participant observation were employed.
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We drew data from a larger ethnographic study of fre-
quent marijuana use among adolescents conducted in two
rural and one urban location in British Columbia (BC),
Canada. In the study communities, as is the case in much
of BC, marijuana is readily accessible to youth despite the
fact that it is illegal to grow, sell or possess. The use of mar-
ijuana for medical reasons is legally supported in Canada
in limited circumstances; individuals meeting the criteria
are provided with cannabis or given a license to grow a
limited quantity for personal use.

Ethical approval for this study was obtained from the Uni-
versity Behavioral Research Ethics Board. Given the sensi-
tivity of the topic and because we successfully argued that
teens were able to provide consent for research participa-
tion, we did not require parental consent. As a courtesy,
we provided the youth with a parent/guardian informa-
tion letter which outlined the study's focus as pertaining
to attitudes about marijuana use in general. Participants
were told that they could take the letter home if they so
chose. Prior to the interviews, written consent was
obtained from the participants. Confidentiality was
ensured at the outset and participants were informed that
all identifying information would be removed from the
data.

Sample
In the larger study, participants were recruited by means of
information fliers posted at high schools which invited
youth to share their "views on marijuana use and teens."
Youth who expressed interest in participating were
screened for eligibility by the research team. Eligibility cri-
teria included being 13–18 years of age and reporting hav-
ing smoked marijuana at least once in the previous week.
In total, 63 young people participated in the study.
Although many youth described "feeling better" after they
smoked marijuana, a subset [n = 20] explicitly described
experiences of using marijuana on a regular basis specifi-
cally to manage, reduce or eliminate unpleasant and
uncomfortable feelings or other health problems. They
constructed marijuana as a treatment for health problems,
often suggesting it had significantly greater benefit than
other medical treatments they had been offered. None of
these students were legally provided with cannabis for
medical treatment or given a licence to grow marijuana for
medicinal use. Characteristics of this sub-set of partici-
pants are presented in Table 1. The majority of youth
using marijuana for relief were male, and the average age
of initiation of marijuana was 13 years of age. Youth in
this subset were of diverse ethnic backgrounds. Most [n =
12] indicated that they were "Canadian" or "Caucasian; "
More specifically, 2 participants identified as First
Nations, 6 individuals were part First Nations, 3 of UK
descent and 3 were of European background including
Italian, Croatian, and Ukrainian. Compared to those who

used marijuana for the purpose of relief, those recruited to
this study who smoked marijuana for recreational pur-
poses (n = 43) smoked marijuana less frequently (average
of 11 days in the last 30 days) and used marijuana more
often with others.

Data Collection
The primary source of data was in-depth, semi-structured
interviews with youth to glean accounts of their experi-
ences with marijuana. We used a short questionnaire prior
to beginning the qualitative interview to collect demo-
graphic data and to assess history of marijuana use and
current use. The questionnaire included items related to
marijuana use including age of initiation, use in the last
month, frequency and quit attempts. We also collected
data on the time of day that individuals usually used mar-
ijuana.

The interviews were conducted using an interview guide.
Broad discussion categories included: history and pattern
of use, the reasons for their use, what they knew about
marijuana, the sources of that information as well as con-
textual factors related to their use. Open-ended questions
were posed in relation to each of these topics, as required
during the interviews. Many of these youth were at ease
when talking about their use of marijuana and needed lit-
tle prompting. When youth described the use of mari-
juana to help them feel better, participants were asked to
elaborate further on their experiences.

The tape-recorded interviews took place in privacy within
the school setting and lasted from 1 to 2 hours. Partici-
pants were offered a $20 honorarium. Field notes were
used to record impressions of responses to the interview

Table 1: Description of participants who smoke marijuana for 
relief (n = 20)

Gender
Female 7 (35%)
Male 13 (65%)

Age (years) X = 16 yrs (range 14–18 yrs)
Age of initiation (years) X = 13 yrs (range = 10–16 yrs)
Frequency of use (days) X = 2 days/mo (range = 2–31 days/mo)
Number of times/day 1 – > 5 times/day
Time of day of first use

Morning 4 (20%)
Afternoon 11 (55%)
Evening 5 (55%)

Marijuana use when alone yes = 16 (80%)
Reasons for use*

Depression 6
Stress/anxiety 12
Sleep problems 9
Focus/concentration 3
Physical pain 5

* some participants used marijuana for more than one reason
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and the interviewer's assessment of the quality of the
interview. In addition, field notes were maintained to
record pertinent observations within the school and in the
larger community (e.g., noting school policies regarding
marijuana use at school and the presence of graffiti related
to marijuana in close proximity of the school; visiting
favourite outdoor settings where some indicated that they
preferred to smoke marijuana along with hemp shops
where they purchased pipes and bongs and other para-
phernalia).

Data Analysis
All data including transcribed interviews and field notes
were reviewed several times by the research team paying
close attention to young people's descriptions of experi-
ences with the use of marijuana to address uncomfortable
feelings or health problems, and the circumstances that
surrounded this use. Close readings of the interviews by
the investigative team involved highlighting potentially
important comments, raising questions about the data,
and identifying prominent dimensions of participants'
experiences. During team meetings, interview data were
discussed and emergent categories were identified to cap-
ture experiences related to marijuana use. These categories
were organized into a coding framework and used to code
the data. All coding was completed by one of the authors
who completed a majority of the interviews (BMM). To
code the data, we used [29] the NVivo software program
designed for qualitative analysis of textual data. The pro-
gram was also used to retrieve data coded under each cat-
egory for a more nuanced analysis by the investigative
team. Through reflective questioning of these data and
detailed comparisons, themes were identified and dis-
cussed in team meetings.

Results
The Context of Using Marijuana for Relief
The teens situated their use of marijuana for relief of
health problems in the context of difficult life events and
illness experiences marked by a lack of supportive family
networks, unexpected and sometimes traumatic losses of
close friends or family members, and difficulties at
school. Many indicated that they had few people to turn
to help them; for some their parents were having difficulty
coping with their own situations of unemployment, sub-
stance use, and marriage breakdowns and offered little
support. Those living in households with a parent and
step-parent had difficulty coping with unresolved feelings
towards their estranged biological parent. Finally, several
teens who made frequent moves with their families expe-
rienced social isolation at school and were subject to
being bullied and teased.

Experiences with the medical system to address their
health problems consistently fell short of the teens' expec-

tations; their problems were either not taken seriously or
the solutions offered were not helpful. For example, youth
who reported they had been prescribed drugs such as Rita-
lin, Prozac or sleeping pills, stopped using them because
they did not like how these drugs made them feel or found
them ineffective. Despite visits to doctors, prescribed
treatments and, for a few, hospitalizations, many of these
teens perceived that they did not receive the help they
needed from doctors.

A final contextual feature to these teens' lives were their
observations of others' use of marijuana to deal with dif-
ficult circumstances or symptoms, including, in a few
cases, parents and other significant adults in their life. For
example, one young man reported that his mother was
using marijuana while receiving cancer treatment. As he
observed, "It helped her sleep and calmed her down."
Others described how they were given advice from other
teens about how marijuana could "help." Together these
circumstances created a context where teens routinely
turned to marijuana to manage physical and psychologi-
cal problems in their lives. Marijuana was readily availa-
ble, used by others in their network, and was perceived to
provide an effective solution not offered to them from the
medical system.

Regular Relief:Patterns of Using Marijuana for Persistent 
Problems
Most of the participants who consistently used marijuana
for relief, smoked it when alone, often several times a day.
For some, their day began and ended with using mari-
juana; they smoked before leaving home for school and
prior to going to bed. Some indicated that they needed to
smoke marijuana during the school day to manage symp-
toms, and when this occurred it was often in the company
of friends. A few participants smoked marijuana for relief
in adult company that included relatives and "older"
friends who supported their need to use marijuana to
manage symptoms.

There were two patterns of marijuana use for relief: inter-
mittent and chronic. With intermittent use, youth rou-
tinely relied on marijuana to deal with short-term
problems such as stressful situations or limited periods of
physical pain. One 14 year old male described non-daily
use occurring whenever he had a "really bad day." In the
case of chronic use, daily marijuana was used for the relief
of identified conditions such as depression, ADHD and to
routinely settle at night or manage sleeplessness. Young
people's descriptions of marijuana use for relief were
imbued with language common to using pharmaceuti-
cals. A number of these youth indicated how they care-
fully titrated their intake; others described their use as
"moderate," involving a "few puffs," or just a "certain
amount." Through experience, they had learned to hone
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ways of using the right amount of marijuana to achieve a
state of relief. As one male elaborated, he regulated his
intake by mixing his marijuana with tobacco so as to get
"just enough" marijuana to relieve regular states of agita-
tion and high levels of stress. Along with skills at monitor-
ing their intake of marijuana, these youth confidently
shared in-depth knowledge of the strength and associated
effects of different strains of marijuana.

Explaining the Need to Use Marijuana for Relief
The young people in the sub-sample were particularly
articulate in describing their "need" to use marijuana.
They were adamant and confident that marijuana pro-
vided relief from their health problems. The decision to
smoke marijuana was stated in a straight forward fashion
(e.g., "I started it to make myself feel better") and justified
because they had a "reason for it." Participants also
framed their marijuana use in a positive manner; in so
doing, gave credence to the claim that this was the right
course of action. As one girl elaborated on her daily use,
"Pot helps me be me." Several described unpleasant phys-
ical sensations such as feeling "jittery" associated with the
absence of marijuana. For these youth, regular marijuana
use allowed them relief from these unpleasant symptoms
so that they were able to feel "normal." One 18-year old
male who used marijuana everyday indicated, "If any-
thing, it makes you more normal." Of note, he had first
started to use marijuana at the age of 13, and smoked it
regularly for 5 years typically 4 times a day.

For these youth, the purpose of smoking marijuana was
not specifically about getting high or stoned, nor was mar-
ijuana used for "pleasure." In fact, participants tended to
differentiate their own use from peers who were recrea-
tional users who smoked marijuana when they were "par-
tying" or "socializing." As one 16-year old male described
his use, "I don't get a strong sense of euphoria, I just calm
down a bit, that's just how it is for me." However, there
were a few instances when female participants did smoke
"to get high" for the purpose of "escaping reality," a strat-
egy used to remove themselves temporarily from the chal-
lenging circumstances that accompanied their daily lives.
The participants also distinguished themselves from the
"stoner" stereotype, whose preferred activities were watch-
ing movies or listening to heavy metal music while smok-
ing marijuana.

Some explanations of using of marijuana to feel better
were further bolstered with a focus on use for described
"health" reasons. As one 16-year old female indicated, her
daily use of marijuana was "more of a health thing, than
to get high." She reflected on her history of "mild depres-
sion" and her difficulties with antidepressants that had
resulted in insomnia and a loss of appetite. She suggested
that these health issues would re-surface in the absence of

marijuana, thereby providing solid rationale for her con-
tinued use of marijuana. One male situated his marijuana
use within a perspective that medications are used to help
deal with problems.

I bet you if I had never been put on Ritalin at a younger
age, I might not have had the same opinion of drugs
growing up, you know, because I was taught growing
up that you take drugs to help you out with your prob-
lems, you know. [18 years, non-daily use]

Often, marijuana was compared to other substances in a
way that suggested marijuana was the best option, further
supporting ongoing use of marijuana for relief purposes.
Some constructed marijuana as a "natural" substance that
was preferable and considered "safer" than many pharma-
ceutical alternatives. One 14-year old female discovered
that marijuana was a better option than dealing with the
side effects of pharmaceuticals stating, "Well, my body, I
have to be careful what pills I take. I have bad reactions to
some medications. My body rejects it and I get really sick."
Interestingly, one 18-year old who smoked twice a day on
21 days during the last month, went as far to describe
himself as a "healthy marijuana user" adding, "It's not
good for you, but then again, neither is MacDonald's and
a lot of other things." The health claims in these descrip-
tions served to explain the ongoing use of marijuana for
relief.

Painful Lives: Types of Symptoms and Distress Requiring 
Relief
In the interviews the teens directly linked their use of mar-
ijuana with the management of difficult feelings (includ-
ing depression, anxiety and stress), sleep problems,
problems with concentration and physical pain. Each of
these will be described in the following sections.

Difficult Feelings
Although some teens described using marijuana to deal
with instances of being angry, experiencing a significant
disappointment (e.g., with exam results), being afraid, or
to forget the past, the most frequent uses were associated
with dealing with depression, and managing stress and
anxiety.

Depression
Six participants indicated they were using marijuana spe-
cifically to deal with depression and several others
reported knowing teens that were doing the same. Dealing
with difficult personal circumstances was a common
theme for this group of teens and was linked to the loss of
significant people in their lives, a family history of depres-
sion, financial worries at home, "fights" with parents,
abuse, and too much "shit" in their lives. Several reported
receiving treatment for depression in the form of antide-



Substance Abuse Treatment, Prevention, and Policy 2009, 4:7 http://www.substanceabusepolicy.com/content/4/1/7

Page 6 of 10
(page number not for citation purposes)

pressants and counseling, sometimes over extended peri-
ods, yet with little relief. For others, these options were
not available in part because "nobody wanted to listen" to
them. As a last resort, these teens had opted to try smoking
marijuana. In a relatively short time, marijuana helped
them to feel better about themselves, happier and more
like the person they "wanted to be" as well as alleviate
other problems associated with depression (poor appe-
tite, difficulty concentrating, poor sleep).

Not all participants agreed about the use of marijuana for
depression. One 16-year old male used marijuana to deal
with his unhappiness surrounding the conflict between
his mother and father, and worried that he might be using
pot too frequently. He reasoned that being happy all of
the time was not natural, and that there was nothing
wrong with being sad and confused sometimes. As a
result, he tried to limit using marijuana to weekends with
friends. Others believed that marijuana should only be
used for certain types of depression because of the possi-
bility of becoming more depressed by smoking pot:

I think it depends on the level of depression that you
have. If it's like depressed because you are sick, then
pot is helping you. It's making you happier. But if
you're depressed about killing yourself, I don't think
that it's a good idea to smoke pot just because it could
bring you down more. It's hard to say, though, it's dif-
ferent for every person, right? That just how it makes
me feel. [Female, 17 years, daily use]

Stress and anxiety
The use of marijuana to manage stress and anxiety was
described by 12 teens in our sample. Dealing with bully-
ing at school, heavy demands of school work, taxing shifts
at work, and just "giving as much as you can" along side
difficult relationships with parents or guardians, and
receiving threats from neighbors all took its toll on these
youth. For some, these experiences contributed to high
levels of stress and anxiety, and for others uncomfortable
levels of anger – both were difficult to manage. Although
some had friends they could turn to, marijuana provided
an additional source of stress relief that was ready at hand.

Lots of people know me, know I do pot and they think
that I'm a pot head but really the thing they don't real-
ize is that I have a reason for it. It's for my stress and
an antidepressant. I get really upset. It [pot] helps me
feel better about myself, because you know people
don't do that [help me], like my friend [name] can, but
nobody else can. [Female, 14 years, non-daily use]

There was general agreement among the teens that mari-
juana calmed them down, and helped them feel "not so
nervous" and "not so uptight about everything." One teen

recognized, however, that despite the fact that marijuana
could be a very effective stress reliever, it might not work
for everyone:

Well as far as pot goes, the good thing is that it's defi-
nitely a stress reliever, hands down. I know lots of peo-
ple who would be just a complete wreck if they weren't
smoking pot but then there's also people who are a
complete wreck because they do smoke pot, so it's
kind of a hard thing. [Male, 16 years, non-daily use]

Sleep problems
Nine teens in our sample described using marijuana to
help them sleep. The "trouble" they had with sleeping was
a constant problem that many had experienced for years.
One 16-year old, who also experienced mild depression,
indicated that she "stopped sleeping for two years." Not
only did the problem affect their school performance, but
it was deeply disturbing to them. As another female
described,

I have a really hard time sleeping. I can lay there for
about four to five hours, just laying there. And I just
finally had it, and I just feel like screaming I don't want
to wake anyone up. So I go downstairs and ask my
gran or my brother [for some marijuana] or I have a
roach or two sitting around. [16 years, non-daily use]

Although one teen indicated that she had spoken to her
mother about her problems sleeping, others indicated
that the adults in their lives did not offer any support.

I have trouble going to sleep and waking up...My mum
wanted to get the doctor to put me on sleeping pills
but he said at such a young age it would cause like an
addiction to them...I've had these problems since ele-
mentary school...I just, I can't go to sleep at night and
then I like to sleep during the day. [Female, 14 years,
non-daily use]

Many teens turned to pot and found almost immediate
benefits in helping them sleep. Likened to a "magic sleep-
ing pill" by one young male, the teens found it calmed
their "busy minds," helped them relax and fall asleep
quickly.

Focus/concentration
Three teens reported using marijuana to improve their
concentration. They explained that they had difficulty
focusing at school and that this affected their school per-
formance. As one male explained:

Personally, I'm a very fast paced guy and my mind is
always rushing, hard to gather my thoughts. I think a
lot faster than I can speak. I get distracted very easily.
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In social studies last year, I would talk and wouldn't
do any work. But if I had just a little bit of pot, I could
really focus my work. I could sit there and I'd work all
day and finish everything and have no homework and
be done by the end of class. [16 years, non-daily use]

These young people believed they could "think better"
when they used marijuana because it allowed them to
focus their thinking, and, slow it down in a way that was
preferable. All suggested that these cognitive changes were
linked to improved school performance. One teen, who
self-identified as a having "attention deficit, hyperactive
disorder" shared the difficulties he experienced on Ritalin.
He began smoking pot when he was 12 years of age and
still on Ritalin.

Usually my mind is in over gear, right? I'm usually
going about a mile a minute and my hands are moving
way too fast, and I'm really fidgety. But if I have a puff
of marijuana in a moderate use, by moderate I mean
one to three to four puffs, depending on the qual-
ity....being toned down a bit I find really helps me....If I
try to do homework at home without smoking pot, I
just can't focus. I'll be looking at my schoolwork and for
me with my ADHD this is how it's always been for me.
Like school was just a constant story of this scenario
before I smoked marijuana. [17 years, non-daily use]

Physical Pain
Five teens indicated they used marijuana to obtain pain
relief, and several others shared similar stories about other
youth. One male used marijuana to deal with pain associ-
ated with rehabilitation after a muscle injury, another
used marijuana following an accident where he sustained
3rd degree burns and yet another because of plates in his
back due to a car injury. Others suggested that marijuana
reduced muscle pain after a hard day of skiing and helped
with headaches, and that girls used marijuana for men-
strual cramps. One 17-year old male used it daily and
explained that marijuana "numbs your systems or senses
[and] relaxes your muscles."

Considering the Risks of Using Marijuana for Relief
In spite of experiencing personal benefits from using mar-
ijuana for relief, some participants wrestled with their use
of marijuana. One girl noted her own problematic use of
marijuana that had quickly evolved into relying on it to
deal with the regular stress in her life. As she pondered,
she commented knowingly that it would be preferable to
use it only when her stress level was "really" high.

I mean I started it, and I'm doing it for the wrong rea-
sons...I think if I cut back and only did it when I was
really stressed out or something, then, you know,
really cut back, I think it would be okay. [14 years,
non-daily use]

Although knowing that it was "harmful" to her body, she
added that she found it difficult to quit using marijuana.
Most youth were aware of the health consequences associ-
ated with marijuana use in general and their own use in
particular. They noticed physical symptoms such as
decreased stamina and shortness of breath with physical
activities, while others worried about weakened immune
systems and how it affected their energy level. Some rec-
ognized that they were addicted to marijuana. One male
who had been using marijuana for six years framed it as
something that he would address at a later date. "I'm try-
ing to get through school and then worry about my
dependency issue with marijuana."

Others noted that their marijuana use was linked to diffi-
culties that they were having at school. One male con-
cluded, "I think it brings marks down in one way and
sometimes you don't understand things maybe as easily."
Others recognized how their use had affected their mem-
ory. For a number of the participants, their knowledge of
the risks of smoking marijuana was limited and, at times,
incorrect. For example, as one 14-year old male who had
started smoking marijuana in the past year to relieve mus-
cle pain noted, "It's bad for your lungs, just it's 400 times
lower than tobacco."

In what appeared to be an effort to minimize their use in
the face of health risks, the teens emphasized that they
were not using marijuana "in excess." One 18-year old
summed up six years of using marijuana by saying, "I
don't feel that I have a problem," adding that "it doesn't
really have that many side effects." Some suggested that
the benefits of smoking marijuana outweighed the risks.
As noted, for those with difficulties sleeping at night, not
being able to function the following day when sleep
deprived was agonizing; marijuana use at night was pref-
erable and provided a solution to that quandary. How-
ever, one male pondered both sides of his use of
marijuana in dealing with his depression and was less
optimistic:

Well, in some ways, it's helped me and some ways it
hasn't. It's good when it's there, but when it's not, it
kind of makes me sad. So it's hard like to try to keep
up with staying happy all the time.[18 years, daily use]

Several participants made reference to the contradictions
that they saw in their world regarding other licit sub-
stances and used that argument to make sense of and
praise the benefits of marijuana over the risks.

And the thing is that if it's already used, they're already
growing it for people that need it for medical help,
then like why not.... Like no one has ever overdosed
on marijuana, but people die everyday from alcohol,
everyday from cigarettes and everyday from vast
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amounts of things that the government has legalized,
but they just won't legalize marijuana for some reason.
It's never killed anyone, never really hurt anyone, it
saves people's lives and they could make a good
amount of money from it and drop crime rates, why
don't they do it? [Male, 14 years, non-daily use]

Discussion
The findings of this study provide one of the first in-depth
descriptions of youths' use of marijuana for non-recrea-
tional purposes, adding to the growing body of research
on the use of drugs to self-medicate among young people.
Teens involved in regular and long-term use of marijuana
for relief constructed their use of marijuana as essential to
feeling better or "normal" in situations where they per-
ceived there were few other options available to them.
Unlike the spontaneity typically involved in recreational
use, these youth were thoughtful and prescriptive with
their marijuana use – carefully monitoring and titrating
their use to optimize its therapeutic effect. The findings
also point to important contextual factors that further
support youth's use of marijuana for relief that extend
beyond the availability of marijuana and dominant dis-
courses that construct marijuana as a natural product with
medicinal properties.

Of key importance in the findings are the unmet health
needs of these youth. Health issues such as depression,
insomnia, and anxiety were significant problems that
interfered with these youths' ability to function at school,
maintain relationships with family and friends, and feel
that they could live a normal life. The level of distress
associated with these health concerns, along with the lack
of effective interventions by heath care providers and fam-
ily members appeared to leave them with few alternatives.
Researchers have reported that when adolescents in rural
communities experience barriers to seeking health care,
they think they can take care of the problems themselves
[30]. Similarly, our study participants believed that their
best option was to assume responsibility for treating their
problems by using marijuana. Unpleasant side effects
with prescribed medications and long, ineffective thera-
pies resulted in little hope that the medical system could
be counted on as beneficial. In contrast, marijuana pro-
vided these youth with immediate relief for a variety of
health concerns. Nevertheless, the regular use of mari-
juana put youth at risk. Cannabis use has been identified
as a risk factor for mental illness such as psychosis, schiz-
ophrenia [21,31,32] and psychiatric symptoms such as
panic attacks [33]. Teens who smoked marijuana at least
once per month in the past year were found to be three
times more likely to have suicidal thoughts than non-
users [34], and there is evidence that exposure to cannabis
may worsen depression in youth [35]. Marijuana use
among youth has also been associated with other sub-

stance use and school failure [36]. What is interesting is
that the findings of this study suggest that youth have little
awareness of some of these risks; rather, some are using
marijuana to counteract these very problems (e.g., depres-
sion, school failure). Teens' perceptions that their health
concerns were not addressed suggest that more attention
is needed to assess these issues and ensure that other
options are available to them. Parents and health care pro-
viders need to make a concerted effort to not only under-
stand the pressures and influences on youth [37], but also
gain a better understanding of the effect of youths' health
problems on their ability to engage in healthy lifestyle
choices.

Underlying problems related to youth health concerns
also need to be addressed. In many situations, the partici-
pants' symptoms appeared to be directly related to their
life circumstances. Along with the challenges inherent in
being an adolescent in today's complex world, some teens
were also trying to deal with significant losses (death of a
close friend or family member), extremely difficult family
relationships, disappointments with friends, school and
sports, and a fragile family and peer support network. The
risk of substance use increases substantially when youth
are attempting to deal with these kinds of situations in
isolation. Although marijuana provided the youth with
temporary relief, the underlying situation often went
unattended – leading the teens into a regular pattern of
use. Appropriate guidance and targeted support from
counselors and health care providers must be sensitive to
meeting the needs of youth as they work through such sit-
uations and life altering events. In addition, adults work-
ing with youth must find better ways to talk with young
people about how they are coping with their health issues,
including their marijuana use. Based on the experiences of
youth in this study, there is a wide range of support that
may benefit youth including counseling, stress manage-
ment, social skills training, anger management, study
skills, pain management, and sleep hygiene. The youth in
this study had minimal access to these types of resources.

The influence of the policy environment in Canada related to
medical marijuana cannot be dismissed. The youth in this
study were familiar with medical marijuana and its sanc-
tioned use among those with serious illnesses; some knew
individuals in their social network who were medical mari-
juana users. In addition, we acknowledge that the availability
of marijuana in the study settings provided teens with oppor-
tunities to try marijuana to relieve symptoms. In locales
where it is more difficult to access marijuana and penalties
for possession of marijuana are harsh, teens with similar
symptoms may use other approaches.

Despite presenting themselves as being sophisticated
users of marijuana, with a rich knowledge of marijuana
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acquired through direct experience, conversations and
observations of others, the youth in our study did not
appear to be well informed about the therapeutic use of
marijuana. Targeted education for youth regarding the
risks of marijuana and its appropriate use as a therapeutic
agent is warranted, including the risks of legal sanctions.
However, as Tupper [38] has suggested regarding drug
education, fear-based approaches are unlikely to be effec-
tive when the reality of youths' observations and experi-
ences suggest that few serious consequences stand in
direct contrast to the "facts" teachers often provide. Alter-
native approaches are required that acknowledge the com-
plexity of the issues that inform understandings of
marijuana. Tupper suggests that drug education be framed
using the metaphor of "drugs as tools" to allow "more
nuanced understandings of the benefits and harms of
drugs, depending on who is using them, in what circum-
stances, and for what purpose" (p. 235). This approach
may be useful in education focused on marijuana.

This study was conducted in three locations in the prov-
ince of British Columbia (BC) Canada and as such may
not be generalized to other contexts. The province of BC is
known for its illicit marijuana production [39]. And, in
general the BC public is tolerant of marijuana use and
support decriminalizing recreational use. In other con-
texts, teens might turn to other substances such as alcohol.
The findings of this study provide a snapshot of these
teens' use of marijuana. Further research is required to
examine how this therapeutic use evolves over time.

Conclusion
In summary, this study highlights youths' efforts to
address their health problems and their experiences in
using marijuana for relief. Marijuana may be perceived by
some teens to be the only available alternative for those
experiencing difficult physical or emotional problems
when medical treatments have failed or when they lack
access to appropriate health care. As has been noted in
other studies of substance use [40], understanding why
adolescents use particular substances is key in developing
appropriate educational and intervention programs.
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Who is Using Cannabis as a Medicine 

and Why: An Exploratory Studyt 

Alan C. Ogbome, Ph.D. * ;  Reginald G. Smart, Ph.D. * ;  
Timothy Weber, B .A.* *  & Carol Birchmore-Timney, M.A. * *  

Abstract-This article reports on an exploratory study of medical cannabis users. Interviews were 
completed with 50 self-identified medical cannabis users recruited through notices in newspapers 

and on bulletin boards. They reported using cannabis for a variety of conditions including HIV
AIDS-related problems, chronic pain, depression, anxiety, menstrual cramps, migraine. narcotic 
addiction as well as everyday aches, pains, stresses and sleeping difficulties. A majority also used 

cannabis for recreational purposes, and many were longer-term cannabis users. However, there were 
some notable exceptions. Almost all smoked cannabis and many did so two to three times a day. Few 
admitted negative experiences with cannabis, although some problems evident to the researchers 
were not clearly admitted. Those who told their doctors about their medical cannabis use found 

doctors noncommittal or supportive. The results raise questions about the definition of medical 
cannabis use and about policies that might be developed to accommodate such use. Limitations of 

the study are noted and further research suggested. Research priorities include population surveys, 
studies involving larger, more representative samples of medical cannabis users and studies of medical 
cannabis use among people with HIV-AIDS. 

Keywords-cannabis, HIV/AIDs, medical marijuana, self medication 

Cannabis has a long history of use as a medicine, and 
during the 1 9th century extracts of cannabis were recom
mended by respected physicians for a wide range of medical 
conditions (Grinspoon & B akalar 1 997). Cannabis was 
considered to have analgesic, sedative, anti-inflammatory, 
antispasmodic, anti-asthmatic and anticonvulsant proper
ties and promoted for the treatment of tetanus, cholera, 
pruritis, uterine dysfunction, labor and menstrual pains, 
gout, asthma, neuralgia, rheumatism, convulsions and 

tThe views expressed in this paper are those of the authors and do 
not necessarily reflect those of the Centre for Addiction and Mental Health 

*Senior Scientist, Centre for Addiction and Mental Health, London, 
Ontario, Canada. 

* *Research Associate, Centre for Addiction and Mental Health, 
London, Ontario, Canada. 

Please address correspondence and reprint requests to Alan C.  
Ogbome, Ph.D., Addiction Research Foundation, UWO Research Park, 
I 00 Collip Circle, Suite 200, London, Ontario, Canada N6G 4X8. E
mail: ogbome@julian.uwo.ca 

Journal of Psychoactive Drugs 435 

depression. Early in the 20th century the use of cannabis 
fell out of favor with the medical profession due to the dis
covery of newer, more stable and effecti ve drugs. A 

· synthetic form of THC (dronabinol or marino)) has since 
been developed for the treatment of nausea associated with 
chemotherapy and AIDS-related anorexia. However, until 
recently, cannabis has mainly been used il legally as a 
recreational drug with the intention of getting high rather 
than treating medical conditions. 

Anecdotal and journalistic evidence indicating that 
cannabis is regaining popularity as a medicine has been 
accumulating since the 1 970s. Personal testimonials from 
users and statements by lobbyists and some physicians have 
indicated that cannabis is used by people suffering from 
glaucoma, multiple sclerosis, epilepsy, mood disorders, and 

other disorders that cause pain,  muscular tension or spasms 
(Campbell l 996). One study of people using a buyers' club 

Volume 32 (4), October - December 2000 



Ogborne ct al. 

in California showed that many were using cannabis to treat 
AIDS-related symptoms or for a variety of chronic pain, 
neurological and psychiatric disorders (Harris, Mendelson 
& Jones 1 998). 

There are two published studies of medical cannabis 
use among people with HIV/AIDS. The first was a survey 
conducted during 1 993/94 that involved patients of an AIDS 
clinic in Alabama (Dansak 1 997). Of the 72 patients inter
viewed, 33 ( 46%) were currently using cannabis and almost 
all had used it before the onset of AIDS/HIV. Most current 
users had used cannabis for medical reasons as i t  had ben
eficial effects on gastrointestinal conditions such as nausea, 
vomiting, indigestion and appetite. A few also noted that 
cannabis helped alleviate depression and two noted that i t  
reduced anxiety. 

The second study of medical cannabis use by persons 
with HIV I AIDS was conducted in Hawaii (Wesner 1 996) 
through an AIDS Newsletter. It reached 374 persons affected 
with AIDS or HIV but only 35% responded, and it is not 
clear whether respondents were more l ikely to have used 
cannabis than nonrespondents. Of those who did respond, 
36.9% had used cannabis as a therapy for AIDS symptoms; 
of those who had also used prescription anti-emetics, 80% 
preferred cannabis. A third of those who had used cannabis 
medically had not discussed this with their doctors. 

There are no published surveys of medical cannabis 
use among people suffering from chemotherapy-induced 
nausea, multiple sclerosis, epilepsy or other physical con
ditions for which cannabis is said to be helpful .  However, 
several surveys have shown that cannabis use is common 
among psychiatric patients who often seem to use cannabis 
to medicate psychiatric symptoms (Beesley & Russell 1 997; 
Rohnaar & Ti mmerman 1 997 ;  Mathers et al . 1 99 1 ;  
Blackwell, Beresford & Lambert 1 987). 

The prevalence of medical cannabis use is not known 
except in Ontario, where the results from a province-wide 
survey of adults aged 1 8  and over indicate that about 2% 
had intentionally used cannabis for self-defined medical 
reasons at least once in the past year. This represent 7.6% 
of those who had ever used cannabis and 22% of those who 
had used cannabis in the last year. No comparable figures 
are available from other Canadian provinces or from other 
countries. The latest national drug survey in Canada was in  
1994 and this showed that 7 .6% of the adult population had 
used cannabis in the past year (Smart & Ogborne 2000). 
However, no questions about medical cannabis use were 
included. 

The medical use of cannabis raises new and important 
medical, social policy and legal issues concerning the rights 
of people to use an il legal substance for medical reasons. In 
the United States and in Canada there is considerable pub
lic support for the medical use of cannabis and for the rights 
of physicians to recommend cannabis to people who might 
benefit from it (Lindesmith Centre 1 998; Angus Reid Group 
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1 997). Attempts have also been made to establish buyers' 
clubs to provide cannabis to those with legitimate medical 
needs, and several recent court rul ings have been in favor 
of the rights of sick people to use cannabis for medical 
reasons. More information is therefore needed on the 
nature and extent of medical cannabis use and on motiva
tions, characteristics and experiences of those involved . 
This is especially so because cannabis is used medically 
by some of the most vulnerable and sickest people. This 
article reports a study that explores why people use can
nabis for medical reasons, the effects they get, their methods 
and patterns of use, their experiences with physicians and 
their encounters with the Jaw. It provides an analysis of 
i nterviews wi th 50 cannabis users in Toronto. 1 These 
i nterviews were conducted to ( I )  assess the feas ibi l i ty 
of a larger study invo lv ing  medical can nabis users 
and (2) explore opinions and practices concerning the 
medical use of cannabis. Implications for further research 
and for social policy are considered in the discussion. 

METHODS 

Those interv iewed were recruited mostly through 
notices placed in newspapers and on bulletin boards at the 
Addiction Research Foundation, downtown bookstores. 
grocery stores, restaurants, and laundromats, AIDS cl inics 
and drop-in centres and an informal buyers' club. These 
notices i nvited those who had ever used cannabis for medi
cal reasons to share their experiences in a confidential 
in terview. A few respondents (Jess than five) were also 
recruited through contacts with professionals and through 
the use of snowball sampling. Those who called in response 
to information about the study and who said that they used 
cannabis for medical conditions were invited for an inter
view. Most interviews were conducted at the Addiction 
Research Foundation. Others were conducted in respon
dents ' homes, at a drop-in centre, or a restaurant; two 
i nterviews were conducted by telephone. All those inter
v iewed were paid $ 1 0. All  i nterv iew questions were 
open-ended and encompassed a range of topics .  In this 
article, the focus will be on: ( I )  reasons for the medical 
use of cannabis; (2) other attempts to treat the conditions 
for which cannabis was used; (3) routes to cannabis use ; 
(4)  methods o f  use ;  ( 5 )  patterns and amounts of use ;  
(6)  sources of supply; (7)  negative experiences with can
nabis; and (8) experiences w ith physicians. 

RESULTS 

Fifty (50) individuals were interviewed over a six
month period. About 70 others inquired about the study 
but could not be contacted. Twenty others did not show up 
for interviews. Of the 50 people interviewed 33 (66% ) were 
male. The average age was 38 ,  with a range from 26 to 57. 
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TABLE 1 
Main Medical Condition for which Cannabis Use was Reported: Number of Respondents 

HIV I AIDS-related symptoms I I  
Chronic or recurrent pain due to injury or of unknown origin 7 
Clinical depression* 6 
Chronic stress or anxiety** 3 
Narcotic addiction 2 
Menstrual cramps 2 
Anorexia/bulimia 2 

Asthma 2 

��� 2 
Multiple self-diagnosed minor aliments and everyday stress* *  2 
Epilepsy 2 
Lupus I 
Graves disease I 
Vocal Tourette's Syndrome I 
Multiple sclerosis I 
Retinitis pigmentosa (night blindness) I 
Chemotherapy-induced loss of appetite I 
Unexplained nausea 
Hepatitis 
Crohn's Disease 
Arthritis 

•For whtch they had recetved medtcal or psychtatnc treatment (not noted m text). 
**Did not seek treatment. 

Medical Reasons Reported for Cannabis Use I can see clearer . . .  a little sharper . . . .  Sometimes my eyes 
Table I shows the conditions for which respondents 

said they used cannabis. The majority (n=34) reported us
ing cannabis to treat symptoms of organic illnesses or to 
treat pains due to accidents or unknown causes. The most 
common organic i l lness was HIV I AIDS (n= 1 1  ). Others 
(n=9) said they used cannabis for serious psychological 
problems (clinical depression or chronic anxiety), anorexia 
(n=2) or symptoms related to narcotic addiction (craving 
and methadone-related nausea). One person claimed to use 
cannabis to treat chronic but unexplained nausea. Finally, 
two reported using cannabis to treat minor medical condi
tions and cope with everyday stresses. 

A wide range of symptoms or conditions were report
edly relieved by cannabis including difficulty sleeping, 
physical pain, loss of appetite, nausea, seizures, tics and 
muscle spasms ,  cravi ng  for narcotics ,  loss  of energy, 
depression and anxiety. Table 2 shows the frequency with 
which specific symptoms were mentioned. The total num
ber of symptoms exceeds the number of respondents 
because many reported using cannabis for two or more 
symptoms or conditions. Typically nausea and loss of 
appetite were mentioned together as were depression and 
an xiety . 

The reported reasons for taking cannabis varied greatly: 

Its mostly for spasms. I use it for relaxing . . .  I get a lot of 
pain running all down my neck . . . .  I get a lot of spasms coz 
of the HIV . . .  It (cannabis] helps because it relaxes me and 

gets rid of the muscle pains in my neck. (male with HIV) 2 
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start . . .  pulsating . . .  itchiness and stuff and after I do one of 
those [smoke a joint] . . .  no problem. (male with retinitis). 

If I have no marijuana I'm no good for nobody . . . .  But the 
moment I smoke a joint I ' ve got self-esteem, it makes me 
feel good. (male with HIV). 

I could not control my focus . . .  I have double vision . . .  it [can
nabis] helps me . . . .  The condition of my eyes has improved 
and he [the doctor] could see this because he made me undergo 
tests. (male with eye problems related to Graves disease). 

. . .  to increase my appetite . . .  my metabolism bums very 
fast. Can't gain an ounce . . .  can't even maintain weight un
less I eat five, six times a day. Can't bring myself to do that 
unless I smoke a couple of joints. (male with anorexia). 

I have really excruciating pain and I find it [cannabis] helps. 
(female with chronic back pain). 

He is currently using medical marijuana for pain relief for 
lupus and vascularities associated with lupus: capil laries 
break and it results in sores that are quite painful. A second
ary use is to relieve nausea and pain associated with the 
drugs for lupus. ( Interviewer notes on male with lupus). 

If  I ' m  seizuring I will get someone . . .  [and] they'll come by 
with a couple of joints and . . take a puff . . .  then in a few 
seconds or a few minutes I got no seizure problems what
ever. It's amazing how it works. (male with epilepsy). 

I take 30 pills a day . . .  I feel nauseated most of the time . .  
marijuana takes care of the nausea . . .  prescriptions from the 
doctor . . .  don't work as well. (male with HIV). 
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TABLE 2 
Number of Respondents with Symptoms Reported to be Relieved with the Use of Cannabis* 

Problems sleeping 28 
Loss of appetite 2 1  
Nausea or pain (including menstrual cramps and headaches) 1 4  
Depression 1 2  
Anxiety/tension I I  
Ticks and muscular spasms I 0 
�ru� 4 
Loss of energy 3**  
Difficulty breathing (asthma related) 2 
Craving for heroin 2 
Anger 
Eye irritation and double vision (in Graves Disease) 

* Number of symptoms exceeds number of respondents because some respondents reported two or 
more symptoms that were relieved by cannabis. 

* * Includes one person who developed seizures following the onset of HIY infection . 

. if you're feeling really, really bad some days . . .  eh 
maybe escape isn't the right word because it's a drug but it 
gives you some relief to make that go away for a while . . .  if 
I am really bad I don't take the Tylenol 3. I would rather take 
a few tokes. (female with multiple sclerosis). 

It's an unexplained nausea . . .  to the point of vomiting . . .  I 
won't eat for three to four days and then I ' l l  still be vomiting 
like dry heaves. I just like a little bit [of cannabis] . . .  it's just 
to make it go away . . .  ( female with nausea). 

To induce my appetite because I 'm on methadone . . .  I lost 
about 25 pounds cause of it . . .  suppresses your appetite but 
it also make you nauseous . . .  I wasn't eating at all for three 
days at a time . . .  so I started smoking . . .  it worked for the 
nausea when I was pregnant . . . and it helps me sleep. (female 
with nausea and narcotic addiction). 

I find [prior to menstruation] my body goes through . . .  aches 
and pains and back pains . . .  and when I smoke marijuana it 
tends to relieve it . . .  I 'm able to function . . .  as opposed to 
going and taking a Midol or going to my family physician . . .  
for a synthetic prescription. ( female with menstrual cramps).  

I started smoking because that was the only way I could eat 
and function. Otherwise I had to stay in bed . . .  [ I ]  was so 
sick. But when I smoked a joint I can clean the house . . .  
eat . . .  but as soon as i t  passed I have to go back to bed. 
( female with HIV) .  

Bulimia, anxiety, depression . . .  what it does [cannabis] is  i t  
calms down my system so that I can eat and think rationally. I 
get all my stuff down and then it's time for bed. ( female with 
anorexia). 

[Cannabis) helps me with my nerves and sometimes with 
pain . . .  I don't know if I could . . .  live and be functional 
without it [cannabis] unless I got something under a doctor's 
care but because of my liver any pills are bad for me. (female 
with anxiety and hepatitis). 

I use it [cannabis) to alleviate cravings for heroin. It  helps me 
get through the day without using heroin.  (male receiving 
methadone). 
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Nausea, which you suffer from a lot when you have 
Crohn's, [also] loss of appetite . . .  lot of pain it would help 
with that. Also . . .  with Crohn's you'd have a lot of like 
spasms of your stomach or your bowel inside and it would 
help with that. (male with Crohn's disease). 

If I 've got a boardroom meeting let's say at 3 :00 today. at 
I :00 I ' ll take a "butt" . . . .  I 'm very . . .  lucid. (male with 
Tourette's Syndrome) .  

Treatments Other than Cannabis Tried for Main 

Conditions and Symptoms 

Other attempts to treat the symptoms and condi tions 
that motivated self medication with cannabis were quite 
variable. In some cases it was not clear that alternatives to 
cannabis had been tried. However, in other cases cannabis 
was described as superior to other, more conventional, treat
ments: 

[ I 've tried] Dilantin and phenobarbital but they were not 
controlling the seizures . . . .  I ' ve not used any other medica
tion (except cannabis) since 1 97 1 .  ( male with epilepsy). 

Two specialists . . .  gave me pills . . .  but they didn't make a 
noticeable difference . . . .  I ' ve tried health food stuff . . .  it 
just takes a little bit [of cannabis] . . .  to make it (nausea] go 
away. (female with chronic nausea). 

So . . .  I tried . . .  Prozac . It did not help me . it made me a 
different person . . .  very introverted . . .  withdrawn. (female 
with migraines and insomnia). 

I was taking tons of medication a major dose of 
Anafranil [an antidepressant] and . . .  Rivatrol (an anticon
vulsant] and . . .  they were getting me very lethargic and laid 
back . . .  what was happening was it was getting me so 
stoned and so happy . . my tics didn't go away . . .  [but] I 
couldn't give a hoot and hinny . . .  ( male with Tourette's 
Syndrome) 

They [doctors] gave me Tylenol 3s and they made me a bit 
groggy . . . .  I wanted to work . . .  I noticed that when I took a 
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bit of marijuana it alleviated the symptoms and allowed me 
to function normally. (male with repetitive strain injury). 

I was on Serax [a sedative] once for almost a year but I 
found that taking Serax made me sick. It made my stomach 
feel real weird. So I discontinued it .. marijuana makes you 
feel strange but it's a good kinda strange . . .  it's not the 
kinda stone where you 're walking around and your head 
feels like it's 1 5  miles high. (male with HIV). 

I tried di fferent pain killers and at first they seemed to be 
okay but . . they stopped writing prescriptions for me. I 
found it [the marijuana] helped. It made me motivated and 
gave me energy and kept me active. (female with back pain). 

I was taking Valium, diazepam . . .  like I took it for like three 
years and then I started smoking marijuana . . .  I didn't have 
the same feelings I had when I was taking the Valium. I felt 
more calm, more relaxed . . . .  I t  was able to open my appetite 
to eat. (male suffering from depression). 

Wel l ,  I suffer from depression and when you're really, really, 
really depressed a joint works a lot better . . . .  I 've tned all 
the antidepressants, like all of them and I 've just given up on 
it . (male with depression). 

Cannabis was, however, also sometimes used in com
bination with drug treatments that respondents found 
helpful .  

I ' m  a chronic asthmatic, S o  . . .  I 'm using i t  [cannabis] in 
combination with . . .  Beclavent which is a long-term steroid 
and occasional use of Vento! in, an immediate release asth
matic drug, just for when you're in a crisis situation . . .  and I 
find a little marijuana on the side does help. (male with 
chronic asthma). 

I fell  down a flight of stairs . . .  and found myself in a lot of pain 
. . . decided to stop taking the prescribed medication because I 
ballooned up to 235 pounds . . . .  I 'm back to taking Tylenol 3s 
but I 've reduced my intake to more than half since I 've started 
smoking [cannabis) .  (Female with chronic pain). 

Only one person with HIV/AIDS reported being pre
scribed Marino]® (synthetic THC) for HIV/AIDS-related 
anorexia and nausea. However, he claimed that this had no 
noticeable effects. Apart from the perceived medical advan
tages of cannabis, some respondents also valued cannabis 
because it was relatively inexpensive or "natural": 

It [Marino!®] is like $700 for a month's supply of 90 pills 
and that's the max you can get. . . .  So that's why I'd rather 
buy cannabis on the street with the welfare cheque (male 
with HIV). 

Because it's a natural, organic thing, instead of taking these 
chemical prescriptions which I don't like. I ' m  a naturalist 
and I ' d  rather do something that grows naturally. ( female 
with anorexia, bulimia and depression). 

I would much rather use something natural-a plant product 
. than a chemical or pharmaceutical drug coz I found that 

they have a lot of side effects. (male with Crohn's disease). 
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Routes to Cannabis Use 

The majority (n=42) of interviewees had at least some 
experience with cannabis as a recreational drug, and some 
(n=30) described a long history of recreational use (seven 
to 35 years). In these cases self-defined, medical cannabis 
use typically started when recreational use was found to be 
helpful for medical or psychological problems: 

I had lost a lot of weight. I was down to like 97 pounds. 
When I started smoking marijuana I started just smoking it 
causally . . .  to be part of the crowd. But, I noticed the more 
that I smoked, the hungrier I got and the more that I eat, I 
found the better I sleep. (male with HIV). 

I used to smoke when I was younger but that was when I 
guess when I started first smoking it was more recreational, 
with the guys sort of thing, then I stopped for quite a long 
period of time-I was a very hyper person. So . . .  then I 
decided to smoke it again. (male with insomnia). 

When I used to smoke it [cannabis] for recreation I was run
ning a lot of track and field and that's . . .  when I noticed 
when I . . .  pulled muscles and so forth the pain wasn't there 
at all. (male with migraine). 

I had tried it for recreational use back as a teenager . . .  and I 
found that . . .  there's times when I was feeling bad with my 
illness and I 'd  smoke some and I felt better . . . .  So, urn, I 
thought that it probably might work for me and . . .  It worked 
better than most of the medicine I was taking. (male with 
Crohn's disease). 

I 've been smoking dope for 24 years. Originally, peer pres
sure, getting high, now I don't even get high, I smoke it to 
increase my appetite . . .  Can't even maintain weight unless I 
eat five, six times a day. Can' t  do that unless I smoke a 
couple of joints. (male with anorexia) . 

Respondents with no, or very limited previous experi
ences with cannabis (n=9) started using it medically after 
reading about it or on the advice of others. Two reported that 
they first started using cannabis on the advice of a physician: 

I was drinking beer at the time . . .  a friend asked me if I 
wanted to try it and . . .  was shocked to find out how it made 
me feel. It was just magic. (male with AIDS). 

A friend made me some Sleepy Time tea with cannabis in it. 
(male with Tourette's Syndrome). 

Dr . . . .  was seeing me for epilepsy suggested that I smoke a 
joint before I came for the next visit . . .  and I did. . . he was 
having trouble controlling the epilepsy. (male with epilepsy). 

Around four or five years ago I read and even my doctor had 
suggested that maybe that this was a good thing . . because 
of my . . .  problem with wasting. (male with HIV). 

Methods of Cannabis Use 

Smoking was the primary and the preferred method for 
using cannabis either because it was inherently enjoyable or 
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because of its advantages over other methods of use. 

I just smoke it . . . .  I have tried hash brownies and I 've tried 
marijuana brownies . . .  but to me the high is not the same . 
I smoke cigarettes constantly, right? . . .  to smoke a joint is 
the same thing as smoking a cigarette except for you're get
ting a buzz off a joint (male with HIV)  

I 've eaten i t  in  the past. . . .  I ' ve drank i t  in tea . . . .  put  it in  
sauces and cooking . . .  for me immediate effective relief is 
smoking . . .  eating is too expensive . . .  smoking you don't 
need as much to get the effect what-have-you and it's more 
immediate too. (male with epilepsy). 

It's just easy to do [smoking] . . .  you have to put it and j ust 
light it up . . .  so it's a lot easier. (male on methadone). 

Some advantages to eating or drinking cannabis were 
identified: 

In tea form . . .  it effects you faster, it's absorbed faster . . .  
but it is a totally different high . . . . .  It's more of a body type 
stone . . .  relaxes your body whereas if you smoke it, it still 
has the same effect but it's more of a head stone as wel l .  
(male with Crohn 's Disease). 

I think it's longer lasting [eating or drinking marijuana] . 
don 't have to worry so much about the smell of it .  (female 
with pain from an accident) 

I worry about the respiratory side effects and the social as
pects-sometimes . . . .  my partner doesn 't like me to smoke 
in the house so I step outside and the neighbors can smell it 
and I'm not always comfortable with that. (male with mul
tiple HIV-related problems). 

It [cannabis] can make me lazy. . It makes me cough. (male 
with depression) .  

What about my lungs and throat and I don't want to  be  smok
ing at al l .  I 'm a nonsmoker at heart. ( female with chronic 
pain). 

Only two respondents said that they never smoked can
nabis. One was the person with Tourette's Syndrome who 
reported drinking cannabis in tea. The other was a woman 
who used cannabis in tea or banana bread for menstrual 
cramps. One respondent had a novel method of using can
nabis: 

I 'm mixing it with alcohol. . . .  crushed up as a paste and rub 
it on my chest as a plaster for like . . .  lung infections or 
colds. (male with migraine). 

Patterns and Amount of Cannabis Use 

Thirty five (70%) of respondents typically smoked can
nabis every day, and among these daily users, the majority 
smoked two to three times a day. Those using cannabis to 
stimulate their appetites used it at meal times, while those 
who ever used cannabis to help them sleep (n=28), used it 
later in the evenings. 
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Total daily consumption was, however, quite variable. 
One person reported smoking up to ten joints a day while 
another said that she made a joint last all day by only tak
ing a few puffs before meals .  Based on reports of the costs 
of cannabis and typical monthly expenditures the average 
monthly consumption was between one and two ounces. 
with a range from less than one quarter ounce to over three 
ounces. These estimates included daily users but excluded 
those who reported growing their own cannabis or getting 
it free. 

Thirteen3 respondents reported that, in most cases their 
use of cannabis was closely associated with symptom re
lief or avoidance: 

I start smoking about two weeks before my period begins. 
( female with menstrual cramps) .  

If I can do  without i t ,  I do  without i t .  Even if I have my tics 
back I do without it. I like to keep it for that special moment 
. . .  when I have to make a presentation . . .  [at] a board 
meeting. (male with Tourette's Syndrome). 

However, in the majority of cases (n=37) cannabis was 
also used recreationally and the distinction between medi
cal and nonmedical use was blurred: 

It's beautiful when you can sit down and smoke a l ittle joint 
and just get wasted out of your face . . .  yes we like the high. 
(male with HIV).  

Sometimes a friend comes over in the morning of whatever 
and its like a beer on a Sunday afternoon. . ( female with 
nausea). 

For those few (n= l 3)4 who said they did use cannabis 
recreationally, the cannabis high was either seen as a medi
cal benefit or as a state to be avoided. 

I just go with it  . . .  it makes me feel better you know. once I 
start feeling better then I know I ' m  there . . .  I just look at it 
as a pleasant side effect . . .  getting a bit high. (male with 
Crohn's Disease). 

The high is the one that gives me the enelg)'. (female with HIV). 

Don 't like getting high because the disorganization gets 
worse. (male with migraine headaches). 

Sources and Methods of Supply 

Almost all respondents obtained cannabis from regu
lar dealers or friends. However, two reported that they grew 
their own and one reported going to a buyers' club. 

It  seems more legitimate (going to the buyers' club) than 
meeting someone on the street . . .  and you don't know if 
you're gonna get ripped off or beaten up. (male with HIV) .  

Only two reported that they did not have established sup
pliers of cannabis and went in search of cannabis whenever 

Volume 32 (4). October - December 2000 



Ogborne et al. 

they needed it: 
I have to go and wait for somebody to show up at these 
places where they sell . . .  it's too far away and sometimes I 
go there and they' re not there. ( female with HIV). 

I phone people who might know somebody coz nobody I 
know smokes. So I ' m  asking them to lean on their friends. 
( female with chronic pain). 

Finally, one respondent said that he got cannabis from his 
doctor: 

He just gets it for me and I have to come in to get it . . .  so I 
never get accosted by anybody. (male with HIV) .  

Negative Experiences Associated with Cannabis Use 

About a third of those interviewed reported being 
stopped and searched for cannabis or other drugs and drug 
paraphernalia at some time. These were typically long-tenn 
recreational users, but two who saw their use of cannabis 
use as strictly medical had also been arrested and charged. 
One won a court case by convincing the judge that the can
nabis was used for medical reasons, while the second was 
preparing to challenge a conviction for possession on the 
same grounds. A third, strict medical user with AIDS had 
been contacted by the police following a complaint from a 
neighbor. However, no arrest was made and the respon
dent felt that the police were "very humane" when they 
suggested that he could avoid upsetting the neighbor by 
smoking on a private balcony. 

That cannabis is an illegal drug weighed on the minds 
of most respondents and they were careful to avoid being 
arrested. However, medical use was also seen as poten
tially giving immunity to serious legal consequences: 

l " m  HIV positive . . . What are you going to do? Gonna send 
me to jaiJ? (male with HIV) .  

Some respondents had been harmed by their use of 
cannabis, but this was not always acknowledged. One, who 
saw cannabis and drug use generally in a very positive light, 
had been severely hurt while riding a bicycle under the 
influence of cannabis and had since continued a dysfunc
tional lifestyle involving the heavy use of cannabis and other 
drugs. Another gave an incoherent account of how can
nabis had helped him psychologically, but it appeared that 
some of his problems (anxiety and depression) were drug
induced .  One other respondent ,  who suffered from 
depression, also speculated that this may have been made 
worse by cannabis use. 

Having to buy on the street resulted in a financial bur
den for most interviewees. The appetite stimulant effects 
of cannabis were negative consequences for two respon
dents who were not using it for that reason. Most did not 

see cannabis as having any negative effects. However, the 
following negative effects were each mentioned by at least 

lou mal of Psychoactive Drugs 441 

Who is Using Cannabis as a Medicine 

one respondent: rejection by family members, lethargy, 
apathy, cough or throat irritation from smoking, thirst. loss 
of concentration, short-tenn memory loss, paranoia, severe 
intoxication and depression. 

Many interviewees were using cannabis two or more 
times a day for a long time and they could be expected to 
experience withdrawal symptoms if they ever stopped us
ing. However, none expressed significant concerns about 
cannabis dependence: 

I am dependent already, it doesn't bother me. cuz I 'm still ok 
and it helps me lead a healthy life. (female with HIV-related 
anorexia). 

No, I ' m  not concerned about becoming dependent. . . . I 
know it's slightly habit forming but it's not a chemical ad
diction like cigarettes. (male with Crohn 's Disease) .  

I do get some withdrawal effect . . .  here is a little bit of con-
cern mostly because it's i l legal . . . .  if I could just get it at the 
drugstore I wouldn't have much concern. (male with chronic 
pain). 

I think it's more of a psychological addiction than a physical 
one for me because I 've gone days without it. If I became 
dependent it would be more emotionally than physically. 
(male with HIV). 

Experiences with Physicians 
Only twelve respondents said that they had not told 

their physicians that they were using cannabis for medical 
or other reasons. Others had told their physicians and found 
their reactions mostly noncommittal but sometimes clearly 
positive. Only three said their doctors discouraged them 
from using cannabis: 

Well he [the doctor] doesn ' t  approve of it but in a stupid 
little way he does approve of it because he knows that from 
my . . .  personal experience telling him of just how much 
good it's done for me. (male with HIV). 

My psychiatrist is very old school. He's telling me that I can 
become addicted. . . He would rather see me go through 
surgery and nerve blocks. (male with chronic pain ) .  

Almost all of those with HIV/AIDS had told their phy
sicians about their use of cannabis and had found physicians 
to be very understanding and supportive. Physicians were 
also reported as being sympathetic or supportive of can
nabis use by at least one respondent suffering from nausea 
and weight loss associated with methadone treatment, 
chronic pain, epilepsy, menstrual cramps. Crohn 's Disease. 
repetitive strain injury, and depression. 

SUMMARY AND DISCUSSION 

This exploratory study shows that cannabis was being 

used for a range of medical reasons. Among those interviewed 
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the most common conditions associated with cannabis use 
were HIV/AIDS-related problems, chronic pain, depression 
and anxiety. However, cannabis was also used to treat men
strual cramps, anorexia ,  narcotic addiction ,  migraine,  
Tourette 's  Syndrome, lupus, Grave ' s  Disease, epi lepsy, 
retinitis, chemotherapy-induced loss of appetite, Crohn 's 
Disease, arthritis and everyday aches, pains, stresses and 
sleeping difficulties. Specific symptoms that were report
edly relieved by cannabis included sleeping difficulties, 
nausea, loss of appetite, pain ,  depression and anxiety, tics 
and seizures, loss of energy, breathing difficulties, craving 
for heroin, anger and vision problems. Typically, medical 
cannabis use followed recreational use and the majority of 
those interviewed were long-term, and sometimes heavy, 
recreat ional  users . Most  cont i nued to use cannabis  
recreationally as  well as  medically. However, the sample 
also included some people whose use of cannabis was pri
marily initiated by the desire to treat medical conditions 
for which other treatments were unsatisfactory. 

Almost all interviewees smoked cannabis and only two 
regularly used it in other forms (in tea or baked in a muf
fin) .  The majority used cannabis two to three times every 
day. Cannabis was usually obtained from friends or regular 
dealers but one person obtained it from his doctor. Respon
dents were acutely aware that possession of cannabis was 
il legal and they took precautions to avoid arrest. About a 
third, mostly those who used cannabis recreationally, had 
been stopped by police and searched for drugs. Three of 
those who had only used cannabis for medical reasons had 
been involved with the police but only two had been charged 
and one had won a court case. Few admitted negative expe
riences associated with cannabis use or expressed concerns 
about being dependent on it. However, some problems that 
seemed evident to the researchers were not always clearly 
acknowledged as related to cannabis (accidents, dysfunc
tional lifestyle, psychological problems). Most respondents 
had told their doctors about using cannabis for medical rea
sons and their doctors were supportive or noncommittal. 
Doctors were seen as supportive of cannabis use by most 
respondents with HIV/AIDS. 

The present study did not, of course, seek to determine 
if the reported medical benefits of cannabis were real or 
imagined or if they should be attributed to placebo effects, 
other treatments or natural recovery. It is likely that the 
medical benefits of cannabis were sometimes overstated, 
espec ially by long-term recreational users with positive 
views of cannabis .  Although respondents thought that their 
physicians supported their use of cannabis, it is not known 
if this was really the case. Some respondents also seemed 
to ignore negative consequences of cannabis use such as 
dependence and withdrawal. 

Many reported benefits of cannabis were consistent 
with those reported elsewhere. Cannabis was typically used 
for its sedative, analgesic, antispasmodic, appetite stimu
lating, anticonvulsant and euphoric properties.  These 
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properties were well known in the past century when can
nabis was used to treat conditions that required medications 
with these properties .  Although scientific evidence in 
favor of medical cannabis is l imited (Gurley, Aranow & 
Katz 1 998) ,  self-treatment with cannabis could become 
popular as more users publ icize their own experiences. This 
is especially so if the everyday aches and pains and psy
chological problems are promoted as medical reasons for 
using cannabis. 

The boundaries of medical cannabis use will be of con
cern if  more medical cannabis cases come to court. In the 
Canadian cases where medical necessity was successfully 
used as a defense against a charge for the possession of 
cannabis, the defendants had chronic and serious medical 
conditions (epilepsy and AIDS) and were strongly sup
ported by their physicians. Others who are able to convince 
the courts that their use of cannabis brings relief to other
wise untreatable conditions may also do well in court. 
However, those who use cannabis for less serious con
di tions that can be successful ly treated by other means 
may not fare so well ,  espec ially without a supportive 
physician.  

The boundaries of medical use are also of concern if 
new pol icies on medical cannabis use are developed. If 
such use encompasses use for self-diagnosed conditions 
then policies might be needed to ensure that all those who 
want to use cannabis for these conditions have access to 
quality-controlled cannabis products. If on the other hand, 
medical use i s  to be defined as use with the approval of a 
physician, more restrictive access will be needed. 

At present there are no completely satisfactory ways 
to deal with the issues of medical cannabis use. Apart from 
the difficulty of defining "medical ," there are presently 
many uncertainties about the objective benefits of cannabis 
as a medicine as well as legitimate concerns about side 
effects and the risks associated with cannabis smoking. 
Many i ssues could eventually be resolved through scien
tific research, i ncluding research on alternative methods 
of delivery such as nasal sprays. In the meantime, there 
are humanitarian reasons for devising ways to ensure that 
the seriously ill who find cannabis helpful can have access 
to a quality-controlled product. 

Studies of this sort always have limitations. The sample 
was small and drawn from one area of one city. Respon
dents were self-selected. The sampl ing strategy may have 
excluded those who were very sick and those who feared 
being identified as cannabis users . It may also have been 
biased towards HIV/AIDS cases as notices were put in 
AIDS clinics. A wider distribution of notices to psychiat
ric, neurological, pain and cancer treatment centres, clinics, 
or self-help groups may have attracted a wider range of 
users or a greater representation of some types. However, 
the study had limited resources and initially there was a 
concern that large numbers would come forward for inter
views, but this was not the case. It took four months before 
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50 interviews were completed and only about 1 20 calls 
about the study were received. 

It is clearly important to learn more about the extent 
of medical cannabis use in the general population and in 
populations at high risk. The present study suggests that 
priority should be given to studies of cannabis use among 
people with HIV/AIDS. Issues of concern should be the 
nature and extent of cannabis use as well as biomedical 
studies that assess the effects of cannabis on biological sys
tems. Studies of interactions between cannabis and the drugs 
used in HIV/AIDS treatment should also be given priority. 

NOTES 

I .  The notice soliciting the interview referred to mari
juana and not cannabis on the assumption that most medical 
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users would refer to cannabis this way. The name cannabis 
will be used throughout this paper except when quoting 
respondents who referred to cannabis as marijuana. 

2. All quotes use respondents own words. However, 
redundant words and phrases and those not directly rel
evant to a particular topic have been omitted. Words in 
brackets were added by the authors to clarify respondents 
statements. 

3 .  Approximate number. Some accounts of use pat
terns were difficult to interpret. 

4. See previous footnote. 
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Abstract

Background and Objectives—Δ9-tetrahydrocannabinol (THC) promotes sleep in animals; 

clinical use of THC is associated with somnolence. Human laboratory studies of oral THC have 

not shown consistent effects on sleep. We prospectively evaluated self-reported sleep parameters 

during controlled oral THC administration to research volunteers.

Methods—Thirteen male chronic daily cannabis smokers (mean ± SD age 24.6± 3.7 years, self-

reported smoking frequency of 5.5 ± 5.9 (range 1–24) joint-equivalents daily at study entry) were 

administered oral THC doses (20 mg) around-the-clock for 7 days (40–120 mg daily) starting the 

afternoon after admission. The St. Mary’s Hospital Sleep Questionnaire was completed every 

morning. Plasma THC and 11-OH-THC (active metabolite) concentrations were measured in 

venous blood samples collected every evening. Changes in sleep characteristics over time and 

associations between sleep characteristics and plasma cannabinoid concentrations were evaluated 

with repeated measures mixed linear regression.

Results—Higher evening THC and 11-OH-THC concentrations were significantly associated 

with shorter sleep latency, less difficulty falling asleep, and more daytime sleep the following day. 

In contrast, the duration of calculated and self-reported nighttime sleep decreased slightly (3.54 

and 5.34 minutes per night, respectively) but significantly during the study.

Conclusions—These findings suggest that tolerance to the somnolent effects of THC may have 

occurred, but results should be considered preliminary due to design limitations.
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Scientific Significance—Somnolence from oral THC may dissipate with chronic, high-dose 

use. This has implications for patients who may take chronic oral THC for medicinal purposes, 

including cannabis dependence treatment.

INTRODUCTION

Cannabis, the most widely used illegal drug,1 generally promotes sleep by activating 

cannabinoid CB1 receptors.2,3 This also is true of its primary psychoactive constituent, Δ9-

tetrahydrocannabinol (THC), whose oral formulation is approved for medical use in many 

countries. The approved product labeling for synthetic THC (dronabinol, Marinol® Untimed 

Pharmaceuticals, Marietta, GA) includes somnolence as a common side effect, reported in 

up to 10% of patients in clinical trials. However, human laboratory studies involving 

controlled administration of oral THC have not shown consistent effects on nighttime sleep 

latency or duration with single 1.5–30 mg doses,4,5 20–40 mg daily for up to 14 days,4,6,7 or 

210 mg daily for 16 days.8 Interpretation is limited by small sample sizes (2–10 subjects per 

study) and heterogeneity in degree of cannabis use at the time of study.3 We are not aware 

of any prior study that evaluated the relationship between sleep characteristics and plasma 

cannabinoid concentrations.

As part of a larger study on human cannabis withdrawal9 (registered as NCT01041170 at 

www.clinicaltrials.gov), we had the opportunity to evaluate effects on nighttime sleep of 

around-the-clock oral THC (increasing from 40 to 120 mg daily) for 7 days in 13 male 

chronic daily cannabis smokers. Furthermore, we examined the correlation of sleep effects 

with evening plasma cannabinoid concentrations.

METHODS

Participants

The study was approved by the institutional review boards of the National Institute on Drug 

Abuse (NIDA) Intramural Research Program, the University of Maryland School of 

Medicine, and the Maryland Department of Health and Mental Hygiene. All participants 

provided written informed consent when not acutely intoxicated or in withdrawal. Inclusion 

criteria were 18–45 years old, smoked cannabis for the prior 1 year and averaging daily use 

for at least 3 months prior to admission, cannabis use within 24 hours of admission, urine 

specimen positive for cannabinoids in the 30 days prior to study entry, normal cardiac 

function, and IQ ≥ 85 (based on the Wechsler Abbreviated Scale of Intelligence). Exclusion 

criteria consisted of past or present clinically significant medical disease that might interfere 

with safe study participation; history of psychosis or any current DSM-IV axis I disorder 

(other than cannabis, caffeine, or nicotine dependence, or simple phobia); current physical 

dependence on substances other than cannabis, nicotine, or caffeine; history of clinically 

significant adverse events associated with cannabis intoxication or withdrawal, for example, 

psychosis; ≥6 alcohol drinks/day ≥4 times/week in the month prior to study entry; sesame 

oil allergy; or current interest or participation in drug abuse treatment.

Participants were admitted to a secure research unit the evening before Day 1, 17.5–21 hours 

before their first oral THC dose. The unit had 24-hour staffing, ensuring that subjects had no 
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access to drugs except those provided in the study. Fourteen participants enrolled in the 

study; 13 completed.

Oral THC Administration

An escalating dose design was utilized. Oral synthetic THC (dronabinol, Marinol®) was 

administered in 20 mg capsules with increasing frequency (every 4–8 hours) for total daily 

doses as follows: 40 mg on Day 1; 100 mg on Days 2–4; and 120 mg on Days 5 and 6. All 

dosing occurred between 06:00 and 24:00, except for a 02:00 dose on Day 3. The first dose 

was administered on Day 1 at 15:00, 17.5–21 hours after admission to the research unit. This 

regimen standardized cannabis tolerance across participants while minimizing adverse 

events previously reported with 30 mg THC doses.10

Assessments

Sleep—Participants’ sleep characteristics prior to admission to the research unit were 

assessed with the Johns Hopkins Sleep Center Sleep History Questionnaire (SHQ) (92 six- 

or seven-point Liker scale items)11 and the Boringness–Eveningness Questionnaire (MEQ) 

(6 clock time items and 13 four-point Liker scale items)12 completed within one week of 

admission. This data provided baseline sleep characteristics prior to THC dosing.

After admission, subjects completed every morning (08:00–10:15) the St. Mary’s Hospital 

Sleep Questionnaire,13 a 14-item instrument assessing duration and quality of the previous 

night’s sleep. This questionnaire has previously been employed in outpatient14 studies of 

cannabis smokers.

In addition, the subjective feeling of “sedated” was assessed with a 100 mm Visual 

Analogue Scale (VAS) every night at 20:00 (as part of a larger battery of 11 VAS evaluating 

symptoms of cannabis intoxication and withdrawal).9 The VAS was anchored at the left 

with “not at all” and at the right with “most ever.” The VAS score was the number of mm 

the participant marked to the right of the left anchor point.

Pharmacokinetics—Peripheral blood was collected periodically through an indwelling 

venous catheter for quantification of THC and its pharmacologically active metabolite 11-

hydroxy-THC (11-OH-THC). Specimens were collected in heparinised tubes, stored on ice 

no more than 2 hours prior to centrifugation, and separated plasma stored refrigerated at 4°C 

until analysis by two-dimensional gas chromatography mass spectrometry with cryofocusing 

(2D-GCMS),15 with a limit of quantification of 0.25 ng/ml for THC and 0.5 ng/ml for 11-

OH-THC. Specimens were collected the evening of admission and thrice daily (08:00 or 

10:00, 20:00 or 20:30, and 22:00 or 22:30) on Days 1–8. Plasma cannabinoid concentrations 

in six of these participants were previously reported.16

Statistical Methods

Comparisons between variables employed t tests. Associations between pairs of variables 

were evaluated with Pearson correlation coefficients. Changes in sleep characteristics over 

time and the associations between sleep and participant characteristics were evaluated with 

repeated measures mixed linear regression, which allowed inclusion of data from the three 
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non-completers. Participant baseline characteristics of age, years of regular cannabis use, 

and joints smoked per day were used as static covariates; study day, feeling sedated the 

night before, and plasma cannabinoid concentrations as time-varying covariates. Separate 

regression models were fit for each sleep variable, using an unstructured covariance 

structure and random intercept. Regression coefficients are reported as mean ± SE. A p-

value <0.05 was considered statistically significant. All analyses were conducted with SAS 

version 9.2 (SAS Institute, Cary, NC).

RESULTS

Participants

Fourteen participants enrolled in the larger study9: one was discharged prior to receiving any 

medication because the study was terminated, one withdrew after 1 day of oral THC dosing 

for personal reasons, two were discharged on the fourth day of dosing (one due to premature 

ventricular contractions and one due to psychological reactions to THC), and 10 completed 

8 days of dosing. All 13 participants (13 male, 10 African American, 2 Caucasian, 1 mixed 

race, mean ± SD age 24.6 ± 3.7 years) who received THC are included in this analysis. 

These participants first smoked cannabis at 14.0 ± 2.4 years of age and began regular (at 

least weekly) smoking at age 15.6 ± 3.7 years. All but one participant reported at least 1,000 

lifetime cannabis uses; eight reported at least 5,000 uses. All participants smoked cannabis 

joints and/or blunts (cannabis wrapped in tobacco leaves); five also had smoked hashish in 

the past. Seven participants reported lifetime experience with cannabis tolerance (needing to 

smoke more to get the same effect); five of these seven also reported experiencing cannabis 

withdrawal. At the time of study entry, participants averaged 5.5 ± 5.9 (median = 3, range 

1–24) joints daily. All participants self-reported cannabis smoking in the 24 hours prior to 

admission; all had a positive cannabinoid urine test upon admission.

All 13 participants were lifetime cigarette smokers; 9 were daily smokers at the time of 

study entry, averaging 17.9 ± 18.8 (median = 10, range 2–50) cigarettes daily. The 

remaining 4 participants abstained from tobacco smoking for 4 and 6 months, and 8 and 10 

years prior to admission. All participants were lifetime alcohol drinkers, although two 

abstained for 1 month prior to study entry. The 11 current drinkers averaged 12.1 ± 10.9 

(median = 12, range 0.25–32) standard drinks per week over the 3 months prior to study 

screening. Two participants reported current oral amphetamines intake, averaging two pills 

each week. There was no other current illicit drug use.

Pre-admission Sleep Characteristics

Ten participants reported no sleep problems prior to admission. Three reported one sleep 

problem each: one prolonged sleep latency (1 hour), one disturbed sleep (“tossing and 

turning”), and one early morning awakening. The majority of participants (10 of 13) 

reported good to very good sleep quality on the SQI. Four participants reported “almost 

always” smoking cannabis to help sleep; eight others reported “sometimes” smoking 

cannabis for this purpose. In contrast, only four participants “rarely” ingested alcohol to help 

sleep and two “rarely” took sleeping pills. No participant reported ever taking other 
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medication to help sleep. Quantitative pre-admission sleep characteristics are listed in Table 

1.

Internal Validity of St. Mary’s Hospital Sleep Questionnaire Data

In-bed time was earlier than fall-asleep time for all participants on all days. Get-out-of-bed 

time was later than wake-up time on all except two questionnaires. Calculated hours of 

nighttime sleep (time woke up ± time fell asleep) did not differ significantly from self-

reported duration of sleep: mean difference .03 ± .6 hours (t = .5, p = .61), median and 

modal values both zero. Similarly, calculated sleep latency (time fell asleep − time got into 

bed) did not differ significantly from self-reported how long to fall asleep: mean difference .

063 ± .33 hours (t = 1.9, p = .06), median and modal values both zero.

Conceptually related sleep variables were significantly associated in the expected directions. 

Difficulty falling asleep was positively associated with sleep latency, that is, participants 

reporting greater difficulty falling asleep also reported longer duration of time to fall asleep 

(.52 ± .13, p = .0002). Duration of nighttime sleep was positively associated with both depth 

of sleep (.22 ± .085, p = .012) and quality of sleep (.39 ± .090, p < .0001). Number of 

nighttime awakenings was negatively associated with both depth of sleep (−.49 ± .12, p < .

0001) and quality of sleep (−.71 ± .12, p < .0001).

First Night Sleep Characteristics

Participants spent a mean (±SD) of 7.1 ± 1.3 hours in bed and 5.9 ± 1.3 hours asleep their 

first night on the research unit, prior to receiving any oral THC. Their sleep latency was 1.0 

± 0.7 hours and they reported 1.6 ± 1.9 nighttime awakenings. Almost one-third (30.8%) 

reported little or no difficulty falling asleep (23.1% reported a lot or extreme difficulty), less 

than one-quarter (23.1%) reported less than average depth of sleep, 84.6% reported good 

sleep quality, and a majority (61.6%) reported being completely alert (less than a third 

[30.8%] reported any drowsiness) the next morning (ie, morning of Day 1).

First night sleep characteristics (assessed by the St. Mary’s Hospital Sleep Questionnaire) 

were not generally similar to participant’s self-reported typical pre-admission sleep 

characteristics (assessed by the SQI). Correlations between first night and typical pre-

admission hours in bed, sleep duration, sleep quality, and next morning alertness were 

generally low and not significant (−.17, p = .57; .27, p = .37; −.17, p = .59; and −.52, p = .

07, respectively). In particular, hours in bed and sleep duration were shorter on Day 1 than 

pre-admission, while ratings of sleep quality were higher (Table 1).

Changes in Sleep Characteristics with Oral THC Dosing

The first THC doses, administered the afternoon of Day 1 (20 mg each at 15:00 and 20:00), 

after at least 17.5 hours of abstinence, had no acute effect on sleep parameters compared to 

the first night on the research unit, before THC administration (ie, comparing Day 2 vs. Day 

1 values, Table 1). There were small but statistically significant decreases in both calculated 

hours asleep (mean 3.54 fewer minutes per night; −.059 ± .026, p = .025) and self-reported 

hours of nighttime sleep (mean 5.34 fewer minutes per night; −.089 ± .031, p = .005) over 
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the 7 nights of the study. None of the other eight sleep variables showed any significant 

change over the 7 days of oral THC dosing (Table 1).

Association of Sleep Characteristics with Plasma Cannabinoid Concentrations and 
Subject Baseline Characteristics

Higher evening plasma concentrations of THC, its active metabolite 11-OH-THC, and THC 

+ 11-OH-THC, were significantly associated with shorter sleep latency (−.0091 ± .0045, p 

= .046; −.022 ± .0091, p = .015; and −.0069 ± .0031, p = .028, respectively) and lower self-

rated difficulty falling asleep (−.015 ± .0064, p = .023; −.028 ± .013, p = .035; and −.010 ± .

0044, p = .023, respectively). Evening plasma concentrations of THC and THC + 11-OH-

THC also predicted more hours of daytime sleep the following day (.019 ± .0075, p = .011; 

and .013 ± .0052, p = .017, respectively). There were no other significant bivariate 

associations.

Duration of regular cannabis smoking was positively associated with hours spent in bed and 

morning alertness upon waking. For every additional year that a participant had used 

cannabis regularly, they spent .08 hours longer in bed (.081 ± .040, p = .046) and reported .

35 units greater morning alertness (.35 ± .17, p = .043). African American participants were 

associated with fewer hours of daytime sleep (−1.55 ± .24, p < .0001). Intensity of self-

reported sedation in the evening was positively associated with number of awakenings that 

night (.029 ± .012, p = .014).

DISCUSSION

This study showed the feasibility of assessing sleep characteristics in adult chronic daily 

cannabis smokers exposed to around-the-clock dosing with oral THC for 7 days on a secure 

residential research unit. The study found no acute effect of THC on sleep characteristics the 

second night on the research unit (after at least 17.5 hours of abstinence). This finding is 

consistent with previous single-dose human laboratory studies with 1.5–30 mg THC,4,5,17 

but not with animal studies2 or clinical reports of somnolence associated with oral THC 

(dronabinol) use. It is possible that any sleep-promoting effect of the initial oral THC doses 

(40 mg) was counteracted, and thereby masked, in our study (and in prior human laboratory 

studies) by the sleep disturbance engendered by admission to an unfamiliar environment (the 

research unit).18 Such a novelty-induced transient insomnia would also explain the 

dissimilarity between participants’ self-reported typical pre-admission sleep characteristics 

and their sleep characteristics on the first night on the research unit. This issue could be 

addressed in future studies by administering THC only after subjects had spent sufficient 

time in the research environment to ensure complete adaptation.

Around-the-clock THC dosing was associated with a small (about 5 minutes per night) but 

statistically significant decrease in overall hours of nighttime sleep during the 7 dosing days. 

This suggests the possible development of tolerance to any somnolent effect of THC. 

However, higher evening plasma concentrations of both THC and its active metabolite 11-

OH-THC were associated with shorter sleep latency and less self-rated difficulty falling 

asleep that night, and THC alone and in combination with 11-OH-THC was associated with 

more hours of daytime sleep the following day, suggesting that cannabinoids maintained 
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some of their sleep-promoting properties throughout the study. This is consistent with 

participants’ reported pre-admission intake of cannabis as a sleep aid. The mechanisms 

contributing to the balance between the acute somnolent effect of cannabinoids and 

development of tolerance to this effect with around-the-clock dosing for 7 days remain 

unclear. A modest worsening of sleep characteristics with chronic oral THC dosing may not 

have been detected in prior human laboratory studies because of small sample sizes. We are 

aware of three such studies administering oral THC for at least 6 days: one had two 

subjects,6 one three,4 and one seven subjects.8

The findings of this study should be considered preliminary because of design limitations. 

First, all data was collected by participant self-report, rather than staff observation or 

polysomnography. However, the major data collection instrument employed, the St. Mary’s 

Hospital Sleep Questionnaire, is widely utilized in clinical research,19 and has been used in 

studies of cannabis smokers.14 Furthermore, the high degree of consistency on several 

internal validity checks suggests that participants were providing valid data. Even if there 

were some inaccuracies in the sleep data, one would have to assume a varying bias over time 

to completely invalidate the within-subject findings of this study. Second, there was no THC 

placebo group. Thus, it remains possible that stronger than observed somnolent effects of 

higher evening plasma cannabinoid concentrations were masked by other non-

pharmacological factors in the research setting. Third, THC dosing began while participants 

were likely in early acute cannabis withdrawal and data collection began the first night on 

the research unit. Thus, the observed findings could have been influenced by both cannabis 

withdrawal and acclimation to sleeping in a new environment.

CONCLUSIONS

This study, with a sample size almost double that of previously published human laboratory 

studies, observed only modest sleep-enhancing effects of around-the-clock dosing with oral 

THC (40–120 mg daily) for 7 days in 13 male daily cannabis smokers. The effects of such 

THC dosing on sleep were limited to shorter sleep latency and less difficulty falling asleep 

associated with higher evening plasma cannabinoid concentrations. The overall amount of 

nighttime sleep decreased slightly during the study, suggesting that tolerance to the 

somnolent effects of THC may have occurred. These findings are largely inconsistent with 

reports of somnolent side-effects with clinical oral THC therapy, but should be considered 

preliminary because of design limitations. Larger studies with objective sleep measures (eg, 

polysomnography) in subjects acclimated to the research environment before exposure to 

THC are warranted.
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Abstract: Cannabis has been widely used as a medicinal agent in Eastern medicine with earli-

est evidence in ancient Chinese practice dating back to 2700 BC. Over time, the use of medical 

cannabis has been increasingly adopted by Western medicine and is thus a rapidly emerging field 

that all pain physicians need to be aware of. Several randomized controlled trials have shown a 

significant and dose-dependent relationship between neuropathic pain relief and tetrahydrocan-

nabinol – the principal psychoactive component of cannabis. Despite this, barriers exist to use 

from both the patient perspective (cost, addiction, social stigma, lack of understanding regarding 

safe administration) and the physician perspective (credibility, criminality, clinical evidence, 

patient addiction, and policy from the governing medical colleges). This review addresses 

these barriers and draws attention to key concerns in the Canadian medical system, providing 

updated treatment approaches to help clinicians work with their patients in achieving adequate 

pain control, reduced narcotic medication use, and enhanced quality of life. This review also 

includes case studies demonstrating the use of medical marijuana by patients with neuropathic 

low-back pain, neuropathic pain in fibromyalgia, and neuropathic pain in multiple sclerosis. 

While significant preclinical data have demonstrated the potential therapeutic benefits of can-

nabis for treating pain in osteoarthritis, rheumatoid arthritis, fibromyalgia, and cancer, further 

studies are needed with randomized controlled trials and larger study populations to identify 

the specific strains and concentrations that will work best with selected cohorts.

Keywords: randomized controlled trials, tetrahydrocannabinol, addiction, social stigma, 

fibromyalgia, neuropathic pain

Medical cannabis in history and society
Cannabis sativa (cannabis) has been used therapeutically for almost 5,000 years, 

beginning in traditional Eastern medicine.1 Some of the earliest evidence for this 

is found in the pen-ts’ao ching, the world’s first pharmacopeia, compiled based 

on ancient Chinese practices from as early as 2700 BC.1 It was not until 1841 that 

medical cannabis was introduced into Western medicine through the work of William 

O’Shaughnessy, an Irish physician, who encountered “Indian hemp” in Calcutta. By 

the late 19th century, medical cannabis became widely disseminated in the Americas; 

cannabis-based extracts, tinctures, cigarettes, and plasters produced by early promi-

nent drug companies2,3 were indicated for a wide range of conditions, many of which 

were related to pain.1,4 Even Sir William Osler, the preeminent Canadian internist, 

wrote in The Principles and Practice of Medicine (1892) that “Cannabis Indica is 

probably the most satisfactory remedy for migraines”. However, the medical use of 
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cannabis fell from favor in the 1930s and 1940s when fear 

escalated that recreational use of cannabis may be related to 

violence, crime, and other socially deviant behaviors. At that 

time, widespread prohibitive legislation banning the use of 

cannabis-based medicines occurred across the world.2 More 

recently, the medical use of cannabis has been reintroduced 

in a number of countries for the treatment of a variety of 

conditions, including pain.5,6

Indeed, support for medical cannabis appears to be on 

the rise. Overwhelmingly, patients prescribed medical can-

nabis for pain-related illnesses report being highly success-

ful with pain reduction as well as with reducing their use 

of other medications. In a recent large survey of medical 

cannabis users in Arizona, 77% of fibromyalgia patients, 

63% of patients with arthritis, and 51% of patients suffer-

ing from neuropathic pain reported experiencing “a lot or 

almost complete overall pain relief ”.7 Most patients with 

these conditions (94% of patients with fibromyalgia, 81% 

of arthritic patients, and 61% of patients with neuropathy) 

also found that they were able to lower their use of their 

other medications such as narcotic opioids.7 In fact, 75% 

of opioid-dependent medical cannabis users reported 

experiencing “a lot or almost complete overall relief ” from 

opioid dependency.7 Studies such as this shed light onto the 

wide range of clinical uses of medical cannabis, making it 

highly useful, since evidence from controlled clinical trials 

is still emerging.

Studies examining the characteristics of medical cannabis 

patients in the US have revealed that the majority medicate 

daily7–9 and consume 6–9 g of cannabis per week.8 In Canada, 

42% of medical cannabis patients reported medicating two 

to three times per day, and 40% consume >14 g per week.10 

In both Canada and the US, most patients choose inhalation 

as their preferred method of consumption.7,10

In addition to patients with access to prescribed medi-

cal cannabis, there is also a huge population of users who 

consume cannabis recreationally or for self-defined medical 

reasons. Cannabis is the most commonly used illicit drug in 

the world,11 with 7% of adults in the US reporting use within 

the last 30 days and 34% reporting having used in 2015.12 

Interestingly, only 53% of adult cannabis users in the US 

consume cannabis exclusively for recreational purposes, 

while the other 47% of users consume cannabis “in part or 

entirely for medicinal purposes”, with 10% using solely for 

medicinal purposes.12 In Canada, ~4% of residents over the 

age of 14 reported at least one instance of past-year cannabis 

use to treat self-defined medical conditions in 2004.13,14

Cannabis and pain: mechanistic 
considerations
The cannabis plant contains many biologically active 

chemicals, including ~60 cannabinoids.15 The cannabi-

noids are a group of molecules that bind to cannabinoid 

receptors and include three varieties: phytocannabinoids, 

which are derived from cannabis plants; synthetic cannabi-

noids (such as nabilone [Cesamet] – a synthetic analog of 

Δ9-tetrahydrocannabinol [THC] with a high bioavailability 

[≥60%]16–19); and endogenous cannabinoid receptor ligands 

or endocannabinoids. THC is the primary psychoactive 

component found within cannabis, and has been shown to 

have analgesic effects.20 However, increasing evidence has 

highlighted numerous roles for other phytocannabinoids, par-

ticularly cannabidiol (CBD), a non-psychoactive component 

with anti-inflammatory,21 analgesic,22,23 and antipsychotic24,25 

properties. THC and CBD (Figure 1) are biosynthesized as 

delta-9-tetrahydrocannabinolic acid and cannabidiolic acid, 

respectively, from a common precursor,26 and require decar-

boxylation by heat or extraction to produce THC and CBD 

properties.27 Other phytocannabinoids with potential thera-

peutic applications include cannabigerol, cannabichromene, 

cannabinol, cannabidivarin, and tetrahydrocannabivarin.28

THC mimics the action of the endogenous cannabinoid 

receptor ligands anandamide and 2-arachidonylglycerol.29 

Both THC and anandamide are partial agonists of CB1 recep-

tors,27,29 which are primarily expressed in the central nervous 

system, especially in areas associated with pain, including 

the spinal trigeminal nucleus, amygdala, basal ganglia,30 and 

the periaqueductal gray.31,32 At the cellular level, centrally 

expressed CB1 receptors are localized on the terminals of 

presynaptic neurons.33 The endocannabinoids that bind these 

receptors act as retrograde signaling molecules; that is, they 

are synthesized postsynaptically and travel backward across 

the synapse to inhibit presynaptic neurotransmission.34 It is 

believed that, within regions associated with nociception, 

THC induces analgesia by binding presynaptic CB1 recep-

tors, inhibiting neurons activated by pain in these areas.

OH

O

9-Tetrahydrocannabinol Cannabidiol

OH

HO

Figure 1 Diagram showing the chemical structure of Δ9-tetrahydrocannabinol and 
cannabidiol.
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CBD has intrinsic analgesic and anti-inflammatory 

properties of its own22,23,35 and antagonizes several adverse 

effects of THC, including sedation,27,36 tachycardia,27,37 and 

anxiety.38 CBD also ameliorates the psychoactive effects 

of THC,38 a concern for many medical cannabis patients. 

Unlike THC, CBD has low affinity for CB1 receptors39 and 

exerts analgesic actions by binding multiple proteins related 

to pain. For example, CBD has been shown to bind TRPV1 

and mediate its desensitization39 and to inhibit inactivation 

of anandamide,39 both of which contribute to its analgesic 

actions. CBD also has potent anti-inflammatory properties,21 

and may reduce pain by indirectly limiting inflammation at 

the site of injury.

Cannabis and pain: clinical evidence
Although significant preclinical data have highlighted the 

potential therapeutic benefits of smoked cannabis for pain 

relief in patients suffering from osteoarthritis, rheumatoid 

arthritis, fibromyalgia, and cancer, no randomized controlled 

trials (RCTs) have been carried out for these conditions.40 

However, several RCTs have evaluated the analgesic effi-

cacy of cannabis for patients with neuropathic pain.41–46 In 

a recent meta-analysis, the individual participant data from 

five of these studies were synthesized to determine the overall 

effect of inhaled cannabis on chronic neuropathic pain.47 All 

studies included in the meta-analysis compared the analgesic 

efficacy of cannabis with THC content ranging from 3.5% to 

9.4% against that of placebo, and had periods of follow-up 

ranging from days to weeks.

The proportion of patients who participated in the five 

RCTs with a >30% improvement in chronic pain score fol-

lowing cannabis therapy was determined, and these patients 

were classified as “responders”, effectively creating a useful 

dichotomy for comparing response data between interventions. 

The meta-analysis concluded that inhaled cannabis results 

in a number needed to treat value to reduce chronic pain by 

>30% of 5.6. This needed to treat value rivals that of currently 

available therapeutics for chronic neuropathic pain,48 which is 

typically well above 8.47,49–51 The authors also found that the 

analgesia provided by cannabis was dose-dependent, with 

higher THC content producing more pronounced pain relief. 

This finding provides additional  support for the notion that 

cannabis is an effective analgesic for chronic neuropathic pain.

Cannabis and cancer
Medical cannabis is also used for some cancer patients to 

relieve symptoms including nausea and vomiting (often 

caused by some cancer treatments such as chemotherapy 

and radiation therapy), loss of appetite, and pain. However, 

more research is required to identify strains and dose of 

medical cannabis that provide the optimal symptom relief 

with minimal side effects for this population.52

Pharmacokinetics
To date, most pharmacokinetic studies of cannabinoids have 

focused on the bioavailability of inhaled THC, which varies 

substantially in the literature, likely due to differences in 

 factors such as breath-hold length, source of cannabis mate-

rial, and method of inhalation.53,54 In general, 25%–27% of the 

available THC becomes available for the systemic circulation 

after smoking.55,56

The latency of effect onset for inhaled cannabis is 

shorter than that for cannabis consumed orally, requiring 

only minutes from the time of consumption to see observ-

able changes, compared to hours when taken by the oral 

route.57–59 Furthermore, cannabis taken orally results in lower 

peak THC levels in the blood, but effects are observed for a 

longer period of time.53

Hepatic cytochrome p450 enzymes govern cannabinoid 

bioavailability. THC is metabolized primarily by CYP 2C9, 

2C19, and 3A4,53 and drugs that inhibit these enzymes, 

including proton pump inhibitors, HIV protease inhibitors, 

macrolides, anti-mycotics, calcium antagonists, and some 

antidepressants, can increase the bioavailability of THC.60–62 

Conversely, drugs that potentiate hepatic enzymes respon-

sible for metabolism of THC will lower its bioavailability. 

Examples include phenobarbital, phenytoin, troglitazone, 

and St John’s wort.60,62

Common concerns regarding 
cannabis
Patients
When it comes to patient concerns, an acronym to remember 

is HASH.

“High” feeling
Contrary to common misconceptions about patients seeking 

access to medical cannabis, many patients prefer to avoid 

“feeling high”. This can be mitigated fairly easily through 

prescribing practice, since the psychoactive effects of can-

nabis are primarily associated with high-THC strains. Strains 

of cannabis containing high levels of CBD generally make 

patients feel less high, since CBD acts as an antagonist to 

the psychoactive effect of THC.38 A number of high-CBD, 

low-THC strains are available for patients concerned about 

feelings of highness and euphoria.
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Acquisition cost
Medical cannabis is not typically covered by insurance plans 

in Canada. This can cause a significant concern for chronic 

pain patients who are often disabled, retired, or unable to 

work.63 Fortunately, special pricing is available through some 

licensed producers for individuals receiving federal and pro-

vincial financial assistance. Examples of financial assistance 

for medical cannabis pricing include the Canadian Pension 

Plan-Disability, the War Veterans allowance, and the Ontario 

Disability Support Program. The price of medical cannabis 

is not currently regulated in Canada. The price is set by the 

Health Canada-authorized licensed producers and generally 

ranges from $5 to $15 per gram.64 Generally, higher THC 

content is associated with a higher price per gram.

Social stigma
Many chronic pain patients considering medical cannabis 

anticipate disapproval from their friends and family. It is not 

uncommon for patients to avoid disclosing their medical can-

nabis use to their loved ones altogether, despite experiencing 

significant improvements in their pain management and qual-

ity of life. These concerns are rooted in societal stigmatization 

of cannabis and can often be mitigated by enabling patients 

to medicalize their approach to disclosure. By explaining to 

friends and family that cannabis has been prescribed to them 

as a medicine which is used to treat a variety of conditions, 

patients may avoid some of the stigmatization associated with 

use of medical cannabis. Empowering patients with evidence-

based knowledge will significantly facilitate this process.

How to? Lack of understanding of route of 
administration
Many chronic pain patients have limited or no experience 

using cannabis. Certainly, some degree of education is 

required for inexperienced patients to become aware of 

their options for routes of administration and to understand 

how to exercise each method. This includes instructions for 

purchasing, grinding/milling, weighing, vaporization, joint 

rolling, and derivative making. Clinicians are not commonly 

familiar with these processes as it is not included in the cur-

rent medical curriculums. However, it would be valuable for 

clinicians to gain knowledge in these matters to help answer 

patient questions and inform their prescribing practices. 

This education can be provided to clinicians in the future 

through Continuing Medical Education hours. Currently, this 

education is offered to patients by some licensed producers. 

Furthermore, clinics may have educators (ie, nurse educators 

and other scientifically trained staff ) to educate patients on 

these matters. Newly prescribed patients should also be made 

aware of practical and legal limitations, including barriers to 

traveling with the medication.

Physicians
Credibility–criminality–clinical evidence
In 2014, upward of 1,500 studies were published on can-

nabinoids. Knowledge is rapidly expanding and has led to 

a change in attitudes toward medical cannabis. A popular 

example of this change was the apology by Dr Sanjay Gupta 

in 2009 for not better appreciating cannabis as a potential 

therapeutic drug.65 As we move toward greater acceptance 

of the medicinal benefits of cannabis, increasingly, there is 

a need for the establishment of evidence-based guidelines 

to assist clinicians in their prescribing practices in order to 

optimize patient care and quality of life.

Relatedly, some regional differences in the accessibility 

of medical cannabis have been reported.66 Accessing medical 

cannabis from a friend or acquaintance was more common 

in the Prairies and Maritimes compared to British Columbia 

and Ontario,66 suggesting reduced accessibility to authorized 

sources of medical cannabis in the Prairies and Maritimes. 

Examination of patient forums suggests that one reason for 

these regional differences may be a lack of physicians will-

ing to prescribe medical cannabis in these regions. Providing 

physicians with evidence-based guidelines and training in 

prescribing practices will likely decrease such barriers to 

accessibility of medical cannabis.

Patient addiction
It has been shown that one in every eleven individuals (9% of 

individuals) consuming cannabis will become dependent on 

the drug.67 Unfortunately, this statistic is based on individuals 

consuming all types of cannabis, irrespective of purpose for 

consumption (ie, medical or nonmedical) and strain. Regard-

less, an incidence of dependency of one per eleven is still 

significantly lower than those of approved pharmaceuticals 

commonly used for chronic pain management.68 Monitoring 

for cannabis dependency is recommended for all patients.

Canadian medical cannabis regulations
In July 2001, Health Canada granted access to cannabis for 

medical purposes to Canadians with the support of their 

physicians under the Marihuana Medical Access Regulations 

(MMAR).69 Under this regulation, patients were given the 

following options: 1) applying to access Health Canada’s sup-

ply of dried marihuana under the MMAR, 2) applying for a 

personal-use production license, and 3) designating someone 
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to cultivate on their behalf with a designated-person produc-

tion license. The Medical Marihuana Access program was 

replaced by the Marihuana for Medical Purposes Regulations 

(MMPR) in April 2014.70 Following this change, production 

of legal medical marijuana is authorized to licensed produc-

ers. A list of the Health Canada-authorized licensed produc-

ers can be found on Health Canada’s website.71 A foreign 

 corporation could operate as a licensed producer in Canada if 

the “corporation that has its head office in Canada or operates 

a branch office in Canada and whose officers and directors 

are all adults”.72

With the introduction of the MMPR in Canada, physicians 

are advised to follow the guidance set forth by their provincial 

college. The aim of the MMPR is to treat medical cannabis 

like other narcotics used for medicinal purposes whenever 

possible. Under the MMPR, the patient must consult with 

a medical doctor or a qualified nurse practitioner. A signed 

“medical document” is submitted to a Health Canada-

approved licensed commercial producer of marijuana, 

granting the patient access to the program. These medical 

documents are treated similarly to prescriptions. They must 

meet specific requirements, including patient name, date of 

birth, physician information, including license number and 

signature, a daily allotment in grams, and a length of time 

for the access not exceeding 1 year. A physician may also 

indicate specific strains and/or an amount of THC allowed to 

the patient. While there is no legal requirement for licensed 

producers to follow strain and THC recommendations, many 

will abide by the request of the physician. Dispensaries and 

compassion clubs are not permitted under MMPR, so appro-

priate steps should be taken to ensure a patient is only being 

referred to Health Canada-approved organizations. Once 

the patients purchase the medication from the company, it is 

shipped to their home, or that of their caretaker. Alternatively, 

arrangements may be made for the licensed producer to trans-

fer the drug to the health care prescriber, from which it can 

then be obtained by the patients. It should be noted that Health 

Canada neither approves nor regulates medical cannabis like 

it does pharmaceutical drugs. Thus, the medical document 

issued by physicians for medical cannabis is distinct from, 

and only partially analogous to, a prescription. Instead, the 

medical document can be viewed as a recommendation to 

the medical cannabis program. In Quebec, a distinction is 

made that physicians should not provide such a document 

unless it is part of a recognized research project and only 

for specified conditions. Other provincial colleges will have 

their own requirements. A recent decision by the Supreme 

Court of Canada has overturned the original requirements 

for licensed producers and patients to only sell and consume 

dried cannabis. This decision allows the sale of fresh, dried, 

and oil forms of cannabis to patients. Though, as of writing, 

no licensed producer has yet to be granted permission to sell 

fresh and oil alternative forms to patients.

Prescribing considerations
As mentioned, prescription and recommendation of medi-

cal cannabis at this point is largely nonspecific. Patients 

are recommended to the medical cannabis program but not 

necessarily a specific strain. Increasingly, an understanding 

of how specific strains of medical cannabis can offer benefit 

for specific ailments is appreciated by those recommend-

ing the use of medical cannabis. Unfortunately, the body 

of evidence supporting these practices is limited, due to an 

overall lack of investigation, which prevents physicians from 

making informed decisions to best improve the risk–benefit 

relationship of medical cannabis in their patients.

Many colleges recommend that Canadian physicians 

treat medical cannabis as they would any other prescribed 

narcotic drug. This often includes the use of patient–physi-

cian agreements on appropriate use and informed consent of 

the new medication. Physicians should also consider other 

following factors when recommending medical cannabis to 

their patients.

Amount
MMPR requires the recommending physician allot a set 

amount of cannabis to which a patient will have access on 

a daily basis. Medical cannabis programs report average 

patient use of between 0.68 and 1.5 g per day.40,73 As a physi-

cian increases the amount of medical cannabis a patient is 

allowed access to, so too does the risk for diversion. However, 

patients report using up to 10 g of cannabis per day for self-

medication purposes. Both the amount the patients currently 

use for self-identified medical reasons and their preferred 

route of administration should be taken into consideration 

when recommending an amount of medical cannabis.

Strain selection and recommendation
Given that evidence supporting the use of specific medi-

cal cannabis strains for various pain ailments is lacking, 

recommending a strain type to a patient can be difficult. 

The decision is often determined by a number of factors, 

including financial concerns, potential risk to the patient, 

and specific goals of the patient (such as to improve sleep 

or to avoid feeling high). Typically, recommendations are 

made based on medical history, cannabis use history, and 
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financial barriers. Once all of these factors have been con-

sidered, a strain is selected by the clinician from a range of 

varieties recommended for medical use by Health Canada 

from authorized licensed producers. Each licensed pro-

ducer produces different strains suitable for various medi-

cal purposes. Using the principles of “start low, go slow” 

titration, individuals with little or no experience, histories 

of bipolar disorder, strong familial schizophrenia, and/or a 

history of substance abuse begin their process with medical 

cannabis on a CBD-dominant strain. Patients with a history 

of cannabis use and no significant risk factors are initially 

prescribed a strain with higher THC content and maximal 

CBD content. If patients fail to get relief from their initial 

strains, an increase in the THC content is recommended in 

a stepwise fashion, as long as serious risk factors are not 

present. If risk factors are present, the risk–benefit analysis 

for this patient must be readdressed. Many colleges rec-

ommend indicating an amount of THC a patient would be 

permitted to access with a licensed producer. Unfortunately, 

the current regulatory environment in Canada does not 

require a licensed producer adhere to the recommendation. 

Likewise, there is rarely any guidance on prescribing strains 

with CBD content.

Route of administration
Many patients have concerns about medical cannabis smoke, 

which contains many of the same carcinogenic chemicals as 

tobacco smoke.74 Ultimately, the optimal route of administra-

tion to be recommended will depend largely on the desires 

and capabilities of the patient.

Inhalation by vaporization is the most effective route at 

delivering the medicinal cannabinoid content of medical 

cannabis,75 and both dried and extracted medical cannabis 

can be used in a vaporizer. Sometimes, vaporization can be 

burdensome for patients. Indeed, loading a vaporizer requires 

some degree of dexterity, which may be limited in certain 

populations of pain patients, such as those with rheumatoid 

arthritis and osteoarthritis. Patients may also complain of 

the temperature of vapor created by vaporization. Many 

patients require fairly extensive education regarding the use 

of a vaporizer.

Oral ingestion of medical cannabis typically refers to 

consumption of cannabis oils or edibles. These are generally 

produced by infusing a lipophilic substance, like an oil or 

butter, with cannabis, which is then used in drops or in food. 

Indeed, a number of recipes have become available online 

for the use of cannabis oil and butter in food, though some 

patients dislike the strong flavor. For patients with respira-

tory illnesses, the oral route is preferable. This method is 

limited, however, by lower absorption and bioavailability 

than for inhaled cannabis. Another potential concern is a 

lack of research on the effectiveness and safety of orally 

consumed cannabis for pain conditions. Given the increased 

latency of effect onset from orally consumed medical can-

nabis, patients should be cautioned to wait an adequate 

amount of time to feel the effects of the cannabis before 

readministering. While issues of dosing and effectiveness 

exist for orally administered cannabis, it is typically well 

tolerated by patients.

Sublingual tinctures are another, less common, route of 

administration for medical cannabis. Typically, these tinctures 

are extracted with ethanol, but vinegars and glycerine may 

also be used. The extracts are dropped under the tongue and 

held for a period of time sufficient to permit absorption by 

the branches of the lingual artery, including the sublingual 

and deep lingual arteries. If used properly, onset of action 

and bioavailability may be faster and higher for this route 

compared with oral administration, as is often observed with 

other drugs.76 Tinctures may be a favorable option in the 

future, as they mitigate the dosing and bioavailability issues 

associated with orally ingested cannabis and eliminate issues 

of tolerability with inhaled cannabis. However, the use of 

tinctures is not widespread today, and evidence supporting 

the therapeutic use of tinctures is limited. Moreover, patients 

often complain of the taste. In Canada, there is currently a 

sublingual cannabinoid pharmaceutical known as Sativex. 

This is approved for multiple sclerosis (MS)-related neu-

ropathic pain or spasticity and for cancer-related pain. A 

case series has also been published on its effectiveness for 

fibromyalgia.77

Alternative routes of administration include transdermal 

ointments and balms, ophthalmic drops, and rectal sup-

positories. While rarely used, all of these routes may have 

therapeutic potential for patients, though little research has 

been done to assess this likelihood.

Follow-up frequency
When introducing a patient to medical cannabis for the first 

time, it is important to schedule frequent follow-ups until 

a strain has been selected that meets the treatment goals of 

both patient and physician. Since this process may require 

changes such as route of administration, an active follow-up 

schedule may be required to provide the patient with adequate 

knowledge to continue safely and confidently. Once a patient 

has been stabilized, follow-up visits should focus on monitor-

ing for adverse reactions, including dependence.
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In Canada, the medical document that is produced to 

allow a patient access to cannabis acts as a license. Thus, 

if the patients’ medical document expires while they are in 

possession of medical cannabis, they may be open to criminal 

charges. The timing of a patient’s follow-ups is an important 

nonmedical issue as well.

Contraindications
Several contraindications have been identified for medical 

cannabis recommendations. Due in part to the illicit nature 

of cannabis, research is lacking and there is a significant 

knowledge gap in this area, and medical cannabis recom-

mendations should always be made with careful consideration 

of the current health status of the patient.

Psychosis
As previously mentioned, individuals suffering from, or at 

a high risk of developing, schizophrenia or other psychotic 

illnesses should only be recommended the use of cannabis 

under well-monitored conditions. The use of strains with 

minimal or no THC content is recommended.

Bipolar disorder
Recently, Kim et al found that cannabis use was significantly 

associated with lower rates of remission of bipolar spectrum 

patients over a 2-year follow-up period.78 Studies have also 

found an association between cannabis misuse and earlier 

onset of bipolar disorder.79 Thus, the use of low-THC content 

strains is recommended for these patients.

Cannabis allergies
It is estimated that C. sativa allergies are found in 8% of the 

general population, although the incidence may be higher 

among individuals who identify as users of cannabis.80 

Avoidance is recommended for patients with cannabis 

allergies to avoid potentially lethal anaphylaxis. However, 

mild rhinoconjunctivitis symptoms can be treated with anti-

histamines, intranasal steroids, and nasal decongestants.81 

Immunotherapy has been used to treat cannabis allergies,82,83 

but this is not common practice.

Adverse effects
Findings from the currently available research suggest that 

the safety profile of the short-term use of medical cannabis 

is acceptable.84 A systematic review of 23 RCTs and eight 

observational studies of medical cannabis found that 96.6% 

of the adverse effects reported in the trials were not serious. 

The most commonly reported adverse effect was dizziness 

(15.5%). Rates of serious adverse effects did not vary between 

the group of participants assigned to medical cannabis and 

controls.84 Other commonly reported adverse effects are 

drowsiness, feeling faint or light headed, fatigue, headache, 

impaired memory, and disturbances in attention, concentra-

tion, and ability to think and make decisions.85 However, 

further research on the long-term safety profile of medical 

cannabis use is required.86,87

Case studies
Neuropathic low-back pain
A 49-year-old, single male patient reporting chronic lower 

back pain due to diagnoses of spinal stenosis, degenerative 

disc disease, and neuropathic pain including sciatica for over 

20 years presented at our clinic. In-clinic recorded pain score 

for the patient was 9/10 on a numerical rating scale. Positive 

DN4 (>4/10) and Freynhagen Pain Detect Questionnaire 

(>19/35) scores were recorded.  The patient also had diagnoses 

of gastroesophageal reflux disease, irritable bowel syndrome, 

and anxiety. At the time of meeting, the patient was using 

nabilone 0.25 mg daily, pregabalin 300 mg daily, ibuprofen 

400–600 mg daily, omeprazole 40 mg daily, baclofen 20 mg 

daily, and clonazepam 0.5 mg daily. After several unsuccessful 

attempts at pain control using physiotherapy, chiropractic, oste-

opathy, acupuncture, corticosteroid injections, oxycodone, and 

Percocet, the patient confided he turned to illicit cannabis for 

pain relief on a daily basis, primarily in the evening after work.

The patient was prescribed 1 g per day of a cannabis strain 

containing 9% THC and 13% CBD to be administered by 

a vaporizer. At 60 days of follow-up, the patient’s pain was 

lowered to a weekly average of 3/10 on a numerical rating 

scale. The patient also indicated he did not see a need for pre-

gabalin, and had begun the process of lowering his daily dose. 

Surprisingly, the patient also reported far fewer symptoms 

of his irritable bowel syndrome, claiming near-remission.

Fibromyalgia – widespread neuropathic 
pain
A 57-year-old, married male patient reporting fibromyalgia 

for 5 years, and osteoarthritis, torn shoulder tendon, and spi-

nal stenosis for over 20 years was referred to our clinic. His 

initial in-clinic recorded pain score was 8/10 on a numerical 

rating scale. The patient also had a history of severe obesity, 

sleep apnea, restless legs syndrome, and anxiety. Signs of 

neuropathic pain included widespread allodynia and positive 

DN4 score. At the time of meeting, the patient was taking 

several prescribed pain medications, including Percocet 

5/325 mg as needed and Oxyneo 40 mg daily. Physiotherapy, 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

742

Ko et al

corticosteroid injections, codeine, and a number of anti-

inflammatory medications were unsuccessful at achieving 

adequate analgesia. The patient was inexperienced with 

cannabis, except for intermittent use on weekends.

The patient was prescribed 1.5 g per day of a strain of can-

nabis containing 5% THC and 8% CBD to be administered 

by a vaporizer. After 2 weeks of trial, the patient reported a 

lack of success, and a strain of 12% THC was added to the 

other strain, with instructions to mix the strains in equal parts. 

At 60 days of follow-up, the patient’s pain was lowered to a 

weekly average of 3/10 on a numerical rating scale, and he 

lowered his use of Percocet from four pills per day to three 

pills per week, on average.

MS-related neuropathic pain
A 67-year-old, single female patient reporting neuropathic 

pain secondary to MS diagnosis of over 20 years was referred 

to our clinic by her pain intervention physician. In-clinic 

pain score was recorded at 9/10 on a numeric rating scale. 

The patient was actively taking gabapentin 2,200 mg daily 

and celecoxib 200 mg daily. The patient could not tolerate 

the use of opiate medications, claiming dissatisfaction with 

their sedative effects. Failed pain interventions included IV 

lidocaine and lumbar radiofrequency ablation. The patient 

was naïve to cannabis.

The patient was prescribed 1 g per day of cannabis 

containing 2.5% THC and 5% CBD to be administered by 

a vaporizer. After failing to achieve adequate analgesia, a 

strain of 9% THC and 13% CBD was recommended to the 

patient. At 60 days of follow-up, the patient’s pain subsided 

to a moderate 5/10 on a numeric rating scale, and she is plan-

ning to lower the dose of her other medications.

Conclusion
This review documents some of the relevant history and 

current research literature on medical cannabis. It draws to 

attention the key concerns in the Canadian medical system 

and provides updated treatment approaches to help clinicians 

work with their patients in achieving adequate pain control, 

reduced narcotic and other medication use (and their adverse 

effects), and enhanced quality of life. RCTs using large 

population samples are needed in order to identify the specific 

strains and concentrations that will work best with selected 

cohorts. Cannabis-based medicine is a rapidly emerging field 

of which all pain physicians need to be aware.
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Abstract: The effects of cannabis extracts on nocturnal sleep, early-

morning performance, memory, and sleepiness were studied in

8 healthy volunteers (4 males, 4 females; 21 to 34 years). The study

was double-blind and placebo-controlled with a 4-way crossover

design. The 4 treatments were placebo, 15 mg D-9-tetrahydrocan-

nabinol (THC), 5 mg THC combined with 5 mg cannabidiol (CBD),

and 15 mg THC combined with 15 mg CBD. These were formulated

in 50:50 ethanol to propylene glycol and administered using an

oromucosal spray during a 30-minute period from 10 PM. The

electroencephalogram was recorded during the sleep period (11 PM to

7 AM). Performance, sleep latency, and subjective assessments of

sleepiness and mood were measured from 8:30 AM (10 hours after

drug administration). There were no effects of 15 mg THC on

nocturnal sleep. With the concomitant administration of the drugs

(5 mg THC and 5 mg CBD to 15 mg THC and 15 mg CBD), there

was a decrease in stage 3 sleep, and with the higher dose combi-

nation, wakefulness was increased. The next day, with 15 mg THC,

memory was impaired, sleep latency was reduced, and the subjects

reported increased sleepiness and changes in mood. With the lower

dose combination, reaction time was faster on the digit recall task,

and with the higher dose combination, subjects reported increased

sleepiness and changes in mood. Fifteen milligrams THC would

appear to be sedative, while 15 mg CBD appears to have alerting

properties as it increased awake activity during sleep and counter-

acted the residual sedative activity of 15 mg THC.

(J Clin Psychopharmacol 2004;24:305–313)

A potential therapeutic benefit of the use of cannabis-based

extracts in the relief of pain and other chronic symptoms

is an improvement in sleep quality. This may be due to

hypnotic activity in addition to the therapeutic properties of

cannabinoids.1 Indeed, early studies indicated that sleep may

be modulated.2–8 However, these studies used various modes

of administration, involved wide dose ranges, and were

carried out in subjects of variable status with respect to their

use of such drugs. Furthermore, the experimental designs were

not amenable to analyses that could indicate the pharmaco-

logic activity of individual substances. In some studies,

extracts were used in which, although D-9-tetrahydrocannab-

inol (THC) could be measured, there were undetermined

amounts of cannabidiol (CBD) and cannabinol. Nevertheless,

the impression gained from these studies was that certain

doses of THC, particularly with repeated ingestion, may

reduce rapid eye movement (REM) activity and increase

slow-wave sleep.

We have, therefore, investigated the effect on sleep of

individual cannabinoids and cannabinoids in combination.

The current studies with THC and CBD have been carried out

using the doses that are currently under investigation for the

relief of pain. The former cannabinoid is believed to be the

principal psychoactive extract of cannabis, an effect mediated

via cannabinoid (CB)1 receptors. CBD may be free of such

central activity but may have useful therapeutic potential

arising from its reported myorelaxant and anticonvulsant

properties, in addition to the attenuation of some of the effects

of THC, such as euphoria and tachycardia.9–12 The mecha-

nism by which CBD exerts these effects is uncertain, as it

cannot be completely explained in terms of CB1 and CB2

receptor binding. We have studied the effect of THC alone

and in combination with CBD on the sleep process and on

mood, performance, and sleep latencies during the morning of

the day after administration.

METHODS

Protocol
The protocol was approved by the QinetiQ Ethics

Committee, and the subjects were under medical supervision
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throughout the experiment. Each was provided with detailed

information on the activity and potentially adverse effects of

the compounds. Subjects were required to give written in-

formed consent in the presence of the principal investigator

and were informed that they could withdraw from the ex-

periment at any time. They were warned against driving and

operating machinery during the day after each experimental

night.

The subjects were required to be between 18 and 35

years and weigh between 50 and 80 kg (female) and 60 and

90 kg (male) with a body mass index not greater than 30.

Information on height and race were also recorded. Inclusion

in the experiment required the absence of a significant me-

dical history. Subjects were excluded if there was a family

history of a schizophrenia-like illness, a personal history of

psychiatric or emotional problems, or evidence of insomnia

or daytime sleepiness. An intake of >14 U of alcohol per

week for females and 21 U for males, smoking >5 cigarettes

or equivalent a day, or ingesting >5 beverages containing

caffeine a day were also exclusion criteria. A unit of alcohol

is defined in the United Kingdom as being equivalent to 7.9 g

or 10 mL of pure alcohol (ethanol).

Inclusion in the experiment required the absence of

clinically significant findings in the medical examination and

in the associated pathology tests. These included a 12-lead

electrocardiogram and measurement of blood pressure, heart

rate (both supine and erect), and oral temperature. Exclusion

criteria included a resting blood pressure exceeding 140 mm

Hg systolic or 90 mm Hg diastolic and a resting heart rate

<40 per minute. Urine analysis with a drug screen, bio-

chemistry, hematology, and screening for hepatitis B and C

were carried out. The medical examination and the pathology

tests were repeated at the end of the experiment.

All subjects agreed to use barrier methods of contra-

ception with a spermicide for the duration of the experiment

and for 3 months after the completion of the experiment. They

agreed that if a hormonal method was being used, it would not

be discontinued during the experiment. The initial screening

of the subjects included, if appropriate, a urinary pregnancy

test, and this was repeated before each treatment night and on

completion of the experiment.

During the time between medical screening and the

first experimental night, the subjects were instructed in the

techniques that would be used to measure performance and

memory. Subjects reached a plateau level of performance on

all tests before the first experimental night.

Subjects
There were 4 females aged between 21 and 22 (mean

21.8) years and 4 males aged between 24 and 34 (mean 28.8)

years. The females weighed between 57.7 and 68.3 (mean

61.3) kg and the males weighed between 70.6 and 78.9

(mean 74.7) kg. All subjects had experienced previously the

effects of cannabis, but it was determined that this was

occasional and linked to social events. Furthermore, the

subjects reported that they had not used cannabis for at least

30 days before the commencement of the experiment and

did not use cannabis during the experiment. This was con-

firmed by urinary drug screen. Subjects did not have a his-

tory of drug, alcohol, tobacco, or caffeine abuse or any

history of the use of a social drug other than cannabis. This

was confirmed by a urine drug screen that included that for

opiates, barbiturates, benzodiazepines, cocaine, and amphet-

amine. The alcohol intake of the subjects did not exceed

8 U/wk in the females and 20 U/wk in the males. Two sub-

jects were smokers—1 female (3 cigarettes per day) and

1 male (up to 4 cigarettes per day).

Experiment Design
The experiment was double-blind and placebo-con-

trolled with a 4-way crossover design in which the acute

effects of two cannabinoids (THC and a combination of THC

and CBD) were observed on sleep and behavior the next

day. The experiment consisted an adaptation night and 4

experimental nights. At least a week separated each ex-

perimental night. Subjects were required to retire at their

normal bedtime on the nights preceding and to refrain from

napping or exercise during the day before each of these

nights and from exercise up to 12 hours after each night. The

subjects were taken to the sleep laboratory in a chauffeur-

driven car.

The adaptation night was used to familiarize the

subjects with the experimental situation and to confirm that

the subjects had a normal sleep pattern. As far as the adap-

tation night was concerned, alcohol and caffeine ingestion

were prohibited for 24 hours and smoking from 5 PM before

the overnight sleep.

As far as the treatment nights were concerned, alcohol

was prohibited for 48 hours before and for 24 hours after drug

ingestion. In addition, throughout the experiment, alcohol

consumption was restricted on all other days of the week to

no more than 3 U/d for males and 2 U/d for females. Caffeine

was prohibited for 48 hours before and for 12 hours after, and

smoking was prohibited from 5 PM before and for 12 hours

after each treatment night. Subjects were also required to

avoid spicy foods, Chinese food, bananas, and strong cheese

during the evening before the treatment night.

On each treatment night, it was ascertained whether any

of the subjects had experienced adverse effects or illnesses

since the previous visit. Breath alcohol levels were measured

and urine samples collected for drug screening and, if

appropriate, for pregnancy testing. Negative results for the

alcohol, drug, and pregnancy tests were required for the

subjects to continue with the experiment. Treatments were

administered during a 30-minute period from 10 PM. The

subjects retired to bed at approximately 11 PM (30 minutes
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after completion of treatment administration) and remained

in bed until approximately 7 AM the next day (8 hours after

retiring). Breakfast was provided between 7:15 and 8:15 AM.

At approximately 8:30 AM (10 hours after completion of

treatment administration), the subjects completed subjective

assessments of sleepiness and commenced a battery of

performance tasks. They left the laboratory at approximately

10:30 AM in a chauffeur-driven car after a medical practitioner

had discharged them.

Treatments
There were 4 treatments: THC (15 mg) and 2 com-

binations of THC and CBD (5 mg THC with 5 mg CBD;

15 mg THC with 15 mg CBD), together with placebo. The

drugs and placebo were prepared for the experiment by GW

Pharmaceuticals plc. THC and the THC/CBD combinations

were formulated in 50:50 ethanol to propylene glycol and

administered by means of a pump action oromucosal spray.

Each actuation was 100 mL. The 15-mg dose of THC, the

2 combinations of THC and CBD, and the placebo were

each delivered by 6 actuations during a 30-minute period

given at 6-minute intervals from approximately 10 PM.

Subjects were trained before the study not to swallow the

liquid to maximize drug absorption through the buccal mu-

cosa. This technique of administration has been validated.13

Polysomnography
The subjects slept in single, light-proofed, sound-

attenuated, and temperature-controlled (188C ± 28C) rooms.

Silver–silver chloride electrodes were used to record electro-

encephalograph activity from the O1-A2 and C4-A1 positions,

together with bilateral electrooculograms and the submental

electromyogram, on to EMBLA 16-channel recorders (Flaga,

Iceland). The electrocardiogram and myographic activity

from the anterior tibialis muscles were also recorded

throughout the night. A simulated paper speed of 10 mm/s

was used and the sampling rates for the various measures were

as follows: electroencephalograph, 100 Hz; electrooculo-

grams, 100 Hz; electromyogram, 200 Hz, respectively. The

records were scored manually from the screen into 30-s

epochs upon completion of the experiment by one analyst

according to the criteria of Rechtschaffen and Kales.14

Various measures were derived from the data for subsequent

statistical analysis.

Cannabinoid Plasma Levels
A blood sample was obtained at approximately 9 PM as

a control for the estimation of cannabinoid plasma levels the

next morning. At approximately 8:15 AM (9.75 hours after

the last actuation), a blood sample was taken for the

measurement of plasma levels of the cannabinoids. Samples

were collected in tubes containing lithium heparin and

placed immediately into ice and water to chill before being

centrifuged at 1000 � g for 10 minutes at 08C to 48C and

stored at �208C within 30 minutes of the sampling time.

The serum levels of THC, 11-hydroxy THC (a major active

metabolite of THC), and CBD were determined by a high-

performance liquid chromatography method. The limit of

quantification of the assay was 0.1 ng/mL.

Cardiovascular Measurements
Blood pressure and heart rate were recorded using an

Accutorr Plus automatic blood pressure monitor (Datascope,

Paramus, NJ) before, during, and after the 30-minute period of

drug administration when the subjects were seated. The next

morning on waking the subjects (at approximately 7 AM),

blood pressure was measured both supine and erect.

Subjective Assessments
Before the administration of the treatments, the subjects

rated their level of sleepiness using the 7-point Stanford

Sleepiness Scale.15 Approximately 30 minutes after awaken-

ing, the subjects assessed the quality of their sleep and their

level of alertness. The extremes of the 100-mm scales were as

follows: I slept very poorly (0) to very well (100); Now I feel

very sleepy (0) to wide awake (100); I fell asleep never (0) to

immediately (100); after I fell asleep, I slept very badly (0) to

very well (100); I wanted to sleep much more (0) to much less

(100). Subjects also estimated the time to sleep onset and the

sleep duration. They also rated their level of sleepiness using

the Stanford Sleepiness Scale.

Measurement of Next-Day Performance,
Memory, and Sleepiness

After each overnight experiment, performance was

measured from approximately 8:30 AM the next morning using

psychomotor and cognitive tasks, together with assessments

of mood, sleepiness, and fatigue, and the electroencephalo-

graphic determination of sleep latency. The tasks were

presented in the following order (with elapsed time in

brackets): mood assessment (0 to 1 minute), Samn-Perelli

fatigue rating (1 to 2 minutes), immediate memory word recall

(2 to 4 minutes), digit symbol substitution (4 to 8 minutes),

6-letter memory recall (8 to 13 minutes), multiattribute task

(MAT) battery and subjective workload ratings (13 to 63

minutes), digit memory recall (63 to 66 minutes), choice

reaction time (66 to 68 minutes), sustained attention (68 to 78

minutes), delayed memory word recall (78 to 79 minutes),

mood assessment (79 to 80 minutes), Samn-Perelli fatigue

rating (80 to 81 minutes), Stanford Sleepiness Scale (81 to 82

minutes), and sleep latency test (82 to 107 minutes).

Digit Symbol Substitution

The subjects were presented with one of a series of 30

different sheets with 200 randomized digits (0 to 9) arranged

n 2004 Lippincott Williams & Wilkins 307

Journal of Clinical Psychopharmacology � Volume 24, Number 3, June 2004 Cannabinoids and Sleep

Copyr ight © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



in 10 rows on both sides of the sheet.16 In the space below

each digit, they were required to insert the appropriate

symbol indicated by a code at the top of the page. They were

given 2 minutes for each of the 2 sides of the sheet to

complete as many substitutions as possible, and the total for

each session was recorded.

Multiattribute Task Battery

The MAT battery has been developed to provide a

standardized test for use in laboratory studies of performance

and workload.17 The battery incorporates 4 simulation tasks

that aircrew would expect to perform. The MAT battery was

displayed on a screen divided into 6 windows, of which

4 were tasks: system monitoring (‘‘dials’’ and ‘‘lights’’),

tracking, communications, and resource (fuel) management,

and 2 provided information about the communications and

resource management tasks. Subject responses were made

using keys on a standard computer keyboard, and the battery

lasted 50 minutes. Response data and reaction times were

recorded for all tasks except tracking, for which the root

mean error score was recorded.

Choice Reaction Time

An asterisk was displayed in 1 of 4 corners of a

monitor screen, and subjects were required to respond by

pressing 1 of 4 buttons in the same spatial arrangement as the

asterisks on the screen.18 The task was self-paced with a total

of 160 asterisks presented. Response data and reaction times

were recorded.

Sustained Attention

A random sequence of letters was presented one at a

time on a monitor screen at a rate of 1 each second.19 Two

letters (the critical stimulus) were displayed continuously at

the top left-hand corner of the screen. Subjects were required

to press a button whenever the letters of the critical stimulus

were presented consecutively during the random sequence.

Response times and the nature of the responses (correct,

missed, and wrong) were recorded.

Immediate and Delayed Word Memory Recall

The immediate word memory recall task presented a

list of 16 unrelated words (2-syllable nouns with a frequency

of >12 per million in general usage) on a monitor screen at a

rate of 1 every 3 seconds. Immediately after the presenta-

tions, subjects were given 45 seconds to recall as many of the

words as possible. Delayed memory recall was tested 76

minutes later when they were again asked to recall the words

within 45 seconds. The number of words recalled and the

number of words correctly recalled were recorded.

Six-Letter Memory Recall

Subjects were given 15 s to memorize a set of 6 letters.

Then, a series of randomly generated letters was displayed

individually on a monitor, and they were required to indicate

whether the letter was contained in the memory set by

pressing the appropriate button.20 This procedure was

repeated a further 9 times, so that a total of ten 6-letter

memory sets were presented during this test. Response times

and the nature of the responses (correct, missed, and wrong)

were recorded during this 5-minute task.

Digit Memory Recall

Series of single-digit numbers (1 to 9) were presen-

ted simultaneously above and below a horizontal line on a

monitor.20 Subjects were required to memorize the digit

below the line, compare it with the digit above the line in

the subsequent presentation, and respond by pressing the

appropriate button for ‘‘same’’ or ‘‘different’’ number. The

3-minute task was self-paced with a maximum reaction time

of 2 seconds per response. Response times and the nature of

the responses (correct, missed, and wrong) were recorded.

Subjective Measurements

Mood and well-being were assessed using a series of

twelve 100-mm visual analogue scales.21 The subjects as-

sessed their level of sleepiness using the Stanford Sleepiness

Scale and rated their fatigue level against 10 separate criteria,

from which a score in the range 0 (extremely fatigued) to 20

(extremely alert) was calculated.21 Subjects also assessed

their level of workload during the MAT battery when the

scale was presented on the screen at 10-minute intervals by

giving a rating between 1 (workload insignificant) and 10

(task abandoned—unable to apply sufficient effort).23

Sleep Latency Test

Subjects were instructed to lie in bed and to try to fall

asleep. The electroencephalograph, electrooculograms, and

electromyogram were recorded as described previously. The

test was ended 20 minutes after ‘‘lights out.’’ Subsequently,

one analyst determined the latency to stage 1 (drowsy) sleep

for all recordings.

Adverse Events
Adverse events whether considered to be related to the

use of the drug were recorded with details of their onset and

cessation, severity, and relation to treatment.

Statistical Analysis
The statistical power for the experiment was calculated

using the method of Owen.24 Estimates of variance from

previous studies25,26 were used to calculate the minimum
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detectable difference between the 2 drugs for a sample of

sleep and psychometric tests and for 1 subjective measure-

ment for 8 subjects with 80% power at the 5% level of

significance. The order of drug ingestion was based on a

Latin-square design, balanced for carryover effects.

The data were analyzed by analysis of variance as a

general test at the 5% significance level. A 1-factor model

(treatment) with subjects as a random factor was used for all

variables except MAT battery tracking, workload ratings,

mood assessment, and the Samn-Perelli fatigue rating. For

these variables, a 2-factor model (treatment and ‘‘run’’) was

used as these variables were presented at the beginning and

the end of the morning test session. Significant effects in the

analysis of variance of the factors were examined using

Newman-Keuls.27 Planned comparisons were made between

the cannabinoids and placebo using Dunnett procedure, which

adjusts for multiple comparisons with a control, so that the

overall error rate remains at 5%.28 The assumptions of

analysis of variance (homogeneity of variance, normality, and

additivity) were studied by considering transformations of

the raw measures using the maximum likelihood method.29

Each measure was examined for a possible order effect and, if

significant, was included as a linear covariate in the analyses

of these measures.

A principal component analysis was carried out on the

subjective assessments of mood, and 2 major varimax-rotated

components were identified for analysis. The first component

included measures related to lethargy, inefficiency, an in-

ability to concentrate, dullness, sleepiness, and withdrawal.

The second component included measures related to anxiety,

agitation, tension, irritability, and aggression.

For the sleep latency data, on those occasions when

stage 1 sleep did not occur within the 20 minutes allowed

(6 of the 32 sleep latency tests), an iterative extension to a

standard analysis of variance procedure was used. This

method follows a standard expectation/maximization algo-

rithm for handling data censored beyond 20-minute duration,

and it overcomes a downward bias, which would otherwise

be created if the value was removed altogether or if it was

treated as 20 minutes.30

RESULTS

Sleep, Subjective Measures, Next-Day
Performance, Memory, and Sleepiness

The effects of the cannabinoids on nocturnal sleep and

early-morning performance, memory, and sleepiness are

given in Tables 1–3. Back-transformed means corrected for

bias are shown, where appropriate, together with the trans-

formation required.

There was no difference in the subjects’ ratings of

sleepiness before the administration of the 4 treatments, nor

were there any differences in the subjects’ assessments of

sleep onset, duration, or quality following the administration

of the cannabinoids.

There were no effects of 15 mg THC on sleep. In the

case of the latency to rapid eye movement sleep, although

the mean data with 15 mg THC appear to be increased, the

statistical analysis failed to demonstrate a significant change

for the group as a whole due to the variability of the data.

The next day, the subjects reported increased sleepiness

30 minutes after rising, and there were decreased latencies

to early-morning sleep. The subjects also reported changes

in mood. Several aspects of memory were impaired. There

was a reduction in the number of words remembered cor-

rectly in the immediate and delayed recall tests.

With the concomitant administration of THC and

CBD, there was evidence of decreased stage 3 sleep, and

at the higher dose combination (15 mg THC with 15 mg

CBD), awake time was increased. At the lower dose com-

bination (5 mg THC and 5 mg CBD), there were no changes

in mood, sleepiness, fatigue, or performance the next morn-

ing. With the higher dose combination (15 mg THC and

15 mg CBD), subjects reported increased sleepiness with

fatigue and changes in mood. For both combination doses,

there were no changes in performance on the memory tests,

except for a reduced reaction time with the lower doses in

digit recall.

Blood Pressure
Inspection of the blood pressure and pulse rate

recordings did not indicate changes in blood pressure or

pulse rate related to the 30-minute period of drug ad-

ministration. Recordings of these measures in the morning

on awakening revealed postural systolic hypotension with

15 mg THC when given alone or in combination with 15 mg

CBD. There were compensatory increases in pulse rate, both

supine and erect.

Cannabinoid Plasma Levels
The pharmacokinetic data showed that during the

evening before drug administration, the mean serum con-

centrations of THC, 11-hydroxy THC, and CBD were less

than the limit of quantification of the assay. The serum

levels of the cannabinoids the next morning were related to

the dose that had been administered the previous evening.

The mean serum concentrations of THC 9.75 hours after the

ingestion of 5 and 15 mg THC in combination with CBD

and of 15 mg THC when ingested alone were 0.405, 1.348,

and 1.170 (with standard deviations of 0.359, 0.739, and

0.700) ng/mL, respectively. Similarly, the concentrations of

11-hydroxy THC 9.75 hours after the ingestion of the 2 dose

combinations of THC with CBD and of 15 mg THC alone

were 0.714, 2.178, and 1.663 (with standard deviations of

0.762, 1.325, and 1.293) ng/mL, respectively. The serum
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concentrations of CBD following the ingestion of 5 and

15 mg CBD in combination with THC were 0.309 and 0.863

(with standard deviations of 0.187 and 0.425) ng/mL. There

was no CBD detectable following the administration of

THC alone.

Adverse Events
There were no serious adverse events and no adverse

events that led to withdrawal of a subject. All 8 subjects

reported at least one adverse event. Inspection of reported

adverse events showed that the high dose combination of

THC and CBD was likely to be associated with symptoms

related to the nervous system.

DISCUSSION
It would appear that the cannabinoids, THC and CBD,

when given in the doses and in the combinations used in the

present study, are unlikely to have adverse clinical effects on

sleep. THC would appear to be a sedative compound, whereas

CBD would appear to have some alerting properties. The

distinct activity of these compounds suggests that they could

be complementary in clinical practice. The alerting activity of

CBD may be particularly useful in the concomitant admin-

istration of THC and CBD when the therapeutic activity of

both compounds is sought.

The present analysis did not provide evidence that

15 mg THC altered the sleep process, although inspection of

TABLE 1. Effect of the Cannabinoids (D-9-THC and CBD) on the Electroencephalographic Measures of Nocturnal Sleep
(Means for 8 Subjects)

Measure Transform SE* Placebo 15 mg THC

5 mg THC and

5 mg CBD

15 mg THC and

15 mg CBD

Total sleep time, min log 0.3879 429.13 429.25 443.83 404.56

Sleep efficiency indexy log 0.2190 0.89 0.89 0.92 0.84

Sleep onset latency, min 3.9145 24.63 25.94 22.56 23.50

Latency to slow-wave sleep, min 1.5351 10.13 12.13 11.44 10.81

Latency to REM sleep, min log 0.1487 106.56 140.13 107.44 107.44

REM to non-REM ratio log 0.1980 0.24 0.21 0.27 0.18

Number of REM periods 0.3934 4.50 3.88 4.25 3.91

Number of awakenings 2.1375 13.63 14.13 12.50 14.25

Number of stage shifts 7.4232 106.50 103.88 100.13 100.00

Duration of wakefulness, min log 0.3194 17.06 17.19 11.25 41.06z

Duration of stage 1 sleep, min 6.4665 45.88 43.19 44.75 42.56

Duration of stage 2 sleep, min 11.4059 234.19 233.81 235.50 233.19

Duration of stage 3 sleep, min 3.2203 32.88 28.06 24.19x 23.75x

Duration of stage 4 sleep, min 6.9455 40.06 53.38 48.31 49.81

Duration of stages 3 and 4, min 6.3538 72.94 81.44 72.50 73.56

Duration of REM sleep, min 11.5244 84.75 74.31 93.13 61.88

*Standard error for comparison. Where data were transformed, the SE is given on a transformed scale.
ySleep efficiency index (total sleep time divided by time in bed).
zP < 0.05 compared with 5 mg THC and 5 mg CBD.
xP < 0.05 compared with placebo.

TABLE 2. Effect of the Cannabinoids [D-9-THC and CBD] on Subjective Assessments of Sleep and Sleepiness 30 Minutes After
Rising, 9 Hours After Administration (Means for 8 Subjects)

Measure SE* Placebo 15 mg THC

5 mg THC and

5 mg CBD

15 mg THC and

15 mg CBD

Stanford Sleepiness Scale
(from 1.0 = wide awake to
7.0 = extremely sleepy)

0.4157 2.38 3.75y 2.88 3.71y

Visual Analogue Scale
(from 100 = wide awake
to 0 = very sleepy)

9.7679 70.75 43.75y 56.75 35.13z

*Standard error for comparison. Where data were transformed, the SE is given on a transformed scale.
yP < 0.05 compared with placebo.
zP < 0.01 compared with placebo.
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the data could suggest that in some individuals, the duration

of slow-wave sleep may have been increased. However,

there was evidence, the next morning, of increased sleep-

iness and changes in mood and of reduced latencies to early-

morning sleep. Increased sleepiness and changes in mood

the next day, but not the decreased latencies to early-

morning sleep, were also seen when 15 mg THC was given

with 15 mg CBD.

Modulation of slow-wave sleep was observed when 5 or

15 mg CBD was ingested with the same doses of THC, as there

was a decrease in stage 3 sleep. It would appear possible that

CBD may increase slow-wave activity usually associated with

stage 4, as there were no changes in the duration of stage 2

itself or in the combined duration of stage 2 and slow-wave

sleep. This could be due to the activity of CBD alone or to its

activity in combination with THC. It is also of interest that an

increase in awake activity occurred with the ingestion of 15 mg

CBD and 15 mg THC, but not with 5 mg CBD and 5 mg THC

(or with 15 mg THC alone). This would suggest that CBD may

have an alerting effect that is dependent on dose. The analysis

did not provide any evidence that CBD reduced total sleep

time for the group as a whole, but again, inspection of the data

TABLE 3. Effect of the Cannabinoids [D-9-THC and CBD] on Performance, Memory, Mood, Subjective Sleepiness, and Sleep
Latency the Next Morning 10 Hours After Administration (Means for 8 Subjects)

Measure Transform SE* Placebo 15 mg THC

5 mg THC and

5 mg CBD

15 mg THC and

15 mg CBD

Digit symbol substitution

Number of substitutions 4.5883 158.75 152.00 162.00 153.63

Choice reaction time

Reaction time, s Reciprocal 0.0284 0.42 0.42 0.41 0.42

Wrong, % Square root 0.3130 2.27 3.59 3.91 3.05

Sustained attention

Reaction time, s 0.0198 0.42 0.42 0.40 0.40

Errors (wrong and missed), % Square root 0.5525 7.21 7.39 6.64 11.70

Immediate word recall

No. words correctly recalled 0.8522 11.25 9.00y 10.50 9.25

Delayed word recall

No. words correctly recalled 0.9316 8.13 5.06yz 8.25 6.46

Six-letter memory recall

Reaction time, s Log 0.0373 0.93 0.96 0.88 0.96

Wrong, % Log 0.1917 12.50 12.67 13.50 13.50

Digit memory recall

Reaction time, s 0.0231 0.81 0.78 0.74y 0.79

Errors (wrong and missed), % 0.0139 6.43 6.60 6.41 4.57

Mood (mean)

First componentx 0.1590 0.1821 �0.1586yz 0.2467 �0.2702yz

Second componentx 0.2935 �0.6173 0.2670y �0.0662 0.4165y

Fatigue rating (mean)

From 20 (extremely alert) to
0 (extremely fatigued)

1.1742 11.13 8.50 9.94 7.19y

Stanford sleepiness scale

Before sleep latency test
(from 1.0 = wide awake to
7.0 = extremely sleepy)

0.4613 3.25 4.13 3.88 4.50y

Sleep latency

To stage 1 sleep, min 1.3989 10.15 5.85y 7.97 9.31

*Standard error for comparison. Where data were transformed, the SE is given on a transformed scale.
yP < 0.05 compared with placebo.
zP < 0.05 compared with 5 mg THC and 5 mg CBD.
xThe first component of mood included measures related to anxiety, agitation, tension, irritability, and aggression. Negative values indicate greater levels

of these variables. The second component of mood included measures related to lethargy, inefficiency, an inability to concentrate, dullness, sleepiness,
and withdrawal. Positive values indicate greater levels of these variables.
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could suggest that in some individuals, it was curtailed,

together with rapid eye movement sleep.

In the present study, assessment of performance

detected residual activity of the cannabinoids somewhat

more than 10 hours after ingestion. At this time, impaired

performance was limited to the effect of 15 mg THC on

memory, and this observation is in broad accord with the

published literature (reviewed by Ashton31) and with the

studies of Curran et al.32 In the latter study, episodic memory

and verbal learning were impaired only with 15 mg THC and

not with 7.5 mg THC. These effects were contained within the

8-hour period after ingestion and were not present 24 hours

after ingestion.

Although impaired memory was observed the next day

when 15 mg THC was given alone overnight, there were

no effects on memory when 15 mg THC was ingested with

15 mg CBD. This could be due to an alerting effect of CBD.

Indeed, such an effect would be consistent with increased

wakefulness during the night, absence of an effect on early-

morning sleep latencies when the higher dose combination

was ingested, and reduced reaction time in digit recall with

the low dose combination. However, although the activity of

15 mg CBD may have counteracted the effects of 15 mg

THC on memory, the subjective impression of sleepiness

persisted, as did changes in mood. The possibility that CBD

may counteract, at least partially, the activity of THC has

been raised in connection with the psychologic effects of

THC.12

Overall, these observations would suggest that the

effects of overnight administration of THC and CBD on the

sleep process and early-morning behavior are dependent on

dose. This would accord with both the pharmacokinetic data

and the recordings of blood pressure and pulse rate. The

mean serum concentrations of these cannabinoids and of

11-hydroxy THC (a major active metabolite of THC) are

clearly related to the administered dose. Persistent activity

of the high dose cannabinoids when given alone or in com-

bination was also evident from postural systolic hypotension

with compensatory increases in pulse rate, both supine and

erect, observed the next morning.

Clearly, the present studies on cannabis-related com-

pounds have shown that overnight administration leads to

dose-related serum concentrations and dose-related effects

on the sleep process and early-morning activity. The studies

have identified the discrete activities of THC and CBD

related to their sedative and alerting properties and have

explored the potential of sleep studies to establish dose

combinations that are likely to provide the optimum balance

of their activity.

It is suggested that combinations of THC and CBD are

unlikely to prejudice any improvement in sleep brought

about by the effects of these drugs in alleviating pain and

other chronic symptoms. However, although 15 mg THC is

free of adverse effects of clinical significance on the sleep

process, its activity is associated with residual effects. In

this context, the coadministration of THC and CBD has ad-

vantages beyond the therapeutic benefits that both drugs

may bring individually. An equal dose of CBD appears to

counteract the residual effects of THC on daytime sleep

latencies and memory, although the subjects may still report

sleepiness.
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Preface

At the time of this report’s release in January 2017, 28 states and the 
District of Columbia have legalized cannabis for the treatment of medical 
conditions. Eight of these states and the District of Columbia have also 
legalized cannabis for recreational use. In addition to the growing avail-
ability of legalized cannabis, there has also been a rapid expansion in the 
types of available cannabis products, including edibles, oils, and a variety 
of inhaled substances. The growing acceptance, accessibility, and use of 
cannabis raise important public health concerns, and there is a clear need 
to establish what is known and what needs to be known about the health 
effects of cannabis use. 

The committee was tasked with conducting a comprehensive review 
of the current evidence regarding the health effects of using cannabis and 
cannabis-derived products. The study was conducted in a limited time 
frame in order to respond to a quickly moving landscape, but as described 
in the report’s methods section, the amount of work that this report 
entailed and the volume of literature reviewed clearly indicates the sub-
stantial effort involved and the importance of this issue to the committee. 

In the current report, the committee presents a rigorous and thought-
ful summary of the landscape of cannabis and health and puts forth rec-
ommendations to help advance the research field and better inform public 
health decisions. I wish to express my deepest gratitude to my fellow 
committee members who worked so hard and with good grace to accom-
plish this task. As with other National Academies of Sciences, Engineer-
ing, and Medicine reports, the work of the committee would have been 
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xviii PREFACE

far more difficult, if not impossible, without the support of a dedicated, 
knowledgeable, and very hardworking National Academies staff.

Marie C. McCormick, Chair
Committee on the Health Effects of Marijuana:  

An Evidence Review and Research Agenda
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Summary

Over the past 20 years there have been substantial changes to the 
cannabis policy landscape. To date, 28 states and the District of Columbia 
have legalized cannabis for the treatment of medical conditions (NCSL, 
2016). Eight of these states and the District of Columbia have also legal-
ized cannabis for recreational use. These landmark changes in policy have 
markedly changed cannabis use patterns and perceived levels of risk. 
Based on a recent nationwide survey, 22.2 million Americans (12 years of 
age and older) reported using cannabis in the past 30 days, and between 
2002 and 2015 the percentage of past month cannabis users in this age 
range has steadily increased (CBHSQ, 2016). 

Despite the extensive changes in policy at the state level and the rapid 
rise in the use of cannabis both for medical purposes and for recreational 
use, conclusive evidence regarding the short- and long-term health effects 
(harms and benefits) of cannabis use remains elusive. A lack of scientific 
research has resulted in a lack of information on the health implications 
of cannabis use, which is a significant public health concern for vulner-
able populations such as pregnant women and adolescents. Unlike other 
substances whose use may confer risk, such as alcohol or tobacco, no 
accepted standards exist to help guide individuals as they make choices 
regarding the issues of if, when, where, and how to use cannabis safely 
and, in regard to therapeutic uses, effectively.

Within this context, in March 2016, the Health and Medicine Division 
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2 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

(formerly the Institute of Medicine [IOM]1) of the National Academies of 
Sciences, Engineering, and Medicine (the National Academies) was asked 
to convene a committee of experts to conduct a comprehensive review of 
the literature regarding the health effects of using cannabis and/or its con-
stituents that had appeared since the publication of the 1999 IOM report 

1 As of March 2016, the Health and Medicine Division continues the consensus studies and 
convening activities previously carried out by the Institute of Medicine (IOM).

BOX S-1 
Statement of Task

The National Academies of Sciences, Engineering, and Medicine (the National 
Academies) will appoint an ad hoc committee to develop a comprehensive, in-
depth review of existing evidence regarding the health effects of using marijuana 
and/or its constituents.

The committee will develop a consensus report with two primary sections: 
(1) a section of the report will summarize what can be determined about the 
health effects of marijuana use and, (2) a section of the report will summarize 
potential therapeutic uses of marijuana. The report will also provide a background 
overview of the cannabinoid/endocannabinoid system, history of use in the United 
States, and the regulation and policy landscape. In addition, the report will outline 
and make recommendations regarding a research agenda identifying the most 
critical research questions regarding the association of marijuana use with health 
outcomes (both risks and therapeutic) that can be answered in the short term 
(i.e., within a 3-year time frame) as well as any steps that should be taken in the 
short term to ensure that sufficient data are being gathered to answer long-term 
questions (e.g., appropriate questions on large population surveillance surveys, 
clinical data collection or other data capture, and resolution of barriers to linkage 
between survey data and death/morbidity registries to enable population-level mor-
bidity and mortality effects estimates). The committee should focus on questions 
and consequences with the potential for the greatest public health impact, while 
shedding light on the characteristics of marijuana use that impact both short- and 
long-term health. 

In conducting its work, the committee will conduct a comprehensive review of 
the evidence, using accepted approaches of literature search, evidence review, 
grading, and synthesis. Studies reviewed regarding health risks should be as 
broad as possible, including but not limited to epidemiology and clinical studies, 
and toxicology and animal studies when determined appropriate by the committee. 
The committee will provide summary determinations regarding causality based on 
strength of evidence. Both U.S. and international studies may be reviewed based 
upon relevance and methodological rigor.
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SUMMARY 3

Marijuana and Medicine. The resulting Committee on the Health Effects 
of Marijuana consisted of 16 experts in the areas of marijuana, addiction, 
oncology, cardiology, neurodevelopment, respiratory disease, pediatric 
and adolescent health, immunology, toxicology, preclinical research, epi-
demiology, systematic review, and public health. The sponsors of this 
report include federal, state, philanthropic, and nongovernmental orga-
nizations, including the Alaska Mental Health Trust Authority; Arizona 
Department of Health Services; California Department of Public Health; 
CDC Foundation; Centers for Disease Control and Prevention (CDC); The 
Colorado Health Foundation; Mat-Su Health Foundation; National High-
way Traffic Safety Administration; National Institutes of Health/National 
Cancer Institute; National Institutes of Health/National Institute on Drug 
Abuse; Oregon Health Authority; the Robert W. Woodruff Foundation; 
Truth Initiative; U.S. Food and Drug Administration; and Washington 
State Department of Health.

In its statement of task, the committee was asked to make recommen-
dations for a research agenda that will identify the most critical research 
questions regarding the association of cannabis use with health outcomes 
(both harms and benefits) that can be answered in the short term (i.e., 
within a 3-year time frame), as well as steps that should be taken in the 
short term to ensure that sufficient data are being gathered to answer 
long-term questions. Of note, throughout the report the committee has 
attempted to highlight research conclusions that affect certain popula-
tions (e.g., pregnant women, adolescents) that may be more vulnerable to 
potential harmful effects of cannabis use. The committee’s full statement 
of task is presented in Box S-1. 

STUDY CONTEXT AND APPROACH

Over the past 20 years the IOM published several consensus reports 
that focused on the health effects of marijuana or addressed marijuana 
within the context of other drug or substance abuse topics.2 The two 
IOM reports that most prominently informed the committee’s work were 
Marijuana and Health, published in 1982, and the 1999 report Marijuana 
and Medicine: Assessing the Science Base. Although these reports differed in 
scope, they were useful in providing a comprehensive body of evidence 
upon which the current committee could build. 

The scientific literature on cannabis use has grown substantially since 
the 1999 publication of Marijuana and Medicine. The committee conducted 
an extensive search of relevant databases, including Medline, Embase, 

2 See https://www.nap.edu/search/?year=1995&rpp=20&ft=1&term=marijuana (accessed 
January 5, 2017). 
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4 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

the Cochrane Database of Systematic Reviews, and PsycINFO, and they 
initially retrieved more than 24,000 abstracts that could have potentially 
been relevant to this study. These abstracts were reduced by limiting arti-
cles to those published in English and removing case reports, editorials, 
studies by “anonymous” authors, conference abstracts, and commentar-
ies. In the end, the committee considered more than 10,700 abstracts for 
their relevance to this report.

Given the large scientific literature on cannabis, the breadth of the 
statement of task, and the time constraints of the study, the committee 
developed an approach that resulted in giving primacy to recently pub-
lished systematic reviews (since 2011) and high-quality primary research 
for 11 groups of health endpoints (see Box S-2). For each health endpoint, 

BOX S-2 
Health Topics and Prioritized Health Endpoints 

(listed in the order in which they appear in the report)

Therapeutic effects

•	 	Chronic pain; cancer, chemotherapy-induced nausea/vomiting; anorexia 
and weight loss; irritable bowel syndrome; epilepsy; spasticity related to 
multiple sclerosis or spinal cord injury; Tourette syndrome; amyotrophic 
lateral sclerosis; Huntington’s disease; Parkinson’s disease; dystonia; de-
mentia; glaucoma; traumatic brain injury; addiction; anxiety; depression; 
sleep disorders; posttraumatic stress disorder; schizophrenia and other 
psychoses

Cancer 

•  Lung cancer; head and neck cancer; testicular cancer; esophageal cancer; 
other cancer

Cardiometabolic risk

•	 	Acute myocardial infarction; stroke; metabolic dysregulation, metabolic 
syndrome, prediabetes, and diabetes mellitus

Respiratory disease

•	 	Pulmonary function; chronic obstructive pulmonary disorder; respiratory 
symptoms (including chronic bronchitis); asthma

Immunity

•	 Immune function; infectious disease
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SUMMARY 5

systematic reviews were identified and assessed for quality using pub-
lished criteria; only fair- and good-quality reviews were considered by 
the committee. The committee’s conclusions are based on the findings 
from the most recently published systematic review and all relevant fair- 
and good-quality primary research published after the systematic review. 
Where no systematic review existed, the committee reviewed all relevant 
primary research published between January 1, 1999, and August 1, 2016. 
Primary research was assessed using standard approaches (e.g., Cochrane 
Quality Assessment, Newcastle–Ontario scale) as a guide.

The search strategies and processes described above were developed 
and adopted by the committee in order to adequately address a broad 
statement of task in a limited time frame while adhering to the National 

Injury and death

•	 	All-cause mortality; occupational injury; motor vehicle crash; overdose 
injury and death

Prenatal, perinatal, and postnatal exposure to cannabis

•	 	Pregnancy complications for the mother; fetal growth and development; 
neonatal conditions; later outcomes for the infant

Psychosocial 

•	 	Cognition (learning, memory, attention, intelligence); academic achieve-
ment and educational outcomes; employment and income; social relation-
ships and other social roles

Mental health 

•	 	Schizophrenia and other psychoses; bipolar disorders, depression; sui-
cide; anxiety; posttraumatic stress disorder

Problem cannabis use 

•	 Cannabis use disorder

Cannabis use and abuse of other substances

• Abuse of other substances
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6 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

Academies’ high standards for the quality and rigor of committee reports. 
Readers of this report should recognize two important points. First, the 
committee was not tasked to conduct multiple systematic reviews, which 
would have required a lengthy and robust series of processes. The com-
mittee did, however, adopt key features of that process: a comprehensive 
literature search; assessments by more than one person of the quality 
(risk of bias) of key literature and the conclusions; prespecification of 
the questions of interest before conclusions were formulated; standard 
language to allow comparisons between conclusions; and declarations of 
conflict of interest via the National Academies conflict-of-interest policies. 
Second, there is a possibility that some literature was missed because of 
the practical steps taken to narrow a very large literature to one that was 
manageable within the time frame available to the committee. Further-
more, very good research may not be reflected in this report because it 
did not directly address the health endpoint research questions that were 
prioritized by the committee.

This report is organized into four parts and 16 chapters. Part I: Intro-
duction and Background, Part II: Therapeutic Effects (Therapeutic Effects 
of Cannabis and Cannabinoids), Part III: Other Health Effects, and Part IV: 
Research Barriers and Recommendations. In Part II, most of the evidence 
reviewed in Chapter 4 derives from clinical and basic science research 
conducted for the specific purpose of answering an a priori question of 
whether cannabis and/or cannabinoids are an effective treatment for a 
specific disease or health condition. The evidence reviewed in Part III 
derives from epidemiological research that primarily reviews the effects 
of smoked cannabis. It is of note that several of the prioritized health 
endpoints discussed in Part III are also reviewed in Part II, albeit from 
the perspective of effects associated with using cannabis for primarily 
recreational, as opposed to therapeutic, purposes.

Several health endpoints are discussed in multiple chapters of the 
report (e.g., cancer, schizophrenia); however, it is important to note that 
the research conclusions regarding potential harms and benefits discussed 
in these chapters may differ. This is, in part, due to differences in the study 
design of the reviewed evidence, differences in characteristics of canna-
bis or cannabinoid exposure (e.g., form, dose, frequency of use), and the 
populations studied. As such, it is important that the reader is aware that 
this report was not designed to reconcile the proposed harms and benefits 
of cannabis or cannabinoid use across the report’s chapters. In drafting the 
report’s conclusions, the committee made an effort to be as specific as pos-
sible about the type and/or duration of cannabis or cannabinoid exposure 
and, where relevant, cross-referenced findings from other report chapters. 
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SUMMARY 7

REPORT CONCLUSIONS ON THE ASSOCIATION 
BETWEEN CANNABIS USE AND HEALTH

From their review, the committee arrived at nearly 100 different 
research conclusions related to cannabis or cannabinoid use and health. 
Informed by the reports of previous IOM committees,3 the committee 
developed standard language to categorize the weight of evidence regard-
ing whether cannabis or cannabinoid use (for therapeutic purposes) is 
an effective or ineffective treatment for the prioritized health endpoints 
of interest, or whether cannabis or cannabinoid use (primarily for rec-
reational purposes) is statistically associated with the prioritized health 

3 Adverse Effects of Vaccines: Evidence and Causality (IOM, 2012); Treatment of Posttraumatic 
Stress Disorder: An Assessment of the Evidence (IOM, 2008); Veterans and Agent Orange: Update 
2014 (NASEM, 2016).

BOX S-3  
Weight-of-Evidence Categories

CONCLUSIVE EVIDENCE

For therapeutic effects: There is strong evidence from randomized controlled 
trials to support the conclusion that cannabis or cannabinoids are an effective or 
ineffective treatment for the health endpoint of interest. 

For other health effects: There is strong evidence from randomized controlled 
trials to support or refute a statistical association between cannabis or cannabinoid 
use and the health endpoint of interest. 

For this level of evidence, there are many supportive findings from good-quality 
studies with no credible opposing findings. A firm conclusion can be made, and the 
limitations to the evidence, including chance, bias, and confounding factors, can 
be ruled out with reasonable confidence.

SUBSTANTIAL EVIDENCE

For therapeutic effects: There is strong evidence to support the conclusion that 
cannabis or cannabinoids are an effective or ineffective treatment for the health 
endpoint of interest. 

For other health effects: There is strong evidence to support or refute a statisti-
cal association between cannabis or cannabinoid use and the health endpoint of 
interest.

For this level of evidence, there are several supportive findings from good-
quality studies with very few or no credible opposing findings. A firm conclusion can 
be made, but minor limitations, including chance, bias, and confounding factors, 
cannot be ruled out with reasonable confidence.

continued
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8 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

MODERATE EVIDENCE

For therapeutic effects: There is some evidence to support the conclusion that 
cannabis or cannabinoids are an effective or ineffective treatment for the health 
endpoint of interest. 

For other health effects: There is some evidence to support or refute a statisti-
cal association between cannabis or cannabinoid use and the health endpoint of 
interest. 

For this level of evidence, there are several supportive findings from good- to 
fair-quality studies with very few or no credible opposing findings. A general conclu-
sion can be made, but limitations, including chance, bias, and confounding factors, 
cannot be ruled out with reasonable confidence.

LIMITED EVIDENCE

For therapeutic effects: There is weak evidence to support the conclusion that 
cannabis or cannabinoids are an effective or ineffective treatment for the health 
endpoint of interest. 

For other health effects: There is weak evidence to support or refute a statisti-
cal association between cannabis or cannabinoid use and the health endpoint of 
interest.

For this level of evidence, there are supportive findings from fair-quality studies 
or mixed findings with most favoring one conclusion. A conclusion can be made, 
but there is significant uncertainty due to chance, bias, and confounding factors.

NO OR INSUFFICIENT EVIDENCE TO SUPPORT THE ASSOCIATION

For therapeutic effects: There is no or insufficient evidence to support the 
conclusion that cannabis or cannabinoids are an effective or ineffective treatment 
for the health endpoint of interest. 

For other health effects: There is no or insufficient evidence to support or re-
fute a statistical association between cannabis or cannabinoid use and the health 
endpoint of interest. 

For this level of evidence, there are mixed findings, a single poor study, or 
health endpoint has not been studied at all. No conclusion can be made because 
of substantial uncertainty due to chance, bias, and confounding factors.

endpoints of interest. Box S-3 describes these categories and the general 
parameters for the types of evidence supporting each category. For a full 
listing of the committee’s conclusions, please see this chapter’s annex. 

BOX S-3 Continued
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SUMMARY 9

REPORT RECOMMENDATIONS 

This is a pivotal time in the world of cannabis policy and research. 
Shifting public sentiment, conflicting and impeded scientific research, 
and legislative battles have fueled the debate about what, if any, harms 
or benefits can be attributed to the use of cannabis or its derivatives. The 
committee has put forth a substantial number of research conclusions on 
the health effects of cannabis and cannabinoids. Based on their research 
conclusions, the committee members formulated four recommendations 
to address research gaps, improve research quality, improve surveillance 
capacity, and address research barriers. The report’s full recommenda-
tions are described below. 

Address Research Gaps

Recommendation 1: To develop a comprehensive evidence base 
on the short- and long-term health effects of cannabis use (both 
beneficial and harmful effects), public agencies,4 philanthropic 
and professional organizations, private companies, and clinical 
and public health research groups should provide funding and 
support for a national cannabis research agenda that addresses 
key gaps in the evidence base. Prioritized research streams and 
objectives should include, but need not be limited to:

Clinical and Observational Research

•	 Examine the health effects of cannabis use in at-risk or under-
researched populations, such as children and youth (often 
described as less than 18 years of age) and older populations 
(generally over 50 years of age), pregnant and breastfeeding 
women, and heavy cannabis users.

•	 Investigate the pharmacokinetic and pharmacodynamic proper-
ties of cannabis, modes of delivery, different concentrations, in 
various populations, including the dose–response relationships 
of cannabis and THC or other cannabinoids.

•	 Determine the harms and benefits associated with understudied 
cannabis products, such as edibles, concentrates, and topicals. 

•	 Conduct well-controlled trials on the potential beneficial and 
harmful health effects of using different forms of cannabis, such 

4 Agencies may include the CDC, relevant agencies of the National Institutes of Health 
(NIH), and the U.S. Food and Drug Administration (FDA).
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10 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

as inhaled (smoked or vaporized) whole cannabis plant and oral 
cannabis. 

•	 Characterize the health effects of cannabis on unstudied and 
understudied health endpoints, such as epilepsy in pediatric pop-
ulations; symptoms of posttraumatic stress disorder; childhood 
and adult cancers; cannabis-related overdoses and poisonings; 
and other high-priority health endpoints.

Health Policy and Health Economics Research

•	 Identify models, including existing state cannabis policy models, 
for sustainable funding of national, state, and local public health 
surveillance systems.

•	 Investigate the economic impact of recreational and medical can-
nabis use on national and state public health and health care 
systems, health insurance providers, and patients.

Public Health and Public Safety Research

•	 Identify gaps in the cannabis-related knowledge and skills of 
health care and public health professionals, and assess the need 
for, and performance of, continuing education programs that 
address these gaps.

•	 Characterize public safety concerns related to recreational can-
nabis use and evaluate existing quality assurance, safety, and 
packaging standards for recreational cannabis products.

Improve Research Quality

Recommendation 2: To promote the development of conclusive 
evidence on the short- and long-term health effects of canna-
bis use (both beneficial and harmful effects), agencies of the 
U.S. Department of Health and Human Services, including the 
National Institutes of Health and the Centers for Disease Con-
trol and Prevention, should jointly fund a workshop to develop 
a set of research standards and benchmarks to guide and ensure 
the production of high-quality cannabis research. Workshop 
objectives should include, but need not be limited to:

•	 The development of a minimum dataset for observational and 
clinical studies, standards for research methods and design, and 
guidelines for data collection methods.
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SUMMARY 11

•	 Adaptation of existing research-reporting standards to the needs 
of cannabis research.

•	 The development of uniform terminology for clinical and epide-
miological cannabis research.

•	 The development of standardized and evidence-based question 
banks for clinical research and public health surveillance tools.

Improve Surveillance Capacity

Recommendation 3: To ensure that sufficient data are available 
to inform research on the short- and long-term health effects 
of cannabis use (both beneficial and harmful effects), the Cen-
ters for Disease Control and Prevention, the Substance Abuse 
and Mental Health Services Administration, the Association 
of State and Territorial Health Officials, National Association 
of County and City Health Officials, the Association of Public 
Health Laboratories, and state and local public health depart-
ments should fund and support improvements to federal pub-
lic health surveillance systems and state-based public health 
surveillance efforts. Potential efforts should include, but need 
not be limited to:

•	 The development of question banks on the beneficial and harm-
ful health effects of therapeutic and recreational cannabis use and 
their incorporation into major public health surveys, including 
the National Health and Nutrition Examination Survey, National 
Health Interview Survey, Behavioral Risk Factor Surveillance 
System, National Survey on Drug Use and Health, Youth Risk 
Behavior Surveillance System, National Vital Statistics System, 
Medical Expenditure Panel Survey, and the National Survey of 
Family Growth.

•	 Determining the capacity to collect and reliably interpret data 
from diagnostic classification codes in administrative data (e.g., 
International Classification of Diseases-10). 

•	 The establishment and utilization of state-based testing facilities 
to analyze the chemical composition of cannabis and products 
containing cannabis, cannabinoids, or THC.

•	 The development of novel diagnostic technologies that allow for 
rapid, accurate, and noninvasive assessment of cannabis exposure 
and impairment.

•	 Strategies for surveillance of harmful effects of cannabis for thera-
peutic use. 
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12 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

Address Research Barriers

Recommendation 4: The Centers for Disease Control and Pre-
vention, National Institutes of Health, U.S. Food and Drug 
Administration, industry groups, and nongovernmental orga-
nizations should fund the convening of a committee of experts 
tasked to produce an objective and evidence-based report that 
fully characterizes the impacts of regulatory barriers to canna-
bis research and that proposes strategies for supporting devel-
opment of the resources and infrastructure necessary to conduct 
a comprehensive cannabis research agenda. Committee objec-
tives should include, but need not be limited to:

•	 Proposing strategies for expanding access to research-grade mari-
juana, through the creation and approval of new facilities for 
growing and storing cannabis.

•	 Identifying nontraditional funding sources and mechanisms to 
support a comprehensive national cannabis research agenda.

•	 Investigating strategies for improving the quality, diversity, and 
external validity of research-grade cannabis products.
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ANNEX 

Report Conclusions5

Chapter 4 Conclusions—Therapeutic Effects of Cannabis and Cannabinoids

There is conclusive or substantial evidence that cannabis or 
cannabinoids are effective:

•	 For the treatment of chronic pain in adults (cannabis) (4-1)
•	 As antiemetics in the treatment of chemotherapy-induced 

nausea and vomiting (oral cannabinoids) (4-3)
• For improving patient-reported multiple sclerosis spasticity 

symptoms (oral cannabinoids) (4-7a)

There is moderate evidence that cannabis or cannabinoids are 
effective for:

•	 Improving short-term sleep outcomes in individuals with 
sleep disturbance associated with obstructive sleep apnea 
syndrome, fibromyalgia, chronic pain, and multiple sclero-
sis (cannabinoids, primarily nabiximols) (4-19)

There is limited evidence that cannabis or cannabinoids are 
effective for:

•	 Increasing appetite and decreasing weight loss associated 
with HIV/AIDS (cannabis and oral cannabinoids) (4-4a)

•	 Improving clinician-measured multiple sclerosis spasticity 
symptoms (oral cannabinoids) (4-7a)

•	 Improving symptoms of Tourette syndrome (THC capsules) 
(4-8)

•	 Improving anxiety symptoms, as assessed by a public 
speaking test, in individuals with social anxiety disorders 
(cannabidiol) (4-17)

•	 Improving symptoms of posttraumatic stress disorder (nabi-
lone; a single, small fair-quality trial) (4-20)

5 Numbers in parentheses correspond to chapter conclusion numbers.
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There is limited evidence of a statistical association between 
cannabinoids and:

•	 Better outcomes (i.e., mortality, disability) after a traumatic 
brain injury or intracranial hemorrhage (4-15)

There is limited evidence that cannabis or cannabinoids are 
ineffective for:

•	 Improving symptoms associated with dementia (cannabi-
noids) (4-13)

•	 Improving intraocular pressure associated with glaucoma 
(cannabinoids) (4-14)

•	 Reducing depressive symptoms in individuals with chronic 
pain or multiple sclerosis (nabiximols, dronabinol, and nabi-
lone) (4-18)

There is no or insufficient evidence to support or refute the 
conclusion that cannabis or cannabinoids are an effective treat-
ment for:

•	 Cancers, including glioma (cannabinoids) (4-2)
•	 Cancer-associated anorexia cachexia syndrome and anorexia 

nervosa (cannabinoids) (4-4b)
•	 Symptoms of irritable bowel syndrome (dronabinol) (4-5)
•	 Epilepsy (cannabinoids) (4-6)
•	 Spasticity in patients with paralysis due to spinal cord injury 

(cannabinoids) (4-7b)
•	 Symptoms associated with amyotrophic lateral sclerosis 

(cannabinoids) (4-9)
•	 Chorea and certain neuropsychiatric symptoms associated 

with Huntington’s disease (oral cannabinoids) (4-10)
•	 Motor system symptoms associated with Parkinson’s dis-

ease or the levodopa-induced dyskinesia (cannabinoids) 
(4-11)

•	 Dystonia (nabilone and dronabinol) (4-12)
•	 Achieving abstinence in the use of addictive substances 

(cannabinoids) (4-16)
•	 Mental health outcomes in individuals with schizophrenia 

or schizophreniform psychosis (cannabidiol) (4-21)
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Chapter 5 Conclusions—Cancer

There is moderate evidence of no statistical association between 
cannabis use and:

•	 Incidence of lung cancer (cannabis smoking) (5-1)
•	 Incidence of head and neck cancers (5-2)

There is limited evidence of a statistical association between 
cannabis smoking and:

•	 Non-seminoma-type testicular germ cell tumors (current, 
frequent, or chronic cannabis smoking) (5-3)

There is no or insufficient evidence to support or refute a statis-
tical association between cannabis use and:

•	 Incidence of esophageal cancer (cannabis smoking) (5-4)
•	 Incidence of prostate cancer, cervical cancer, malignant glio-

mas, non-Hodgkin lymphoma, penile cancer, anal cancer, 
Kaposi’s sarcoma, or bladder cancer (5-5)

•	 Subsequent risk of developing acute myeloid leukemia/
acute non-lymphoblastic leukemia, acute lymphoblastic leu-
kemia, rhabdomyosarcoma, astrocytoma, or neuroblastoma 
in offspring (parental cannabis use) (5-6)

Chapter 6 Conclusions—Cardiometabolic Risk

There is limited evidence of a statistical association between 
cannabis use and:

•	 The triggering of acute myocardial infarction (cannabis 
smoking) (6-1a)

•	 Ischemic stroke or subarachnoid hemorrhage (6-2)
•	 Decreased risk of metabolic syndrome and diabetes (6-3a)
•	 Increased risk of prediabetes (6-3b)

There is no evidence to support or refute a statistical association 
between chronic effects of cannabis use and:

•	 The increased risk of acute myocardial infarction (6-1b)
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16 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

Chapter 7 Conclusions—Respiratory Disease

There is substantial evidence of a statistical association between 
cannabis smoking and:

•	 Worse respiratory symptoms and more frequent chronic 
bronchitis episodes (long-term cannabis smoking) (7-3a)

There is moderate evidence of a statistical association between 
cannabis smoking and:

•	 Improved airway dynamics with acute use, but not with 
chronic use (7-1a)

•	 Higher forced vital capacity (FVC) (7-1b)

There is moderate evidence of a statistical association between 
the cessation of cannabis smoking and:

•	 Improvements in respiratory symptoms (7-3b)

There is limited evidence of a statistical association between 
cannabis smoking and:

•	 An increased risk of developing chronic obstructive pul-
monary disease (COPD) when controlled for tobacco use 
(occasional cannabis smoking) (7-2a)

There is no or insufficient evidence to support or refute a statis-
tical association between cannabis smoking and:

•	 Hospital admissions for COPD (7-2b)
•	 Asthma development or asthma exacerbation (7-4)

Chapter 8 Conclusions—Immunity

There is limited evidence of a statistical association between 
cannabis smoking and:

•	 A decrease in the production of several inflammatory cyto-
kines in healthy individuals (8-1a)
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There is limited evidence of no statistical association between 
cannabis use and:

•	 The progression of liver fibrosis or hepatic disease in indi-
viduals with viral hepatitis C (HCV) (daily cannabis use) 
(8-3)

There is no or insufficient evidence to support or refute a statis-
tical association between cannabis use and:

•	 Other adverse immune cell responses in healthy individuals 
(cannabis smoking) (8-1b)

•	 Adverse effects on immune status in individuals with HIV 
(cannabis or dronabinol use) (8-2)

•	 Increased incidence of oral human papilloma virus (HPV) 
(regular cannabis use) (8-4)

Chapter 9 Conclusions—Injury and Death

There is substantial evidence of a statistical association between 
cannabis use and:

•	 Increased risk of motor vehicle crashes (9-3)

There is moderate evidence of a statistical association between 
cannabis use and:

•	 Increased risk of overdose injuries, including respiratory 
distress, among pediatric populations in U.S. states where 
cannabis is legal (9-4b)

There is no or insufficient evidence to support or refute a statis-
tical association between cannabis use and:

•	 All-cause mortality (self-reported cannabis use) (9-1)
•	 Occupational accidents or injuries (general, nonmedical can-

nabis use) (9-2)
•	 Death due to cannabis overdose (9-4a)
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Chapter 10 Conclusions—Prenatal, Perinatal, and Neonatal Exposure

There is substantial evidence of a statistical association between 
maternal cannabis smoking and:

•	 Lower birth weight of the offspring (10-2)

There is limited evidence of a statistical association between 
maternal cannabis smoking and:

•	 Pregnancy complications for the mother (10-1)
•	 Admission of the infant to the neonatal intensive care unit 

(NICU) (10-3)

There is insufficient evidence to support or refute a statistical 
association between maternal cannabis smoking and:

•	 Later outcomes in the offspring (e.g., sudden infant death 
syndrome, cognition/academic achievement, and later sub-
stance use) (10-4)

Chapter 11 Conclusions—Psychosocial 

There is moderate evidence of a statistical association between 
cannabis use and:

•	 The impairment in the cognitive domains of learning, mem-
ory, and attention (acute cannabis use) (11-1a)

There is limited evidence of a statistical association between 
cannabis use and:

•	 Impaired academic achievement and education outcomes 
(11-2)

•	 Increased rates of unemployment and/or low income (11-3)
•	 Impaired social functioning or engagement in developmen-

tally appropriate social roles (11-4)

There is limited evidence of a statistical association between 
sustained abstinence from cannabis use and:

•	 Impairments in the cognitive domains of learning, memory, 
and attention (11-1b)
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Chapter 12 Conclusions—Mental Health

There is substantial evidence of a statistical association between 
cannabis use and:

•	 The development of schizophrenia or other psychoses, with 
the highest risk among the most frequent users (12-1)

There is moderate evidence of a statistical association between 
cannabis use and:

•	 Better cognitive performance among individuals with psy-
chotic disorders and a history of cannabis use (12-2a)

•	 Increased symptoms of mania and hypomania in individu-
als diagnosed with bipolar disorders (regular cannabis use) 
(12-4)

•	 A small increased risk for the development of depressive 
disorders (12-5)

•	 Increased incidence of suicidal ideation and suicide attempts 
with a higher incidence among heavier users (12-7a)

•	 Increased incidence of suicide completion (12-7b)
•	 Increased incidence of social anxiety disorder (regular can-

nabis use) (12-8b)

There is moderate evidence of no statistical association between 
cannabis use and:

•	 Worsening of negative symptoms of schizophrenia (e.g., 
blunted affect) among individuals with psychotic disorders 
(12-2c)

There is limited evidence of a statistical association between 
cannabis use and:

•	 An increase in positive symptoms of schizophrenia (e.g., 
hallucinations) among individuals with psychotic disorders 
(12-2b)

•	 The likelihood of developing bipolar disorder, particularly 
among regular or daily users (12-3)

•	 The development of any type of anxiety disorder, except 
social anxiety disorder (12-8a)

•	 Increased symptoms of anxiety (near daily cannabis use) 
(12-9)
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•	 Increased severity of posttraumatic stress disorder symp-
toms among individuals with posttraumatic stress disorder 
(12-11)

There is no evidence to support or refute a statistical association 
between cannabis use and:

•	 Changes in the course or symptoms of depressive disorders 
(12-6)

•	 The development of posttraumatic stress disorder (12-10)

Chapter 13 Conclusions—Problem Cannabis Use

There is substantial evidence that:

•	 Stimulant treatment of attention deficit hyperactivity disor-
der (ADHD) during adolescence is not a risk factor for the 
development of problem cannabis use (13-2e)

•	 Being male and smoking cigarettes are risk factors for the 
progression of cannabis use to problem cannabis use (13-2i)

•	 Initiating cannabis use at an earlier age is a risk factor for 
the development of problem cannabis use (13-2j)

There is substantial evidence of a statistical association between:

•	 Increases in cannabis use frequency and the progression to 
developing problem cannabis use (13-1)

•	 Being male and the severity of problem cannabis use, but the 
recurrence of problem cannabis use does not differ between 
males and females (13-3b)

There is moderate evidence that:

•	 Anxiety, personality disorders, and bipolar disorders are not 
risk factors for the development of problem cannabis use 
(13-2b)

•	 Major depressive disorder is a risk factor for the develop-
ment of problem cannabis use (13-2c)

•	 Adolescent ADHD is not a risk factor for the development 
of problem cannabis use (13-2d)
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•	 Being male is a risk factor for the development of problem 
cannabis use (13-2f)

•	 Exposure to the combined use of abused drugs is a risk fac-
tor for the development of problem cannabis use (13-2g)

•	 Neither alcohol nor nicotine dependence alone are risk fac-
tors for the progression from cannabis use to problem can-
nabis use (13-2h)

•	 During adolescence the frequency of cannabis use, opposi-
tional behaviors, a younger age of first alcohol use, nicotine 
use, parental substance use, poor school performance, anti-
social behaviors, and childhood sexual abuse are risk factors 
for the development of problem cannabis use (13-2k)

There is moderate evidence of a statistical association between: 

•	 A persistence of problem cannabis use and a history of psy-
chiatric treatment (13-3a)

•	 Problem cannabis use and increased severity of posttrau-
matic stress disorder symptoms (13-3c)

There is limited evidence that:

•	 Childhood anxiety and childhood depression are risk factors 
for the development of problem cannabis use (13-2a)

Chapter 14 Conclusions—Cannaabis Use and the Abuse of Other Substances

There is moderate evidence of a statistical association between 
cannabis use and:

•	 The development of substance dependence and/or a sub-
stance abuse disorder for substances, including alcohol, 
tobacco, and other illicit drugs (14-3)

There is limited evidence of a statistical association between 
cannabis use and:

•	 The initiation of tobacco use (14-1)
•	 Changes in the rates and use patterns of other licit and illicit 

substances (14-2)
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Chapter 15 Conclusions—Challenges and Barriers in Conducting Cannabis 
Research

There are several challenges and barriers in conducting can-
nabis and cannabinoid research, including

•	 There are specific regulatory barriers, including the classifi-
cation of cannabis as a Schedule I substance, that impede the 
advancement of cannabis and cannabinoid research (15-1)

•	 It is often difficult for researchers to gain access to the 
quantity, quality, and type of cannabis product necessary to 
address specific research questions on the health effects of 
cannabis use (15-2)

•	 A diverse network of funders is needed to support cannabis 
and cannabinoid research that explores the beneficial and 
harmful health effects of cannabis use (15-3)

•	 To develop conclusive evidence for the effects of cannabis 
use on short- and long-term health outcomes, improvements 
and standardization in research methodology (including 
those used in controlled trials and observational studies) 
are needed (15-4)
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1

Introduction

Over the past 20 years, significant changes have taken place in the 
policy landscape surrounding cannabis legalization, production, and use. 
To date, 28 states and the District of Columbia have legalized cannabis 
for the treatment of medical conditions (NCSL, 2016). Eight of these states 
and the District of Columbia have also legalized cannabis for recreational 
use. These landmark changes in policy have markedly changed cannabis 
use patterns and perceived levels of risk. Based on a recent nationwide 
survey, 22.2 million Americans (12 years of age and older) reported using 
cannabis in the past 30 days, and between 2002 and 2015 the percentage 
of past month cannabis users in this age range has steadily increased 
(CBHSQ, 2016).

Despite this reported rapid rise in the use of cannabis, both for medi-
cal purposes and for recreational use, conclusive evidence regarding the 
short- and long-term health effects of cannabis use remains elusive. While 
a myriad of studies have examined cannabis use in all its various forms 
(Calabria et al., 2010; Whiting et al., 2015, 2016; WHO, 2016), often these 
research conclusions are not appropriately synthesized, translated for, or 
communicated to policy makers, health care providers, state health offi-
cials, or other stakeholders who have been charged with influencing and 
enacting policies, procedures, and laws related to cannabis use. Unlike 
other substances whose use may confer risk, such as alcohol or tobacco, 
no accepted standards for the safe use or appropriate doses are available 
to help guide individuals as they make choices regarding the issues of if, 
when, where, and how to use cannabis safely and, in regard to therapeu-

25
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tic uses, effectively (Freeman et al., 2014; Marsot et al., 2016). Moreover, 
studying the potential health impacts of cannabis presents its own set of 
unique challenges. Current challenges include the existence of certain 
regulations and policies that restrict access to cannabis products suited 
for research purposes (e.g., Schedule 1 status; regulatory approvals), the 
limited availability of funding for comprehensive cannabis research, and 
crosscutting methodological challenges. Additionally, researchers are 
often unable to obtain the necessary quantity, quality, or type of cannabis 
product to address cutting-edge public health research questions. 

STUDY CHARGE

Shifting public sentiment, conflicting and impeded scientific research, 
and legislative battles have fueled the debate about what, if any, harms 
or benefits can be attributed to the use of cannabis or its derivatives. In 
March 2016 the Health and Medicine Division1 of the National Academies 
of Sciences, Engineering, and Medicine (the National Academies) was 
asked to convene a committee of experts to conduct a comprehensive 
review of literature regarding the health consequences of using cannabis 
or its constituents that had appeared since the publication of the 1999 
Institute of Medicine (IOM) report Marijuana and Medicine (IOM, 1999). 
In addition, the committee was asked to make recommendations for a 
research agenda that will identify the most critical research questions 
regarding the association of cannabis use with health outcomes (both 
harms and benefits) that can be answered in the short term (i.e., within 
a 3-year time frame), as well as steps that should be taken in the short 
term to ensure that sufficient data are being gathered to answer long-term 
questions. Of note, throughout this report the committee has attempted 
to highlight research conclusions that affect certain populations (e.g., 
pregnant women, adolescents) that may be at greater risk for potential 
adverse effects of cannabis use. The committee’s full statement of task is 
presented in Box 1-1. 

The resulting Committee on the Health Effects of Marijuana included 
experts in the areas of marijuana, addiction, oncology, cardiology, neuro-
development, pulmonary, pediatric and adolescent health, immunology, 
toxicology, preclinical research, epidemiology, systematic review, and 
public health. (See Appendix E for the biographical sketches of commit-
tee members.) 

In conducting its work, the committee met six times from March 
2016 through December 2016. In conjunction with two of those meet-

1 As of March 2016, the Health and Medicine Division continues the consensus studies and 
convening activities previously carried out by the Institute of Medicine (IOM).
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ings, the committee held half-day public information-gathering sessions 
which allowed the committee to hear from study sponsors, experts, and 
other stakeholders. These discussions helped to inform the committee’s 
deliberations.

Sponsors of this report include federal, state, philanthropic, and non-
governmental organizations. These include the Alaska Mental Health 
Trust Authority; Arizona Department of Health Services; California 
Department of Public Health; CDC Foundation; Centers for Disease Con-
trol and Prevention (CDC); The Colorado Health Foundation; Mat-Su 
Health Foundation; National Highway Traffic Safety Administration; 

BOX 1-1 
Statement of Task

The National Academies of Sciences, Engineering, and Medicine (the National 
Academies) will appoint an ad hoc committee to develop a comprehensive, in-
depth review of existing evidence regarding the health effects of using marijuana 
and/or its constituents.

The committee will develop a consensus report with two primary sections: 
(1) a section of the report will summarize what can be determined about the 
health effects of marijuana use and, (2) a section of the report will summarize 
potential therapeutic uses of marijuana. The report will also provide a background 
overview of the cannabinoid/endocannabinoid system, history of use in the United 
States and the regulation and policy landscape. In addition, the report will outline 
and make recommendations regarding a research agenda identifying the most 
critical research questions regarding the association of marijuana use with health 
outcomes (both risks and therapeutic) that can be answered in the short term 
(i.e., within a 3-year time frame) as well as any steps that should be taken in the 
short term to ensure that sufficient data are being gathered to answer long-term 
questions (e.g., appropriate questions on large population surveillance surveys, 
clinical data collection or other data capture, and resolution of barriers to linkage 
between survey data and death/morbidity registries to enable population-level mor-
bidity and mortality effects estimates). The committee should focus on questions 
and consequences with the potential for the greatest public health impact, while 
shedding light on the characteristics of marijuana use that impact both short- and 
long-term health. 

In conducting its work, the committee will conduct a comprehensive review of 
the evidence, using accepted approaches of literature search, evidence review, 
grading and synthesis. Studies reviewed regarding health risks should be as broad 
as possible, including but not limited to epidemiology and clinical studies, and 
toxicology and animal studies when determined appropriate by the committee. 
The committee will provide summary determinations regarding causality based on 
strength of evidence. Both U.S. and international studies may be reviewed based 
upon relevance and methodological rigor.
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National Institutes of Health/National Cancer Institute; National Insti-
tutes of Health/National Institute on Drug Abuse; Oregon Health Author-
ity; the Robert W. Woodruff Foundation; Truth Initiative; U.S. Food and 
Drug Administration; and the Washington State Department of Health.

STUDY CONTEXT AND APPROACH

Over the past 20 years the IOM has published several consensus 
reports that focused on the health effects of marijuana or addressed mari-
juana within the context of other drug or substance abuse topics.2 Two 
IOM reports that most prominently informed the committee’s work were 
Marijuana and Health (IOM, 1982), and the 1999 report Marijuana and Medi-
cine: Assessing the Science Base (IOM, 1999). Although these reports differed 
in scope, they were useful in providing a comprehensive body of evidence 
upon which the current committee could build. 

Marijuana and Health (IOM, 1982) was commissioned by the for-
mer Secretary of Health and Human Services and the former director 
of the National Institutes of Health, Joseph Califano, Jr., and Donald S. 
Fredrickson, respectively. The study’s committee was appointed to (1) 
analyze the potential hazards of marijuana use on user safety and health, 
(2) analyze data concerning the therapeutic value of marijuana, (3) assess 
the federal research programs, (4) identify new research directions, and 
(5) draw conclusions that would assist future policy decision making. The 
authoring committee concluded that there was evidence indicating that 
marijuana has a broad range of psychological and biological effects, some 
of which under certain conditions are harmful to human health, but there 
was a substantial lack of definitive evidence to characterize the serious-
ness of harm. The committee’s major conclusion was that “what little we 
know for certain about the effects of marijuana on human health—and 
all that we have reason to suspect—justifies serious national concern” 
(IOM, 1982, p. 5). The committee’s major recommendation called for an 
intensification and more comprehensive research effort into the effects of 
marijuana on the health of the American people.

In 1997 the White House Office of National Drug Control Policy con-
tracted with the IOM to conduct a scientific review of available literature 
to determine the potential health benefits and risks of marijuana and 
its constituent cannabinoids. The resulting report, Marijuana and Medi-
cine (IOM, 1999), offered several conclusions and recommendations (see 
Box 1-2) on the effects of isolated cannabinoids, the efficacy of cannabi-
noid drugs, the influence of psychological effects on therapeutic effects, 

2 See https://www.nap.edu/search/?year=1995&rpp=20&ft=1&term=marijuana (accessed 
July 2016).
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BOX 1-2 
Marijuana and Medicine: Assessing the Science Base (1999) 

Conclusions and Recommendations

Conclusions:

•	 	At this point, our knowledge about the biology of marijuana and cannabi-
noids allows us to make some general conclusions:

 o  Cannabinoids likely have a natural role in pain modulation, control of 
movement, and memory.

 o  The natural role of cannabinoids in immune systems is likely multi-
faceted and remains unclear.

 o  The brain develops tolerance to cannabinoids.
 o  Animal research demonstrates the potential for dependence, but this 

potential is observed under a narrower range of conditions than with 
benzodiazepines, opiates, cocaine, or nicotine.

 o  Withdrawal symptoms can be observed in animals but appear to be 
mild compared to opiates or benzodiazepines, such as diazepam 
(Valium).

•	 	The different cannabinoid receptor types found in the body appear to play 
different roles in normal human physiology. In addition, some effects of 
cannabinoids appear to be independent of those receptors. The variety of 
mechanisms through which cannabinoids can influence human physiology 
underlies the variety of potential therapeutic uses for drugs that might act 
selectively on different cannabinoid systems.

•	 	Scientific data indicate the potential therapeutic value of cannabinoid 
drugs, primarily tetrahydrocannabinol (THC), for pain relief, control of nau-
sea and vomiting, and appetite stimulation; smoked marijuana, however, 
is a crude THC delivery system that also delivers harmful substances.

•	 	The psychological effects of cannabinoids, such as anxiety reduction, se-
dation, and euphoria, can influence their potential therapeutic value. Those 
effects are potentially undesirable for certain patients and situations and 
beneficial for others. In addition, psychological effects can complicate the 
interpretation of other aspects of the drug’s effect.

•	 	Numerous studies suggest that marijuana smoke is an important risk factor 
in the development of respiratory disease. A distinctive marijuana with-
drawal syndrome has been identified, but it is mild and short lived. The 
syndrome includes restlessness, irritability, mild agitation, insomnia, sleep 
disturbance, nausea, and cramping.

•	 	Present data on drug use progression neither support nor refute the sug-
gestion that medical availability would increase drug abuse. However, this 
question is beyond the issues normally considered for medical uses of 
drugs and should not be a factor in evaluating the therapeutic potential of 
marijuana or cannabinoids.

continued
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Recommendations:

•	 	Research should continue into the physiological effects of synthetic and 
plant-derived cannabinoids and the natural function of cannabinoids found 
in the body. Because different cannabinoids appear to have different ef-
fects, cannabinoid research should include, but not be restricted to, effects 
attributable to THC alone.

•	 	Clinical trials of cannabinoid drugs for symptom management should be 
conducted with the goal of developing rapid-onset, reliable, and safe de-
livery systems.

•	 	Psychological effects of cannabinoids such as anxiety reduction and seda-
tion, which can influence medical benefits, should be evaluated in clinical 
trials.

•	 	Studies to define the individual health risks of smoking marijuana should 
be conducted, particularly among populations in which marijuana use is 
prevalent.

•	 	Clinical trials of marijuana use for medical purposes should be conducted 
under the following limited circumstances: trials should involve only short-
term marijuana use (less than 6 months), should be conducted in patients 
with conditions for which there is reasonable expectation of efficacy, should 
be approved by institutional review boards, and should collect data about 
efficacy.

•	 	Short-term use of smoked marijuana (less than 6 months) for patients with 
debilitating symptoms (such as intractable pain or vomiting) must meet the 
following conditions:

 o  failure of all approved medications to provide relief has been 
documented,

 o  the symptoms can reasonably be expected to be relieved by rapid-
onset cannabinoid drugs,

 o  such treatment is administered under medical supervision in a manner 
that allows for assessment of treatment effectiveness,

 o  and involves an oversight strategy comparable to an institutional review 
board process that could provide guidance within 24 hours of a submis-
sion by a physician to provide marijuana to a patient for a specified use.

SOURCE: IOM, 1999.

BOX 1-2 Continued

physiological risks, marijuana dependence and withdrawal, marijuana as 
a “gateway drug,” and the use of smoked marijuana. 

The scientific literature on cannabis use has grown substantially since 
the publication of Marijuana and Medicine in 1999. The current committee 
conducted an extensive search of relevant databases, including Medline, 
Embase, the Cochrane Database of Systematic Reviews, and PsycINFO,  

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


INTRODUCTION 31

and they initially retrieved more than 24,000 abstracts for articles pub-
lished since the 1999 report that could potentially be relevant to this study. 
These abstracts were reduced by limiting articles to those published in 
English and removing case reports, editorials, studies by “anonymous” 
authors, conference abstracts, and commentaries. In the end, the commit-
tee considered more than 10,700 abstracts for their relevance to this report. 
(See Appendix B for details.)

The methodological approach taken by the committee to conduct this 
comprehensive literature review and meet the objectives outlined in the 
Statement of Task is detailed in Appendix B and briefly described here. 
Given the large scientific literature on cannabis, the breadth of the state-
ment of task, and the time constraints of the study, the committee devel-
oped an approach that resulted in giving primacy to recently published 
systematic reviews (since 2011) and high-quality primary research that 
studied 1 or more of 11 groups of health endpoints (see Figure 1-1 and 
Box 1-3). For each health endpoint, systematic reviews were identified 
and assessed for quality using methods adapted from published criteria 
(Whiting et al., 2016); only reviews that were assessed by the committee 
as being of good or fair quality were considered in this comprehensive 
review. The committee’s conclusions are based on the findings from the 
most recently published systematic review and all relevant primary litera-
ture that was determined to be fair and good quality that was published 
after the most recent systematic review. Where no systematic review 
existed, the committee reviewed all relevant primary research from Janu-
ary 1, 1999, through August 1, 2016. Primary research was evaluated using 
global assessments of the quality of available studies guided by standard 
approaches and methodologies (Cochrane Quality Assessment [Higgins 
et al., 2011], Newcastle–Ontario scale [Wells et al., 2014]). Any deviations 
from this approach are noted in the relevant chapters. For a comprehen-
sive description of the committee’s approach to evaluating the available 
literature, please refer to Appendix B. 

FIGURE 1-1 Summary of the committee’s process.
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Systematic 
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Identification, 
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Primary 
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BOX 1-3 
Health Topics and Prioritized Health Endpoints 

(listed in the order in which they appear in the report)

Therapeutic effects

•	 	Chronic pain; cancer, chemotherapy-induced nausea/vomiting; anorexia 
and weight loss; irritable bowel syndrome; epilepsy; spasticity related to 
multiple sclerosis or spinal cord injury; Tourette syndrome; amyotrophic 
lateral sclerosis; Huntington’s disease; Parkinson’s disease; dystonia; de-
mentia; glaucoma; traumatic brain injury; addiction; anxiety; depression; 
sleep disorders; posttraumatic stress disorder; schizophrenia and other 
psychoses

Cancer 

•  Lung cancer; head and neck cancer; testicular cancer; esophageal cancer; 
other cancer

Cardiometabolic risk

•	 	Acute myocardial infarction; stroke; metabolic dysregulation, metabolic 
syndrome, prediabetes, and diabetes mellitus

Respiratory disease

•	 	Pulmonary function; chronic obstructive pulmonary disorder; respiratory 
symptoms (including chronic bronchitis); asthma

Immunity

•	 Immune function; infectious disease

Informed by the reports of previous IOM committees,3 the committee 
developed standard language to categorize the weight of evidence regard-
ing whether cannabis or cannabinoid use (for therapeutic purposes) is 
an effective or ineffective treatment for the prioritized health endpoints 
of interest, or whether cannabis or cannabinoid use (primarily for rec-
reational purposes) is statistically associated with the prioritized health 
endpoints of interest. Box 1-4 describes these categories and the general 
parameters for the types of evidence supporting each category. The com-
mittee used these weight-of-evidence categories in their conclusions.

3 Adverse Effects of Vaccines: Evidence and Causality (IOM, 2012); Treatment of Posttraumatic 
Stress Disorder: An Assessment of the Evidence (IOM, 2008); Veterans and Agent Orange: Update 
2014 (NASEM, 2016).
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Injury and death

•	 	All-cause mortality; occupational injury; motor vehicle crash; overdose 
injury and death

Prenatal, perinatal, and postnatal exposure to cannabis

•	 	Pregnancy complications for the mother; fetal growth and development; 
neonatal conditions; later outcomes for the infant

Psychosocial 

•	 	Cognition (learning, memory, attention, intelligence); academic achieve-
ment and educational outcomes; employment and income; social relation-
ships and other social roles

Mental health 

•	 	Schizophrenia and other psychoses; bipolar disorders, depression; sui-
cide; anxiety; posttraumatic stress disorder

Problem cannabis use 

•	 Cannabis use disorder

Cannabis use and abuse of other substances

• Abuse of other substances

The search strategies and processes described above were developed 
and adopted by the committee in order to adequately address a broad 
statement of task in a limited time frame while adhering to the National 
Academies high standards for the quality and rigor of committee reports. 

First, the committee was not tasked with conducting multiple system-
atic reviews, which would have implied a lengthy and robust series of 
processes. The committee adopted key features of that process; however, 
a comprehensive literature search; assessments by more than one person 
of the quality (risk of bias) of key literature and the conclusions; pre-
specification of the questions of interest before conclusions were formu-
lated; standard language to allow comparisons between conclusions; and 
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BOX 1-4  
Weight-of-Evidence Categories

CONCLUSIVE EVIDENCE

For therapeutic effects: There is strong evidence from randomized controlled 
trials to support the conclusion that cannabis or cannabinoids are an effective or 
ineffective treatment for the health endpoint of interest. 

For other health effects: There is strong evidence from randomized controlled 
trials to support or refute a statistical association between cannabis or cannabinoid 
use and the health endpoint of interest. 

For this level of evidence, there are many supportive findings from good-quality 
studies with no credible opposing findings. A firm conclusion can be made, and the 
limitations to the evidence, including chance, bias, and confounding factors, can 
be ruled out with reasonable confidence.

SUBSTANTIAL EVIDENCE

For therapeutic effects: There is strong evidence to support the conclusion that 
cannabis or cannabinoids are an effective or ineffective treatment for the health 
endpoint of interest. 

For other health effects: There is strong evidence to support or refute a statisti-
cal association between cannabis or cannabinoid use and the health endpoint of 
interest.

For this level of evidence, there are several supportive findings from good-
quality studies with very few or no credible opposing findings. A firm conclusion can 
be made, but minor limitations, including chance, bias, and confounding factors, 
cannot be ruled out with reasonable confidence.

MODERATE EVIDENCE

For therapeutic effects: There is some evidence to support the conclusion that 
cannabis or cannabinoids are an effective or ineffective treatment for the health 
endpoint of interest. 

declarations of conflict of interest via the National Academies’ conflict-
of-interest policies.

Second, there is a possibility that some literature was missed because 
of the practical steps taken to narrow a very large literature to one that 
was manageable within the time frame available to the committee. Fur-
thermore, some very good research may not have been reviewed in this 
report because it did not directly address the specific health endpoint 
questions formulated by the committee.
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For other health effects: There is some evidence to support or refute a statisti-
cal association between cannabis or cannabinoid use and the health endpoint of 
interest. 

For this level of evidence, there are several supportive findings from good- to 
fair-quality studies with very few or no credible opposing findings. A general conclu-
sion can be made, but limitations, including chance, bias, and confounding factors, 
cannot be ruled out with reasonable confidence.

LIMITED EVIDENCE

For therapeutic effects: There is weak evidence to support the conclusion that 
cannabis or cannabinoids are an effective or ineffective treatment for the health 
endpoint of interest. 

For other health effects: There is weak evidence to support or refute a statisti-
cal association between cannabis or cannabinoid use and the health endpoint of 
interest.

For this level of evidence, there are supportive findings from fair-quality studies 
or mixed findings with most favoring one conclusion. A conclusion can be made, 
but there is significant uncertainty due to chance, bias, and confounding factors.

NO OR INSUFFICIENT EVIDENCE TO SUPPORT THE ASSOCIATION

For therapeutic effects: There is no or insufficient evidence to support the 
conclusion that cannabis or cannabinoids are an effective or ineffective treatment 
for the health endpoint of interest. 

For other health effects: There is no or insufficient evidence to support or re-
fute a statistical association between cannabis or cannabinoid use and the health 
endpoint of interest. 

For this level of evidence, there are mixed findings, a single poor study, or 
health endpoint has not been studied at all. No conclusion can be made because 
of substantial uncertainty due to chance, bias, and confounding factors.

Special Considerations for the Report

Biological Plausibility

After careful consideration, the committee chose not to attempt to 
review basic, nonhuman research in order to attempt to bolster evidence 
for identified health outcomes from cannabis exposure. This policy was, 
in part, dictated by the time constraints available for crafting this report. 
Also, while basic research is in the end critical for understanding health 
outcome mechanisms and suggesting new and innovative interventions, 
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it often cannot explain the large number of null findings, the frequent 
variation among human study outcomes, the adverse clinical effects 
seen in some studies, nor the diversity in host susceptibility to cannabis 
exposure. Given the methodologic variation in the studies reviewed, as 
well as potential deficiencies in study design and execution, the commit-
tee focused its attention and energy on identifying high-quality studies 
with the best information and lowest risk of bias as the way to ensure 
that report findings and conclusions were as informative and relevant as 
possible. In those instances where cannabis-disease associations seemed 
relatively secure and evidence-based, the committee believed that the 
findings would have clinical and public health importance even in the 
absence of supporting basic studies. Similarly, for those experimental 
studies where causation could be more explicitly determined—mostly in 
the area of therapeutics—these findings, if sufficiently robust and repli-
cable, were deemed to stand on their own whether or not bolstered with 
mechanistic or biologically plausible underpinnings.

Considerations of Observational Studies

The vast majority of the systematic reviews, meta-analyses, and pri-
mary literature reviewed in Part III: Other Health Effects consists of obser-
vational studies. This is in contrast to the literature base in other fields 
such as therapeutics (discussed in Part II: Therapeutic Effects). As such, it 
was not possible to restrict the literature reviews to those that synthesized 
evidence from randomized clinical trials (RCTs). The methodology used 
for systematic reviews and meta-analysis originates in the synthesis of 
data from RCTs, where methodology is highly standardized and struc-
tured. The synthesis of observational studies presents some challenges 
that have not been fully met, arising, in part, out of the greater variety in 
study design.

Exposure measurement is always an additional concern when evalu-
ating comprehensive reviews of observational studies. Assessment of 
cannabis exposure is particularly challenging because of its illegal status 
(in most settings) and the reliance on self-report. Inherent difficulties 
in accurately assessing the exposure in terms of dose, specific type of 
cannabis product used, mode of intake, duration, frequency, and other 
variables result in the variability in definitions used to operationalize can-
nabis exposure. Additionally, observational studies often have to contend 
with confounders related to polysubstance use, which obscures the ability 
to answer questions about the effects of “cannabis only” on the health 
effects. Moreover, in some cases, samples included different populations 
(i.e., adolescents versus adults), cannabis-use history (i.e., chronic versus 
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acute), and patterns of use (i.e., frequency, dose, quantity)—all of which 
provide mixed or inconsistent evidence as to the effects of cannabis on 
a specific outcome. Additional limitations include a lack of longitudinal 
assessments and small study cohorts. 

There is also a concern about the broad reporting standards across 
cannabis research fields. For example, several systematic reviews on cog-
nition discussed in the report’s Psychosocial chapter did not consistently 
describe the methods for scoring the evidence for each endpoint. That 
is, the reviews include scores of the strength and consistency of the evi-
dence for each outcome, but they provided less information about issues 
such as study design and statistical analyses. As a result, the committee 
found that the reviews did not include the conventional data generally 
found within quantitatively-based systematic examinations of a topic, or 
such as would be found in meta-analytic reviews. Reasons for this may 
include variations in study methodologies, instrumentation, populations, 
or research designs. 

Despite these special considerations regarding the use of systematic 
reviews, meta-analyses, and primary literature of observational stud-
ies, the committee determined that using recent good- or fair-quality 
systematic reviews was the most appropriate approach to adequately 
address the committee’s broad statement of task and comprehensive, pri-
oritized research questions while maintaining a high standard for quality 
and rigor. For additional information on these considerations, please see 
Box 11-2 in Chapter 11 (Psychosocial) and Box 12-2 in Chapter 12 (Mental 
Health). 

Comparing Harms and Benefits of Cannabis Use

Several health endpoints are discussed in multiple chapters of the 
report (e.g., cancer, schizophrenia); however, it is important to note that 
the research conclusions regarding potential harms and benefits dis-
cussed in these chapters may differ. This is, in part, due to differences in 
the study design of the reviewed evidence, differences in characteristics 
of cannabis or cannabinoid exposure (e.g., form, dose, frequency of use), 
and the populations studied. As such, it is important that the reader is 
aware that this report was not designed to reconcile the proposed harms 
and benefits of cannabis or cannabinoid use across the report’s chapters. 
In drafting the report’s conclusions, the committee made an effort to be 
as specific as possible about the type and/or duration of cannabis or can-
nabinoid exposure and, where relevant, cross-referenced findings from 
other report chapters.
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Key Definitions

The terms “marijuana” and “cannabis” are often used interchange-
ably, particularly within the United States; however, these are two sepa-
rate entities. Cannabis is a broad term that can be used to describe organic 
products (e.g., cannabinoids,4 marijuana,5 hemp6) derived from the Can-
nabis sativa plant. These products exist in various forms and are used for 
a number of different purposes (e.g., medical, industrial, recreational). 
Given its broad potential, the all-encompassing word “cannabis” has 
been adopted as the standard terminology within scientific and scholarly 
communities. The committee uses the term “cannabis” rather than “mari-
juana” throughout this report.

The committee notes the existence of “cannabimimetic agents” (often 
referred to as “K2” or “Spice”) which are made up of dried plant matter 
sprayed with synthetic chemicals that mimic the effect of THC by interact-
ing with cannabinoid receptors in the brain (King, 2014). At the request 
of the study sponsors, nontherapeutic synthetic cannabinoids are not 
considered in this study.

REPORT ORGANIZATION

This report is organized into four parts and 16 chapters. Part I: Intro-
duction and Background (Chapters 1–3) provides an overview of the ori-
gin, purpose, and organization of the report, as well as essential informa-
tion on cannabis and cannabis-derived medications and products, and the 
history and current state of federal and state cannabis policy. In addition 
to this Introduction (Chapter 1), Chapter 2 (Cannabis) reviews the biology 
of cannabis and its constituent compounds, exploring the biochemistry of 
the marijuana plant, its derivatives, and the different routes of administra-
tion. Additionally, this chapter provides an overview of synthetic versions 
of cannabis, including U.S. Food and Drug Administration–approved 
medicinal synthetics and manufactured cannabis (street drugs such as K2, 
Spice). Chapter 3 (Cannabis: Prevalence of Use, Regulation, and Current 
Policy Landscape) provides an overview of cannabis use in the United 
States and reviews policy related to cannabis legislation. 

4 Cannabinoids are a group of active chemical compounds found in cannabis. Among the 
more than 100 different types of cannabinoids are tetrahydrocannabinol (THC) and can-
nabidiol (CBD) (Small, 2015).

5 In general, marijuana refers only to parts of the plant or derivative products that contain 
substantial levels of tetrahydrocannabinol (THC), the chemical compound that is found in 
the highest concentrations in the cannabis plant and which is primarily responsible for the 
plant’s intoxicative qualities (Small, 2015).

6 Under U.S. law, cannabis plants with very low levels of THC (not more than 0.3 percent) 
are not considered marijuana but instead “industrial hemp” (Small, 2015).

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


INTRODUCTION 39

Part II: Therapeutic Effects (Chapter 4—Therapeutic Effects of Can-
nabis and Cannabinoids) discusses the health effects of cannabis and 
cannabinoids used for therapeutic purposes in relation to the most com-
monly reported conditions for medical cannabis use (in states where 
usage is legal), as well as the current qualifying ailments recognized by 
state medical marijuana programs. Most of the evidence reviewed in this 
chapter derives from clinical and basic science research conducted for the 
specific purpose of answering an a priori question of whether cannabis 
and/or cannabinoids are an effective treatment for a specific disease or 
health condition. The vast majority of these studies examined the poten-
tial therapeutic effect of cannabinoids (e.g., FDA-approved synthetics) 
rather than smoked cannabis. 

Part III: Other Health Effects (Chapters 5–14) discusses the health 
effects of cannabis and/or cannabis-derived products used for primarily 
recreational and other nontherapeutic purposes. Most of the evidence 
reviewed in Part III derives from epidemiological research primarily 
focusing on smoked cannabis. It is of note that several of the prioritized 
health conditions discussed in Part III are also reviewed in Part II, albeit 
from the perspective of effects associated with using cannabis for pri-
marily recreational, as opposed to therapeutic, purposes. A bulleted list 
of chapter highlights are included in the introduction of the chapters in 
Part II and Part III of the report. 

Within Part III, the effects of cannabis use on cancer incidence are 
discussed in Chapter 5. Chapter 6 addresses cardiometabolic risks of can-
nabis use, including effects on acute myocardial infarction, stroke, and 
metabolic effects—metabolic dysregulation, metabolic syndrome, predia-
betes, and diabetes mellitus. Respiratory disease—pulmonary function, 
chronic obstructive pulmonary disease, respiratory symptoms including 
chronic bronchitis, and asthma—are discussed in Chapter 7. Immunity 
and infection are discussed in Chapter 8. The effects of cannabis use on 
overall mortality, overdose death, employment injuries, and motor vehicle 
crashes are reviewed in Chapter 9 (Injury and Death). Prenatal, perinatal, 
and neonatal effects are discussed in Chapter 10. Psychosocial effects, 
including the effects of cannabis on learning, memory, attention, academic 
achievement, employment and income, and social relationships and social 
roles are discussed in Chapter 11, and mental health conditions, including 
schizophrenia and other psychosis, bipolar disorder, depression, suicide, 
anxiety, and posttraumatic stress disorder are discussed in Chapter 12. 
Chapter 13 discusses problem cannabis use, including cannabis use dis-
order, and the abuse of other substances is discussed in Chapter 14. 

Part IV: Research Barriers and Recommendations (Chapters 15–16) 
reviews the regulatory barriers and methodological challenges that hinder 
cannabis research, and recommends the actions necessary to successfully 
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implement a comprehensive cannabis research agenda. Chapter 15 pro-
vides an overview of barriers to studying cannabis, including regulatory, 
policy, and financial, as well as of methodological challenges, and Chap-
ter 16 outlines the committee’s proposed research agenda, detailing both 
short-term and long-term objectives.

Appendixes A–E contain the report glossary, details about the com-
mittee’s search strategy, systematic reviews considered in this report, 
open session agendas, and biographical sketches of committee and staff 
members. 
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2

Cannabis

HISTORY OF CANNABIS

Cannabis sativa is one of the world’s oldest cultivated plants (Russo, 
2007). Although the earliest written records of the human use of cannabis 
date from the 6th century B.C. (ca. 2,600 cal BP), existing evidence sug-
gests that its use in Europe and East Asia started in the early Holocene 
(ca. 8,000 cal BP) (Long et al., 2016). Many 19th-century practitioners 
ascribed medicinal properties to cannabis after the drug found its way 
to Europe during a period of colonial expansion into Africa and Asia. 
For example, William B. O’Shaughnessy, an Irish physician working at 
the Medical College and Hospital in Calcutta, first introduced cannabis 
(Indian hemp) to Western medicine as a treatment for tetanus and other 
convulsive diseases (O’Shaughnessy, 1840). At approximately the same 
time, French physician Jean-Jacques Moreau de Tours experimented with 
the use of cannabis preparations for the treatment of mental disorders 
(Moreau de Tours, 1845). Soon after, in 1851, cannabis was included in 
the 3rd edition of the Pharmacopoeia of the United States (USP). Subsequent 
revisions of the USP described in detail how to prepare extracts and 
tinctures of dried cannabis flowers to be used as analgesic, hypnotic, 
and anticonvulsant (Russo, 2007; U.S. Pharmacopoeial Convention, 1916). 
Growing concerns about cannabis resulted in the outlawing of cannabis 
in several states in the early 1900s and federal prohibition of the drug 
in 1937 with the passage of the Marihuana Tax Act. In response to these 
concerns, in 1942 the American Medical Association removed cannabis 
from the 12th edition of U.S. Pharmacopeia (IOM, 1999). 

43
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THE CANNABIS PLANT

Cannabis cultivars are considered as part of one genus, Cannabis, 
family Cannabaceae, order Urticales (Kuddus et al., 2013). Two accepted 
genera of Cannabaceae are Cannabis and Humulus (hops). There is, how-
ever, an ongoing debate concerning the taxonomic differentiation within 
the Cannabis genus (Laursen, 2015). On the basis of genetic variations, 
a multitypic genus with at least two putative species, Cannabis sativa 
and Cannabis indica, has been proposed by some researchers (Clarke and 
Merlin, 2015; Hillig, 2005). Other researchers have suggested a unique 
species Cannabis sativa with the genetic differences explained by varia-
tions at both the subspecies and the variety level or at a biotype level of 
putative taxa (Small, 2015).

Chemical Constituents of Cannabis

To date, more than 104 different cannabinoids1 have been identi-
fied in cannabis (ElSohly and Gul, 2014). Other compounds identified 
include terpenoids, flavonoids, nitrogenous compounds, and more com-
mon plant molecules (American Herbal Pharmacopoeia, 2013). Among 
these, D9-tetrahydrocannabinol (THC) has received the most attention for 
being responsible for the intoxicated state sought after by recreational 
cannabis users, owing to its ability to act as a partial agonist2 for type-1 
cannabinoid (CB1) receptors. Cannabinoids exist mainly in the plant as 
their carboxylic precursors (D9-tetrahydrocannabinolic acid [THCA] and 
cannabidiolic acid [CBDA]) and are decarboxylated by light or heat while 
in storage or when combusted (Grotenhermen, 2003). D9-THC is synthe-
sized within the glandular trichomes present in the flowers, leaves, and 
bracts of the female plant. It shares a common precursor, olivetoic acid, 
with another quantitatively important constituent of Cannabis sativa, can-
nabidiol (CBD), which is the most abundant cannabinoid in hemp (see 
Figure 2-1). For this reason, the genetic profile and relative level of expres-
sion of the enzymes responsible for their synthesis (genotype), namely 
THCA synthase and CBDA synthase, determine the chemical composition 
of a particular cultivar (chemotype). 

Cannabis plants typically exhibit one of the three main different che-
motypes based on the absolute and relative concentrations of D9-THCA 
and CBDA (see Table 2-1), which makes it possible to distinguish among 
the D9-THC-type, or drug-type; the intermediate-type; and the CBD-type 

1 Cannabinoids are a group of psychoactive chemical compounds found in the cannabis 
plant.

2 Partial agonists are ligands that interact with their receptors to produce a level of re-
sponse that is less than the response to full agonists. 
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cannabis plants grown for fiber (industrial hemp) or seed oil in which 
the content of D9-THC does not exceed 0.3 percent on a dry-weight basis 
(Chandra et al., 2013). CBD is pharmacologically active, however, and, 
therefore, classifying cannabis in terms of drug- and fiber-producing 
seems inaccurate. Both THC- and CBD-types are considered drug-types, 
and both cultivars could theoretically be exploited to produce fiber. 

FIGURE 2-1 Synthetic pathway of the main cannabinoids, D9-THC and CBD, 
from the common precursor, olivetol.
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Pharmacological Properties of D9-THC

In a series of studies conducted in the late 1930s and early 1940s, 
Roger Adams and coworkers isolated cannabinol and CBD from hemp 
oil and then isomerized CBD into a mixture of two tetrahydrocannabi-
nols with “marihuana-like” physiological activity in dogs, proving their 
structure except for the final placement of one double bond (Adams et 
al., 1940a,b). Two years later, tetrahydrocannabinol was first isolated from 
cannabis resin (Wollner et al., 1942). In 1964, thanks to the development of 
such potent analytical techniques as nuclear magnetic resonance imaging, 
Gaoni and Mechoulam were able to identify the position of this elusive 
double bond, thus resolving the final structure of D9-THC (Gaoni and 
Mechoulam, 1964). 

In the late 1980s William Devane and Allyn Howlett first postulated 
the existence of cannabinoid receptors by showing how synthetic mol-
ecules designed to mimic the actions of D9-THC were able to bind a selec-
tive site in brain membranes, thus inhibiting the intracellular synthesis of 
cyclic adenosine monophosphate (cAMP) through a G protein–mediated 
mechanism (Devane et al., 1988). The mapping of cannabinoid-binding 
sites in the rat brain (Herkenham et al., 1990) and the molecular clon-
ing of the first cannabinoid receptor gene (Matsuda et al., 1990) sub-
sequently corroborated this hypothesis. Three years later, a second G 
protein–coupled cannabinoid receptor was cloned from a promyelocytic 
cell line and termed CB2 (Munro et al., 1993). 

Both CB1 and CB2 signal through the transducing G proteins, Gi and 
Go, and their activation by D9-THC or other agonists causes the inhibition 
of adenylyl cyclase activity, the closing of voltage-gated calcium channels, 
the opening of inwardly rectifying potassium channels, and the stimulation 
of mitogen-activated protein kinases such as extracellular signal–regulated 
kinases (ERKs) and focal adhesion kinases (FAKs) (Mackie, 2006).

The expression pattern of CB1 receptors in brain structures correlates 
with the psychoactive effects of cannabis. In mammals, high concen-

TABLE 2-1 Cannabis Phenotypes 

Chemotype  D9-THC CBD CBD: D9-THC ratio

THC-type
Hybrid
CBD-type

0.5–15%
0.5–5%
0.05–0.7%

0.01–0.16%
0.9–7.3%
1.0–13.6%

<0.02
0.6–4
>5

NOTE: THCA-predominant strains can yield more than 25 percent D9-THC; specifically 
selected CBDA clones can yield up to 20 percent CBD.
SOURCE: Modified from Galal et al., 2009.
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trations of CB1 are found in areas that regulate appetite, memory, fear 
extinction, motor responses, and posture such as the hippocampus, basal 
ganglia, basolateral amygdala, hypothalamus, and cerebellum (Mackie, 
2006). CB1 is also found in a number of nonneural tissues, including the 
gastrointestinal tract, adipocytes, liver, and skeletal muscle. In addition to 
CB1, the brain also contains a small number of CB2 receptors, although this 
subtype is mainly expressed in macrophages and macrophage-derived 
cells such as microglia, osteoclasts, and osteoblasts (Mackie, 2006). 

Pharmacological Properties of Cannabidiol

Cannabidiol was first isolated from hemp oil in 1940 (Adams et al., 
1940a) and its structure predicted by chemical methods (Adams et al., 1940b); 
its fine structure was determined in later studies (Mechoulam and Shvo, 
1963). CBD lacks the cannabis-like intoxicating properties of D9-THC and, 
for this reason, has been traditionally considered non-psychoactive. CBD 
displays very low affinity for CB1 and CB2 cannabinoid receptors (Thomas 
et al., 2007), but it might be able to negatively modulate CB1 via an allo-
steric mechanism (Laprairie et al., 2015)3; however, CBD can interfere with 
the deactivation of the endocannabinoid molecule anandamide, by tar-
geting either its uptake or its enzymatic degradation, catalyzed by fatty-
acid amide hydrolase (FAAH), which could indirectly activate CB1 (De 
Petrocellis et al., 2011; Elmes et al., 2015) (see Box 2-1). 

CBD is also a known agonist of serotonin 5-HT1A receptors (Russo et 
al., 2005) and transient receptor potential vanilloid type 1 (TRPV1) recep-
tors (Bisogno et al., 2001). It can also enhance adenosine receptor signaling 
by inhibiting adenosine inactivation, suggesting a potential therapeutic 
role in pain and inflammation (Carrier et al., 2006). The antioxidant and 
anti-inflammatory properties of this compound may explain its potential 
neuroprotective actions (Scuderi et al., 2009). Irrespective of the mecha-
nism of action, there is evidence that CBD could potentially be exploited 
in the treatment and symptom relief of various neurological disorders 
such as epilepsy and seizures (Hofmann and Frazier, 2013; Jones et al., 
2010), psychosis (Leweke et al., 2016), anxiety (Bergamaschi et al., 2011), 
movement disorders (e.g., Huntington’s disease and amyotrophic lateral 
sclerosis) (de Lago and Fernandez-Ruiz, 2007; Iuvone et al., 2009), and 
multiple sclerosis (Lakhan and Rowland, 2009).

3 Allosteric modulators are ligands that indirectly influence the effects of an agonist or 
inverse agonist at a target receptor. Allosteric modulators bind to a site distinct from that of 
the orthosteric agonist binding site.
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BOX 2-1 
Endocannabinoids and Their Signaling Systems

There are two endocannabinoids, 2-archidonoylglycerol (2-AG) and 
anandamide.

2-AG

2-AG is generated by the enzymatic activity of a membrane-associated diacyl-
glycerol lipase (DGL), which converts Sn2-arachidonic acid containing diacylglyc-
erols into 2-AG (see Figure 2-2). Two isoforms of DGL, alpha and beta, have been 
identified. The alpha isoform generates 2-AG utilized during neuronal development 
and for synaptic communication between neurons, while the beta isoform may 
contribute to both brain development and inflammation. The activity of DGL-a is 
regulated by intracellular calcium, glutathione, and cellular localization, and via 
posttranslational modification. Once produced, 2-AG can act via both CB1 and 
CB2 receptors to exert a range of biological effects in central and peripheral cells.

FIGURE 2-2 Pathways of 2-AG formation and deactivation.

2-AG is primarily degraded by monoacylglycerol lipase (MGL) into free arachi-
donic acid and glycerol. In the central nervous system (CNS), the free arachidonic 
acid generated by MGL-mediated hydrolysis of 2-AG may serve as a precursor 
for the generation of prostaglandins by cyclooxygenases. The activity of MGL 
can be regulated by posttranslational modification (e.g., sulfenylation). There is 
also evidence that 2-AG can be oxygenated by cyclooxygenase-2 to generate 
prostaglandin glycerols.
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Anandamide 

The formation of anandamide involves two steps (see Figure 2-3). The first 
consists of the transfer of arachidonic acid from phosphatidylcholine (PC) to phos-
phatidylethanolamine (PE). This reaction is catalyzed by the N-acyltransferase 
PLA2G4E and yields a diverse group of N-arachidonoyl-substituted PE species 
(NAPEs). The second step is the cleavage of NAPEs to produce anandamide and 
may be mediated by either NAPE-specific phospholipase D (NAPE-PLD) or alpha/
beta-hydrolase domain-4 (ABHD-4). PLA2G4E may represent the rate-limiting 
step for anandamide formation, though additional work is needed to confirm this 
possibility. After release into the extracellular milieu, anandamide is captured by 
neurons and glia through carrier-mediated transport and is subsequently hydro-
lyzed to arachidonic acid by fatty acid amide hydrolase (FAAH), a postsynaptic 
serine hydrolase expressed throughout the CNS. In microglia, anandamide might 
be also degraded by the lysosomal cysteine hydrolase, N-acylethanolamine acid 
amidase (NAAA). 

FIGURE 2-3 Pathways of anandamide formation and deactivation.

Endocannabinoid Synaptic Signaling (CB1) (A Central Example)

One of the best-studied forms of endocannabinoid signaling occurs at CNS 
synapses. There are several unique features of endocannabinoid signaling relative 
to amino acid and peptide-based neurotransmitters. First, endocannabinoid signal-
ing occurs in a retrograde direction, i.e., the signaling is initiated in postsynaptic 
neurons and acts upon presynaptic terminals. This is in stark contrast to traditional 

continued
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anterograde chemical neurotransmission, which is initiated at the axon terminal 
and conveys signals to postsynaptic neurons within a connected neuronal circuit 
or system. A second unique feature of this system is that, in contrast to classical 
neurotransmitters, endocannabinoids are not preformed and stored in vesicles 
pending release. In contrast, they are produced “on demand” upon stimulation of 
postsynaptic cells through a variety of signals. 

The role of 2-AG in mediating endocannabinoid synaptic signaling has been 
well established during the past decade. Indeed, at excitatory synapses, all key 
components of 2-AG-mediated signaling (DGL-a, MGL, CB1 receptor) are ideally 
localized to facilitate retrograde control of neurotransmitter release. Specifically, 
DGL-a is found in postsynaptic spines while MGL and CB1 are located in axon 
terminals. The activity of DGL-a can be increased by stimulation of Gq-coupled-
neurotransmitter receptors (e.g., metabotropic glutamate receptors) or by a cal-
cium influx. Once active, DGL-a generates 2-AG at the cell membrane, which 
travels in a retrograde direction to the presynaptic terminal to interact with CB1. The 
activation of CB1 by 2-AG results in a reduction in presynaptic release probability 
predominantly via Gi/o-dependent signal transduction cascades. This synaptic 
depression can last for seconds to minutes or longer, depending on the duration 
of receptor stimulation and the specific types of downstream signaling cascades 
initiated. After interacting with the receptor, 2-AG is hydrolyzed primarily by MGL 
located in the cytosol of the presynaptic axon terminal. MGL in astrocytes may also 
contribute to the termination of 2-AG-mediated synaptic signaling. 

There is also evidence that anandamide can act as a retrograde modulator of 
neurotransmitter release in a manner similar to 2-AG, but with some distinct differ-
ences that are suggestive of a broader paracrine mode of action.

SOURCE: Piomelli, 2015.

BOX 2-1 Continued

CANNABIS-DERIVED PRODUCTS

In the United States, cannabis-derived products are consumed for 
both medical and recreational purposes in a variety of ways. These include 
smoking or inhaling from cigarettes (joints), pipes (bowls), water pipes 
(bongs, hookahs), and blunts (cigars filled with cannabis); eating or drink-
ing food products and beverages; or vaporizing the product. These dif-
ferent modes are used to consume different cannabis products, including 
cannabis “buds” (dried cannabis flowers); cannabis resin (hashish, bubble 
hash); and cannabis oil (butane honey oil, shatter, wax, crumble). The 
oil, which may contain up to 75 percent D9-THC—versus 5 to 20 percent 
in the herb or resin (Raber et al., 2015)—is extracted from plant material 
using organic solvents, such as ethanol, hexane, butane, or supercritical 
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(or subcritical) CO2, and can be either smoked or vaporized by pressing 
the extracted oil against the heated surface of an oil rig pipe (dabbing). 
Cannabinoids can also be absorbed through the skin and mucosal tis-
sues, so topical creams, patches, vaginal sprays, and rectal suppositories 
are sometimes employed and used as a form of administering D9-THC 
(Brenneisen et al., 1996). A broad selection of cannabis-derived products 
are also available in the form of food and snack items, beverages, clothing, 
and health and beauty aid products.

Potency of Cannabis

In the 1990s and early 2000s, the bulk of cannabis consumed in the 
United States was grown abroad and illicitly imported. The past decade 
has seen an influx of high-potency cannabis produced within the United 
States—for example, “sinsemilla”—which is grown from clones rather 
than from seeds. Data from the U.S. Drug Enforcement Administration 
(DEA) seizures record a substantial increase in average potency, from 4 
percent in 1995 to roughly 12 percent in 2014, both because high-quality 
U.S.-grown cannabis has taken market share from Mexican imports and 
because cannabis from both sources has grown in potency (ElSohly et al., 
2016; Kilmer, 2014). 

Route of Administration

The route of administration of cannabis can affect the onset, intensity, 
and duration of the psychotropic effects, the effects on organ systems, and 
the addictive potential and negative consequences associated with its use 
(Ehrler et al., 2015). The consumption of cannabis causes a particular com-
bination of relaxation and euphoria, commonly referred to as a “high.” 
When cannabis is smoked, D9-THC quickly diffuses to the brain, eliciting 
a perceived high within seconds to minutes. Blood levels of D9-THC reach 
a maximum after about 30 minutes and then rapidly subside within 1 to 
3.5 hours (Fabritius et al., 2013; Huestis et al., 1992). Vaping has an onset, 
peak, and duration that are similar to those of smoking and produces a 
similar high (Abrams et al., 2007). “Dabbing,” a term for flash-vaporizing 
butane hash oil-based concentrates, has been reported to offer a differ-
ent and stronger intoxicating effect than smoking/vaping (Loflin and 
Earleywine, 2014). By contrast, eating does not produce effects for 30 
minutes to 2 hours, and the perceived high is relatively prolonged, lasting 
5 to 8 hours or even longer. The slow action of orally ingested cannabis 
is due to D9-THC being absorbed by the intestine and transported to the 
liver (hepatic first pass) where it is converted into 11-OH-THC, an equi-
potent and longer-lasting metabolite (Huestis et al., 1992). Edibles make 
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it harder to titrate the intoxicating effects due to the delayed and variable 
onset. Consequently, edibles have been tied to the ingestion of excessive 
amounts of cannabis under the misperception that the initial dose had not 
produced the desired effect (Ghosh and Basu, 2015; MacCoun and Mello, 
2015). The availability of edibles has also been associated with increased 
rates of accidental pediatric ingestion of cannabis (Wang et al., 2014).

Trends in Routes of Administration

There are no high-quality nationally representative data on the preva-
lence of the non-herbal forms of cannabis (e.g., edibles, oils, and other 
concentrates), but evidence suggests that they are more commonly used 
by medical cannabis patients in states with recreational or lenient medical 
cannabis policies (Daniulaityte et al., 2015; Pacula et al., 2016). Forty per-
cent of 12th-grade past-year users reported using cannabis in edible form 
in medical cannabis states, versus 26 percent in states without medical 
cannabis laws (NIDA, 2014). In Washington State, an online survey from 
2013 found that, among daily and near-daily cannabis users, 27.5 percent 
had used edibles, 22.8 percent had used hash resin, and 20.4 percent had 
“dabbed” in the past week (Kilmer et al., 2013).

Data from recreational cannabis sales in Washington and Colorado 
provide a glimpse of trends that are specific to markets that have legalized 
cannabis. In Washington State, herbal cannabis remains dominant, having 
accounted for two-thirds of all sales revenues in June 2016, but it is losing 
market share as “cannabis extracts for inhalation” become more popular, 
at 21 percent in June 2016 as compared with 12 percent 1 year prior. The 
sales of liquid and solid edibles (9 percent) combined account for most 
of the remaining sales.4 Non-herbal varieties are even more popular on 
Colorado’s recreational market, where herbal cannabis accounts for a nar-
row majority (56 percent) and sales of solid concentrates (24 percent) and 
edibles (13 percent) are on the rise (Castle, 2016).

Partly to provide a guide for the responsible use of non-herbal variet-
ies of cannabis, states that have legalized the recreational cannabis have 
defined a standard “dose” of THC. Washington State and Colorado have 
set the standard “dose” of THC as 10 mg, while Oregon chose a lower 
limit of 5 mg. For perspective, the typical joint size in the United States 
is 0.66 g (Mariani et al., 2011) and the average potency is 8 percent THC 
(Fabritius et al., 2013), resulting in an average dose of 8.25 mg THC per 
joint; higher THC levels ranging from 15–20 percent or higher would yield 

4 Author’s calculations from Washington State Liquor and Cannabis Board’s publicly 
available August 2016 “traceability” dataset (“biotrackthc_dispensing.csv”). Data requests 
available at: http://lcb.wa.gov/records/public-records (accessed January 5, 2017).
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a THC dose between 9.9–13.2 mg. Occasional users report feeling “high” 
after consuming only 2–3 mg of THC (Hall and Pacula, 2010); however, 
users who have developed tolerance to the effects of THC via frequent 
use may prefer much larger quantities. 

CLINICAL FEATURES OF CANNABIS INTOXICATION

During acute cannabis intoxication, the user’s sociability and sensitiv-
ity to certain stimuli (e.g., colors, music) may be enhanced, the perception 
of time is altered, and the appetite for sweet and fatty foods is heightened. 
Some users report feeling relaxed or experiencing a pleasurable “rush” 
or “buzz” after smoking cannabis (Agrawal et al., 2014). These subjec-
tive effects are often associated with decreased short-term memory, dry 
mouth, and impaired perception and motor skills. When very high blood 
levels of D9-THC are attained, the person may experience panic attacks, 
paranoid thoughts, and hallucinations (Li et al., 2014). Furthermore, as 
legalized medical and recreational cannabis availability increase nation-
wide, the impairment of driving abilities during acute intoxication has 
become a public safety issue. 

In addition to D9-THC dosage, two main factors influence the inten-
sity and duration of acute intoxication: individual differences in the rate 
of absorption and metabolism of D9-THC, and the loss of sensitivity to its 
pharmacological actions. Prolonged CB1 receptor occupation as a conse-
quence of the sustained use of cannabis can trigger a process of desensiti-
zation, rendering subjects tolerant to the central and peripheral effects of 
D9-THC and other cannabinoid agonists (Gonzalez et al., 2005). Animals 
exposed repeatedly to D9-THC display decreased CB1 receptor levels as 
well as impaired coupling between CB1 and its transducing G-proteins 
(Gonzalez et al., 2005). Similarly, in humans, imaging studies have shown 
that chronic cannabis use leads to a down-regulation of CB1 receptors in 
the cortical regions of the brain and that this effect can be reversed by 
abstinence (Hirvonen et al., 2012). 

CANNABINOID-BASED MEDICATIONS

The U.S. Food and Drug Administration (FDA) has licensed three 
drugs based on cannabinoids (see Table 2-2). Dronabinol, the generic 
name for synthetic D9-THC, is marketed under the trade name of Marinol® 
and is clinically indicated to counteract the nausea and vomiting asso-
ciated with chemotherapy and to stimulate appetite in AIDS patients 
affected by wasting syndrome. A synthetic analog of D9-THC, nabilone 
(Cesamet®), is prescribed for similar indications. Both dronabinol and 
nabilone are given orally and have a slow onset of action. In July 2016 the 
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TABLE 2-2 Cannabinoid-Based Medications

CANNABINOID-BASED MEDICATIONS

Substance
Route of 
Administration Description

Natural Product 
Derived 
Compounds

Cannabidiol (CBD) Oral capsule 
Oromucosal spray

Cannabinoid 
extracted from 
Cannabis plant

Cannabis Multiple Multiple active 
cannabinoids

Cannador Oral capsule THC and CBD 
from Cannabis 
extract

Epidiolex®
(FDA Fast Track)

Oil Concentrated CBD 
from Cannabis 
extract

Nabiximol (Sativex®)
(FDA Fast Track)

Oromucosal spray THC and CBD 
extract from two 
Cannabis plant 
varieties

Tetrahydrocannabinol 
(THC) 

Oral capsule 
Smoked 
Oromucosal spray

Active cannabinoid 
of Cannabis plant

THC/CBD Oral capsule Combination of 
cannabinoids

    
Synthetic 
Compounds

Ajulemic acid (AjA)
(FDA PHASE II Active)

Oral capsule Synthetic 
nonpsychoactive 
cannabinoid 

Dronabinol (Marinol®; 
Syndros®)
(FDA approved)

Oral capsule Synthetic THC

Nabilone (Cesamet®)
(FDA approved)

Oral capsule Synthetic 
cannabinoid—
THC analogue

FDA approved Syndros®, a liquid formulation of dronabinol, for the treat-
ment of patients experiencing chemotherapy-induced nausea and vomit-
ing who have not responded to conventional antiemetic therapies. The 
agent is also indicated for treating anorexia associated with weight loss in 
patients with AIDS. Two additional cannabinoid-based medications have 
been examined by the FDA. Nabiximols (Sativex®) is an ethanol cannabis 
extract composed of D9-THC and CBD in a one-to-one ratio. Nabiximols 
is administered as an oromucosal spray and is indicated in the symptom-
atic relief of multiple sclerosis and as an adjunctive analgesic treatment 
in cancer patients (Pertwee, 2012). As of September 2016, nabiximols has 
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been launched in 15 countries, including Canada, Germany, Italy, Spain, 
the United Kingdom, and has been approved in a further 12, but not in 
the United States.5 In response to the urgent need expressed by parents 
of children with intractable epilepsy, in 2013 the FDA allowed investi-
gational new drug studies of Epidiolex®, a concentrated CBD oil (>98 
percent CBD), also developed by GW Pharmaceuticals, as an anti-seizure 
medication for Dravet and Lennox-Gastaut syndromes. 

SYNTHETIC CANNABINOIDS AS RECREATIONAL DRUGS

In addition to nabilone, many other synthetic cannabinoids ago-
nists have been described and widely tested on experimental animals to 
investigate the consequences of cannabinoid receptor activation6 (e.g., 
CP-55940, WIN-55212-2, JWH-018) (Iversen, 2000; Pertwee, 2012). The 
therapeutic application of these highly potent molecules is limited by 
their CB1-mediated psychotropic side effects, which presumably provide 
the rationale for the illicit use of some of them as an alternative to cannabis 
(Wells and Ott, 2011). Preclinical and clinical data in support of this claim 
remain very limited, however. Internet-marketed products such as Spice, 
K2, and Eclipse are a blend of various types of plant material (typically 
herbs and spices) that have been sprayed with one of these synthetic can-
nabinoids (as well as other non-cannabinoid psychoactive drugs). Since 
2009 more than 140 different synthetic cannabinoids have been identified 
in herbal mixtures consumed as recreational drugs. The synthetic can-
nabinoids used in “herbal mixtures” are chemically heterogeneous, most 
of them being aminoalkylindole derivatives such as naphthoylindoles 
(e.g., JWH-018 and JWH-210), cyclopropylindoles (e.g., UR-144, XLR-11), 
or quinoline esters (e.g., PB-22). They seem to appeal especially to young 
cannabis and polydrug users because they are relatively inexpensive, eas-
ily available through the Internet, and difficult to identify with standard 
immunoassay drug screenings. In contrast to D9-THC, which is a partial 
agonist of the CB1 receptor, many of the synthetic cannabinoids bind to 
CB1 receptors with high affinity and efficacy, which may also be associ-
ated with higher potential of toxicity (Hermanns-Clausen et al., 2016). 
According to the National Institute on Drug Abuse (NIDA, 2012, p. 2), 
people using these various blends have been admitted to Poison Control 
Centers reporting “rapid heart rate, vomiting, agitation, confusion, and 
hallucinations.” Synthetic cannabinoids can also raise blood pressure and 
cause a reduced blood supply to the heart (myocardial ischemia), and in a 

5 For additional information see: http://www.gwpharm.com (accessed January 5, 2017).
6 Due to the determined scope of this report, nontherapeutic synthetic cannabinoids will 

not be discussed in the forthcoming chapters of the report.
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few cases they have been associated with heart attacks. Regular users may 
experience withdrawal and symptoms of dependence (Tait et al., 2016).

CANNABIS CONTAMINANTS AND ADULTERANTS

The large economic potential and illicit aspect of cannabis has given 
rise to numerous potentially hazardous natural contaminants or artifi-
cial adulterants being reported in crude cannabis and cannabis prepara-
tions. Most frequent natural contaminants consist of degradation prod-
ucts, microbial contamination (e.g., fungi, bacteria), and heavy metals. 
These contaminants are usually introduced during cultivation and storage 
(McLaren et al., 2008). Growth enhancers and pest control chemicals are 
the most common risks to both the producer and the consumer. Cannabis 
can also be contaminated for marketing purposes. This usually entails 
adding substances (e.g., tiny glass beads, lead) to increase the weight 
of the cannabis product (Busse et al., 2008; Randerson, 2007) or adding 
psychotropic substances (e.g., tobacco, calamus) and cholinergic com-
pounds to either enhance the efficacy of low-quality cannabis or to allevi-
ate its side effects (McPartland et al., 2008). Additionally, some extraction 
and inhalation methods used for certain dosing formulations (tinctures, 
butane hash oil, “dabs”) can result in substantial pesticide and solvent 
contamination (Thomas and Pollard, 2016).
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Cannabis: Prevalence of Use, 
Regulation, and Current 

Policy Landscape

PREVALENCE OF CANNABIS USE IN THE 
UNITED STATES (1975–2014)

The popularity of cannabis has ebbed and flowed over the past cen-
tury. Despite being outlawed in several states in the early 1900s and being 
federally prohibited in 1937, cannabis remained relatively obscure until 
the 1960s, when an upsurge in use among adolescents and young adults 
brought the drug into the mainstream. Since the early 1970s, two surveys, 
the National Survey on Drug Use and Health (NSDUH) and Monitoring 
the Future, have provided nationally representative data on self-reported 
use of cannabis. The NSDUH (called the National Household Survey on 
Drug Abuse until 2002) has polled Americans 12 years of age and older 
since 1971, and Monitoring the Future has polled high school seniors since 
1976, adding 8th- and 10th-graders in 1991 (CBHSQ, 2014; ICPSR, 2016). 
Both national surveys include questions that ask respondents whether 
they have ever used cannabis and if they have used cannabis within the 
past year or within the past 30 days. These data have been used to cat-
egorize users, with those reporting use within the past month often con-
sidered to be “active” or “current” users. Monitoring the Future also asks 
youth about how easily they could access cannabis, whether they approve 
of its use, and how risky they perceive it to be. Other national surveys of 
interest include the Centers for Disease Control and Prevention’s (CDC’s) 
Youth Risk Behavior Survey, which surveys the health-risk behaviors of 
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9th- through 12th-grade students on a biannual basis,1 and the CDC’s 
Behavioral Risk Factor Surveillance System,2 which collects state and local 
data regarding health-related risk behaviors, chronic health conditions, 
and the use of preventive services. It is of note that many surveillance 
surveys differ in their design and methodology, which often limits the 
ability to compare and compile data across studies. 

The prevalence of cannabis use peaked in the late 1970s, when more 
than one-third of high school seniors (37 percent in 1976) and one in eight 
Americans over 12 years old (12.8 percent in 1979) reported past-month 
use (Johnston et al., 2016). Self-reported past-month use declined through-
out the 1980s and by 1992 was just one-third of the 1970s peak, both 
among high school seniors (12.1 percent) and the general population (4.4 
percent). The recorded decline in use did not last long. The mid-1990s saw 
rapid increases, with use by high school seniors nearly doubling within 
just the 5 years from 1992 (11.9 percent) to 1997 (23.7 percent). Through-
out the late 1990s and early 2000s, the rates of use largely stagnated, with 
trends among youth and the general population moving roughly in paral-
lel (Johnston et al., 2016).

The years since 2007 have seen steady year-over-year increases in 
general population past-month use, rising from 5.8 percent to 8.4 percent 
in 2014 (a 45 percent increase). There is no single clear explanation for 
the post-2007 increases in use. Hypothesized causes include declining 
potency-adjusted prices on the illicit market; the proliferation of medical 
cannabis laws, especially those that allow for sale at brick-and-mortar dis-
pensaries; and changing public perceptions about the harms of cannabis 
use (Sevigny et al., 2014).

Today, cannabis is the most popular illicit drug in the United States 
(in terms of past-month users), trailed by prescription-type drugs used for 
nonmedical purposes, such as pain relievers (3.8 million), tranquilizers 
(1.9m), and stimulants (1.7m), and by prohibited drugs such as cocaine 
(1.9m), hallucinogens (1.2m), and heroin (0.3m) (CBHSQ, 2016a). A recent 
survey showed that the primary use of cannabis in the United States 
remains recreational (89.5 percent of adult cannabis users), with only 
10.5 percent reporting use solely for medical purposes, and 36.1 percent 
reporting a mixed medical/recreational use (Schauer et al., 2016).

In 2015, an estimated 22.2 million of more than 265 million Americans 
12 years of age or older reported having used cannabis in the past month 
(8.3 percent) (CBHSQ, 2016a). Cannabis use is most prevalent among 

1 For additional information see: http://www.cdc.gov/healthyyouth/data/yrbs/results.
htm (accessed January 6, 2017).

2 For additional information see: http://www.cdc.gov/brfss/about/index.htm (accessed 
January 6, 2017).
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young people ages 18 to 25 (19.8 percent using in the past month) (CBHSQ, 
2016a). Interestingly, since 2002 the use of cannabis has decreased among 
12- to 17-year-olds, while it has markedly increased in the senior popula-
tion, that is, those over 55 years (Azofeifa et al., 2016).

Males are nearly twice as likely (10.6 percent) to use cannabis as 
females (6.2 percent) (see Table 3-1). Black Americans use cannabis at 
the highest rate among major ethnic groups (10.7 percent), followed by 
whites (8.4 percent) and Hispanics (7.2 percent) (CBHSQ, 2016b). Use is 
also more common among lower-income Americans and those without 
college degrees (Davenport and Caulkins, 2016).

Different demographics have different rates of cannabis use. For 
example, dividing the population by age yields stark differences. Data 
from the Monitoring the Future survey show that more than one-fifth 
(21.3 percent) of high school seniors reported past-month use in 2015 

TABLE 3-1 Past-Month Use Rates by Demographic

Past-Month Use Rate (%)

Ethnicity
White, Non-Hispanic 8.4
African American, Non-Hispanic 10.7
Hispanic 7.2
Asian Non-Hispanic 3.0

Gender
Male 10.6
Female 6.2

Education
Less Than High School 8.2
High School Graduate 9.1
Some College 10.5
College Grad 5.9

Family Incomea

Less than $10k 13.6
$20k–$29.9k 9.7
$50k–$74.9k 7.8
$75k + 6.6

Agea

12–17 7.1
18–25 20.1
26–34 13.0
35–49 7.1
50+ 3.9

 a Calculated with the Substance Abuse and Mental Health Services Administration’s 
(SAMHSA’s) public online data analysis system (PDAS). Crosstab: IRMJRC × CATAG3 
(CBHSQ, 2016b).
SOURCE: Derived from CBHSQ, 2016b.
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(Johnston et al., 2016). According to NSDUH data, past-month use is high-
est among 18- to 25-year-olds (19.8 percent) and lower in older groups. 
All age groups have shown increases in past-month cannabis use since 
2002, with the sole exception of adolescents between agees 12 and 17, 
whose use in 2015 (7.0 percent) was lower than that reported in 2002 (8.2 
percent) (CBHSQ, 2016a). 

Volume and Intensity of Cannabis Use Today

A different and often overlooked picture of cannabis use is painted 
when it is measured in terms of volume or intensity of use rather than 
the prevalence of current users. The NSDUH survey asks past-month can-
nabis users how many days in the past 30 they have used “marijuana or 
hashish,” allowing researchers to measure the volume of use by aggregat-
ing reported use-days or by tracking the number of users who report use 
on more than 20 days in the past 30, termed heavy or “daily/near-daily” 
users.

Today, 22.2 million Americans 12 years of age and older report current 
cannabis use (defined as “users in the past 30 days”) (CBHSQ, 2016a). As a 
proportion of past-month users, heavy users have grown from roughly one 
in nine in 1992 to more than one in three (35.4 percent) in 2014, indicating 
an increased intensity of use among current users.3 Furthermore, the popu-
lation of heavy users has not only become larger, it has also become older. 
Burns et al. note an inversion of the ratio of youth (ages 12–17) to older 
adults (ages 50 and older): in 2002, more than three times as many youths 
as older adults were using cannabis on a daily or near-daily basis; by 2011, 
2.5 times as many adults as youth were daily or near-daily cannabis users 
(Burns et al., 2013).

Generally, the intensity of use correlates with use prevalence: groups 
with high prevalence tend to be the same as those with high intensity. But 
some groups are noticeable exceptions. For example, Americans with less 
than a high school education are less likely to report past-month use than 
Americans with a high school diploma or with a partial college educa-
tion, but in terms of past-month use, those with less than a high school 
education are most likely to report daily/near-daily use (44.8 percent). 
Likewise, among age demographics, 26- to 34-year-olds report less past-
month use than 18- to 25-year-olds do, but they report substantially more 

3 Computed by NSDUH cross-tabs for 1992 and 2014. For 1992: https://www.icpsr.umich.
edu/icpsrweb/ICPSR/series/64/studies/6887?archive=ICPSR&sortBy=7 (accessed January 6, 
2017). Compute “MRJMON” against “MJDAY30A,” recoded as “MJDAY30A(r: 0-20;21-30).” 
For 2014: http://www.icpsr.umich.edu/cgi-bin/SDA/NAHDAP/hsda?nahdap+36361-0001 
(accessed January 6, 2017). Compute “IRMJRC” against “MJDAY30A,” recoded as “MJDAY30A 
(r: 0-20;21-30).”
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heavy use among current users (42.2 percent). Heavy use among past-
month users is lowest among 12- to 17-year-olds (7.4 percent). Younger 
users tend to have lighter habits. According to Monitoring the Future 
data, in 2015, 6 percent of high school seniors who used cannabis in the 
past month reported use on a daily basis, as did 3 percent of 10th-graders 
and 1.1 percent of 8th-graders (Johnston et al., 2016).

One result of the increased intensity of use among past-month users is 
that the bulk of cannabis consumption is increasingly concentrated among 
a small number of heavy users. By one estimate, the one-third of current 
cannabis users that use daily or near daily accounted for two-thirds of 
the reported days of past-month use and three-quarters of expenditures 
(Davenport and Caulkins, 2016).

CANNABIS REGULATION IN THE UNITED STATES

In the United States at the turn of the 20th century, cannabis was 
generally used for medical rather than recreational purposes. As such, the 
production and use of cannabis was regulated by consumer safety laws 
such as the Pure Food and Drug Act of 1906, which required producers to 
disclose and label the quantity of cannabis present in any product sold as 
food or medicine. Although several U.S. states enacted bans on cannabis 
between 1911 and 1930, it escaped early federal prohibitions, such as the 
Harrison Act of 1914, which regulated opium and derivatives of the coca 
plant (Musto, 1999). 

Fear of “marihuana,” as cannabis was beginning to be called, grew 
during the 1920s and 1930s as immigration from Mexico steadily increased 
in southwestern states. In the mid-1930s, the federal government, through 
the Federal Bureau of Narcotics, endorsed state-level actions and encour-
aged states to adopt the Marihuana Tax Act as a means to criminalize 
the unregistered and untaxed production and use of cannabis. National 
prohibition did not take shape, however, until Congress passed the Mari-
huana Tax Act of 1937, which regulated the production, distribution, and 
use of cannabis via Congress’s power to tax commerce. The act required 
those dealing with cannabis to register with federal authorities and pay 
a tax (Booth, 2005; Musto, 1999). The supply and use of the drug was not 
criminalized, but nonmedical supply or use was a violation and subject 
to a fine and imprisonment. 

Today, cannabis is regulated by local, state, federal, and international 
law. State laws often mirror federal law, enshrined in the Comprehensive 
Drug Abuse Prevention and Control Act of 1970, which includes the 
Controlled Substances Act (CSA). The CSA modernized and consolidated 
earlier federal drug laws, making them consistent with international drug 
control conventions, specifically the United Nations Single Convention 
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on Narcotic Drugs of 1961, which the United States ratified (Caulkins 
et al., 2016). The CSA placed cannabis in Schedule I, the most restrictive 
category reserved for substances that have no currently accepted medical 
use, alongside heroin and lysergic acid diethylamide (LSD). The federal 
government does not recognize the medical use of cannabis, citing no 
evidence of the accepted medical use of herbal cannabis. It bears mention-
ing that pharmaceutical-grade cannabinoids have been isolated and are 
scheduled apart from cannabis. For example, tetrahydrocannabinol (THC) 
is sold as Marinol®, available with prescription (a Schedule III drug). That 
THC, which is the principal active ingredient in cannabis, in its pure form 
is listed in Schedule III indicates that the placement of botanical or whole 
cannabis in Schedule 1 may be driven by the lack of recognition of medi-
cal use for the whole plant.

Federal criminal law prohibits the supply and use of cannabis with 
exceptions for medical and scientific purposes. The enforcement of canna-
bis prohibition by federal authorities has focused on international smug-
gling and domestic crop eradication as well as violations on federal lands. 
The federal government has relied on state and local authorities to enforce 
criminal prohibitions on cannabis retail and use. In 2014 there were more 
than 1.5 million arrests for drug law violations,4 approximately 30,000 of 
which were made by the U.S. Drug Enforcement Administration (DEA).5 
However, federal law remains an important factor in regulating canna-
bis. While the National Institutes of Health (NIH) have funded cannabis 
research—$111 million on 281 cannabinoid research projects in 2015 alone 
(NIH, 2016)—the federal government has restricted research on cannabis 
by licensing a single producer under contract with the National Institute 
on Drug Abuse (NIDA) and requiring multiple administrative reviews on 
research proposals (Caulkins et al., 2016) (see Chapter 15—Challenges and 
Barriers in Conducting Cannabis Research for additional information).6 
Federal law also prohibits the importation of and intra- and interstate 
trade in cannabis. Tangentially, federal banking and commercial laws 
impede the development of commercial cannabis businesses. Though 

4 As a noteworthy caveat, within the United States there is evidence of racial, social, 
and economic status–based disparities in the enforcement and issued penalties related 
to cannabis sale and use (Austin and Ressler, 2016). Within this context, it is important to 
acknowledge the potential impact of these laws on the health outcomes of disenfranchised 
communities.

5 See https://ucr.fbi.gov/crime-in-the-u.s/2014/crime-in-the-u.s.-2014/tables/table-29 (ac-
cessed January 6, 2017) and https://www.dea.gov/resource-center/statistics.shtml#arrests 
(accessed January 6, 2017).

6 In August 2016, NIDA announced a policy change intended to support an increase in the 
number of DEA-registered marijuana manufacturers. This change was designed to ensure a 
larger and more diverse supply of marijuana for U.S. Food and Drug Administration (FDA)-
authorized research purposes (DEA, 2016). 
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legal at the state level, the federal prohibition on cannabis prevents busi-
nesses from accessing the banking sector, precluding entrepreneurs from 
accessing lines of credit, electronic funds transfer, checking accounts, and 
other financial goods and services available to contemporary businesses. 
Federal tax code also prohibits cannabis businesses from deducting typi-
cal costs of business (Caulkins et al., 2015; Oglesby, 2015). In summary, 
the legal changes in cannabis policy during the past 50 years have been 
characterized primarily by three types of policies, each implemented by 
various states, beginning with (1) decriminalization throughout the 1970s, 
which preceded (2) medical cannabis laws and (3) regulated and licensed 
recreational cannabis.

Decriminalization of Possession and Use

States and localities perform most of the legwork involved in enforc-
ing the criminal prohibition on cannabis as they arrest and convict the 
vast majority of offenders. Each state maintains its own set of laws that 
regulate the supply and use of the drug. In most cases, acts involving can-
nabis are subject to criminal prohibition, but sanctions vary considerably 
by state, each of which is constitutionally entitled to establish its own 
criminal codes and penalties.

The reduction of statutory penalties for use-related acts, including 
personal possession, is referred to as decriminalization or depenalization. 
About a dozen U.S. states are often described as having decriminalized 
possession in the 1970s (Pacula et al., 2005), beginning with Oregon in 
1973. This move to reduce penalties on cannabis use halted until 2001 
when Nevada decriminalized possession of small amounts of cannabis. 
Today, 21 states and the District of Columbia have decriminalized posses-
sion of small amounts of cannabis (Caulkins et al., 2016). 

During the 1970s, the federal government briefly considered abol-
ishing criminal sanctions for use-related acts. The 1972 National Com-
mission on Marihuana and Drug Abuse, appointed by President Nixon, 
recommended that federal law be amended to decriminalize cannabis 
possession, use, and low-level retail (Shafer Commission, 1972). Those 
recommendations were rejected by the Nixon administration. President 
Carter raised the issue again in a 1977 speech to Congress, calling for 
federal decriminalization of cannabis possession, but his administration 
did not succeed in changing policies (Musto, 1999). 

Medical Cannabis Laws

The next major shift in state cannabis policy in the United States 
was the enactment of medical cannabis laws. Starting in 1996 California 
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passed a popular referendum (Proposition 215) to allow individuals suf-
fering from various illnesses to use herbal, whole plant cannabis, making 
California the first jurisdiction in the Western Hemisphere to legalize 
medical cannabis in some form. The law generally provides an affirma-
tive defense for individuals using cannabis for medical purposes. Reforms 
at the state level continued in the waning years of the 20th century, with 
a handful of states passing laws to allow doctors to prescribe medical 
cannabis or allow for a legal defense for use of medical cannabis. The 
permission of use of the flower or products derived from the cannabis 
flower has now spread to 28 states and the District of Columbia. Another 
16 states allow limited access to low-tetrahydrocannabinol (THC)/high-
cannabidiol (CBD) products (NCSL, 2016). Figure 3-1 demonstrates that 
low-THC/high-CBD laws are a recent phenomenon.

Medical cannabis laws and policies vary greatly in terms of the regu-
lations governing supply and use. Some are more restrictive than others, 
limiting the access of the drug to a certain class of individuals who suf-
fer from certain illnesses or conditions, or establishing stricter limits on 
the production and distribution of the substance to at-home cultivation 
by patients and caregivers. Some states legally protect and regulate the 
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FIGURE 3-1 Passage of state cannabis laws (figure includes the District of 
Columbia).
SOURCE: Adapted from NCSL, 2016.
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operation of storefronts known as dispensaries. In these states, patients 
with a recommendation can enter stores and obtain a wide array of can-
nabis and cannabis products. Some dispensaries openly advertise their 
wares and services to patients at point of sale, with others aggressively 
promoting their business to the general public.

When it comes to the distribution of medical cannabis, some states, 
such as New York, restrict the sale of medical cannabis to non-smokable 
forms of the drug. Others require that patients register with the state 
and identify their source of cannabis. Even within states regulations may 
vary. Some states allow for local bans and municipal ordinances to help 
regulate additional aspects of the supply of cannabis. 

Nonmedical, Adult Recreational Use 

In 2010 California voted on legalizing recreational cannabis—in effect, 
permitting and regulating the supply and distribution of cannabis for 
adults to use nonmedically. Proposition 19 sought to repeal the state’s 
criminal prohibitions on cannabis, regulating it for recreational purposes 
for those over 21 years of age. The initiative failed, with 54 percent voting 
against. Two years later residents of Colorado, Oregon, and Washington 
went to the polls to vote on legalizing the adult recreational use of can-
nabis. Oregon’s initiative failed, with 53 percent of voters rejecting the 
measure7; however, Colorado and Washington State, after passing ballot 
initiatives in November 2012, became the first jurisdictions to legalize 
the large-scale commercial production of cannabis for recreational use 
for adults over 21, with Colorado also permitting home cultivation. In 
November 2014 similar initiatives were approved by voters in Alaska8 
and Oregon. The District of Columbia took a narrower approach by legal-
izing only possession and home cultivation. The DC City Council subse-
quently attempted to permit and regulate a commercial market but was 
blocked by the U.S. Congress.

The liberalization of cannabis laws has been a gradual process. Early 
steps included medical cannabis, including the allowance and, some-
times, legal protection of dispensaries. Later, Alaska, Colorado, Oregon, 
and Washington State regulated the production and distribution of rec-
reational cannabis by private, for-profit commercial actors along simi-
lar lines. Besides the general commercial design of these initiatives, the 
details of the regulations vary. Table 3-2 describes a few of the regula-

7 Oregon temporarily allowed sales of recreational cannabis through existing medical 
dispensaries beginning in October 2015, though licensed recreational stores are not expected 
to open until late 2016. 

8 Alaska is expected to allow recreational cannabis sales in licensed stores by late 2016.
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tory differences between Alaska, Colorado, Oregon, Washington, and the 
District of Columbia. With the exception of Washington State, all permit 
at-home cultivation. The District of Columbia follows a “grow and give” 
noncommercial model. None impose potency limits or require users to 
register.

In November 2016, California, Maine, Massachusetts, and Nevada 
voted to legalize adult measures related to recreational cannabis use 

TABLE 3-2 Regulatory Differences Across Four States and the  
District of Columbia That Have Legalized Recreational Cannabis

Alaska Colorado Oregon Washington District of Columbia

Legal Process Voter initiative, state 
statute

Voter initiative, amendment 
to state constitution

Voter initiative, state 
statute

Voter initiative, state 
statute

Voter initiative

When Passed November 2014 November 2012 November 2014 November 2012 November 2014

When Implemented February 2015: Personal 
possession, consumption, 
cultivation
Late 2016 (expected): 
Retail sales

December 2012: Personal 
possession, consumption, 
cultivation
January 2014: Retail sales

July 2015: Personal 
possession, consumption, 
cultivation
October 1, 2015: Retail 
sales via medical 
dispensaries 
Late-2016 (expected): 
retail sales through 
licensed retailers

December 2012: Personal 
possession, consumption 
July 2014: Retail sales

February 2015: Personal 
possession, consumption, 
cultivation

Regulatory Authority Marijuana Control Board 
(Alcoholic Beverage 
Control Board)

Marijuana Enforcement 
Division (Department of 
Revenue)

Oregon Liquor Control 
Commission

Liquor and Cannabis 
Board (formerly the 
Liquor Control Board)

Not applicable

Minimum Age 21 21 21 21 21

Residency Requirement None None None None None

Personal Possession 
Quantity

28.5 g 28.5 g In public: 28.5 g 
At home: 228 g

28.5 g 57 g

Home Cultivation 6 plants, 3 of which can 
be flowering

6 plants, 3 of which can be 
flowering

4 plants in flower Not allowed 6 plants per person 12 
plants per household, 3 of 
which can be flowering

Interpersonal Sharing 28.5 g 28.5 g 28.5 g Not allowed 28.5 g

Retail Transaction Limit 28.5 g Residents: 28.5 g 
Non-residents: 7 g

7 g 28.5 g Not applicable

Retail Pricing Structure Market Market Market Market Not applicable

Average Retail Price per 
Gram After Tax

No retail stores currently $11.50 $10.00 $10.00 Not applicable

Maximum THC Content None None None None None
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and possession (NORML, 2016). Arkansas, Florida, Montana, and North 
Dakota voted in favor of medical marijuana initiatives. In order to develop 
and enforce regulations for a recreational cannabis industry, each state has 
appointed a regulatory agency. Alaska, Oregon, and Washington State 
delegated this responsibility to existing alcohol authorities, while Colo-
rado expanded the responsibilities of the Medical Marijuana Enforcement 
Division under the Department of Revenue. To aid in drafting rules fol-

TABLE 3-2 Regulatory Differences Across Four States and the  
District of Columbia That Have Legalized Recreational Cannabis

Alaska Colorado Oregon Washington District of Columbia

Legal Process Voter initiative, state 
statute

Voter initiative, amendment 
to state constitution

Voter initiative, state 
statute

Voter initiative, state 
statute

Voter initiative

When Passed November 2014 November 2012 November 2014 November 2012 November 2014

When Implemented February 2015: Personal 
possession, consumption, 
cultivation
Late 2016 (expected): 
Retail sales

December 2012: Personal 
possession, consumption, 
cultivation
January 2014: Retail sales

July 2015: Personal 
possession, consumption, 
cultivation
October 1, 2015: Retail 
sales via medical 
dispensaries 
Late-2016 (expected): 
retail sales through 
licensed retailers

December 2012: Personal 
possession, consumption 
July 2014: Retail sales

February 2015: Personal 
possession, consumption, 
cultivation

Regulatory Authority Marijuana Control Board 
(Alcoholic Beverage 
Control Board)

Marijuana Enforcement 
Division (Department of 
Revenue)

Oregon Liquor Control 
Commission

Liquor and Cannabis 
Board (formerly the 
Liquor Control Board)

Not applicable

Minimum Age 21 21 21 21 21

Residency Requirement None None None None None

Personal Possession 
Quantity

28.5 g 28.5 g In public: 28.5 g 
At home: 228 g

28.5 g 57 g

Home Cultivation 6 plants, 3 of which can 
be flowering

6 plants, 3 of which can be 
flowering

4 plants in flower Not allowed 6 plants per person 12 
plants per household, 3 of 
which can be flowering

Interpersonal Sharing 28.5 g 28.5 g 28.5 g Not allowed 28.5 g

Retail Transaction Limit 28.5 g Residents: 28.5 g 
Non-residents: 7 g

7 g 28.5 g Not applicable

Retail Pricing Structure Market Market Market Market Not applicable

Average Retail Price per 
Gram After Tax

No retail stores currently $11.50 $10.00 $10.00 Not applicable

Maximum THC Content None None None None None
continued
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Alaska Colorado Oregon Washington District of Columbia

Registration 
Requirements

None None None None None

Advertising Final advertising 
regulations to be 
determined by the 
Alaska Department 
of Health and Social 
Services Division of 
Public Health

Restricted to media with 
no more than 30 percent of 
the audience under the age 
of 21

Entry sign required on 
exterior of dispensaries; 
Oregon Liquor Control 
Commission has 
authority to further 
regulate or prohibit 
advertising

Limited to one sign for 
retailers at business 
location

Not applicable, no 
commercial market

Taxation $50 excise tax per ounce 
on sales or transfers 
from cultivation facility 
to retail store or product 
manufacturer

15 percent excise tax on 
cultivation; 10 percent retail 
marijuana sales tax; 2.9 
percent state sales tax; local 
sales taxes

October–December 2015: 
No tax on retail sales; 
after January 5, 2016:  
25 percent sales tax

July–June 2014: 25 
percent tax at each stage 
(production, processing, 
retail) July 2015: 37 
percent sales tax

Not applicable, no 
commercial market

Cannabis Clubs Not explicitly allowed 
or prohibited; ban on 
in-store consumption 
repealed in November 
2015

Not allowed Not allowed Not allowed Not allowed; currently 
under investigation by city 
task force.

Medical Cannabis 2000: Patient registry, 
possession, home 
cultivation

2000: Patient registry, 
possession, consumption 
2010: Commercial 
production and sales

1999: Patient registry, 
possession, home 
cultivation

1999: Possession 
2012: Home cultivation, 
no patient registry

2011: Patient registry

SOURCE: Adapted from UNODC World Drug Report 2016 (UNODC, 2016).

TABLE 3-2 Continued

lowing the passage of their initiatives, state agencies held public hearings 
and working groups to solicit public input (Pardo, 2014).

The federal government has not challenged these state laws by invok-
ing the supremacy clause of the U.S. Constitution. However, under the 
10th Amendment, as reaffirmed by U.S. jurisprudence, the federal govern-
ment cannot force a state to criminalize an act under state law (Garvey 
and Yeh, 2014). When the voters of these states passed initiatives to legal-
ize, regulate, and tax recreational cannabis, they simultaneously repealed 
the penal provisions and sanctions prohibiting and criminalizing unau-
thorized cultivation, trafficking, and possession of cannabis. Under the 
Obama administration, the federal government seems to have opted for 
a more pragmatic solution which allows for a rules-based cannabis indus-
try, as dictated by state regulations, while maintaining the future option 
to preempt.
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Alaska Colorado Oregon Washington District of Columbia

Registration 
Requirements

None None None None None

Advertising Final advertising 
regulations to be 
determined by the 
Alaska Department 
of Health and Social 
Services Division of 
Public Health

Restricted to media with 
no more than 30 percent of 
the audience under the age 
of 21

Entry sign required on 
exterior of dispensaries; 
Oregon Liquor Control 
Commission has 
authority to further 
regulate or prohibit 
advertising

Limited to one sign for 
retailers at business 
location

Not applicable, no 
commercial market

Taxation $50 excise tax per ounce 
on sales or transfers 
from cultivation facility 
to retail store or product 
manufacturer

15 percent excise tax on 
cultivation; 10 percent retail 
marijuana sales tax; 2.9 
percent state sales tax; local 
sales taxes

October–December 2015: 
No tax on retail sales; 
after January 5, 2016:  
25 percent sales tax

July–June 2014: 25 
percent tax at each stage 
(production, processing, 
retail) July 2015: 37 
percent sales tax

Not applicable, no 
commercial market

Cannabis Clubs Not explicitly allowed 
or prohibited; ban on 
in-store consumption 
repealed in November 
2015

Not allowed Not allowed Not allowed Not allowed; currently 
under investigation by city 
task force.

Medical Cannabis 2000: Patient registry, 
possession, home 
cultivation

2000: Patient registry, 
possession, consumption 
2010: Commercial 
production and sales

1999: Patient registry, 
possession, home 
cultivation

1999: Possession 
2012: Home cultivation, 
no patient registry

2011: Patient registry

SOURCE: Adapted from UNODC World Drug Report 2016 (UNODC, 2016).

TABLE 3-2 Continued

POLICY LANDSCAPE

Most researchers recognize that a growing general public acceptance 
of the drug for medical and recreational purposes has been encouraging 
the changes at the state level. It remains to be seen if cannabis will be 
legalized at the national level or if such public opinion will continue. In 
2015, according to a Gallup tracker poll, 58 percent of Americans favored 
legalizing cannabis, marking the third straight year that cannabis legaliza-
tion found majority support (Gallup, 2015). Given that a large percentage 
of the U.S. population lives in states that permit some degree of access 
to THC-containing compounds via either the medical or the recreational 
market, it is important to examine the current policy landscape, which 
may shape future state and federal regulations of cannabis.
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State-Level Changes

State-Regulated Use

Cannabis policy change has occurred at the state level in large part 
due to changing public sentiment. Many states have reformed their can-
nabis laws, not from a deliberative legislative process but through popu-
lar referendums. As discussed earlier, states have passed laws to allow 
qualifying individual’s access to medical cannabis. These laws can be 
broadly divided into three distinct categories: loose medical, restricted 
access, and non-THC. 

Some of the earliest laws passed—and the laws generally found in 
most states west of the Mississippi River—are referred to as loose medical. 
In states with these policies, access to medical cannabis is not strictly lim-
ited to provable qualifying ailments, such as terminal cancer, HIV/AIDS, 
or glaucoma. A patient may access medical cannabis when his or her phy-
sician deems it necessary, and in some jurisdictions this amounts to little 
more than de facto legalization of recreational use. One study that sur-
veyed more than 4,000 individuals seeking access to medical cannabis in 
California concluded that the typical patient was a white male in his early 
30s who started using cannabis in his teens with fewer reported disabili-
ties than the national average (O’Connell and Bou-Matar, 2007). Under 
restricted access, patients must meet certain qualifying criteria (such as a 
qualifying medical condition) or are restricted to what types of medical 
products are available, or both. For example, New York prohibits the use 
of smokable herbal cannabis, allowing only tinctures, oils, concentrates, 
and other forms of products. Non-THC laws permit the use of no-THC 
or low-THC/high-CBD products, such as CBD oil, to treat a short list of 
qualifying conditions, such as refractory epilepsy. This category is by far 
the most restrictive, and states that adopt these non-THC policies gener-
ally prohibit the supply and distribution of such products, granting only 
a legal defense for their use. 

That said, 28 states and the District of Columbia fall in one or the 
other of the first two categories and allow for loose or restricted medical 
use, where patients may access some form of THC-containing compound. 
Sixteen states fall in the non-THC category. A total of 44 states and the 
District of Columbia have amended their laws to allow for some form of 
medical cannabis (NCSL, 2016) (see Figure 3-2). 

Of all the jurisdictions that allow for some sort of access to THC-
containing compounds, cancer, HIV/AIDS, multiple sclerosis, and glau-
coma are among the most recognized qualifying ailments (NCSL, 2016). 
And examination of all jurisdictions shows that most list seizures and 
epileptic seizures within their statutes (NCSL, 2016). However, several 
states are open in their interpretation, allowing for medical cannabis to 
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be used to treat any illness for which the drug provides relief. Since few 
states maintain medical cannabis patient registries, the committee relied 
on data on the percentage of patients reporting certain qualifying illnesses 
in Oregon and Colorado (see Figure 3-3). As can be seen in the figure, 
the overwhelming majority obtained a recommendation on the basis of a 
claimed need to treat pain.

State Research on Therapeutic Effects

In addition to state-level legal changes that regulate cannabis for either 
medical or recreational purposes, a few states have sought to expand 
research into cannabis’s therapeutic effects. The Center for Medicinal 
Cannabis Research (CMCR) at the University of California was created in 
2000 to conduct clinical and preclinical studies of cannabinoids, including 
smoked cannabis, for conditions for which cannabis may be beneficial. 
With state funding, the CMCR approved 21 federally approved studies: 
13 have been completed, and 6 have been discontinued (CMCR, 2016).

Departing from this, Colorado has started to conduct research into the 
medicinal value of cannabis that is neither federally funded nor federally 
approved. In 2014 Colorado passed legislation to promote research into 
cannabis’s medical benefits, creating the Medical Marijuana Scientific 
Advisory Council and appropriating $9 million in research grants. The 
advisory council approves research grants and evaluates research. As of 
early 2015, nine research grants have been approved, with six studies cur-

Limited Medical Access, Low THC/High CBD
Medical and Recreational Marijuana
Medical Marijuana
No Medical Marijuana

FIGURE 3-2 Cannabis laws by state, November 2016.
SOURCE: Adapted from NCSL, 2016.
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rently under way.9 Also in 2015, NIH provided $111 million in funding for 
281 cannabinoid-related research efforts nationwide (NIH, 2016).

EXECUTIVE BRANCH POLICIES

Federal Regulated Use

As discussed earlier, the executive branch of the federal government 
has extensive influence and impact when it comes to regulating cannabis. 
Despite the complex domestic arrangements established by the U.S. Con-
stitution and the current political climate, the executive branch has not 
challenged state-level laws that are in violation with federal drug laws. 
The Obama administration has issued a series of federal guidelines for 

9 See the Colorado Department of Public Health and Environment’s Medical Marijuana 
Scientific Advisory Council: https://www.colorado.gov/pacific/cdphe/approved-medical-
marijuana-research-grants (accessed January 6, 2017).
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FIGURE 3-3 Percentage of medical cannabis patients reported by condition in 
Colorado and Oregon, July 2016.
NOTE: Patients may report multiple qualifying ailments.
SOURCES: Adapted from CDPHE, 2016; OHA, 2016. 
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states that are reforming cannabis laws, granting limited space for such 
policies.

In 2009 the U.S. Department of Justice issued a policy memo declaring 
that it was not the federal government’s intent to prosecute individuals 
who abide by state medical cannabis laws (Ogden, 2009). That policy was 
later updated in August 2013 following the legalization of nonmedical 
cannabis in Colorado and Washington State. The current policy guide-
lines outline eight enforcement criteria whereby the federal government 
may intervene and prosecute an individual or group for violating the 
Controlled Substances Act (Cole, 2013). Furthermore, the U.S. Depart-
ment of Justice stated that it expects states that have legalized cannabis to 
implement robust systems of enforcement and regulation to protect public 
health and safety; however, recent evaluations of the policy guidelines 
suggest that the U.S. Department of Justice has done little to evaluate how 
states comply with federal priorities (GAO, 2016).

Because cannabis is still federally prohibited, laws that govern other 
aspects of commerce—namely, banking and finance—have prevented 
businesses that deal in cannabis from accessing lines of credit or banking 
(McErlean, 2015). Money laundering laws and the CSA prevent many 
banks from interacting with cannabis businesses. In order to ease this con-
flict, the U.S. Department of the Treasury, through the Financial Crimes 
Enforcement Network (FinCEN), has issued a directive to financial estab-
lishments allowing them to deal with cannabis businesses that comply 
with state laws (FinCEN, 2014). 

Federal Research

Despite ongoing federal funding for cannabinoid research ($111 mil-
lion in 2015 alone), cannabis researchers have found federal research 
funds to be restricted and limited. Research proposals were required to 
undergo a thorough and rigorous assessment by the DEA, NIDA, the 
FDA, and the U.S. Department of Health and Human Services (HHS). If 
they were federally approved, researchers were limited in the type and 
quantity of cannabis available from the University of Mississippi, which 
was contracted by NIDA to act as the only licit supply of the drug for 
research. (See Chapter 15—Challenges and Barriers in Conducting Can-
nabis Research for additional information.) In 2015 the Obama admin-
istration, via HHS and the DEA, relaxed some regulatory restrictions, 
eliminating duplicative reviews of research proposals by the HHS as well 
as increasing the amount of cannabis available for research by raising the 
aggregate production quota of cannabis cultivated at the University of 
Mississippi (DEA, 2016). 

In August 2016 the DEA denied a petition to reschedule cannabis to 
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Schedule II, citing that cannabis has no currently accepted medical use 
in treatment in the United States (DEA, 2016). The administration did, 
however, adopt a new policy to end the NIDA-contracted monopoly of 
research-grade cannabis by the University of Mississippi. Under new 
rules, the DEA will facilitate cannabis research by increasing the number 
of private entities allowed to cultivate and distribute research-grade can-
nabis (DEA, 2016). 

CONGRESSIONAL BRANCH POLICIES

Recently the 113th Congress used its regulatory powers to shape can-
nabis policy at both the state and the subnational level. In the Consoli-
dated and Further Continuing Appropriations Act of 2015 (Public Law 
No. 113-235), lawmakers precluded the U.S. Department of Justice from 
using fiscal year 2015 appropriated funds to enforce the Controlled Sub-
stances Act to prevent states from implementing their own laws that 
authorize the use, distribution, possession, or cultivation of medical can-
nabis (Sec 538). In the same piece of legislation, Congress precluded the 
District of Columbia from using appropriated funds to regulate, legalize, 
or otherwise reduce penalties for the possession, distribution, or use of 
any Schedule I substance, effectively blocking any citywide effort to regu-
late the trade in cannabis (Sec 908b). During the same session, Congress 
authorized the Secretary of Agriculture to promulgate rules to ensure that 
medical cannabis costs are not treated as a deduction in Supplemental 
Nutrition Assistance Program (SNAP) benefits as well as allowing univer-
sities and state departments of agriculture to cultivate industrial hemp for 
research purposes (Garvey et al., 2015).

Members of the current 114th Congress have proposed several pieces 
of legislation on cannabis. Some would remove cannabis from the Con-
trolled Substances Act and treat the drug like alcohol. Others would end 
the civil asset forfeiture of real property of businesses that comply with 
state medical cannabis laws or authorize the U.S. Department of Veterans 
Affairs to offer recommendations regarding veterans’ use of cannabis in 
compliance with state regimes. One bill in particular, the Medical Mari-
juana Research Act, has gained bipartisan support from proponents and 
opponents of cannabis reform in Congress. The bill would increase canna-
bis research by making the drug and plant more accessible to researchers.

PUBLIC OPINION

Public opinion toward cannabis seems to be driving many of the 
policy changes that have taken place to date. Cannabis found mainstream 
market appeal in the late 1960s and early 1970s, and, as a result, polling 
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agencies started surveying the public opinion about the drug. In 1969 
the Gallup Poll began asking Americans if they thought that the “use of 
cannabis should be made legal,” and the company has continued to ask 
Americans the same question for nearly 50 years.10 

Gallup poll responses showed that support for legal cannabis use 
increased to 28 percent in 1977 (the same year President Carter called 
for national decriminalization). For about 20 years, support declined and 
then plateaued at around 24 percent, only to inch upward 4 years after 
California passed legislation in favor of medical cannabis. By 2000, 31 
percent of respondents favored legal use. Over the past 6 years support 
has vacillated, but it averaged 48 percent from 2010 through 2012 and 
has averaged 56 percent since 2013. In 2015, 58 percent of respondents 
favored legal use.

Polling shows that the public is overwhelmingly in favor of the use 
of cannabis for medical purposes if prescribed by a doctor. No other 
company has tracked public opinion concerning medical cannabis over 
time in the same way as the Gallup Poll, but a collection of national sur-
veys from ProCon indicate that since 1998, 60 to 85 percent of Americans 
have been supportive of the use of medical cannabis (ProCon, 2016). In a 
recent poll by Quinnipiac, 89 percent of respondents supported medical 
cannabis (Quinnipiac, 2016). However, it is of note that states attribute 
different medicinal value to different forms of the drug, restricting who 
can access what part of the plant. National surveys may not capture these 
distinctions that are made in state-level law or policy. Yet, the general shift 
over time suggests that the public is welcoming some changes in canna-
bis policy and law. There appears to be greater agreement that cannabis 
should be available as a medicine to those with certain qualifying condi-
tions, but it is harder to find similar political agreement on recreational 
cannabis. It is unclear whether the wording of the Gallup Poll’s public 
opinion question paints an accurate picture of the current and ongoing 
sentiment with respect to states that are legalizing recreational cannabis. 

POLICY AND RESEARCH

The political landscape for the commercialization, decriminalization, 
and use of cannabis is constantly evolving. As federal and state agencies 
continue to grapple with these important public policy issues, it is impor-
tant to consider that each political decision may have significant public 
health implications. 

10 It should be noted that the question is somewhat vague, implying “legalization” but 
referring to “use” of cannabis, not the legal production and distribution of the drug. This 
ambiguity may cloud respondents’ answers. 
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As laws and policies continue to change, research must also. Unfortu-
nately, research on the health effects and potential therapeutic potential of 
cannabis use has been limited in this country, despite enormous changes 
at the state level. As such, there is currently limited research evidence to 
guide policy. This lack of aggregated knowledge is a significant impedi-
ment not only to the scientific understanding of cannabis but also to the 
advancement of public policy and the nation’s overall public health.
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4

Therapeutic Effects of 
Cannabis and Cannabinoids

Chapter Highlights

•	 In adults with chemotherapy-induced nausea and vomiting, 
oral cannabinoids are effective antiemetics.

•	 In adults with chronic pain, patients who were treated with 
cannabis or cannabinoids are more likely to experience a clin-
ically significant reduction in pain symptoms. 

•	 In adults with multiple sclerosis (MS)-related spasticity, short-
term use of oral cannabinoids improves patient-reported spas-
ticity symptoms. 

•	 For these conditions the effects of cannabinoids are modest; 
for all other conditions evaluated there is inadequate infor-
mation to assess their effects.

Cannabis sativa has a long history as a medicinal plant, likely dat-
ing back more than two millennia (Russo et al., 2007). It was available 
as a licensed medicine in the United States for about a century before 
the American Medical Association removed it from the 12th edition of 
the U.S. Pharmacopeia (IOM, 1999). In 1985, pharmaceutical companies 
received approval to begin developing D9-tetrahydrocannabinol (THC)
preparations—dronabinol and nabilone—for therapeutic use, and as a 
result, cannabinoids were reintroduced into the armamentarium of will-
ing health care providers (Grotenhermen and Müller-Vahl, 2012). Efforts 
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are now being put into the trials of cannabidiol as a treatment for condi-
tions such as epilepsy and schizophrenia,1 although no such preparations 
have come to market at this time. Nabiximols, an oromucosal spray of a 
whole cannabis plant extract with a 1:1 ratio of THC to cannabidiol (CBD), 
was initially licensed and approved in Europe, the United Kingdom, and 
Canada for the treatment of pain and spasticity associated with multiple 
sclerosis (GW Pharmaceuticals, 2016; Pertwee, 2012), but it continues to 
undergo evaluation in Phase III clinical trials in the United States.2 Efforts 
are under way to develop targeted pharmaceuticals that are agonists or 
antagonists of the cannabinoid receptors or that modulate the production 
and degradation of the endocannabinoids, although such interventions 
have not yet demonstrated safety or effectiveness. Nonetheless, thera-
peutic agents targeting cannabinoid receptors and endocannabinoids are 
expected to become available in the future.

The renewed interest in the therapeutic effects of cannabis emanates 
from the movement that began 20 years ago to make cannabis available 
as a medicine to patients with a variety of conditions. It was in 1996 
that Arizona and California first passed medicinal cannabis legislation, 
although Arizona later rescinded the approval, so it would be California 
that paved the way. At the time that this report was written, in 2016, 28 
states and the District of Columbia had legalized the medical use of can-
nabis; 8 states had legalized both medical and recreational use of cannabis; 
and another 16 states had allowed limited access to low-THC/high-CBD 
products (i.e., products with low levels of THC and high levels of CBD) 
(NCSL, 2016). A recent national survey showed that among current adult 
users, 10.5 percent reported using cannabis solely for medical purposes, 
and 46.6 percent reported a mixed medical/recreational use (Schauer et 
al., 2016). Of the states that allow for some access to cannabis compounds, 
cancer, HIV/AIDS, multiple sclerosis, glaucoma, seizures/epilepsy, and 
pain are among the most recognized qualifying ailments (Belendiuk et al., 
2015; NCSL, 2016). There are certain states that provide more flexibility 
than others and that allow the use of medical cannabis for the treatment 
of any illness for which the drug provides relief for the individual. Given 
the steady liberalization of cannabis laws, the numbers of these states are 
likely to increase and therefore support the efforts to clarify the potential 
therapeutic benefits of medical cannabis on various health outcomes. 

For example, the most common conditions for which medical can-
nabis is used in Colorado and Oregon are pain, spasticity associated 
with multiple sclerosis, nausea, posttraumatic stress disorder, cancer, epi-
lepsy, cachexia, glaucoma, HIV/AIDS, and degenerative neurological 

1 ClinicalTrials.gov: NCT02447198, NCT02926859.
2 ClinicalTrials.gov: NCT01361607.
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conditions (CDPHE, 2016; OHA, 2016). We added to these conditions of 
interest by examining lists of qualifying ailments in states where such 
use is legal under state law. The resulting therapeutic uses covered by 
this chapter are chronic pain, cancer, chemotherapy-induced nausea and 
vomiting, anorexia and weight loss associated with HIV, irritable bowel 
syndrome, epilepsy, spasticity, Tourette syndrome, amyotrophic lateral 
sclerosis, Huntington’s disease, Parkinson’s disease, dystonia, dementia, 
glaucoma, traumatic brain injury, addiction, anxiety, depression, sleep 
disorders, posttraumatic stress disorder, and schizophrenia and other 
psychoses. The committee is aware that there may be other conditions 
for which there is evidence of efficacy for cannabis or cannabinoids. In 
this chapter, the committee will discuss the findings from 16 of the most 
recent, good- to fair-quality systematic reviews and 21 primary literature 
articles that best address the committee’s research questions of interest. 

As a reminder to the reader, several of the prioritized health end-
points discussed here in Part II are also reviewed in chapters of Part III; 
however, the research conclusions within these chapters may differ. This 
is, in part, due to differences in the study design of the evidence reviewed 
(e.g., randomized controlled trials [RCTs] versus epidemiological studies), 
differences in the characteristics of cannabis or cannabinoid exposure 
(e.g., form, dose, frequency of use), and the populations studied. As such, 
it is important that the reader is aware that this report was not designed 
to reconcile the proposed harms and benefits of cannabis or cannabinoid 
use across chapters.

CHRONIC PAIN

Relief from chronic pain is by far the most common condition cited by 
patients for the medical use of cannabis. For example, Light et al. (2014) 
reported that 94 percent of Colorado medical marijuana ID cardholders 
indicated “severe pain” as a medical condition. Likewise, Ilgen et al. 
(2013) reported that 87 percent of participants in their study were seeking 
medical marijuana for pain relief. In addition, there is evidence that some 
individuals are replacing the use of conventional pain medications (e.g., 
opiates) with cannabis. For example, one recent study reported survey 
data from patrons of a Michigan medical marijuana dispensary suggest-
ing that medical cannabis use in pain patients was associated with a 64 
percent reduction in opioid use (Boehnke et al., 2016). Similarly, recent 
analyses of prescription data from Medicare Part D enrollees in states 
with medical access to cannabis suggest a significant reduction in the 
prescription of conventional pain medications (Bradford and Bradford, 
2016). Combined with the survey data suggesting that pain is one of the 
primary reasons for the use of medical cannabis, these recent reports sug-
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gest that a number of pain patients are replacing the use of opioids with 
cannabis, despite the fact that cannabis has not been approved by the U.S. 
Food and Drug Administration (FDA) for chronic pain. 

Are Cannabis or Cannabinoids an Effective 
Treatment for the Reduction of Chronic Pain?

Systematic Reviews

Five good- to fair-quality systematic reviews were identified. Of those 
five reviews, Whiting et al. (2015) was the most comprehensive, both in 
terms of the target medical conditions and in terms of the cannabinoids 
tested. Snedecor et al. (2013) was narrowly focused on pain related to 
spinal cord injury, did not include any studies that used cannabis, and 
only identified one study investigating cannabinoids (dronabinol). Two 
reviews on pain related to rheumatoid arthritis did not contribute unique 
studies or findings (Fitzcharles et al., 2016; Richards et al., 2012). Finally, 
one review (Andreae et al., 2015) conducted a Bayesian analysis of five 
primary studies of peripheral neuropathy that had tested the efficacy of 
cannabis in flower form administered via inhalation. Two of the primary 
studies in that review were also included in the Whiting review, while 
the other three were not. It is worth noting that the conclusions across 
all of the reviews were largely consistent in suggesting that cannabinoids 
demonstrate a modest effect on pain. For the purposes of this discus-
sion, the primary source of information for the effect on cannabinoids on 
chronic pain was the review by Whiting et al. (2015). Whiting et al. (2015) 
included RCTs that compared cannabinoids to usual care, a placebo, or 
no treatment for 10 conditions. Where RCTs were unavailable for a condi-
tion or outcome, nonrandomized studies, including uncontrolled studies, 
were considered. This information was supplemented by a search of the 
primary literature from April 2015 to August 2016 as well as by addi-
tional context from Andreae et al. (2015) that was specific to the effects of 
inhaled cannabinoids.

The rigorous screening approach used by Whiting et al. (2015) led to 
the identification of 28 randomized trials in patients with chronic pain 
(2,454 participants). Twenty-two of these trials evaluated plant-derived 
cannabinoids (nabiximols, 13 trials; plant flower that was smoked or 
vaporized, 5 trials; THC oramucosal spray, 3 trials; and oral THC, 1 
trial), while 5 trials evaluated synthetic THC (i.e., nabilone). All but 1 of 
the selected primary trials used a placebo control, while the remaining 
trial used an active comparator (amitriptyline). The medical condition 
underlying the chronic pain was most often related to a neuropathy (17 
trials); other conditions included cancer pain, multiple sclerosis, rheuma-
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toid arthritis, musculoskeletal issues, and chemotherapy-induced pain. 
Analyses across 7 trials that evaluated nabiximols and 1 that evaluated 
the effects of inhaled cannabis suggested that plant-derived cannabinoids 
increase the odds for improvement of pain by approximately 40 percent 
versus the control condition (odds ratio [OR], 1.41, 95% confidence inter-
val [CI] = 0.99–2.00; 8 trials). The effects did not differ significantly across 
pain conditions, although it was not clear that there was adequate statisti-
cal power to test for such differences. 

Only 1 trial (n = 50) that examined inhaled cannabis was included in 
the effect size estimates from Whiting et al. (2015). This study (Abrams et 
al., 2007) also indicated that cannabis reduced pain versus a placebo (OR, 
3.43, 95% CI = 1.03–11.48). It is worth noting that the effect size for inhaled 
cannabis is consistent with a separate recent review of 5 trials of the effect 
of inhaled cannabis on neuropathic pain (Andreae et al., 2015). The pooled 
ORs from these trials contributed to the Bayesian pooled effect estimate 
of 3.22 for pain relief versus placebo (95% CI = 1.59–7.24) tested across 9 
THC concentrations. There was also some evidence of a dose-dependent 
effect in these studies.

Primary Literature

In the addition to the reviews by Whiting et al. (2015) and Andreae 
et al. (2015), the committee identified two additional studies on the 
effect of cannabis flower on acute pain (Wallace et al., 2015; Wilsey et 
al., 2016). One of those studies found a dose-dependent effect of vapor-
ized cannabis flower on spontaneous pain, with the high dose (7 percent 
THC) showing the strongest effect size (Wallace et al., 2015). The other 
study found that vaporized cannabis flower reduced pain but did not 
find a significant dose-dependent effect (Wilsey et al., 2016). These two 
studies are consistent with the previous reviews by Whiting et al. (2015) 
and Andreae et al. (2015), suggesting a reduction in pain after cannabis 
administration.

Discussion of Findings

The majority of studies on pain cited in Whiting et al. (2015) evalu-
ated nabiximols outside the United States. In their review, the committee 
found that only a handful of studies have evaluated the use of cannabis 
in the United States, and all of them evaluated cannabis in flower form 
provided by the National Institute on Drug Abuse that was either vapor-
ized or smoked. In contrast, many of the cannabis products that are sold 
in state-regulated markets bear little resemblance to the products that are 
available for research at the federal level in the United States. For exam-
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ple, in 2015 between 498,170 and 721,599 units of medical and recreational 
cannabis edibles were sold per month in Colorado (Colorado DOR, 2016, 
p. 12). Pain patients also use topical forms (e.g., transdermal patches and 
creams). Thus, while the use of cannabis for the treatment of pain is sup-
ported by well-controlled clinical trials as reviewed above, very little is 
known about the efficacy, dose, routes of administration, or side effects 
of commonly used and commercially available cannabis products in the 
United States. Given the ubiquitous availability of cannabis products in 
much of the nation, more research is needed on the various forms, routes 
of administration, and combination of cannabinoids.

CONCLUSION 4-1 There is substantial evidence that cannabis 
is an effective treatment for chronic pain in adults. 

CANCER

Cancer is a broad term used to describe a wide range of related dis-
eases that are characterized by an abnormal, unregulated division of cells; 
it is a biological disorder that often results in tumor growth (NCI, 2015). 
Cancer is among the leading causes of mortality in the United States, and 
by the close of 2016 there will be an estimated 1.7 million new cancer diag-
noses (NCI, 2016). Relevant to the committee’s interest, there is evidence 
to suggest that cannabinoids (and the endocannabinoid system more 
generally) may play a role in the cancer regulation processes (Rocha et al., 
2014). Therefore, there is interest in determining the efficacy of cannabis 
or cannabinoids for the treatment of cancer. 

Are Cannabis or Cannabinoids an Effective Treatment for Cancer?

Systematic Reviews

Using the committee’s search strategy only one recent review was 
found to be of good to fair quality (Rocha et al., 2014).3 The review 
focused exclusively on the anti-tumor effects of cannabinoids on gliomas.4 
Of the 2,260 studies identified through December 2012, 35 studies met the 
inclusion criteria. With the exception of a small clinical trial, these studies 

3 Due to the lack of recent, high-quality reviews, the committee has identified that a re-
search gap exists concerning the effectiveness of cannabis or cannabinoids in treating cancer 
in general.

4 Glioma is a type of tumor that originates in the central nervous system (i.e., the brain or 
spine) and arises from glial cells. 
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were all preclinical studies. All 16 of the in vivo studies found an anti-
tumor effect of cannabinoids. 

Primary Literature

The committee did not identify any good-quality primary literature 
that reported on cannabis or cannabinoids for the treatment of cancer 
that were published subsequent to the data collection period of the most 
recently published good- or fair-quality systematic review addressing the 
research question. 

Discussion of Findings

Clearly, there is insufficient evidence to make any statement about the 
efficacy of cannabinoids as a treatment for glioma. However, the signal 
from the preclinical literature suggests that clinical research with canna-
binoids needs to be conducted. 

CONCLUSION 4-2 There is insufficient evidence to support or 
refute the conclusion that cannabinoids are an effective treat-
ment for cancers, including glioma.

CHEMOTHERAPY-INDUCED NAUSEA AND VOMITING

Nausea and vomiting are common side effects of many cytotoxic 
chemotherapy agents. A number of pharmaceutical interventions in vari-
ous drug classes have been approved for the treatment of chemotherapy-
induced nausea and vomiting. Among the cannabinoid medications, 
nabilone and dronabinol were initially approved in 1985 for nausea and 
vomiting associated with cancer chemotherapy in patients who failed to 
respond adequately to conventional antiemetic treatments (Todaro, 2012, 
pp. 488, 490). 

Are Cannabis or Cannabinoids an Effective Treatment for the 
Reduction of Chemotherapy-Induced Nausea and Vomiting?

Systematic Reviews

Whiting et al. (2015) summarized 28 trials reporting on nausea and 
vomiting due to chemotherapy, most published before 1984, involving 
1,772 participants. The cannabinoid therapies investigated in these tri-
als included nabilone (14), tetrahydrocannabinol (6), levonantradol (4), 
dronabinol (3), and nabiximols (1). Eight studies were placebo controlled, 
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and 20 included active comparators (prochlorperazine 15; chlorpromazine 
2; dromperidone 2; and alizapride, hydroxyzine, metoclopramide, and 
ondansetron 1 each). Two studies evaluated combinations of dronabinol 
with prochlorperazine or ondansetron. The average number of patients 
showing a complete nausea and vomiting response was greater with 
cannabinoids than the placebo (OR, 3.82, 95% CI = 1.55–9.42) in 3 trials 
of dronabinol and nabiximols that were considered low-quality evidence. 
Whiting et al. (2015) concluded that all trials suggested a greater benefit 
for cannabinoids than for both active agents and for the placebo, although 
these did not reach statistical significance in all trials. 

Of the 23 trials summarized in a Cochrane review (Smith et al., 2015), 
19 were crossover design and 4 were parallel-group design. The cannabi-
noids investigated were nabilone (12) or dronabinol (11), with 9 placebo-
controlled trials (819 participants) and 15 with active comparators (pro-
chlorperazine, 11; metoclopramide, 2; chlorpromazine, 1; domperidone, 
1). In 2 trials, a cannabinoid added to a standard antiemetic was compared 
to the standard alone. While 2 of the placebo-controlled trials showed 
no significant difference in those reporting absence of nausea with can-
nabinoids (relative risk [RR], 2.0, 95% CI = 0.19–21), 3 showed a greater 
chance of having complete absence of vomiting with cannabinoids (RR, 
5.7, 95% CI = 2.16–13) and 3 showed a numerically higher chance of com-
plete absence of both nausea and vomiting (RR, 2.9, 95% CI = 1.8–4.7). 
There was no difference in outcome between patients who were cannabis-
naïve and those who were not (P value = 0.4). Two trials found a patient 
preference for cannabinoids over the comparator. When compared to 
prochlorperazine, there was no significant difference in the control of 
nausea, vomiting, or both, although in 7 of the trials there was a higher 
chance of patients reporting a preference for the cannabinoid therapy (RR, 
3.2, 95% CI = 2.2–4.7). In their review the investigators state that cannabi-
noids were highly effective, being more efficacious than the placebo and 
similar to conventional antiemetics in treating chemotherapy-induced 
nausea and vomiting. Despite causing more adverse events such as diz-
ziness, dysphoria, euphoria, “feeling high,” and sedation, there was weak 
evidence for a preference for cannabinoids over the placebo and stronger 
evidence for a preference over other antiemetics. Despite these findings, 
however, the authors concluded that there was no evidence to support 
the use of cannabinoids over current first-line antiemetic therapies and 
that cannabinoids should be considered as useful adjunctive treatment 
“for people on moderately or highly emetogenic chemotherapy that are 
refractory to other antiemetic treatments, when all other options have 
been tried” (Smith et al., 2015, p. 23). 

Only 3 of the 28 trials in a systematic review of antiemetic thera-
pies in children receiving chemotherapy involved cannabinoid therapies 
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(nabilone 2; THC 1) (Phillips et al., 2016). The comparators were pro-
chlorperazine in the first nabilone trial, domperidone in the second, and 
prochlorperazine and metoclopramide in two separate randomizations in 
the THC trial. In 1 trial with unclear risk of bias, THC dosed at 10 mg/m2 
five times on the day of chemotherapy was superior to prochlorperazine 
in the complete control of acute nausea (RR, 20.7, 95% CI = 17.2–36.2) 
and vomiting (RR, 19.0, 95% CI = 13.7–26.3). Another trial reported better 
nausea severity scores for nabilone compared to domperidone (1.5 versus 
2.5 on a 0 to 3 [none to worst] scale) (p = 0.01). The largest and most recent 
trial in this review compared THC to proclorperzine and found no benefit 
over the control on emesis (RR, 1.0, 95% CI = 0.85–1.17). 

Primary Literature

An additional search of the primary literature since the review by 
Whiting et al. (2015) did not identify any additional studies. The primary 
literature was then searched in an effort to find studies of cannabinoids 
compared to the more widely used antiemetics. One trial conducted in 
2007 investigated a cannabinoid therapy compared to the current gen-
eration of serotonin antagonist antiemetics, as opposed to the dopamine 
D2 receptor antagonists used in the earlier trials. This 64-patient study 
evaluated the frequently used antiemetic ondansetron versus dronabinol 
versus the combination of the two in delayed chemotherapy-induced 
nausea and vomiting (Meiri et al., 2007). The two agents appeared similar 
in their effectiveness, with no added benefit from the combination. Hence, 
the cannabinoid again fared as well as the current standard antiemetic in 
this more recent investigation.

Discussion of Findings

The oral THC preparations nabilone and dronabinol have been avail-
able for the treatment of chemotherapy-induced nausea and vomiting for 
more than 30 years (Grotenhermen and Müller-Vahl, 2012). They were 
both found to be superior to the placebo and equivalent to the available 
antiemetics at the time that the original trials were conducted. A more 
recent investigation suggests that dronabinol is equivalent to ondanse-
tron for delayed nausea and vomiting, although no comparison to the 
currently more widely used neurokinin-1 inhibitors has been conducted. 
In the earlier trials, patients reported a preference for the cannabinoids 
over available agents. Despite an abundance of anecdotal reports of the 
benefits of plant cannabis, either inhaled or ingested orally, as an effec-
tive treatment for chemotherapy-induced nausea and vomiting, there 
are no good-quality randomized trials investigating this option. This is, 
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in part, due to the existing obstacles to investigating the potential thera-
peutic benefit of the cannabis plant. Nor have any of the reviewed trials 
investigated the effectiveness of cannabidiol or cannabidiol-enriched can-
nabis in chemotherapy-induced nausea and vomiting. Such information 
is frequently requested by patients seeking to control chemotherapy-
induced nausea and vomiting without the psychoactive effects of the 
THC-based preparations. Resolving this identified research gap may be a 
future research priority.

CONCLUSION 4-3 There is conclusive evidence that oral canna-
binoids are effective antiemetics in the treatment of chemotherapy-
induced nausea and vomiting.

ANOREXIA AND WEIGHT LOSS

Anorexia and weight loss are common side effects of many diseases, 
especially cancer. And prior to the availability of highly active antiret-
roviral therapy, a wasting syndrome was a frequent clinical manifesta-
tion in patients with human immunodeficiency virus (HIV) infection and 
advanced acquired immune deficiency syndrome (AIDS). The labeled 
indications for dronabinol were expanded in 1992 to include treatment of 
anorexia associated with weight loss in patients with AIDS (IOM, 1999, 
p. 156). 

Are Cannabis or Cannabinoids an Effective Treatment for Anorexia 
and Weight Loss Associated with HIV/AIDS, Cancer-Associated 

Anorexia-Cachexia Syndrome, and Anorexia Nervosa?

AIDS Wasting Syndrome

Systematic Reviews Two good-quality systematic reviews included 
trials investigating cannabinoid therapies in patients with HIV/AIDS. 
Four randomized controlled trials involving 255 patients were assessed 
by Whiting et al. (2015), who described all of the trials to be at high 
risk of bias (ROB) for reasons not elaborated.5 All four studies included 
dronabinol, with one investigating inhaled cannabis as well. Three trials 
were placebo-controlled, and one used the progestational agent megestrol 
acetate as the comparator. The review authors concluded that there was 
some evidence suggesting that cannabinoids were effective in weight gain 

5 Key issues that led to high ROB ratings were: high (n = 1) or unclear (n = 3) ROB for 
allocation concealment; unclear ROB (n = 3) for blinded outcome assessments; high (n = 1) 
or unclear (n = 1) ROB for randomization. 
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in HIV. A second systematic review focused on morbidity and mortality 
in HIV/AIDS as the primary outcomes, with changes in appetite and 
weight as secondary endpoints (Lutge et al., 2013). Seven RCTs conducted 
between 1993 and 2009 were included in the qualitative analysis. The tri-
als compared dronabinol or inhaled cannabis with a placebo or with each 
other. In one study the individuals’ weights increased significantly more 
(p <0.01) on higher doses of cannabis (3.9 percent THC) and dronabi-
nol (10 mg) than on lower doses. In a second trial, median weight was 
increased with inhaled cannabis (3.5 percent) by 3.0 kg (p = 0.021) and 
dronabinol (2.5 mg) by 3.2 kg (p = 0.004) when compared with a placebo 
(a 1.1-kg increase over a 21-day exposure). In a study with 88 evaluable 
patients, the dronabinol group gained an average of 0.1 kg, while the pla-
cebo recipients lost a mean of 0.4 kg (p = 0.14). The proportion of patients 
gaining at least 2 kg was the same in both groups. Most of the weight gain 
was in the body fat compartment when this was investigated. Changes 
in appetite, food, and caloric intake were not deemed to be evaluable in 
any of the studies. These investigators concluded that the evidence for 
the efficacy and safety of cannabis and cannabinoids is lacking to support 
utility in treating AIDS-associated anorexia. 

Primary Literature The committee did not identify any good-quality 
primary literature that reported on cannabis or cannabinoids as effective 
treatments for AIDS wasting syndrome that were published subsequently 
to the data collection period of the most recently published good- or 
fair-quality systematic review addressing the research question. This is 
largely due to the virtual disappearance of the syndrome since effective 
antiretroviral therapies became available in the mid-1990s.

Cancer-Associated Anorexia-Cachexia Syndrome

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on cannabis or cannabinoids as 
effective treatments for cancer-associated anorexia-cachexia syndrome.

Primary Literature A Phase III multicenter, randomized, double-blind 
placebo-controlled trial was conducted by the Cannabis-In-Cachexia-
Study-Group in patients with cancer-related anorexia-cachexia syndrome 
(Strasser et al., 2006). Patients with advanced cancer and weight loss of 
greater than 5 percent over 6 months were randomized 2:2:1 to receive 
treatment with a cannabis extract (standardized to THC 2.5 mg and can-
nabidiol 1.0 mg), THC 2.5 mg, or a placebo twice daily for 6 weeks. 
Appetite, mood, and nausea were monitored daily. Cancer-related quality 
of life and cannabinoid-related toxicity were also monitored. Only 164 of 

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


96 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

the 243 patients who were randomized completed the trial. An intent-
to-treat analysis yielded no difference between the groups in appetite, 
quality of life, or toxicity. Increased appetite was reported by 73 percent 
of the cannabis-extract, 58 percent of the THC group, and 69 percent of the 
placebo recipients. Recruitment was terminated early by the data review 
board because it was believed to be unlikely that differences would 
emerge between the treatment arms. The findings in this study rein-
force the results from an earlier trial investigating dronabinol, megestrol 
acetate, or the combination in 469 advanced cancer patients with a loss of 
appetite and greater than 5 pounds weight loss over the prior 2 months 
(Jatoi et al., 2002). Megestrol acetate was superior to dronabinol for the 
improvement of both appetite and weight, with the combination therapy 
conferring no additional benefit. Seventy-five percent of the megestrol 
recipients reported an improvement in appetite compared to 49 percent of 
those receiving dronabinol (p = 0.0001). Of those in the combination arm, 
66 percent reported improvement. A weight gain greater than or equal to 
10 percent over their baseline at some point during the course of the trial 
was reported by 11 percent of those in the megestrol arm, compared with 
3 percent of the dronabinol recipients (p = 0.02). The combination arm 
reported a weight gain in 8 percent. These findings confirm a similarly 
designed trial that was conducted in patients with AIDS wasting syn-
drome (Timpone et al., 1997).

Anorexia Nervosa

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on medical cannabis as an effec-
tive treatment for anorexia nervosa.

Primary Literature Pharmacological interventions in the treatment of 
anorexia nervosa have not been promising to date. Andries et al. (2014) 
conducted a prospective, randomized, double-blind, controlled crossover 
trial in 24 women with anorexia nervosa of at least 5 years’ duration 
attending both psychiatric and somatic therapy as inpatients or outpa-
tients. In addition to their standard psychotherapy and nutritional inter-
ventions, the participants received dronabinol 2.5 mg twice daily for 4 
weeks and a matching placebo for 4 weeks, randomly assigned to two 
treatment sequences (dronabinol/placebo or placebo/dronabinol). The 
primary outcome was weight change assessed weekly. The secondary 
outcome was change in Eating Disorder Inventory-2 (EDI-2) scores. The 
participants had a significant weight gain of 1.00 kg (95% CI = 0.40–1.62) 
during dronabinol therapy and 0.34 kg (95% CI = −0.14–0.82) during the 
placebo (p = 0.03). No statistically different differences in EDI-2 score 
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changes were seen during treatment with dronabinol or the placebo, sug-
gesting that there was no real effect on the participants’ attitudinal and 
behavioral traits related to eating disorders. The authors acknowledged 
the small sample size and the short duration of exposure, as well as the 
potential psychogenic effects, but they concluded that low-dose dronabi-
nol is a safe adjuvant palliative therapy in a highly selected subgroup of 
chronically undernourished women with anorexia nervosa. 

Discussion of Findings

There is some evidence for oral cannabinoids being able to increase 
weight in patients with the HIV-associated wasting syndrome and 
anorexia nervosa. No benefit has been demonstrated in cancer-associated 
anorexia-cachexia syndrome. The studies have generally been small and 
of short duration and may not have investigated the optimal dose of the 
cannabinoid. In one study in HIV patients, both dronabinol and inhaled 
cannabis increased weight significantly compared to the placebo dronabi-
nol. Cannabis has long been felt to have an orexigenic effect, increasing 
food intake (Abel, 1975). Small residential studies conducted in the 1980s 
found that inhaled cannabis increased caloric intake by 40 percent, with 
most of the increase occurring as snacks and not during meals (Foltin 
et al., 1988). Hence, the results of the clinical trials in AIDS wasting and 
cancer-associated anorexia-cachexia syndrome demonstrating little to no 
impact on appetite and weight were somewhat unexpected. One could 
postulate that perhaps other components of the plant in addition to THC 
may contribute to the effect of cannabis on appetite and food intake. There 
have not been any randomized controlled trials conducted studying the 
effect of plant-derived cannabis on appetite and weight with weight as the 
primary endpoint. This is, in part, due to existing obstacles to investigat-
ing the potential therapeutic benefit of the cannabis plant.

CONCLUSION 4-4

4-4(a)  There is limited evidence that cannabis and oral cannabi-
noids are effective in increasing appetite and decreasing 
weight loss associated with HIV/AIDS.

4-4(b)  There is insufficient evidence to support or refute the 
conclusion that cannabinoids are an effective treatment 
for cancer-associated anorexia-cachexia syndrome and 
anorexia nervosa.
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IRRITABLE BOWEL SYNDROME

Irritable bowel syndrome (IBS) is a common gastrointestinal disor-
der commonly associated with symptoms of abdominal cramping and 
changes in bowel movement patterns. Irritable bowel syndrome is clas-
sified into four types based on the types of bowel movements: IBS with 
diarrhea, IBS with constipation, IBS mixed, and IBS unclassified (NIDDK, 
2015). Approximately 11 percent of the world’s population suffers from at 
least one type of this disorder (Canavan et al., 2014). 

Type 1 cannabinoid (CB1) receptors are present in the mucosa and 
neuromuscular layers of the colon; they are also expressed in plasma 
cells and influence mucosal inflammation (Wright et al., 2005). In animal 
models, endocannabinoids acting on CB1 receptors inhibit gastric and 
small intestinal transit and colonic propulsion (Pinto et al., 2002). Studies 
in healthy volunteers have shown effects on gastric motility and colonic 
motility (Esfandyari et al., 2006). Thus, cannabinoids have the potential 
for therapeutic effect in patients with IBS (Wong et al., 2012). 

Are Cannabis or Cannabinoids an Effective Treatment 
for the Symptoms of Irritable Bowel Syndrome?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on medical cannabis as an effective treatment for 
symptoms of irritable bowel syndrome.

Primary Literature

We identified a single relevant trial (Wong et al., 2012) evaluating 
dronabinol in patients with irritable bowel syndrome with diarrhea 
(IBS-D). This low-risk-of-bias trial enrolled 36 patients between the ages 
of 18 and 69 with IBS-D. Patients were randomized to dronabinol 2.5 mg 
BID6 (n = 10), dronabinol 5 mg BID (n = 13), or a placebo (n = 13) for 2 
days. No overall treatment effects of dronabinol on gastric, small bowel, 
or colonic transit, as measured by radioscintigraphy, were detected. 

Discussion of Findings

A single, small trial found no effect of two doses of dronabinol on 
gastrointestinal transit. The quality of evidence for the finding of no effect 

6 BID is an abbreviation for the Latin phrase bis in die, which means twice per day. 
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for irritable bowel syndrome is insufficient based on the short treatment 
duration, small sample size, short-term follow-up, and lack of patient-
reported outcomes. Trials that evaluate the effects of cannabinoids on 
patient-reported outcomes are needed to further understand the clinical 
effects in patients with IBS. 

CONCLUSION 4-5 There is insufficient evidence to support or 
refute the conclusion that dronabinol is an effective treatment 
for the symptoms of irritable bowel syndrome. 

EPILEPSY

Epilepsy refers to a spectrum of chronic neurological disorders in 
which clusters of neurons in the brain sometimes signal abnormally and 
cause seizures (NINDS, 2016a). Epilepsy disorder affects an estimated 
2.75 million Americans, across all age ranges and ethnicities (NINDS, 
2016a). Although there are many antiepileptic medications currently on 
the market, about one-third of persons with epilepsy will continue to have 
seizures even when treated (Mohanraj and Brodie, 2006). Both THC and 
CBD can prevent seizures in animal models (Devinsky et al., 2014). 

Are Cannabis or Cannabinoids an Effective 
Treatment for the Symptoms of Epilepsy?

Systematic Reviews

We identified two systematic reviews of randomized trials assessing 
the efficacy of cannabis or cannabinoids, used either as monotherapy or 
in addition to other therapies, in reducing seizure frequency in persons 
with epilepsy. Gloss and Vickrey (2014) published a systematic review of 
randomized controlled trials. They identified four reports (including one 
conference abstract and one letter to the editor) of cannabinoid trials, all of 
which they considered to be of low quality. Combined, the trials included 
a total of 48 patients. The systematic review’s primary prespecified out-
come was freedom from seizures for either 12 months or three times the 
longest previous seizure-free interval. None of the four trials assessed this 
endpoint. Accordingly, Gloss and Vickrey asserted that no reliable conclu-
sions could be drawn regarding the efficacy of cannabinoids for epilepsy. 

Koppel et al. (2014) published a fair-quality systematic review. They 
identified no high-quality randomized trials and concluded that the exist-
ing data were insufficient to support or refute the efficacy of cannabinoids 
for reducing seizure frequency.
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Primary Literature

We identified two case series that reported on the experience of 
patients treated with cannabidiol for epilepsy that were published sub-
sequent to the systematic reviews described above. The first of these was 
an open-label, expanded-access program of oral cannabidiol with no con-
current control group in patients with severe, intractable childhood-onset 
epilepsy that was conducted at 11 U.S. epilepsy centers and reported 
by Devinsky et al. (2016) and by Rosenberg et al. (2015). Devinsky et al. 
(2016) reported on 162 patients ages 1 to 30 years; Rosenberg et al. (2015) 
reported on 137 of these patients. The median monthly frequency of 
motor seizures was 30.0 (interquartile range [IQR] 11.0–96.0) at baseline 
and 15.8 (IQR 5.6–57.6) over the 12-week treatment period. The median 
reduction in motor seizures while receiving cannabidiol in this uncon-
trolled case series was 36.5 percent (IQR 0–64.7).

Tzadok et al. (2016) reported on the unblinded experience of Israeli 
pediatric epilepsy clinics treating 74 children and adolescents with intrac-
table epilepsy with an oral formulation of cannabidiol and tetrahydrocan-
nabinol at a 20:1 ratio for an average of 6 months. There was no concurrent 
control goup. Compared with baseline, 18 percent of children experienced 
a 75–100 percent reduction in seizure frequency, 34 percent experienced a 
50–75 percent reduction, 12 percent reported a 25–50 percent reduction, 26 
percent reported a reduction of less than 25 percent, and 7 percent reported 
aggravation of seizures that led to a discontinuation of the cannabinoid 
treatment. 

The lack of a concurrent placebo control group and the resulting 
potential for regression to the mean and other sources of bias greatly 
reduce the strength of conclusions that can be drawn from the experiences 
reported by Devinsky et al. (2016), Rosenberg et al. (2015), and Tzadok 
et al. (2016) about the efficacy of cannabinoids for epilepsy. Randomized 
trials of the efficacy of cannabidiol for different forms of epilepsy have 
been completed,7 but their results have not been published at the time of 
this report.

Discussion of Findings

Recent systematic reviews were unable to identify any randomized 
controlled trials evaluating the efficacy of cannabinoids for the treatment 
of epilepsy. Currently available clinical data therefore consist solely of 
uncontrolled case series, which do not provide high-quality evidence 

7 ClinicalTrials.gov: NCT02224560, NCT02224690, NCT02091375, NCT02324673.
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of efficacy. Randomized trials of the efficacy of cannabidiol for different 
forms of epilepsy have been completed and await publication. 

CONCLUSION 4-6 There is insufficient evidence to support or 
refute the conclusion that cannabinoids are an effective treat-
ment for epilepsy.

SPASTICITY ASSOCIATED WITH MULTIPLE 
SCLEROSIS OR SPINAL CORD INJURY 

Spasticity is defined as disordered sensorimotor control resulting 
from an upper motor neuron lesion, presenting as intermittent or sus-
tained involuntary activation of muscles (Pandyan et al., 2005). It occurs 
in some patients with chronic neurological conditions such as multiple 
sclerosis (MS) and paraplegia due to spinal cord injury. Recent studies 
have shown that some individuals with MS are seeking alternative thera-
pies, including cannabis, to treat symptoms associated with MS (Zajicek 
et al., 2012).

Are Cannabis or Cannabinoids an Effective Treatment for Spasticity 
Associated with Multiple Sclerosis or Spinal Cord Injury?

Systematic Reviews 

We identified two recent systematic reviews that assessed the efficacy 
of cannabis or cannabinoids in treating muscle spasticity in patients with 
MS or paraplegia due to spinal cord injury—the systematic review by 
Whiting et al. (2015) that examined evidence for a broad range of medical 
uses of cannabis or cannabinoids and the systematic review by Koppel 
et al. (2014) that focused more narrowly on neurologic conditions. Both 
systematic reviews examined only randomized, placebo-controlled trials. 
Whiting et al. (2015) excluded from their primary analysis trials that did 
not use a parallel group design (i.e., they excluded crossover trials) and 
performed a quantitative pooling of results. In contrast, Koppel et al. 
(2014) included crossover trials but did not perform a quantitative pool-
ing of results. 

Whiting et al. (2015) searched for studies examining the efficacy of 
cannabinoids for spasticity due to MS or paraplegia. They identified 11 
studies that included patients with MS and 3 that included patients with 
paraplegia caused by spinal cord injury. None of the studies in patients 
with paraplegia caused by spinal cord injury were reported as full papers 
or included sufficient data to allow them to be included in pooled esti-
mates. Whiting et al. (2015) reported that in their pooled analysis of three 
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trials in patients with MS, nabiximols and nabilone were associated with 
an average change (i.e., improvement) in spasticity rating assessed by a 
patient-reported numeric rating scale of −0.76 (95% CI = −1.38 to −0.14) 
on a 0 to 10 scale that was statistically greater than for the placebo. They 
further reported finding no evidence for a difference according to type 
of cannabinoid (i.e., nabiximols versus nabilone). Whiting et al. (2015) 
also reported that the pooled odds of patient-reported improvement on a 
global impression-of-change score was greater with nabiximols than with 
the placebo (OR, 1.44, 95% CI = 1.07–1.94). 

The review by Koppel et al. (2014) restricted its focus on spasticity 
to that due to MS. Their conclusions were broadly in agreement with 
corresponding conclusions from the review by Whiting et al. (2015). In 
particular, Koppel et al. (2014) concluded that in patients with MS, nabixi-
mols and orally administered THC are “probably effective” for reducing 
patient-reported spasticity scores and that oral cannabis extract is “estab-
lished as effective for reducing patient-reported scores” for spasticity 
(Koppel et al., 2014, p. 1558). 

A commonly used scale for rating spasticity is the Ashworth scale 
(Ashworth, 1964). However, this scale has been criticized as unreliable, 
insensitive to therapeutic benefit, and reflective only of passive resistance 
to movement and not of other features of spasticity (Pandyan et al., 1999; 
Wade et al., 2010). Furthermore, no minimally important difference in the 
Ashworth scale has been established. Whiting et al. (2015) calculated a 
pooled measure of improvement on the Ashworth scale versus placebo 
based on five parallel-group-design trials. They reported that nabixi-
mols, dronabinol, and oral THC/CBD were associated with a numerically 
greater average improvement on the Ashworth scale than with a placebo 
but that this difference was not statistically significant. This conclusion is 
in broad agreement with corresponding conclusions reached by Koppel 
et al. (2014), who concluded in particular that nabiximols, oral canna-
bis extract and orally administered THC are “probably ineffective” for 
reducing objective measures of spasticity in the short term (6–15 weeks), 
although oral cannabis extract and orally administered THC are “possibly 
effective” for objective measures at 1 year. 

Primary Literature

An additional placebo-controlled crossover trial of nabiximols for the 
treatment of spasticity in patients with MS was published after the period 
covered by the Whiting and Koppel systematic reviews (Leocani et al., 
2015). This study randomized 44 patients but analyzed only 34 because 
of post-randomization exclusions and dropouts. Such post-randomization 
exclusions and dropouts reduce the strength of the evidence that is pro-
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vided by this study. Patient-reported measures of spasticity were not 
assessed. After 4 weeks of treatment, response on the modified Ashworth 
scale (defined as improvement of at least 20 percent) was more common 
in the THC/CBD group (50 percent) than in the placebo group (23.5 per-
cent), p = 0.041.

Discussion of Findings

Based on evidence from randomized controlled trials included in sys-
tematic reviews, an oral cannabis extract, nabiximols, and orally adminis-
tered THC are probably effective for reducing patient-reported spasticity 
scores in patients with MS. The effect appears to be modest, as reflected 
by an average reduction of 0.76 units on a 0 to 10 scale. These agents have 
not consistently demonstrated a benefit on clinician-measured spasticity 
indices such as the modified Ashworth scale in patients with MS. Given 
the lack of published papers reporting the results of trials conducted in 
patients with spasticity due to spinal cord injury, there is insufficient evi-
dence to conclude that cannabinoids are effective for treating spasticity 
in this population.

CONCLUSION 4-7

4-7(a)   There is substantial evidence that oral cannabinoids are 
an effective treatment for improving patient-reported 
multiple sclerosis spasticity symptoms, but limited evi-
dence for an effect on clinician-measured spasticity. 

4-7(b)  There is insufficient evidence to support or refute the 
conclusion that cannabinoids are an effective treatment 
for spasticity in patients with paralysis due to spinal 
cord injury. 

TOURETTE SYNDROME

Tourette syndrome is a neurological disorder characterized by spo-
radic movements or vocalizations commonly called “tics” (NINDS, 2014). 
While there is currently no cure for Tourette syndrome, recent efforts have 
explored whether cannabis may be effective in reducing symptoms com-
monly associated with the disorder (Koppel et al., 2014). 
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Are Cannabis or Cannabinoids an Effective Treatment for 
the Symptoms Associated with Tourette Syndrome?

Systematic Reviews 

We identified two good-quality systematic reviews (Koppel et al., 
2014; Whiting et al., 2015) that evaluated medical cannabis for Tourette 
syndrome. Both good-quality reviews identified the same trials, and we 
focus on the more recent review by Whiting et al. (2015). The two RCTs 
(four reports), conducted by the same research group (Müller-Vahl et 
al., 2001, 2002, 2003a,b), compared THC capsules (maximum dose 10 
mg daily) to a placebo in 36 patients with Tourette syndrome. Tic sever-
ity, assessed by multiple measures, and global clinical outcomes were 
improved with THC capsules. On a 0 to 6 severity scale, symptoms were 
improved by less than 1 point. These outcomes were assessed at 2 days 
(unclear-risk-of-bias trial) and 6 weeks (high-risk-of-bias trial). Neither 
trial described randomization or allocation concealment adequately, and 
the 6-week trial was rated high risk of bias for incomplete outcome data.

Primary Literature

The committee did not identify any good-quality primary literature 
that reported on medical cannabis as an effective treatment for Tourette 
syndrome, and that were published subsequent to the data collection 
period of the most recently published good- or fair-quality systematic 
review addressing the research question.

Discussion of Findings

No clear link has been established between symptoms of Tourette 
syndrome and cannabinoid sites or mechanism of action. However, case 
reports have suggested that cannabis can reduce tics and that the thera-
peutic effects of cannabis might be due to the anxiety-reducing proper-
ties of marijuana rather than to a specific anti-tic effect (Hemming and 
Yellowlees, 1993; Sandyk and Awerbuch, 1988). Two small trials (assessed 
as being of fair to poor quality) provide limited evidence for the therapeu-
tic effects of THC capsules on tic severity and global clinical outcomes. 

CONCLUSION 4-8 There is limited evidence that THC cap-
sules are an effective treatment for improving symptoms of 
Tourette syndrome.
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AMYOTROPHIC LATERAL SCLEROSIS 

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease 
affecting the motor neurons in the spinal cord, brain stem, and motor 
cortex, ultimately leading to complete paralysis (Rossi et al., 2010). The 
pathogenesis of ALS remains unclear, but the disease is thought to result 
from the interplay of a number of mechanisms, including neurofilament 
accumulation, excitotoxicity, oxidative stress, and neuroinflammation 
(Redler and Dokholyan, 2012), all of which may be amenable to manipu-
lation of the endocannabinoid system and cannabinoid receptors.

Are Cannabis or Cannabinoids an Effective Treatment for the 
Symptoms Associated with Amyotrophic Lateral Sclerosis?

Systematic Reviews 

The committee did not identify a good- or fair-quality systematic 
review that reported on medical cannabis as an effective treatment for 
symptoms associated with amyotrophic lateral sclerosis.

Primary Literature

On the basis of proposed pathogenesis and anecdotal reports of symp-
tomatic benefit from the use of cannabis in patients with ALS, two small 
trials of dronabinol have been conducted. In a randomized, double-blind 
crossover study, 19 patients with ALS were treated with dronabinol doses 
of 2.5 to 10 mg daily for 4 weeks (Gelinas et al., 2002). Participants noted 
improvement in appetite and sleep but not in cramps or fasiculations 
(involuntary muscle twitches). The second study enrolled 27 patients 
with ALS who had moderate to severe cramps (greater than 4 on a 0–10 
visual analogue scale) in a randomized, double-blind trial of dronabinol 
5 mg twice daily or a placebo, each given for 2 weeks with an intervening 
2-week washout period (Weber et al., 2010). The primary endpoint was a 
change in cramp intensity with secondary endpoints of change in cramp 
number, intensity of fasciculations, quality of life, sleep, appetite, and 
depression. There was no difference between dronabinol and the placebo 
seen in any of the endpoints. The investigators reported that the dronabi-
nol was very well tolerated and postulated that the dronabinol dose may 
have been too low as well as suggesting that a carryover effect in the 
crossover design may have obfuscated any differences in the treatment 
arms. The sample size was too small to discern anything but a large effect.
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Discussion of Findings

Two small studies investigated the effect of dronabinol on symptoms 
associated with ALS. Although there were no differences from placebo in 
either trial, the sample sizes were small, the duration of the studies was 
short, and the dose of dronabinol may have been too small to ascertain 
any activity. The effect of cannabis was not investigated.

CONCLUSION 4-9 There is insufficient evidence that cannabi-
noids are an effective treatment for symptoms associated with 
amyotrophic lateral sclerosis.

HUNTINGTON’S DISEASE

Huntington’s disease is characterized by chorea (abnormal, involun-
tary movement) along with cognitive decline and psychiatric impairment 
(Armstrong and Miyasaki, 2012). Worsening chorea significantly impacts 
patient quality of life. The pathophysiology and neurochemical basis of 
Huntington’s disease are incompletely understood. Neuroprotective trials 
often investigate agents that may decrease oxidative stress or glutamater-
gic changes related to excitotoxic stress. There is some preclinical evidence 
and limited clinical evidence that suggest that changes in the endocan-
nabinoid system may be linked to the pathophysiology of Huntington’s 
disease (Pazos et al., 2008; van Laere et al., 2010).

Are Cannabis or Cannabinoids an Effective Treatment 
for the Motor Function and Cognitive Performance 

Associated with Huntington’s Disease? 

Systematic Reviews

The systematic review from the American Academy of Neurology 
includes two studies on Huntington’s disease (Koppel et al., 2014). A 
randomized, double-blind, placebo-controlled crossover pilot trial inves-
tigated nabilone 1 or 2 mg daily for 5 weeks followed by a placebo in 
22 patients with symptomatic Huntington’s disease (Curtis et al., 2009). 
An additional 22 patients were randomized to the placebo followed by 
nabilone. The primary endpoint was the total motor score of the Unified 
Huntington’s Disease Rating Scale (UHDRS). Secondary endpoints 
included the chorea, cognitive performance, and psychiatric changes 
measured with the same instrument. No significant difference in the total 
motor score was seen in the 37 evaluable patients (treatment difference, 
0.86, 95% CI = −1.8–3.52), with a 1-point change considered clinically sig-
nificant. There was evidence of an improvement in the chorea subscore 
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with nabilone (treatment difference, 1.68, 95% CI = 0.44–2.92). There was 
no difference between treatments for cognition, but there was evidence 
of an improvement in the two neuropsychiatric outcome measures in the 
nabilone arm—UHDRS behavioral assessment (4.01, 95% CI = −0.11–8.13) 
and neuropsychiatric inventory (6.43, 95% CI = 0.2–12.66). The small 
estimated treatment effect with wide confidence intervals reduces the 
level of evidence for nabilone’s effectiveness from this pilot study. How-
ever, based on this trial, the American Academy of Neurology guideline 
concluded that “nabilone possibly modestly improves Huntington’s dis-
ease chorea” (Armstrong and Miyasaki, 2012, p. 601). The second study 
included in the systematic review was a lower-quality, 15-patient ran-
domized, double-blind, placebo-controlled trial investigating the effect 
of cannabidiol capsules at a dose of 10 mg/kg/day in two divided doses 
(Consroe et al., 1991). The endpoints in this study involving patients with 
Huntington’s disease who were not on neuroleptics were chorea severity, 
functional limitations, and side effects. There were no statistically sig-
nificant differences between cannabidiol and placebo in any outcomes, 
although the American Academy of Neurology considered the study to 
be underpowered.

Primary Literature

The committee did not identify any good-quality primary litera-
ture that reported on medical cannabis as an effective treatment for the 
declines in motor function and cognitive performance associated with 
Huntington’s disease that were published subsequent to the data collec-
tion period of the most recently published good- or fair-quality systematic 
review addressing the research question.

Discussion of Findings

Two small studies have investigated the potential benefit of cannabi-
noids in patients with Huntington’s disease. Although nabilone appeared 
to have some potential benefit on chorea, cannabidiol appeared to be 
equal to placebo in ameliorating symptoms. Both studies were of short 
duration and likely underpowered because of their small sample sizes. 
Cannabis has not been investigated in Huntington’s disease. 

CONCLUSION 4-10 There is insufficient evidence to support 
or refute the conclusion that oral cannabinoids are an effective 
treatment for chorea and certain neuropsychiatric symptoms 
associated with Huntington’s disease.
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PARKINSON’S DISEASE

Parkinson’s disease is a motor system disorder attributed to the loss 
of dopamine-producing brain cells. It is characterized clinically by tremor, 
rigidity, bradykinesia (slowness of movement), and impaired balance and 
coordination (PDF, 2016a). An estimated 60,000 Americans are diagnosed 
with this disorder each year (PDF, 2016b).

Although the disease is progressive and without cure, there are medi-
cations that can ameliorate some of the associated symptoms. Although 
levodopa has demonstrated efficacy for treating symptoms of Parkinson’s 
disease, long-term use of levodopa is associated with the development 
of side effects, especially dyskinesias (involuntary movements) (NINDS, 
2015). Evidence suggests that the endocannabinoid system plays a mean-
ingful role in certain neurodegenerative processes (Krishnan et al., 2009); 
thus, it may be useful to determine the efficacy of cannabinoids in treating 
the symptoms of neurodegenerative diseases. 

Are Cannabis or Cannabinoids an Effective Treatment for 
the Motor System Symptoms Associated with Parkinson’s 

Disease or the Levodopa-Induced Dyskinesia?

Systematic Reviews 

The systematic review of cannabis in selected neurologic disorders 
(Koppel et al., 2014) identified two trials of cannabinoid therapies in 
patients with levodopa-induced dyskinesias. Nineteen patients with 
levodopa-induced dyskinesia greater than or equal to 2 as determined by 
questions 32–34 of the Unified Parkinson’s Disease Rating Scale (UPDRS) 
were randomized in a double-blind, placebo-controlled crossover trial to 
receive Cannador capsules (containing THC 2.5 mg and CBD 1.25 mg) to 
a maximum dose of 0.25 mg/kg of THC daily or placebo (Carroll et al., 
2004). The primary endpoint was the effect of treatment on the dyskinesia 
score of the UPDRS. Secondary endpoints included the impact of dyski-
nesia on function, pathophysiologic indicators of dyskinesia, duration 
of dyskinesia, quality of life, sleep, pain, and overall severity of Parkin-
son’s disease. The overall treatment effect was +0.52, which indicated a 
worsening with Cannador, although this worsening was not statistically 
significant (p = 0.09). No effects were seen on the secondary outcomes. 
Although there were more adverse events on the drug than on the pla-
cebo, the investigators felt that the treatment was well tolerated. The 
study had limited statistical power to detect anything but a large treat-
ment effect due to its small sample size. The second study included in the 
systematic review was an even smaller low-quality, randomized, double-
blind, placebo-controlled crossover trial involving seven patients with 
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Parkinson’s disease who had stable levodopa-induced dyskinesia present 
for 25–50 percent of the day (Sieradzan et al., 2001). Nabilone dosed at 
0.03 mg/kg or a placebo was administered 12 hours and 1 hour before 
levodopa at a dose of 200 mg. The primary endpoint was total dyskinesia 
disability as measured using the Rush Dyskinesia Disability Scale.8 The 
median total dyskinesia score after treatment with levodopa and nabilone 
was 17 (range 11–25) compared to 22 (range 16–26) after levodopa and 
the placebo (p <0.05). The anti-Parkinsonian actions of levodopa were not 
reduced by nabilone pretreatment. Although the authors stated that “nab-
ilone significantly reduced total levodopa-induced dyskinesia compared 
with placebo” (Sieradzan et al., 2001, p. 2109), the fact that the results were 
generated by only seven patients receiving only two doses clearly reduces 
the ability to draw such an enthusiastic conclusion. Koppel concludes 
that oral cannabis extract “is probably ineffective for treating levodopa-
induced dyskinesias” (Koppel et al., 2014, p. 1560). 

Primary Literature

Cannabidiol capsules were evaluated in a randomized, double-blind, 
placebo-controlled trial conducted in 21 patients with Parkinson’s disease 
(Chagas et al., 2014). The study was an exploratory trial to assess the 
effect of CBD in Parkinson’s disease globally with the UPDRS and the 
Parkinson’s Disease Questionnaire-39 (PDQ-39) used to assess overall 
functioning and well-being. Possible CBD adverse events were evaluated 
by a side effect rating scale. Baseline data were collected 1 week before 
commencing treatment with CBD at 75 mg/day or 300 mg/day or with 
a placebo, and the same assessments were repeated during the sixth and 
final week of the trial. No statistically significant differences were seen in 
the UPDRS between the three study arms. There was a statistically sig-
nificant difference in the variation between baseline and final assessment 
in the overall PDQ-39 score between the placebo (6.50 ± 8.48) and CBD 
300 mg/day (25.57 ± 16.30) (p = 0.034), which suggests that there might 
be a possible effect of CBD on improving quality of life. 

An open-label observational study of 22 patients with Parkinson’s 
disease attending a motor disorder clinic at a tertiary medical center col-
lected data before and 30 minutes after patients smoked 0.5 grams of can-
nabis (Lotan et al., 2014). The instruments utilized included the UPDRS, 
the McGill Pain Scale, and a survey of subjective efficacy and adverse 
effects of cannabis. In addition, the effect of cannabis on motor symp-
toms was evaluated by two raters. The investigators found that the total 

8 The Dyskinesia Disability Scale is a 0–4 scale (absent to most severe) measuring the 
severity of dyskinesia (Goetz et al., 1994).
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motor symptoms score on the UPDRS improved from 33.1 (± 13.8) to 23.2 
(±	10.5) (p <0.001). Subcategories of the UPDRS that showed statistically 
significant improvement included tremor, rigidity, and bradykinesia. Pain 
and sleep were also reported to be improved after smoking cannabis. The 
results from this low-quality observational study prompted the investiga-
tors to propose that their findings should be confirmed in a larger, longer, 
randomized, double-blind, placebo-controlled trial. 

Discussion of Findings

Small trials of oral cannabinoid preparations have demonstrated no 
benefit compared to a placebo in ameliorating the side effects of Parkin-
son’s disease. A seven-patient trial of nabilone suggested that it improved 
the dyskinesia associated with levodopa therapy, but the sample size lim-
its the interpretation of the data. An observational study of inhaled can-
nabis demonstrated improved outcomes, but the lack of a control group 
and the small sample size are limitations. 

CONCLUSION 4-11 There is insufficient evidence that can-
nabinoids are an effective treatment for the motor system 
symptoms associated with Parkinson’s disease or the levodopa-
induced dyskinesia.

DYSTONIA

Dystonia is a disorder characterized by sustained or repetitive muscle 
contractions which result in abnormal fixed postures or twisting, repeti-
tive movements (NINDS, 2016b). Idiopathic cervical dystonia is the most 
common cause of focal dystonia. Oral pharmacological agents are gener-
ally ineffective, with repeated injections of botulinum toxin being the 
most effective current therapy. The pathophysiologic mechanisms of dys-
tonia are poorly understood, but, as in other hyperkinetic movement 
disorders, underactivity of the output regions of the basal ganglia may be 
involved. Stimulation of the cannabinoid receptors has been postulated as 
a way to reduce dystonia (Zadikoff et al., 2011). Anecdotal reports have 
suggested that cannabis may alleviate symptoms associated with dystonia 
(Uribe Roca et al., 2005). In a 1986 preliminary open pilot study in which 
five patients with dystonic movement disorders received cannabidiol, 
dose-related improvements were observed in all five patients (Consroe 
et al., 1986).
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Are Cannabis or Cannabinoids an Effective Treatment for Dystonia?

Systematic Reviews

The American Academy of Neurology systematic review (Koppel et 
al., 2014) identified one study that examined the effect of dronabinol on 
cervical dystonia. The review described the study as being underpowered 
to detect any differences between dronabinol and the placebo. Overall, 
nine patients with cervical dystonia were randomized to receive dronabi-
nol 15 mg daily or a placebo in an 8-week crossover trial (Zadikoff et 
al., 2011). The primary outcome measure was the change in the Toronto 
Western Spasmodic Torticollis Rating Scale (TWSTRS) part A subscore at 
the beginning and the end of each 3-week treatment phase. There was no 
statistically significant effect of dronabinol on the dystonia compared with 
the placebo as measured by the TWSTRS-A (p = 0.24). 

Primary Literature

Fifteen patients with a clinical diagnosis of primary dystonia received 
a single dose of nabilone or placebo (0.03 mg/kg to the nearest whole 
milligram) on the study day (Fox et al., 2002). The primary outcome 
measure was the dystonia-movement scale portion of the Burke-Fahn-
Marsden dystonia scale. Treatment with nabilone produced no significant 
reduction in the total dystonia movement scale score when compared 
with placebo (p >0.05). 

Discussion of Findings

Two small trials of dronabinol and nabilone failed to demonstrate a 
significant benefit of the cannabinoids in improving dystonia compared 
with placebo. Cannabis has not been studied in the treatment of dystonia. 

CONCLUSION 4-12 There is insufficient evidence to support 
or refute the conclusion that nabilone and dronabinol are an 
effective treatment for dystonia.

DEMENTIA

Dementia is characterized by a decline in cognition that typically 
affects multiple cognitive domains such as memory, language, executive 
function, and perceptual motor function (NIH, 2013). Alzheimer’s dis-
ease, vascular dementia, and Parkinson’s disease with dementia are three 
prominent dementing disorders (NIA, n.d.). Behavioral and psychological 
symptoms, including agitation, aggression, and food refusal, are common 
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in the more advanced stages of dementia. These symptoms cause distress 
to the patient and caregivers and may precipitate the patient being placed 
in institutional care. Current treatments for dementia (e.g., cholinesterase 
inhibitors) have only modest effects, and treatments for behavioral distur-
bances such as antipsychotic medications have both modest benefits and 
substantial adverse effects (Krishnan et al., 2009). 

CB1 receptors are found throughout the central nervous system, and 
the endogenous cannabinoid system is thought to be important in the 
regulation of synaptic transmission (Baker et al., 2003), a process that is 
disordered in patients with dementia. Accumulating evidence suggests 
that cannabinoids have the potential for neuroprotective effects (Grundy, 
2002; Hampson et al., 1998; Shen and Thayer, 1998). This developing 
understanding of the endogenous cannabinoid system, along with can-
nabinoids anxiolytic and appetite-stimulating effects, provides a rationale 
for its study in patients with dementia. 

Are Cannabis or Cannabinoids an Effective Treatment 
for the Symptoms Associated with Dementia?

Systematic Reviews

We identified two good-quality systematic reviews (Krishnan et al., 
2009; van den Elsen et al., 2014) that evaluated cannabis for dementia. 
Both reviews identified the same two RCTs, which were synthesized 
qualitatively. A small randomized crossover trial (Volicer et al., 1997) 
evaluated dronabinol in 15 hospitalized patients with probable Alzheim-
er’s disease who had behavior changes and were refusing food. Patients 
were randomized to dronabinol (2.5 mg twice daily) for 6 weeks and 
to a placebo for 6 weeks. Data in this trial with a high risk of bias were 
presented in such a way that they could not be abstracted for analysis by 
systematic review authors. The primary study authors reported: increased 
weight during the 12 weeks regardless of order of treatment (dronabinol, 
7.0 [SD 1.5] pounds, and placebo, 4.6 [SD 1.3] pounds, during the first 6 
weeks); decreased disturbed behavior during dronabinol treatment, an 
effect that persisted in patients treated first with dronabinol, then the pla-
cebo; decreased negative affect scores in both groups during the 12 weeks, 
more so when taking dronabinol than the placebo; and no serious adverse 
events attributed to dronabinol, although one patient suffered a seizure 
following the first dose. One other open-label pilot study (Walther et al., 
2006), which evaluated six patients with severe dementia for the effects 
of dronabinol on nighttime agitation, did not meet eligibility criteria for 
the review by Krishnan et al. (2009).

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


THERAPEUTIC EFFECTS 113

Primary Literature

We identified one good-quality RCT that evaluated THC in 50 patients 
with Alzheimer’s disease, vascular or mixed dementia, and neuropsychi-
atric symptoms (van den Elsen et al., 2015). THC 1.5 mg given three times 
daily for 3 weeks did not improve overall neuropsychiatric symptoms, 
agitation, quality of life, or activities of daily living versus a placebo. 
Although the study recruited less than one-half of the planned sample, 
the authors estimated that there was only a 5 percent chance that enroll-
ing more participants would have shown a clinically important effect on 
neuropsychiatric symptoms. 

Discussion of Findings

The authors of the good-quality Cochrane systematic review con-
cluded that the “review finds no evidence that cannabinoids are effective 
in the improvement of disturbed behavior in dementia or treatment of 
other symptoms of dementia” (Krishnan et al., 2009, p. 8). Subsequently, 
a larger good-quality RCT found no benefit from low-dose THC. We 
agree that the evidence is limited due to the small number of patients 
enrolled, limits in the study design and reporting, and inconsistent effects. 
The current limited evidence does not support a therapeutic effect of 
cannabinoids.

CONCLUSION 4-13 There is limited evidence that cannabi-
noids are ineffective treatments for improving the symptoms 
associated with dementia.

GLAUCOMA

Glaucoma is one of the leading causes of blindness within the United 
States (Mayo Clinic, 2015). This disorder is characterized as a group of 
eye conditions that can produce damage to the optic nerve and result in a 
loss of vision. This damage is often caused by abnormally high intraocular 
pressure (NEI, n.d.). Because high intraocular pressure is a known major 
risk factor that can be controlled (Prum et al., 2016, p. 52), most treatments 
have been designed to reduce it. Research suggests that cannabinoids may 
have potential as an effective treatment for reducing pressure in the eye 
(Tomida et al., 2007). 
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Are Cannabis or Cannabinoids an Effective Treatment for Glaucoma?

Systematic Reviews

We identified one good-quality systematic review (Whiting et al., 
2015) that evaluated medical cannabis for the treatment of glaucoma. This 
review identified a single randomized crossover trial (six participants) 
in patients with glaucoma. The trial compared THC (5 mg oromucosal 
spray), cannabidiol (20 mg oromucosal spray), cannabidiol spray (40 mg 
oromucosal spray), and a placebo, examining intraocular pressure inter-
mittently up until 12 hours after treatment. Elevated intraocular pressure 
is one of the diagnostic criteria for glaucoma, and lowering intraocular 
pressure is a goal of glaucoma treatments (Prum et al., 2016). The trial was 
evaluated as “unclear” risk of bias. No differences in intraocular pressure 
were found between placebo and cannabinoids. 

Primary Literature 

The committee did not identify any good-quality primary literature 
that reported on medical cannabis as an effective treatment for the symp-
toms of glaucoma and that were published subsequent to the data collec-
tion period of the most recently published good- or fair-quality systematic 
review addressing the research question.

Discussion of Findings

Lower intraocular pressure is a key target for glaucoma treatments. 
Non-randomized studies in healthy volunteers and glaucoma patients 
have shown short-term reductions in intraocular pressure with oral, topi-
cal eye drops, and intravenous cannabinoids, suggesting the potential 
for therapeutic benefit (IOM, 1999, pp. 174–175). A good-quality systemic 
review identified a single small trial that found no effect of two cannabi-
noids, given as an oromucosal spray, on intraocular pressure (Whiting et 
al., 2015). The quality of evidence for the finding of no effect is limited. 
However, to be effective, treatments targeting lower intraocular pressure 
must provide continual rather than transient reductions in intraocular 
pressure. To date, those studies showing positive effects have shown only 
short-term benefit on intraocular pressure (hours), suggesting a limited 
potential for cannabinoids in the treatment of glaucoma.

CONCLUSION 4-14 There is limited evidence that cannabi-
noids are an ineffective treatment for improving intraocular 
pressure associated with glaucoma.
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TRAUMATIC BRAIN INJURY/INTRACRANIAL HEMORRHAGE

Traumatic brain injury (TBI) is an acquired brain injury that can result 
from a sudden or violent hit to the head (NINDS, 2016c). TBI accounts 
for about 30 percent of all injury deaths in the United States (CDC, 2016). 
Intracranial hemorrhage (ICH), bleeding that occurs inside the skull, is 
a common complication of TBI which is associated with a worse prog-
nosis of the injury (Bullock, 2000; CDC, 2015). There is a small body of 
literature reporting the neuroprotective effects of cannabinoid analogues 
in preclinical studies of head injuries (Mechoulam et al., 2002) as well as 
in observational studies in humans (Di Napoli et al., 2016; Nguyen et al., 
2014).

Are Cannabis or Cannabinoids an Effective Treatment or Prevention 
for Traumatic Brain Injury or Intracranial Hemorrhage?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that evaluated the efficacy of cannabinoids as a treatment or pre-
vention for traumatic brain injury or intracranial hemorrhage. 

Primary Literature

There were two fair- to high-quality observational studies found in 
the literature. One study (n = 446) examined the TBI presentation and 
outcomes among patients with and without a positive THC blood test 
(Nguyen et al., 2014). Patients who were positive for THC were more 
likely to survive the TBI than those who were negative for THC (OR, 0.224, 
95% CI = 0.051–0.991). The authors used regression analysis to account 
for confounding variables (e.g., age, alcohol, Abbreviated Injury Score, 
Injury Severity Score, mechanism of injury, gender, and ethnicity). In the 
only other observational study that examined the association between 
cannabis use and brain outcomes, a study of intracranial hemorrhage 
patients (n = 725) found that individuals with a positive test of cannabis 
use demonstrated better primary outcome scores on the modified Rankin 
Scale9 (adjusted common OR, 0.544, 95% CI = 0.330–0.895) (Di Napoli et 
al., 2016). In their analysis, the authors adjusted for confounding variables 
that are known to be associated with worse ICH outcomes, including age, 
sex, Glasgow Coma Scale as continuous variables, and anticoagulant use. 

9 The modified Rankin Scale is a clinical assessment tool commonly used to measure the 
degree of disability following a stroke. Outcome scores from the scale range from 0 (no 
symptoms) to 6 (death) (Di Napoli et al., 2016, p. 249).
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Discussion of Findings

The two studies discussed above (Di Napoli et al., 2016; Nguyen et al., 
2014) provide very modest evidence that cannabis use may improve out-
comes after TBI or ICH. However, more conclusive observational studies 
or randomized controlled trials will be necessary before any conclusions 
can be drawn about the neuroprotective effect of cannabinoids in clinical 
populations. 

CONCLUSION 4-15 There is limited evidence of a statistical 
association between cannabinoids and better outcomes (i.e., 
mortality, disability) after a traumatic brain injury or intracra-
nial hemorrhage.

ADDICTION

Drug addiction has been defined as a chronically relapsing disorder 
that is characterized by the compulsive desire to seek and use drugs 
with impaired control over substance use despite negative consequences 
(Prud’homme et al., 2015). The endocannabinoid system has been found 
to influence the acquisition and maintenance of drug-seeking behaviors, 
possibly through its role in reward and brain plasticity (Gardner, 2005; 
Heifets and Castillo, 2009). Furthermore, in laboratory settings orally 
administered dronabinol has been found to reduce cannabis withdrawal 
symptoms in cannabis users who were not seeking treatment to reduce 
cannabis use (Budney et al., 2007; Haney et al., 2004) and therefore may 
be expected to be useful as a substitute to assist to achieve and maintain 
abstinence of cannabis.

Are Cannabis or Cannabinoids an Effective Treatment for 
Achieving Abstinence from Addictive Substances?

Systematic Reviews

We identified two recent published reviews that examined random-
ized trials evaluating the effects of cannabis or cannabinoids on the use of 
addictive drugs, including cannabis: one systematic review by Marshall et 
al. (2014) and one comprehensive review by Prud’homme et al. (2015).10

The review by Marshall et al. (2014) is a high-quality systematic 

10 Prud’homme (2015) is often categorized as a systematic review; however, the committee 
determined that the review lacks certain key elements of a systematic review, including a 
clearly stated research question, independent and duplicate data abstraction efforts, an as-
sessment of the research quality and risk of bias, and a quantitative summary. 
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review of randomized and quasi-randomized trials assessing the efficacy 
of drug therapies specifically for cannabis dependence. They identified 
two trials examining THC: one published by Levin et al. (2011), exam-
ining dronabinol, and one published by Allsop et al. (2014), examining 
nabiximols. 

The trial by Levin et al. (2011) was a randomized, placebo-controlled 
double-blind trial, which assigned cannabis-dependent adults to receive 
dronabinol (n = 79) or a placebo (n = 77) for 8 weeks, followed by a 2-week 
taper. Both groups received weekly individual therapy plus motivational 
enhancement therapy. Retention in the treatment program at the end 
of the maintenance phase was 77 percent in the dronabinol group and 
61 percent in the placebo group (p-value for difference between groups 
= 0.02). Withdrawal symptoms declined more quickly in the dronabinol 
group than in the placebo group (p = 0.02). However, the primary out-
come, the proportion of participants who achieved 2 consecutive weeks 
of abstinence at weeks 7 to 8, was 17.7 percent in the dronabinol group 
and 15.6 percent in the placebo group, which were not statistically signifi-
cantly different from one another (p = 0.69).

The trial by Allsop et al. (2014) was randomized, placebo-controlled, 
and double-blind, and it enrolled adults seeking treatment for cannabis 
dependence. Subjects were patients who were hospitalized for 9 days and 
who received a 6-day regimen of nabiximols oromucosal spray (n = 27) 
or a matching placebo (n = 24) together with standardized psychosocial 
interventions. The primary outcome was a change in the Cannabis With-
drawal Scale, which is a 19-item scale that measures withdrawal symptom 
severity on an 11-point Likert scale for the previous 24 hours. Over the 
6-day treatment period, subjects in the nabiximols group reported a mean 
66 percent reduction from baseline in the cannabis withdrawal scale, 
while patients in the placebo group reported a mean increase in the canna-
bis withdrawal scale of 52 percent (p-value for between-group difference 
= 0.01). The median time between hospital discharge and relapse to can-
nabis use was 15 days (95% CI = 3.55–26.45) in the nabiximols group and 
6 days (95% CI = 0–27.12) in the placebo group. The difference between 
these times was not statistically significant (p-value for between-group 
difference = 0.81). 

Based on the Levin et al. (2011) and Allsop et al. ( 2014) trials, Marshall 
et al. (2014) concluded that there was moderate-quality evidence that 
users of THC preparations were more likely to complete treatment than 
those given a placebo (RR, 1.29, 95% CI = 1.08–1.55). However, the system-
atic review further concluded that, based on these two trials, the studied 
THC preparations were not associated with an increased likelihood of 
abstinence or a greater reduction in cannabis use than a placebo. 

The review by Prud’homme et al. (2015) is a comprehensive review 
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that broadly examined evidence on the effects of cannabidiol on addictive 
behaviors. The only randomized trial assessing the role of cannabis in 
reducing the use of an addictive substance was published by Morgan et 
al. (2013). That study was a pilot placebo-controlled trial that randomized 
cigarette smokers who wished to quit smoking to receive 400 µg inhaled 
cannabidiol (n = 12) or inhaled placebo (n = 12) for 1 week. Participants 
were instructed to use the inhaler when they felt the urge to smoke. The 
reduction in the number of cigarettes smoked per week was higher in 
the cannabidiol group than in the placebo group, although the difference 
was not statistically significant (p = 0.054). Rates of abstinence were not 
reported. 

Primary Literature 

The committee did not identify any good-quality primary literature 
that reported on medical cannabis as an effective treatment for the reduc-
tion in use of addictive substances and that were published subsequent 
to the data collection period of the most recently published good- or fair-
quality systematic review addressing the research question.

Discussion of Findings

Based on the systematic reviews, neither of the two trials evaluat-
ing the efficacy of a cannabinoid in achieving or sustaining abstinence 
from cannabis showed a statistically significant effect. However, given 
the limited number of studies and their small size, their findings do not 
definitively rule out the existence of an effect. The only study examining 
the efficacy of a cannabinoid in cigarette smoking cessation was a pilot 
study that did not examine rates of abstinence. Thus, its efficacy for smok-
ing cessation has not been thoroughly evaluated. 

CONCLUSION 4-16 There is no evidence to support or refute 
the conclusion that cannabinoids are an effective treatment for 
achieving abstinence in the use of addictive substances.

ANXIETY

Anxiety disorders share features of excessive fear and anxiety which 
induce psychological and physical symptoms that can cause significant 
distress or interfere with social, occupational, and other areas of function-
ing (APA, 2013). In a given year, an estimated 18 percent of the U.S. adult 
population will suffer from symptoms associated with an anxiety disorder 
(NIMH, n.d.). Given the role of the endocannabinoid system in mood 
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regulation, the committee decided to explore the relationship between 
anxiety and cannabis.

Are Cannabis or Cannabinoids an Effective Treatment 
for the Improvement of Anxiety Symptoms?

Systematic Reviews

The review by Whiting et al. (2015) was the most recent good-quality 
review. This review identified one randomized trial with a high risk of 
bias that compared a single 600 mg dose of cannabidiol to a placebo in 
24 participants with generalized social anxiety disorder. Cannabidiol was 
associated with a greater improvement on the anxiety factor of a 100-
point visual analogue mood scale (mean difference from baseline −16.52, 
p = 0.01) compared with a placebo during a simulated public speaking 
test. Four other randomized controlled trials (232 participants) enrolled 
patients with chronic pain and reported on anxiety symptoms. The can-
nabinoids studied were: dronabinol, 10–20 mg daily; nabilone, maximum 
dose of 2 mg daily; and nabiximols, maximum dose of 4–48 sprays/day. 
Outcomes were assessed from 8 hours to 6 weeks after randomization; 
three of the four trials were judged to have a high risk of bias. These trials 
suggested greater short-term benefit with cannabinoids than a placebo on 
self-reported anxiety symptoms. 

Primary Literature 

The committee did not identify any good-quality primary litera-
ture that reported on medical cannabis as an effective treatment for the 
improvement of anxiety symptoms and that were published subsequent 
to the data collection period of the most recently published good- or fair-
quality systematic review addressing the research question.

Discussion of Findings

There is limited evidence that cannabidiol improves anxiety symp-
toms, as assessed by a public speaking test, in patients with social anxiety 
disorder. These positive findings are limited by weaknesses in the study 
design (e.g., an inadequate description of randomization and allocation 
concealment), a single dose of CBD, and uncertain applicability to patients 
with other anxiety disorders. Limited evidence also suggests short-term 
benefits in patients with chronic pain and associated anxiety symptoms. 
In contrast, evidence from observational studies found moderate evidence 
that daily cannabis use is associated with increased anxiety symptoms 
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and heavy cannabis use is associated with social phobia disorder (see 
Chapter 12).

CONCLUSION 4-17 There is limited evidence that cannabidiol 
is an effective treatment for the improvement of anxiety symp-
toms, as assessed by a public speaking test, in individuals with 
social anxiety disorders.

DEPRESSION

Depression is one of the nation’s most common mental health disor-
ders (ADAA, 2016). Across the many depressive disorders that exist (e.g., 
persistent depressive disorder, major depressive disorder, premenstrual 
dysphoric disorder) there are common symptomatic features of feelings 
of sadness, emptiness, or irritable mood, accompanied by somatic and 
cognitive changes that affect the individual’s capacity to function (APA, 
2013, p. 155). The endocannabinoid system is known to play a role in 
mood regulation (NIDA, 2015, p. 9); therefore, the committee decided to 
explore the association between cannabis use and depressive disorders 
or symptoms. 

Are Cannabis or Cannabinoids an Effective 
Treatment to Reduce Depressive Symptoms?

Systematic Reviews

The review by Whiting et al. (2015) was the most recent good-quality 
review. No RCTs were identified that specifically evaluated cannabis in 
patients with a depressive disorder. Five RCTs (634 participants) enrolled 
patients for other conditions (chronic pain or multiple sclerosis with spas-
ticity) and reported on depressive symptoms. Only one study reported 
depressive symptoms at baseline; symptoms were mild. Nabiximols 
(n = 3; maximum dose ranged from 4–48 doses/day), dronabinol (10 mg 
and 20 mg daily), and nabilone capsules (maximum of 8 mg) were com-
pared to placebo; nabilone was also compared to dihydrocodeine. Out-
comes were assessed from 8 hours to 9 weeks following randomization. 
Three of the five trials were judged to have a high risk of bias and the 
other two as unclear risk. Three studies (nabiximols, dronabinol) showed 
no effect using validated symptom scales. One study that evaluated three 
doses of nabiximols found increased depressive symptoms at the highest 
dose (11–14 sprays/day), but no difference compared to the placebo at 
lower doses. The comparison of nabilone to dihydrocodone showed no 
difference in depressive symptoms. 
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Primary Literature 

The committee did not identify any good-quality primary literature 
that reported on medical cannabis as an effective treatment to reduce 
depressive symptoms and that were published subsequent to the data 
collection period of the most recently published good- or fair-quality 
systematic review addressing the research question.

Discussion of Findings

Although patients report using cannabinoids for depression, our 
search for a good-quality systematic review did not identify any RCTs 
evaluating the effects of medical cannabis in patients with depressive 
disorders. Trials in patients with chronic pain or multiple sclerosis with 
uncertain baseline depressive symptoms did not show an effect. There are 
no trial data addressing the effects of cannabinoids for major depressive 
disorder. 

In Chapter 12 (Mental Health), the committee reviews epidemio-
logical evidence to examine the association between cannabis use and the 
development of depressive disorders as well as the impact of cannabis use 
on the disorder’s course or symptoms.

CONCLUSION 4-18 There is limited evidence that nabiximols, 
dronabinol, and nabilone are ineffective treatments for the 
reduction of depressive symptoms in individuals with chronic 
pain or multiple sclerosis.

SLEEP DISORDERS

Sleep disorders can be classified into major groups that include 
insomnia, sleep-related breathing disorders, parasomnias, sleep-related 
movement disorders, and circadian rhythm sleep–wake disorders (Sateia, 
2014). Fifty million to 70 million adults in the United States report having 
some type of sleep disorder (ASA, 2016). In 2010, insomnia generated 5.5 
million office visits in the United States (Ford et al., 2014). There is some 
evidence to suggest that the endocannabinoid system may have a role in 
sleep. THC is associated in a dose-dependent manner with changes in 
slow-wave sleep, which is critical for learning and memory consolida-
tion. Cannabis may also have effects on sleep latency, decreasing time 
to sleep onset at low doses and increasing time to sleep onset at higher 
doses (Garcia and Salloum, 2015). Thus, cannabinoids could have a role 
in treating sleep disorders.
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Are Cannabis or Cannabinoids an Effective 
Treatment for Improving Sleep Outcomes?

Systematic Reviews

The review by Whiting et al. (2015) was the most recent good-quality 
review. Two RCTs (54 participants) evaluated cannabinoids (nabilone, 
dronabinol) for the treatment of sleep problems. A trial deemed to have 
a high risk of bias conducted in 22 patients with obstructive sleep apnea 
showed a greater benefit of dronabinol (maximum dose of 10 mg daily) 
than with a placebo on sleep apnea/hypopnea index (mean difference 
from baseline −19.64, p = 0.02) at 3 weeks follow-up. A crossover trial 
deemed to have a low risk of bias in 32 patients with fibromyalgia found 
improvements for nabilone 0.5 mg daily compared with 10 mg amitripty-
line in insomnia (mean difference from baseline, −3.25, 95% CI = −5.26 to 
−1.24) and greater sleep restfulness (mean difference from baseline, 0.48, 
95% CI = 0.01–0.95) at 2 weeks follow-up. Although the antidepressant 
amitriptyline is an established treatment for fibromyalgia, it is not FDA 
approved for insomnia, and its use is limited by adverse effects. 

Nineteen trials (3,231 participants) enrolled patients with other condi-
tions (chronic pain or multiple sclerosis) and reported on sleep outcomes. 
Nabiximols (13 studies), THC/CBD capsules (2 studies), smoked THC (2 
studies), and dronabinol or nabilone were compared to a placebo. Sleep 
outcomes were assessed at 2–15 weeks after randomization. Eleven of the 
19 trials were judged to have a high risk of bias, 6 had an uncertain risk 
of bias, and the other 2 were judged to have a low risk of bias. The meta-
analysis found greater improvements with cannabinoids in sleep quality 
among 8 trials (weighted mean difference [WMD], −0.58, 95% CI = −0.87 
to −0.29) and sleep disturbance among 3 trials (WMD, −0.26, 95% CI = 
−0.52 to 0.00). These improvements in sleep quality and sleep disturbance 
were rated on a 10-point scale and would be considered small improve-
ments. The summary estimate showing benefit was based primarily on 
studies of nabiximols. 

Primary Literature 

The committee did not identify any good-quality primary literature 
that reported on medical cannabis as an effective treatment to improve 
sleep outcomes and that were published subsequent to the data collection 
period of the most recently published good- or fair-quality systematic 
review addressing the research question.
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Discussion of Findings

A high-quality systematic review found moderate evidence suggest-
ing that cannabinoids (primarily nabiximols) improve short-term sleep 
outcomes in patients with sleep disturbance associated with obstructive 
sleep apnea, fibromyalgia, chronic pain, or multiple sclerosis. However, 
the single study using an active comparator used a drug (amitriptyline) 
that is considered second-line treatment due to the availability of newer, 
more effective treatments that have fewer adverse effects. The committee 
did not identify any clinical trials that evaluated the effects of cannabi-
noids in patients with primary chronic insomnia. 

CONCLUSION 4-19 There is moderate evidence that canna-
binoids, primarily nabiximols, are an effective treatment to 
improve short-term sleep outcomes in individuals with sleep 
disturbance associated with obstructive sleep apnea syndrome, 
fibromyalgia, chronic pain, and multiple sclerosis.

POSTTRAUMATIC STRESS DISORDER

Posttraumatic stress disorder (PTSD) falls within the broader trauma- 
and stressor-related disorders categorized by the Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition (DSM-V). The diagnostic criteria 
of PTSD include an exposure to a traumatic event (e.g., the threat of 
death, serious injury, or sexual violence) and exhibiting psychological 
distress symptoms that occur as a result of that exposure (e.g., intrusion 
symptoms, such as distressing memories; avoidance of stimuli that are 
associated with the traumatic event; negative alterations in mood and 
cognition; alterations in arousal and reactivity associated with the trau-
matic event; functional impairment) (APA, 2013, pp. 271–272). Given the 
known psychoactive effects of cannabis, the committee decided to explore 
the association between PTSD and cannabis use.

Are Cannabis or Cannabinoids an Effective 
Treatment for PTSD Symptoms?

Systematic Reviews 

The committee did not identify a good- or fair-quality systematic 
review that reported on medical cannabis as an effective treatment for 
PTSD symptoms.
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Primary Literature

We identified a fair-quality double-blind, randomized crossover trial 
(Jetly et al., 2015) conducted with Canadian male military personnel with 
trauma-related nightmares despite standard treatments for PTSD. Ten 
participants were randomized to either nabilone 0.5 mg that was titrated 
to a daily maximum of 3.0 mg or else to a placebo for 7 weeks. Follow-
ing a 2-week washout period, subjects were then treated with the other 
study treatment and followed for an additional 7 weeks. Effects on sleep, 
nightmares, and global clinical state were assessed by the investigators; 
sleep time and general well-being were self-reported. Nightmares, global 
clinical state, and general well-being were improved more with nabilone 
treatment than with the placebo treatment (p <0.05). There was no effect 
on sleep quality and quantity. Global clinical state was rated as very much 
improved or much improved for 7 of 10 subjects in the nabilone treatment 
period and 2 of 10 subjects in the placebo treatment period. 

Discussion of Findings

A single, small crossover trial suggests potential benefit from the 
pharmaceutical cannabinoid nabilone. This limited evidence is most 
applicable to male veterans and contrasts with non-randomized studies 
showing limited evidence of a statistical association between cannabis 
use (plant derived forms) and increased severity of posttraumatic stress 
disorder symptoms among individuals with posttraumatic stress dis-
order (see Chapter 12). A search of the grey literature identified several 
recently initiated randomized controlled trials examining the harms and 
benefits of marijuana for PTSD.11 One trial examines the effects of four 
different types of cannabis with varying THC and CBD content on PTSD 
symptoms in 76 veterans (Bonn-Miller, 2016). Another trial is a Canadian 
study that evaluates different formulations of THC and CBD in 42 adults 
with PTSD (Eades, 2016). If these trials are successfully completely, they 
will add substantially to the knowledge base, expanding the range of 
cannabinoids evaluated and the opportunity to examine the consistency 
of effects across studies.

CONCLUSION 4-20 There is limited evidence (a single, small 
fair-quality trial) that nabilone is effective for improving symp-
toms of posttraumatic stress disorder. 

11 ClinicalTrials.gov: NCT02102230, NCT02874898, NCT02517424, NCT02759185.
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SCHIZOPHRENIA AND OTHER PSYCHOSES

Schizophrenia spectrum disorders and other psychotic disorders are 
mental health disorders characterized by three different classes of symp-
toms: positive symptoms (e.g., delusions, hallucinations, or disorganized 
or abnormal motor behavior), negative symptoms (e.g., diminished emo-
tional expression, lack of interest or motivation to engage in social set-
tings, speech disturbance, or anhedonia), and impaired cognition (e.g., 
disorganized thinking) (APA, 2013, p. 87; NIMH, 2015). Evidence suggests 
that the prevalence of cannabis use among people with schizophrenia is 
generally higher than among the general population (McLoughlin et al., 
2014). In most of the studies reviewed below, schizophrenia, schizophreni-
form disorder, schizoaffective disorder, and psychotic disorders are used 
as aggregate endpoints. 

Are Cannabis or Cannabinoids an Effective Treatment for the Mental 
Health Outcomes of Patients with Schizophrenia or Other Psychoses?

Systematic Reviews

Two good-quality reviews (McLoughlin et al., 2014; Whiting et al., 
2015) evaluated cannabinoids for the treatment of psychosis. We focus 
on the good-quality review by Whiting et al. (2015) as it is more current. 
Two RCTs with high risk of bias (71 total participants with schizophrenia 
or schizophreniform psychosis) compared cannabidiol to the atypical 
antipsychotic amisulpride or a placebo. One trial reported no difference 
on mental health between CBD (maximum dose 800 mg/day) and amis-
ulpride (maximum dose 800 mg/day) at 4 weeks (brief psychiatric rating 
scale mean difference, −0.10, 95% CI = −9.20–8.90) or on mood (positive 
and negative syndrome scale mean difference, 1.0; 95% CI = −12.6–14.6). 
A crossover trial showed no difference in effect on mood between CBD 
(maximum dose 600 mg/day) and placebo (positive and negative symp-
tom scale mean difference, 1, 95% CI = −12.60–14.60; scale range 30–210). 

Primary Literature 

The committee did not identify any good-quality primary literature 
that reported on medical cannabis as an effective treatment for the mental 
health outcomes of patients with schizophrenia or other psychoses and 
that were published subsequent to the data collection period of the most 
recently published good- or fair-quality systematic review addressing the 
research question.
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Discussion of Findings

Good-quality systematic reviews identified only two small, unclear- 
to high-risk-of-bias trials evaluating cannabinoids for the treatment of 
schizophrenia. These studies provide only limited evidence due to the 
risk of bias, the short-term follow-up, and the evaluation of a single can-
nabinoid. Furthermore, the larger trial was designed to detect a moderate 
benefit of cannabidiol compared to the antipsychotic amisulpride, but it 
enrolled only 60 percent of the planned sample. Thus, it did not have the 
statistical power to detect small or moderate differences between CBD 
and amisulpride. Overall, the evidence is insufficient to determine if can-
nabidiol is an effective treatment for individuals with schizophrenia or 
schiophreniform psychosis. 

In Chapter 12, the committee reviews epidemiological evidence to 
examine the association between cannabis use and the development of 
schizophrenia and other psychoses, as well as the impact of cannabis use 
on the disorder’s course or symptoms.

CONCLUSION 4-21 There is insufficient evidence to sup-
port or refute the conclusion that cannabidiol is an effective 
treatment for the mental health outcomes in individuals with 
schizophrenia or schizophreniform psychosis.

RESEARCH GAPS

In reviewing the research evidence described above, the committee 
has identified that research gaps exist concerning the effectiveness of 
cannabidiol or cannabidiol-enriched cannabis in treating the following:

•	 cancer in general
•	 treating chemotherapy-induced nausea and vomiting
•	 symptoms of irritable bowel syndrome
•	 epilepsy
•	 spasticity due to paraplegia from spinal cord injury
•	 symptoms associated with amyotrophic lateral sclerosis
•	 motor function and cognitive performance associated with 

Huntington’s Disease
•	 motor system symptoms associated with Parkinson’s disease or 

levodopa-induced dyskinesia
•	 achieving abstinence or reduction in the use of addictive sub-

stances, including cannabis itself
•	 sleep outcomes in individuals with primary chronic insomnia
•	 posttraumatic stress disorder symptoms
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•	 mental health outcomes in individuals with schizophrenia or 
schizophreniform psychosis

•	 cannabidiol short-term relief from anxiety symptoms 

SUMMARY 

This chapter outlines the committee’s efforts to review the current 
evidence base for the potential efficacy of cannabis or cannabinoids on 
prioritized health conditions. The health conditions reviewed in this 
chapter include chronic pain, cancer, chemotherapy-induced nausea and 
vomiting, anorexia and weight loss associated with HIV, irritable bowel 
syndrome, epilepsy, spasticity, Tourette syndrome, amyotrophic lateral 
sclerosis, Huntington’s disease, Parkinson’s disease, dystonia, dementia, 
glaucoma, traumatic brain injury, addiction, anxiety, depression, sleep 
disorders, posttraumatic stress disorder, and schizophrenia and other 
psychoses. The committee has formed a number of research conclusions 
related to these health endpoints; however, it is important that the chapter 
conclusions be interpreted within the context of the limitations discussed 
in the Discussion of Findings sections above. See Box 4-1 for a summary 
list of the chapter’s conclusions.

We found conclusive or substantial evidence (ranging in mod-
est to moderate effect) for benefit from cannabis or cannabinoids for 
chronic pain, chemotherapy-induced nausea and vomiting, and patient-
reported symptoms of spasticity associated with multiple sclerosis. For 
chemotherapy-induced nausea and vomiting and spasticity associated 
with multiple sclerosis, the primary route of administration examined 
was the oral route. For chronic pain, most studies examined oral can-
nabis extract, although some examined smoked or vaporized cannabis. 
It is unknown whether and to what degree the results of these studies 
can be generalized to other products and routes of administration. For 
many of the other conditions discussed above, there is insufficient or no 
evidence upon which to base conclusions about therapeutic effects. The 
potential efficacy of cannabinoids for several of these conditions, such as 
epilepsy and posttraumatic stress disorder, should be prioritized, given 
the substantial number of persons using cannabis for those conditions 
(Cougle et al., 2011; Massot-Tarrús and McLachlan, 2016). As identified in 
the chapter’s Discussion of Findings sections, there are common themes in 
the type of study limitations found in this evidence base. The most com-
mon are limitations in the study design (e.g., a lack of appropriate control 
groups, a lack of long-term follow-ups), small sample sizes, and research 
gaps in examining the potential therapeutic benefits of different forms of 
cannabis (e.g., cannabis plant). These limitations highlight the need for 
substantial research to provide comprehensive and conclusive evidence 
on the therapeutic effects of cannabis and cannabinoids. 
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small fair-quality trial) (4-20)

There is limited evidence of a statistical association between cannabinoids 
and:

•	 	Better outcomes (i.e., mortality, disability) after a traumatic brain injury or 
intracranial hemorrhage (4-15)
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5

Cancer 

Chapter Highlights

• The evidence suggests that smoking cannabis does not 
increase the risk for certain cancers (i.e., lung, head and neck) 
in adults.

• There is modest evidence that cannabis use is associated with 
one subtype of testicular cancer.

• There is minimal evidence that parental cannabis use during 
pregnancy is associated with greater cancer risk in offspring.

Cancer is a major public health problem in the United States. With 
1,685,210 new cancer cases and 595,690 cancer-related deaths expected to 
occur in 2016, it is a leading cause of disease and death among Americans 
(NCI, 2016). Cannabis use has been associated with cigarette smoking—to 
which 28.6 percent of all cancer deaths in the United States in 2014 have 
been attributed—and, like tobacco smoke, cannabis smoke contains car-
cinogens (Lortet-Tieulent et al., 2016; Tashkin, 2013). These potential risk 
factors for cancer have prompted epidemiological research examining the 
association between cannabis use and the risk of developing several types 
of cancer, including lung, head and neck, testicular, esophageal, and other 
cancers that occur in adults, as well as cancers that occur in children. The 
present chapter reviews the findings of three recent, good- to fair-quality 
systematic reviews, including one pooled analysis, as well as three pri-
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mary literature articles that best address the committee’s research ques-
tions of interest. Study limitations and research gaps are noted, and the 
strength of the available evidence is weighed in six formal conclusions.

CANCER

Is There an Association Between Cannabis Use 
and the Incidence of Lung Cancer?

Systematic Reviews

Zhang et al. (2015) pooled data on 2,159 lung cancer cases and 2,985 
controls from six case-control studies, four of which were unpublished. 
The impact of key characteristics of cannabis smoking (e.g., intensity and 
duration of cannabis smoking, cumulative exposure, age at start of smok-
ing) on lung cancer incidence was evaluated for all study participants 
and for a subgroup who were not tobacco smokers. Among all study 
participants there was no statistically significant difference in the risk of 
lung cancer for habitual cannabis smokers as compared to non-habitual 
smokers (odds ratio [OR], 0.96, 95% confidence interval [CI] = 0.66–1.38); 
similarly, among participants who did not smoke tobacco, the risk of lung 
cancer was not significantly higher or lower for habitual cannabis smokers 
than for non-habitual cannabis smokers (OR, 1.03, 95% CI = 0.51–2.08).1 
When only adenocarcinoma cases were compared to controls, Zhang et 
al. (2015, p. 898) observed a “suggestive,” but still statistically nonsignifi-
cant, association between lung cancer incidence and either smoking more 
than 1 joint per day (OR, 1.73, 95% CI = 0.75–4.00) or having a cumulative 
exposure of more than 10 joint-years (OR, 1.74, 95% CI = 0.85–3.56).

Primary Literature

Huang et al. (2015) conducted an epidemiologic review on the associa-
tion between cannabis use and the incidence of several cancers, including 
lung cancer. They evaluated six studies on lung cancer, including Zhang 
et al. (2015) and two studies included in that review. Of the three remain-
ing studies, two were described by Zhang et al. (2015) as having several 
limitations, including an inability to adequately control for tobacco use 
and potential reporting bias, and are not discussed here. The third study 

1 Non-habitual cannabis smokers were defined as those with cumulative cannabis con-
sumption of less than 1 joint-year, including never users. Subjects who did not smoke to-
bacco were those who reported smoking less than 100 cigarettes over their lifetime, or who 
fit the cutoffs used in the pooled studies.
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evaluated lung cancer risk among 49,321 Swedish male military con-
scripts over a 40-year period and found that, compared with participants 
who had reported never using cannabis, those who reported using can-
nabis more than 50 times at baseline had a statistically significant risk of 
developing lung cancer (hazard ratio [HR], 2.12, 95% CI = 1.08–4.14) after 
adjusting for tobacco and alcohol use and other confounders (Callaghan 
et al., 2013).2 

Discussion of Findings

Zhang et al. (2015) found no statistically significant association 
between smoking cannabis and lung cancer incidence; this was true for 
all study participants as well as for the subgroup of study participants 
who were not tobacco smokers. Although the risk of lung cancer increased 
as the duration and intensity of cannabis use increased, even partici-
pants who smoked most often and for the longest periods of time were 
not at significantly greater risk than non-habitual smokers. Huang et al. 
(2015) did not perform a meta-analysis of the lung cancer studies; studies 
included in that review but not in Zhang et al. (2015) indicate an increased 
risk for lung cancer associated with smoking cannabis.

Both studies noted several limitations. Zhang et al. (2015) were unable 
to account for potential effect measure modifiers, including those related 
to variations in cannabis smoking techniques and in the characteristics of 
the cannabis smoked. The authors also noted that the small number of 
participants who were heavy and chronic cannabis users rendered effect 
estimates for these subgroups imprecise. Finally, the study relied on self-
report without biological validation to assess patterns of cannabis, mak-
ing it impossible to verify the accuracy of cannabis use data. Regarding 
Callaghan et al. (2013), detailed information on cannabis and tobacco use 
before and after baseline was lacking; the study did not adjust or account 
for tobacco or cannabis during the 40-year follow-up period; the authors 
were unaware whether study participants mixed tobacco and cannabis; 
and the self-reporting process was not anonymized.

CONCLUSION 5-1 There is moderate evidence of no statisti-
cal association between cannabis smoking and the incidence 
of lung cancer.

2 There were 49,321 participants at the start of the study, and 44,257 participants involved 
in the assessment of cannabis risk. Hazard ratio (HR) includes adjustments for tobacco 
smoking, alcohol consumption, respiratory conditions, and socioeconomic status at time 
of conscription. 
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Is There an Association Between Cannabis Use and 
the Incidence of Head and Neck Cancers?

Systematic Reviews

De Carvalho et al. (2015) conducted a systematic review and meta-
analysis of nine case-control studies derived from six articles and totaling 
13,931 study participants (5,732 cases and 8,199 controls) in order to eval-
uate the association between cannabis use and the incidence of head and 
neck cancers, including upper aerodigestive tract, oral cavity, and naso-
pharyngeal cancers as well as on head and neck squamous cell carcinoma. 
After adjusting for tobacco use, age, gender, and race, the meta-analysis 
found no significant association between cannabis use and head and neck 
cancers (OR, 1.021, 95% CI = 0.912–1.143). The authors concluded that 
there was “insufficient epidemiological evidence to support a positive or 
negative association of marijuana use and the development of [head and 
neck cancers]” (de Carvalho et al., 2015, p. 1755).

Primary Literature

The committee did not identify any good-quality primary literature 
that reported on the association between cannabis use and head and neck 
cancers and were published subsequent to the data collection period 
of the most recently published good- or fair-quality systematic review 
addressing the research question.

Discussion of Findings

In their review, de Carvalho et al. (2015) noted several limitations 
particular to individual studies. First, although a nonsignificant associa-
tion was observed for head and neck cancers as a group, this finding does 
not preclude the existence of a significant positive or negative association 
between cannabis use and the incidence of specific types of head and neck 
cancer. The systematic review also relied on cohort studies, which may 
not detect less pronounced risks or risks that emerge over longer periods. 
Finally, differences in the methods employed in these studies prevented 
an analysis of how the characteristics of cannabis use (e.g., frequency, 
duration, method) affect the risk of head and neck cancers. 

CONCLUSION 5-2 There is moderate evidence of no statisti-
cal association between cannabis use and the incidence of head 
and neck cancers.
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Is There an Association Between Cannabis Use 
and the Incidence of Testicular Cancer?

Systematic Reviews

Gurney et al. (2015) conducted a systematic review and meta-analysis 
on the association between cannabis use and testicular germ cell tumors. 
The authors identified three case-control studies totaling 2,138 study par-
ticipants (719 cases and 1,419 controls). Compared to participants who 
never smoked cannabis, participants who reported ever smoking can-
nabis had a statistically nonsignificant increased risk of developing tes-
ticular germ cell tumors (OR, 1.19, 95% CI = 0.72–1.95). By comparison, 
statistically significant associations between cannabis use and the risk of 
developing testicular germ cell tumors were seen for the subgroups of 
participants who were current smokers (OR, 1.62, 95% CI = 1.13–2.31) 
or who reported smoking cannabis at least once a week (OR, 1.92, 95% 
CI = 1.35–2.72) or for 10 years or longer (OR, 1.50, 95% CI = 1.08–2.09). 
Among current users, including the subgroups of those who used can-
nabis at least once weekly or for at least 10 years, the risk of devel-
oping non-seminoma tumors was higher than the risk of developing 
seminoma tumors. For example, compared to never smokers, participants 
who smoked at least once per week had a statistically significant risk of 
developing non-seminoma tumors (OR, 2.59, 95% CI = 1.60–4.19), while 
the risk for developing seminoma tumors was not statistically significant 
(OR, 1.27, 95% CI = 0.77–2.11). Gurney et al. (2015) observed that because 
non-seminoma tumors are frequently diagnosed at a younger age than 
seminoma tumors the stronger association between cannabis use and 
non-seminoma tumors suggests “puberty (rather than later in life) as the 
key point of exposure” (Gurney et al., 2015, p. 8).

Primary Literature

Huang et al. (2015) conducted a review and meta-analysis of the same 
three studies reviewed by Gurney et al. (2015) and found no association 
between participants who had ever smoked cannabis and the risk of 
developing testicular cancer. However, compared to participants who had 
never smoked cannabis, heavy users who had smoked one or more times 
per day or week (OR, 1.56, 95% CI = 1.09–2.23) and chronic users who 
had smoked for 10 years or longer (OR, 1.50, 95% CI = 1.08–2.09) had a 
statistically significant risk of developing testicular cancer.
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Discussion of Findings

Gurney et al. (2015) found a statistically significant association 
between current, frequent, or chronic cannabis use and the incidence of 
non-seminoma-type testicular germ cell tumors. By comparison, cannabis 
use was not associated with a statistically significant risk of developing 
seminoma-type testicular germ cell tumors. Lacking further evidence, 
an extrapolation of this association to other types of testicular cancer is 
unwarranted. Huang et al. (2015) found an association between the inci-
dence of testicular cancer (without further specification) and cannabis use 
that was frequent or of long duration. 

Gurney et al. (2015) highlighted several limitations of their review. 
First, each of the three case-control studies informing the review relied on 
self-report without biological validation, and the two studies that utilized 
interviews to collect this data did not indicate whether the interviewers 
were blinded to the case-control status of the participants. Self-report data 
cannot be verified, and unblended interviewers are a potential source of 
bias. Second, two of the studies reported response rates that were both 
low and unequal: 67.5 percent to 38.2 percent response rate for cases 
and 73.3 percent to 43.3 percent response rate for controls. Differences 
in the prevalence of cannabis use among participants who did and did 
not respond could bias the odds ratios calculated in these studies. Third, 
the high and growing prevalence of cannabis use in the general popula-
tion may render the category “ever-smoker” uninformative, since it will 
encompass not only frequent and chronic users but also individuals who 
have only minimal exposure to the drug. A final limitation is that the 
studies informing the review did not all control for the same, potentially 
relevant confounders: three studies controlled for age and a history of 
cryptorchidism, two controlled for alcohol and drug use, and only one 
controlled for other substance use.

As noted in Gurney et al. (2015), Huang et al. (2015) did not dis-
tinguish between seminoma and non-seminoma-type tumors and also 
failed to assess the quality of the reviewed studies. Additionally, the 
review included limited information on the methods used to conduct the 
meta-analysis. 

CONCLUSION 5-3 There is limited evidence of a statistical 
association between current, frequent, or chronic cannabis 
smoking and non-seminoma-type testicular germ cell tumors.
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Is There an Association Between Cannabis Use 
and the Incidence of Esophageal Cancers?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and esopha-
geal cancer.

Primary Literature

The committee identified one primary research study that addressed 
a potential association with esophageal cancer. To assess the association 
between cannabis use and the incidence of lung and upper aerodigestive 
tract cancers, Hashibe et al. (2006) conducted a large population-based 
case-control study involving 1,040 controls and 1,212 cases, 108 of which 
were diagnosed with esophageal cancer. Investigators collected data on 
the use of cannabis, tobacco, and alcohol as well as relevant medical, 
environmental, and socioeconomic information. After adjustments were 
made for demographic factors and alcohol and tobacco use, study partici-
pants with cumulative cannabis exposure equal to 1 to 10 joint-years were 
found to have a statistically nonsignificant decreased risk of developing 
esophageal cancer compared to participants who never used cannabis 
(OR, 0.77, 95% CI = 0.36–1.6). The risk was further depressed, but still 
not statistically significant, for participants whose cumulative cannabis 
exposure was equal to 30 or more joint-years (OR, 0.53, 95% CI = 0.22–1.3). 
Among participants who never smoked cigarettes, the risk of esophageal 
cancer was not statistically different between those who had ever smoked 
cannabis and those who had never smoked cannabis (OR, 0.79, 95% CI 
= 0.30–2.1).

Discussion of Findings

In conducting their investigation, Hashibe et al. (2006) addressed sev-
eral methodological issues of previous studies of the association between 
cannabis use and cancer incidence. These issues included accounting for 
tobacco use and other confounders, avoiding measurement errors, and 
protecting the anonymity of participants. On account of these efforts to 
preemptively address methodological issues, few limitations were iden-
tified that could account for the lower risk of esophageal cancer among 
cannabis smokers as compared to nonsmokers—an unexpected, though 
not statistically significant, result. The participation rate among esopha-
geal cases was low at 35 percent, creating a potential source of bias if the 
prevalence of cannabis use was much higher or lower among nonpartici-
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pants with esophageal cancer than among participants with esophageal 
cancer. The subgroup of participants with esophageal cancer and high lev-
els of cumulative cannabis exposure (i.e., ≥30 joint-years) was relatively 
small (n = 9), thereby limiting the ability to detect an association between 
cannabis use and cancer incidence in this group. As with other studies, 
confounders may not have been entirely controlled for, and measurement 
errors may have persisted. The authors note these potential limitations, 
but they also speculate that “it is possible that such inverse associations 
may reflect a protective effect of marijuana” (Hashibe et al., 2006, p. 1833). 

CONCLUSION 5-4 There is insufficient evidence to support or 
refute a statistical association between cannabis smoking and 
the incidence of esophageal cancer.

Is There an Association Between Cannabis Use and 
the Incidence of Other Cancers in Adults?

Systematic Reviews

The committee identified no systematic reviews on the association 
between cannabis exposures and the incidence of other cancers.

Primary Literature

In an epidemiologic review, Huang et al. (2015) reported on the asso-
ciation between cannabis use and the risk of several types of cancer. A 
cohort study involving 27,920 men and 36,935 women ages 15 to 49 years 
found that, compared to participants who did not smoke cannabis, self-
reported current or former use of cannabis on more than six occasions 
was associated with prostrate cancer in men who never smoked ciga-
rettes (relative risk [RR], 3.1, 95% CI = 1.0–9.5) and with cervical cancer 
in women who never smoked cigarettes (RR, 1.6, 95% CI = 1.2–2.2), after 
adjusting for age, race, education, and alcohol use (Sidney et al., 1997). 
However, when compared to participants who did not smoke cannabis or 
who had smoked cannabis on only one to six occasions, those who were 
current or former cannabis smokers were not at statistically significant 
risk of developing prostate or cervical cancer, after adjusting for tobacco 
and alcohol use and other potential confounders. 

Another large cohort study involving 133,881 participants ages 25 
years and older found that, compared to nonuse of cannabis, self-reported 
cannabis use at least once per month was associated with a statistically 
significant risk of malignant adult-onset glioma compared to nonuse of 
cannabis, after controlling for potential confounders, including demo-
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graphic and socioeconomic factors and alcohol and tobacco use (RR, 2.8, 
95% CI = 1.3–6.2) (Efird et al., 2004). Compared to participants who did 
not use cannabis, there was statistically signficant risk of developing 
a brain tumor among those participants who reported using cannabis 
weekly (RR, 3.2, 95% CI = 1.1–9.2) or monthly (RR, 3.6, 95% CI = 1.3–10.2).

Huang et al. (2015) also reviewed two studies on non-Hodgkin lym-
phoma risk. Holly et al. (1999) conducted a population-based case-control 
study involving 3,376 women and heterosexual men to determine risk 
factors for non-Hodgkin lymphoma. Compared to participants who never 
used cannabis, those who reported using cannabis less than 40 times 
had a statistically significant decreased risk of developing non-Hodgkin 
lymphoma, after adjusting for age, sex, and education (OR, 0.68, 95% 
CI = 0.55–0.84). Among participants who used cannabis on 40 or more 
occasions, the risk of non-Hodgkin lymphoma was further depressed 
(OR, 0.57, 95% CI = 0.44–0.74). In another population-based case-control 
study, 378 HIV-negative men and women diagnosed with non-Hodgkin 
lymphoma were matched by age, biological sex, race, language of inter-
view, and neighborhood of residence at time of diagnosis to HIV-negative 
controls (Nelson et al., 1997). There was no statistically significant differ-
ence in the risk of developing non-Hodgkin lymphoma among partici-
pants who reported using cannabis at any time as compared to those who 
reported never using cannabis (OR, 0.86, 95% CI = 0.50–1.48). The lack of 
a statistical difference in non-Hodgkin lymphoma risk between cannabis 
users and nonusers was true whether participants reported using canna-
bis only 1 to 5 times (OR, 0.68, 95% CI = 0.34–1.38) or on more than 900 
occasions (OR, 1.09, 95% CI = 0.48–2.48).

Other studies reviewed by Huang et al. (2015) examined the associa-
tion between cannabis use and the risk of Kaposi’s sarcoma and penile and 
anal cancer. Maden et al. (1993) conducted a case-control study involving 
110 cases and 355 age-matched controls to identify risk factors for penile 
cancer. After adjusting for alcohol and cigarette use, age, and number 
of sexual partners, there was no statistically significant difference in the 
risk of developing penile cancer among participants who reported ever 
using cannabis as compared to those who never used cannabis (OR, 1.5, 
95 % CI = 0.7–3.2). In a case-control study on risk factors for anal cancer, 
148 men and women diagnosed with anal cancer were matched by age, 
biological sex, year of diagnosis, and area of residence to 166 male and 
female controls diagnosed with colon cancer (Daling et al., 1987). There 
was no statistically significant difference in the risk of anal cancer among 
participants who had ever used cannabis as compared to those who had 
never used cannabis, after adjusting for age, residence, and cigarette use 
(RR, 0.8, 95% CI = 0.2–4.0). Chao et al. (2009) conducted a cohort study to 
determine the association between use of cannabis and other recreational 
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drugs and the risk of Kaposi’s sarcoma in homosexual men coinfected 
with HIV and human herpes virus 8 (HHV-8). Among 1,335 participants, 
those who used cannabis in the 6 months preceding data collection were 
not significantly more likely to develop Kaposi’s sarcoma than partici-
pants who did not use cannabis during that period (HR, 1.00, 95% CI = 
0.79–1.28), after adjusting for potential confounders, including alcohol 
use, tobacco smoking, and characteristics of sexual activity.

To assess the association between cannabis use and bladder cancer 
risk, Thomas et al. (2015) reviewed data from 84,170 men ages 45 to 
69 years who were participants in the California Men’s Health Study. 
After adjusting for age, race, and body mass index, the risk of develop-
ing bladder cancer was significantly reduced for participants who used 
cannabis but not tobacco, compared to those who used neither cannabis 
nor tobacco (HR, 0.55, 95% CI = 0.31–1.00). After stratifying cannabis use 
by levels of cumulative cannabis exposure, the authors found that the 
depression in bladder cancer risk was statistically significant only for 
participants who reported smoking cannabis on 3–10 occasions (HR, 0.57, 
95% CI = 0.34–0.96). Similarly, stratification by participant age revealed 
that, among participants who smoked cannabis but not tobacco, the risk 
of bladder cancer was significantly decreased only for those ages 45 to 54 
years (HR, 0.26, 95% CI = 0.07–0.92). In a case-control study involving 52 
Veterans Affairs patients younger than 61 years old and age-matched to 
104 controls, Chacko et al. (2006) found that a significantly higher propor-
tion of cases as compared to controls reported ever using cannabis (88.5 
percent versus 69.2 percent, p = 0.008). The mean number of joint-years of 
cannabis smoked was also signficantly higher among cases than controls 
(48.0 joint-years versus 28.5 joint-years, p = 0.022). After adjusting for 
potential confounders, including tobacco use, a statistically significant 
association between increasing joint-years of cannabis and the risk of 
transitional cell carcinoma remained (p trend = 0.01).

Discussion of Findings

Huang et al. (2015, p. 26) reviewed eight studies that reported on 
the association between cannabis use and prostate, cervical, anal, blad-
der, and penile cancer, as well as glioma, non-Hodgkin lymphoma, and 
Kaposi’s sarcoma, and they concluded that “there are still insufficient data 
to make any conclusions on an association with marijuana.” Separately, 
Thomas et al. (2015) found no statistically significant difference in the risk 
of developing bladder cancer among participants who used cannabis but 
not tobacco as compared to those who used neither. These studies have 
several limitations. 

In the study on cervical and prostate cancers, Sidney et al. (1997, 
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p. 727) relied on self-report to determine patterns of cannabis use and 
did not assess for changes in those patterns during follow-up. The study 
cohort included no participants older than 49 years of age at baseline, and 
participants were followed for a mean of 8.6 years; consequently, the study 
was unable to ascertain whether there is an association between cannabis 
use and the incidence of cancer in older populations. The authors stated 
that they “do not consider any of the findings to be conclusive.”

In the study on malignant adult-onset glioma, investigators did not 
assess for changes in patterns of cannabis use after baseline; only a small 
number of cases (n = 8) reported using cannabis at least once per month, 
and more than one in four cases (26 percent) did not provide data on 
cannabis use (Efird et al., 2004). Holly et al. (1999) note that responses to 
questions concerning events that occurred many years previously (e.g., 
lifetime cannabis use) or addressing sensitive topics (e.g., illegal drug use) 
can be affected by recall and response biases, respectively. Nelson et al. 
(1997) also list recall bias as a potential limitation. Of these two studies, 
Huang et al. (2015) note that the association between cannabis use and 
risk of non-Hodgkin lymphoma may be the result of confounding cause 
by the observed protective association of sexual behavior and cocaine use. 
For a discussion on the effectiveness of cannabis and cannabinoids as a 
treatment for glioma and other cancers, see Chapter 4.

Maden et al. (1993) assert that the low rate of participation among 
cases (50.2 percent) and controls (70.3 percent) was a major limitation 
of their study on penile cancer. In the study on anal cancer, Daling et al. 
(1987) note that all control participants were diagnosed with colon cancer. 
Other investigators have noted that this control group may not be appro-
priate for assessing the association between cannabis use and anal cancer 
incidence, as cannabis smoking is a potential risk factors for colorectal 
cancer (Hashibe et al., 2005). Limitations of the study on Kaposi’s sarcoma 
include the lack of consistent HHV-8 testing for all participants, the use 
of noncontinuous categories for describing frequency of cannabis use and 
the resultant potential for ambiguous reporting, and the use of self-report 
to collect data on patterns of cannabis use (Chao et al., 2009).

Thomas et al. (2015) note that the observational design of their study 
creates the potential for participation and response biases. Other limita-
tions of the study include the failure to differentiate the risks for bladder 
cancer associated with current as opposed to former cannabis use, the lack 
of an evaluation of other potential risk factors for bladder cancer, and the 
fact that the study findings apply only to men. Findings from Chacko et 
al. (2006) are limited by a high proportion of ever tobacco smokers among 
both cases (94.2 percent) and controls (93.3 percent). According to Huang 
et al. (2015), the limitations of this study also include its small size, the 
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use of self-report to collect data on cannabis use, and failing to adjust for 
tobacco smoking—an acknowledged bladder cancer risk factor.

Further research is needed to better characterize whether and how 
cannabis use is associated with the risk of developing these cancers. Addi-
tionally, since important biological distinctions exist among cancers that 
occur in a given organ, including histological and molecular subtypes, 
such research will need to separately investigate and identify the risk 
factors associated with each. 

CONCLUSION 5-5 There is insufficient evidence to support 
or refute a statistical association between cannabis use and the 
incidence of prostate cancer, cervical cancer, malignant gliomas, 
non-Hodgkin lymphoma, penile cancer, anal cancer, Kaposi’s 
sarcoma, or bladder cancer.

Is There an Association Between Parental Cannabis 
Use and the Incidence of Cancer in Offspring?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between parental cannabis use 
and subsequent cancer incidence in offspring.

Primary Literature

Huang et al. (2015) reviewed three studies on the association between 
parental cannabis use and the risk of leukemia. Robison et al. (1989) 
conducted a case-control study involving 204 cases diagnosed with 
acute non-lymphoblastic leukemia (ANLL) by 17 years of age that were 
matched to controls by age, race, and residential location. Maternal use 
of cannabis during, and in the year preceding, pregnancy was associated 
with a statistically significant risk of ANLL (RR, 10, p = 0.005). By com-
parison, the risk of ANLL associated with paternal use of cannabis dur-
ing the same period was not statistically significant (RR, 1.47, p = 0.32). 
Children whose mothers used cannabis during, or in the year preceding, 
pregnancy were significantly younger in the age at diagnosis of ANLL 
than children whose mothers did not use cannabis during this period 
(37.7 months [mean] versus 96.1 months [mean], p = 0.007). There was 
also a statistically significant difference in the distribution of morphologi-
cal types of ANLL cases between the cases and the controls (p = 0.02). For 
example, M1/M2 and M4/M5 morphologic types respectively comprised 
10 percent and 70 percent of ANLL cases among children whose mothers 
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used cannabis, while they comprised respectively 58 percent and 31 per-
cent of cases among children whose mothers did not use cannabis. Logis-
tic regression to identify independent risk factors for ANLL found that 
“maternal marijuana use was the single most predictive factor” identified 
in the study (Robison et al., 1989, p. 1907). 

In contrast to these findings, Trivers et al. (2006) conducted a case-
control study involving 517 cases diagnosed with acute myeloid leukemia 
(AML) by 17 years of age and matched to 610 controls by age, race, and 
residential location, and they found that children whose mothers used 
cannabis during, or in the 3 months preceding, pregnancy were at signifi-
cantly lower risk of developing AML than children whose mothers did 
not use cannabis during that period, after adjusting for household income 
and parental age and education (OR, 0.43, 95% CI = 0.23–0.80).3 Among 
children whose mothers reported using cannabis in the 3 months before 
pregnancy, those whose mothers used cannabis at least once weekly had 
a lower risk of developing AML than those whose mothers used canna-
bis less than once weekly (OR, 0.19, 95% CI = 0.06–0.59 versus OR, 0.57, 
95% CI = 0.26–1.29). Although overall paternal use of cannabis was sig-
nificantly associated with the risk of AML (OR, 1.37, 95% CI = 1.02–1.83), 
there was no statistically significant association between paternal use of 
cannabis during, and in the 3 months preceding, pregnancy and the risk 
of AML (OR, 1.02, 95% CI = 0.67–1.53). The authors concluded that “[p]
arental marijuana use is unlikely as a strong risk factor for childhood 
AML” (Trivers et al., 2006, p. 117). 

Finally, Wen et al. (2000) conducted a case-control study to evaluate 
the association between exposures related to paternal military service, 
such as cannabis use, and the incidence of AML or acute lymphoblastic 
leukemia (ALL) in their children. Among 2,343 cases diagnosed with AML 
or ALL and matched by age, race, biological sex, and residential location 
to 2,723 controls, participants whose fathers had ever used cannabis had a 
statistically significant risk of developing ALL or AML compared to those 
whose fathers had never used cannabis (OR, 1.5, p <0.01).

Huang et al. (2015) also reviewed studies on the association between 
parental cannabis use and the incidence of rhabdomyosarcoma, neu-
roblastoma, and astrocytoma in pediatric populations. A case-control 
study of 322 children younger than 21 years of age and diagnosed with 
rhabdomysarcoma matched by age, race, and biological sex to 322 con-
trols found that children whose mothers used cannabis in the 12 months 
before their child’s birth were significantly more likely to develop the 
disease than children whose mothers had not used cannabis during this 

3 Acute myeloid leukemia and acute non-lymphoblastic leukemia refer to the same type 
of cancer.
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period (OR, 3.0, 95% CI = 1.4–6.5), after adjusting for complications dur-
ing pregnancy and other potential confounders (Grufferman et al., 1993). 
Similarly, children whose fathers used cannabis in the year prior to their 
child’s birth were at significantly greater risk of developing rhabdomyo-
sarcoma than children whose fathers did not use cannabis at this time 
(OR, 2.0, 95% CI = 1.3–3.3). However, use of cannabis and cocaine were 
highly correlated, as was maternal and paternal use of cannabis, making 
it impossible to isolate the effects of maternal and paternal cannabis use 
from each other or from the effects of parental cocaine use.

Kuijten et al. (1990) conducted a case-control study involving 163 
cases diagnosed by 14 years of age with astrocytoma or related tumors 
and matched to controls by age, race, and residential location, and they 
found a borderline statistically significant association between maternal 
use of cannabis in the 10 months preceding their child’s birth and the 
risk of astrocytoma (OR, 2.8, 95% CI = 0.9–9.9, p = 0.07).4 By comparison, 
maternal use in the 9 months preceding their child’s birth was not associ-
ated with the risk of astrocytoma (OR, 4.0, p = 0.11).

Bluhm et al. (2006) examined the association between maternal can-
nabis use and the risk of neuroblastoma in their offspring. Among 538 
cases diagnosed with neuroblastoma by 19 years of age—age-matched to 
504 controls—maternal use of cannabis during pregnancy, as compared 
to nonuse of cannabis during any measured time period, was signifi-
cantly associated with greater risk of neuroblastoma in their offspring, 
after adjusting for use of other recreational drugs (OR, 2.51, 95% CI = 
1.18–5.83). After stratifying maternal use of cannabis by time period, the 
authors found a statistically significant association between the incidence 
of neuroblastoma and maternal use of cannabis during the first trimester 
(OR, 4.75, 95% CI = 1.55–16.48), but not between neuroblastoma incidence 
and maternal cannabis use in the second or third trimester, in the month 
preceding conception, or in the period between birth and diagnosis. Age 
at diagnosis, but not frequency of maternal cannabis use, had large effects 
on neuroblastoma risk. For example, among children diagnosed with 
neuroblastoma before 12 months of age, maternal cannabis use was sig-
nificantly associated with risk of neuroblastoma (OR, 15.61, 95% CI = 
3.07–285.89), while the risk was similar for children whose mothers used 
either less than one or more than one pipeful of cannabis during the 
first trimester (OR, 4.16, 95% CI = 1.52–14.61 and OR, 4.42, 95% CI = 
1.09–29.58). 

4 Cases were diagnosed with astrocytoma, glioblastoma multiforme, mixed glioma with 
astrocytic elements, or brainstem glioma. 
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Discussion of Findings

Findings on the association between parental cannabis use and risk 
of pediatric leukemia were mixed: maternal cannabis use in the months 
preceding birth was determined to be at once a risk factor for, and pro-
tective against, the development of ANLL/AML in children (Robison et 
al., 1989; Trivers et al., 2006). Differences in the design of questionnaires 
employed in these studies, including the extent to which questions on 
recreational drug use were distinguished from other exposure questions, 
may have affected participant reporting and contributed to these con-
tradictory results. Limitations of Robison et al. (1989) include findings 
based on small sample sizes (nine cases), wide confidence intervals for 
risk estimates, and the possibility that, as a consequence of the large num-
ber of parameters analyzed in the study, the association between ANLL 
incidence and maternal cannabis use was a chance finding. Although the 
reported frequency of maternal cannabis use was considerably lower in 
Robison et al. (1989) than in other studies, there was no evidence of dif-
ference in reporting between cases and controls. In Trivers et al. (2006), 
reported rates of maternal cannabis use were lower among cases and 
higher among controls than in other studies, suggesting the potential for 
differences in reporting by cases and controls. 

While Robison et al. (1989) and Trivers et al. (2006) found that pater-
nal cannabis use during and in the months preceding pregnancy was not 
associated with ANLL/AML incidence in their offspring, Wen et al. (2000) 
found that any paternal cannabis use was significantly associated with 
the incidence of AML or ALL in their offspring. Limitations in Wen et al. 
(2000) included the potential for selection bias due to a lower participation 
rate among controls than cases and the potential for residual confound-
ing due to the lack of data on the duration and frequency of exposure 
to cigarette smoking. A similar lack of data on patterns of cannabis use 
(e.g., duration, frequency, cumulative exposure) prevented investigation 
of a dose–response relationship between paternal cannabis use and risk 
of ALL in their offspring.

Grufferman et al. (1993) found that parental cannabis use was sig-
nificantly associated with the incidence of rhabdomyosarcoma in their 
offspring, and Bluhm et al. (2006) found that maternal cannabis use dur-
ing the first trimester was significantly associated with neuroblastoma. 
In the latter study, very few mothers reported using cannabis more than 
once per day during any of the measured time periods, suggesting the 
potential for underreporting the frequency of cannabis use. Additionally, 
there was insufficient data to assess dose–response relationships; findings 
on paternal cannabis use were limited due to low response rates; and 
confidence intervals were wide due to the small number of women report-
ing cannabis use during and just before pregnancy. In Grufferman et al. 
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(1993), 25 percent of cannabis users were also cocaine users. As a result of 
this correlation, any association between parental cannabis use and risk 
of rhabdomyosarcoma is confounded by polysubstance use. In addition, 
the authors did not collect data on frequency and duration of cannabis 
use and therefore were unable to assess for a dose–response relationship.

CONCLUSION 5-6 There is insufficient evidence to support or 
refute a statistical association between parental cannabis use 
and a subsequent risk of developing acute myeloid leukemia/
acute non-lymphoblastic leukemia, acute lymphoblastic leu-
kemia, rhabdomyosarcoma, astrocytoma, or neuroblastoma in 
offspring.

RESEARCH GAPS

To address the research gaps relevant to cancer incidence, the com-
mittee suggests the following:

• There is need for robust epidemiological studies to investigate the 
association between cannabis exposure and several types of can-
cers, including but not limited to lung, head and neck, testicular, 
and esophageal cancers. 

• Further investigation is needed to resolve any contradictory find-
ings on, and to characterize the nature and strength of, any poten-
tial associations between parental cannabis use and the risk of 
cancer in their offspring.

• To promote the development of a body of high-quality evidence 
on the association between cannabis exposure and cancer inci-
dence, researchers need to prioritize rigorous study designs and 
implement data collection protocols and methods that allow them 
to control for key confounders and to precisely measure cannabis 
exposure.

• Because of changing exposures to cannabis and the fact that many 
associations are based on single studies, replication of existing 
studies in targeted areas is needed. 

SUMMARY

The committee identified good- or fair-quality systematic reviews on 
the association between cannabis use and the risk of lung, testicular, and 
head and neck cancers. Good-quality primary literature on the association 
between cannabis use and lung, testicular, esophageal, childhood, and 
several other cancers was also identified. Due to a paucity of research, 
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mixed findings, and numerous methodological limitations, the committee 
judged the evidence from the studies on childhood cancers, esophageal 
cancer, and various other cancers in adults to be insufficient to support 
or refute a statistically significant association between cannabis use and 
the incidence of these cancers. More conclusive findings and less exten-
sive methodological limitations in the literature on lung, testicular, and 
head and neck cancers allowed the committee to conclude that there is 
moderate evidence that there is no statistically significant association 
between cannabis use and the incidence of lung or head and neck cancer, 
and limited evidence that there is a statistically significant association 
between current, frequent, or chronic cannabis use and the incidence of 
non-seminoma-type testicular germ cell tumors. Below, Box 5-1 summa-
rizes the chapter conclusions.

BOX 5-1 
Summary of Chapter Conclusions*

There is moderate evidence of no statistical association between cannabis 
use and:

• Incidence of lung cancer (cannabis smoking) (5-1)
• Incidence of head and neck cancers (5-2)

There is limited evidence of a statistical association between cannabis 
smoking and:

•  Non-seminoma-type testicular germ cell tumors (current, frequent, or 
chronic cannabis smoking) (5-3)

There is no or insufficient evidence to support or refute a statistical associa-
tion between cannabis use and:

• Incidence of esophageal cancer (cannabis smoking) (5-4)
•  Incidence of prostate cancer, cervical cancer, malignant gliomas, non-

Hodgkin lymphoma, penile cancer, anal cancer, Kaposi’s sarcoma, or blad-
der cancer (5-5)

•  Subsequent risk of developing acute myeloid leukemia/acute non-lym-
phoblastic leukemia, acute lymphoblastic leukemia, rhabdomyosarcoma, 
astrocytoma, or neuroblastoma in offspring (parental cannabis use) (5-6)

* Numbers in parentheses correspond to chapter conclusion numbers.
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Epidemiological studies that investigate the association between 
cannabis use and the risk of various cancers face methodological chal-
lenges similar to those found in studies of other clinical outcomes. These 
challenges include, but are not limited to, small sample sizes and low 
participation rates, the inability to verify cannabis use data based on self-
report alone, and difficulties in controlling for potential confounders and 
accounting for potential effect modifiers. Additionally, some special—if 
not unique—methodological challenges pertain to cancer studies. For 
example, cancer is a diverse set of diseases that occur in different organs 
and organ systems and have different histopathological characteristics 
and risk factors. Some of these risk factors, such as family cancer history, 
occupational exposures, and diet, are difficult to measure and were often 
not accounted for by the studies reviewed in this chapter. Additionally, 
the long incubation period of many cancers requires a similarly extended 
observation period, and that makes it difficult to fully characterize the 
relevant cannabis exposure and to control for other relevant exposures.

Future research will need to address the limited scope and quality of 
epidemiological studies on the association between cannabis use and can-
cer incidence. Investigators will need to confirm existing evidence on lung 
and head and neck cancers and to expand the evidence base on testicular, 
esophageal, and childhood cancers, as well as other cancers in adults. To 
address the methodological limitations described above, future studies 
will also need to be well designed and to employ rigorous methods of 
data collection and measurement. 
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6

Cardiometabolic Risk

Chapter Highlight

• The evidence is unclear as to whether and how cannabis use 
is associated with heart attack, stroke, and diabetes.

An estimated 85.6 million American adults have at least one cardio-
vascular disease such as heart disease, stroke, heart failure, or hyperten-
sion (Mozaffarian et al., 2016). Each year cardiovascular diseases account 
for more than 800,000 deaths (i.e., they are the underlying cause listed 
on the death certificate), or 30 percent of all deaths in the United States 
(Mozaffarian et al., 2016). 

Heart disease is the leading cause of mortality in the United States, 
accounting for more than 600,000 deaths per year (Kochanek et al., 2016). 
Within subcategories of heart disease, coronary heart disease (CHD) is by 
far the largest, with 364,000 deaths annually (Kochanek et al., 2016). CHD 
is a disease in which a waxy substance called plaque builds up inside the 
blood vessels supplying the heart (i.e., the coronary arteries). Over the 
course of years or decades, the plaque can harden or rupture, resulting in 
an inadequate supply of blood to the heart which may, in some instances, 
result in death of heart muscle (myocardial infarction). 

Both coronary heart disease and stroke are associated with aging, 
with nearly 93 percent of CHD deaths and 94 percent of stroke deaths 
occurring in individuals 55 years and older (Kochanek et al., 2016). More 
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than one-third (about 36 percent) of CHD deaths occur in individuals 
ages 85 years and older, while 43 percent of stroke deaths occur in this 
age group (Kochanek et al., 2016). 

Current (past-month) cannabis use is fairly low in the older popula-
tions most likely to experience cardiovascular diseases—in particular, 
about 2 percent past-month prevalence in those ages 50 years and older. In 
younger adults, by contrast, the prevalence of cannabis use has been esti-
mated to be as high as 19.6 percent for past-month use among those ages 
18 to 25 years (Azofeifa et al., 2016), but these rates decline dramatically 
with aging. In contrast, tobacco smoking—a known risk factor for heart 
disease and stroke—has a much higher prevalence among older adults: 18 
percent in those ages 45 to 64 years and 8.5 percent in those ages 65 years 
and older who smoke (Jamal et al., 2015). 

Cardiometabolic disorders result in a substantial economic burden on 
the United States. From 2011 to 2012 the estimated annual cost of cardio-
vascular diseases, including heart disease, stroke, hypertensive disease, 
and other circulatory conditions, was $316.6 billion ($207.3 billion for 
heart disease, $33.0 billion for stroke). The total estimated cost of diag-
nosed diabetes in 2012 was $245 billion (Mozaffarian et al., 2016).

The objective of the review of cannabis and cardiometabolic condi-
tions was to assess the independent association of cannabis with these 
conditions in studies in which the association has been quantified. The 
justification for examining cannabis use in relation to cardiometabolic 
conditions is that these conditions are among the leading causes of death; 
are highly prevalent in the United States; account for high levels of medi-
cal care utilization and cost; and are caused, in significant part, by modi-
fiable lifestyle risk factors, including diet, physical activity, and cigarette 
smoking. The high prevalence of these conditions means that a behavior 
that is associated with a small degree of increased risk for heart disease, 
stroke, or diabetes can be associated with a high level of attributable risk, 
that is, the number of cases of disease that result from that behavior. While 
the prevalence of cardiometabolic conditions is concentrated in the older-
adult age groups which have low rates of cannabis use, it is expected that 
the expanding legalization of cannabis use will cause the rates of use to 
increase. 

The discussion in this review is limited to acute myocardial infarction, 
stroke, metabolic dysregulation and metabolic syndrome, and diabetes. 
Sudden death and arrhythmias such as atrial fibrillation were other top-
ics of interest for which no data were available to quantify the association 
with cannabis use. The 1999 Institute of Medicine (IOM) report Marijuana 
and Medicine: Assessing the Science Base (IOM, 1999) reviewed the cardio-
vascular system; however, no conclusions or recommendations related to 
cannabis use and cardiometabolic outcomes were included in that report. 
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The literature search conducted by the current committee did not identify 
any systematic reviews that were rated as “good” or “fair” for cannabis 
use and acute myocardial infarction, stroke, dyslipidemia or metabolic 
syndrome, or diabetes, so all of the available primary literature for these 
outcomes dating back to 1999 was reviewed and the 12 primary articles 
rated as “good” or “fair” by the committee have been included in this 
chapter.

ACUTE MYOCARDIAL INFARCTION

Each year, an estimated approximately 550,000 Americans have an 
incident (i.e., first-time) heart attack (acute myocardial infarction, or AMI) 
and about 200,000 have a recurrent attack (Mozaffarian et al., 2016). Of 
those who have a heart attack each year, about 116,000 die as a result of 
their coronary event (Mozaffarian et al., 2016). The committee responsible 
for the IOM report Marijuana and Medicine: Assessing the Science Base (1999) 
did not make any conclusions or recommendations regarding cannabis 
use and acute myocardial infarctions.

The acute cardiovascular effects of cannabis include increases in heart 
rate and supine blood pressure and postural hypotension (Beaconsfield et 
al., 1972; Benowitz and Jones, 1981). Smoking cannabis decreases exercise 
test duration on maximal exercise tests and increases the heart rate at 
submaximal levels of exercise (Renaud and Cormier, 1986). These acute 
effects provide a physiological basis for cardiac ischemia to develop in 
cannabis users. In fact, the time from exercise to the onset of angina pecto-
ris is decreased by smoking one cannabis cigarette (Aronow and Cassidy, 
1974). Tolerance develops to the acute effects of tetrahydrocannabinol 
(THC) over several days to a few weeks (Gorelick et al., 2013). Reported 
cardiovascular effects that may increase the risk of AMI include irregu-
lar heart rate (Khiabani et al., 2008) and impaired vascular endothelial 
function (demonstrated in rates from exposure to secondhand cannabis 
smoke) (Wang et al., 2016). Additionally, carbon dioxide production from 
smoked cannabis decreases the oxygen-carrying capacity of the blood and 
may contribute to the development of cardiac ischemia.

There have been numerous case reports suggesting that cannabis use 
is associated with the occurrence of AMI. The two primary studies that 
have quantified the risk of AMI associated with cannabis use and that 
were rated as good or fair are reviewed below. 
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Is There an Association Between Cannabis Use 
and Acute Myocardial Infarction?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis and AMI. Three 
descriptive review articles provided useful background: Sidney (2002), 
Thomas et al. (2014), and Franz and Frishman (2016).

Primary Studies

A retrospective cohort study (Sidney, 2002; Sidney et al., 1997) assessed 
the risk of hospitalization for AMI associated with cannabis use in a 
cohort of 62,012 men and women ages 15 through 49 years who had, from 
mid-1979 through 1985, completed self-administered research questions 
on their cannabis, tobacco, and alcohol use. AMI was assessed by linkage 
to electronically maintained records of all overnight hospitalizations in 
Kaiser Permanente Northern California. Follow-up was conducted for 
up to 12 years. Current use of cannabis was reported by 22 percent and 
former use by 20 percent of the cohort. There were 209 incident AMIs, 
173 in men and 36 in women. The relative risk associated with cannabis 
use was assessed by a Cox proportional hazards model with adjustments 
for age, race, education, body mass index (BMI), history of hypertension, 
smoking, and alcohol use. The relative risk for AMI in current users was 
1.1 (95% confidence interval [CI] = 0.7–1.7) for men and 1.8 (95% CI = 
0.5–6.3) for women; in former users it was 0.9 (95% CI = 0.6–1.5) for men 
and 1.0 (95% CI = 0.2–4.5) for women. Both current and former cannabis 
use were unassociated with an increased risk of AMI. 

Study limitations included a reliance of self-report of cannabis use 
which may result in misclassification of this exposure; the lack of avail-
ability of longitudinal data on cannabis use; and the relatively young age 
(mean age 33 years), which meant that the AMIs occurred in a relatively 
young age range that is not representative of the older age range in which 
the vast majority of AMIs occur. Cannabis use was assessed at only one 
point in time. 

A case crossover study design was used to examine the role of can-
nabis use as a possible trigger for myocardial infarction in 3,882 AMI 
patients in an inception cohort study identified between August 1989 
and September 1996 from 64 community and tertiary medical centers 
in the United States that were part of the Determinants of Myocardial 
Onset Study (Mittleman et al., 2001). The mean ages of cannabis users 
and abstainers were 43.7 and 62.0 years, respectively, while 68 percent of 
cannabis users and 32 percent of abstainers were current tobacco smok-
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ers. Nine patients (0.2 percent) interviewed soon after admission for 
AMI reported cannabis use during the hour preceding the symptoms 
of AMI. The risk for AMI associated with cannabis use during the hour 
preceding symptoms of AMI was 4.8 (95% CI = 2.9–9.5) as assessed by a 
case-crossover analysis. The exclusion of three of the nine patients who 
reported other triggering behaviors during the hour prior to the AMI 
(cocaine use and/or sexual intercourse) resulted in a relative risk of 3.2 
(95% CI = 1.4–7.3). 

The major limitations of this study were its small size and its reliance 
on self-report for cannabis use status, which meant that any misclassifi-
cation could have had a significant effect on the results. While the case-
crossover design controls for confounding by traditional risk factors for 
cardiovascular disease, it does not control for interaction of these factors, 
and one cannot determine whether cannabis acts as a trigger in low-risk 
individuals or those who are nonsmokers of tobacco. 

Discussion of Findings

While there are a number of reports of an association between canna-
bis use and AMI, only the two studies described above quantify risk, with 
the Sidney (2002) study demonstrating no association with an increased or 
decreased risk of AMI and the Mittleman et al. (2001) study finding that 
cannabis use may act as a trigger for AMI. The limitations of these studies 
were described. More generally, with the Mittleman study as an excep-
tion, most reports of adverse cardiovascular effects of cannabis, including 
AMI, have been conducted in a relatively young age range, while major 
cardiovascular events are concentrated in older adults and the findings 
may not be generalizable to this age group. Other general limitations 
beyond those already mentioned in the description of the studies include 
the absence of the impact of the route of consumption (e.g, smoked, 
edible, etc.); dose, including accounting for the content of THC and other 
cannabinoids and potential additives or contaminants; and total lifetime 
duration/dose of cannabis use. Overall, the articles were judged to be of 
fair quality for assessing the risk of acute myocardial infarction associated 
with cannabis use.

The role of cannabis as a trigger of AMI is plausible, given its car-
diostimulatory effects, which may cause ischemia in susceptible hearts. 
Carboxyhemoglobinemia from combustion of cannabis resulting in a 
decreased oxygen-carrying capacity of blood may also contribute to isch-
emia. Given the physiologic plausibility for a trigger effect, smoking 
cannabis may put individuals, particularly those at high risk for cardio-
vascular disease, at increased risk for AMI.
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CONCLUSION 6-1 

6-1(a)  There is limited evidence of a statistical association 
between cannabis smoking and the triggering of acute 
myocardial infarction. 

6-1(b)  There is no evidence to support or refute a statistical 
association between chronic effects of cannabis use and 
the risk of acute myocardial infarction. 

STROKE

Stroke is the fifth leading cause of death in the United States, account-
ing for 133,000 deaths annually (Kochanek et al., 2016). A stroke is the 
death of a portion of brain tissue due to a disruption of the blood supply. 
Strokes may be ischemic (inadequate blood/oxygen supply) or hemor-
rhagic (bleeding into the brain) in origin. Each year, approximately 795,000 
people experience a new or recurrent stroke. Approximately 610,000 of 
these are first stoke occurrences and 185,000 are recurrent stroke events 
(Mozaffarian et al., 2016). The committee responsible for the IOM report 
Marijuana and Medicine: Assessing the Science Base (1999) did not make any 
conclusions or recommendations regarding cannabis use and stroke. 

Numerous reports have suggested that smoking cannabis increases 
the risk of stroke, including case series (Phillips et al., 2011) and studies 
describing cannabis-associated vascular changes that may be associated 
with stroke (Herning et al., 2001; Wolff et al., 2011, 2015). Several reports 
have indicated a close temporal relationship between cannabis smoking 
and stroke (Wolff et al., 2013). The cardiovascular effects of cannabis that 
have been proposed as a possible mechanism in the etiology of stroke 
include orthostatic hypotension with secondary impairment of the auto-
regulation of cerebral blood flow, altered cerebral vasomotor function, 
supine hypertension and swings in blood pressure, cardioembolism with 
atrial fibrillation, other arrhythmias, vasculopathy, vasospasm, reversible 
cerebral vasoconstriction syndrome, and multifocal intracranial stenosis 
(Wolff et al., 2015).

Is There an Association Between Cannabis Use and Stroke?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and stroke.
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Primary Studies

A large reported study on the association of cannabis and stroke 
by Rumalla et al. (2016a) used the Nationwide Inpatient Sample, which 
provides admission data from a 20 percent sample of all U.S. hospital-
izations, to examine the cross-sectional association between cannabis 
use and hospitalization for acute ischemic stroke (AIS) among patients 
ages 15 to 54 years during the time period 2004–2011. The primary Inter-
national Classification of Diseases (ICD)-9-CM discharge code was used 
to identify AIS, and current cannabis use was identified using the ICD-
9-CM code 340.30, which includes both cannabis dependence and non-
dependent cannabis abuse. Current cannabis use was identified in 11,320 
of 478,649 AIS events (2.4 percent). Tobacco use prevalence was higher in 
current cannabis users than in nonusers (64.4 percent versus 31.5 percent) 
as was cocaine use (26.7 percent versus 3.1 percent). The odds ratio (OR) 
associated with current cannabis use and hospitalization for AIS was 1.17 
(95% CI = 1.15–1.20) as calculated with multivariable logistic regression 
adjusted for age, gender, race, substance use, payer status, Charlson’s 
comorbidity index, and other comorbid risk factors. Analyses stratified 
on tobacco use status were not available. The limitations of this study 
include the cross-sectional design; the probable under-ascertainment of 
current cannabis use (2.4 percent is low for this age range); the absence 
of data on duration of tobacco use; and the absence of analyses that are 
stratified by tobacco and by cocaine use to determine the OR in non-
tobacco use and non-cocaine users, given the high prevalence of these 
known risk factors for ischemic stroke. 

In a case-control study conducted in a New Zealand hospital (Barber 
et al., 2013), 160 of 218 (73 percent) of ischemic stroke/transient isch-
emic attack (TIA) patients, ages 18 to 55 years, had urine drug screens 
between January 2009 and April 2012 (150 ischemic stroke, 10 TIA). Con-
trol urine samples were obtained from 160 patients matched for age, sex, 
and ethnicity. Twenty-five (15.6 percent) of the stroke/TIA patients and 
13 (8.1 percent) of the control patients had positive cannabis drug screens. 
Eighty-eight percent of cannabis-positive patients were current tobacco 
smokers versus 28 percent of cannabis-negative patients. The OR associ-
ated with current cannabis use was 2.30 (95% CI = 1.08–5.08), but it was no 
longer statistically significant when an additional adjustment was made 
for tobacco use (1.59, 95% CI = 0.71–3.70). 

In a cross-sectional analysis by Westover et al. (2007) of all ischemic 
(N = 998) and hemorrhagic strokes (N = 937) identified in 2003 by ICD-9 
codes from an administrative database maintained by the state of Texas 
in young adults ages 18 to 44 years the ORs of cannabis and other illicit 
drugs being associated with ischemic and hemorrhagic stroke were esti-
mated using a multivariable logistic regression adjusting for alcohol, 
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tobacco, amphetamines, cocaine, opioids, cardiovascular risk factors, and 
other medical conditions associated with increased risk of these outcomes. 
The prevalence of cannabis use, identified by ICD-9 codes, was approxi-
mately 1 percent. Cannabis was associated with an increased risk of isch-
emic stroke (OR, 1.76; 95% CI = 1.15–2.71) but was not associated with a 
risk of hemorrhagic stroke (OR, 1.36; 95% CI = 0.90–2.06). The prevalence 
rate of tobacco use was not reported, and analyses stratified by category 
of tobacco use were not performed. 

A retrospective cohort study (Sidney, 2002; Sidney et al., 1997) 
assessed the risk of hospitalization for stroke associated with cannabis 
use in a cohort of 62,012 men and women of ages 15 to 49 years who had, 
from mid-1979 through 1985, completed self-administered research ques-
tions on cannabis, tobacco, and alcohol use. Stroke was assessed by link-
age to electronically maintained records of all overnight hospitalizations 
in Kaiser Permanente Northern California. Follow-up was conducted for 
up to 12 years. Current use of cannabis was reported by 22 percent and 
former use by 20 percent of the cohort. There were 130 incident strokes, 68 
in men and 62 in women. The relative risk associated with cannabis use 
was assessed by Cox proportional hazards model with adjustments for 
age, race, education, BMI, history of hypertension, smoking, and alcohol 
use. The relative risk for stroke in current users was 1.0 (95% CI = 0.5–1.9) 
for men and 0.7 (95% CI = 0.3–2.2) for women; in former users it was 0.8 
(95% CI = 0.4–1.8) for men and 1.5 (95% CI = 0.7–3.5) for women. Both 
current cannabis use and former cannabis use were not associated with 
increased risk of stroke. 

The study’s limitations included its reliance on self-report of cannabis 
use, which may result in misclassification of this exposure; the lack of 
availability of longitudinal data on cannabis use; and the relatively young 
age of subjects (mean age 33 years) so that the strokes occurred in a rela-
tively young age range that is not representative of the older age range 
in which the vast majority of strokes occur. Cannabis use was assessed at 
only one point in time. 

Rumalla et al. (2016b) used the Nationwide Inpatient Sample, which 
provides admission data from a 20 percent sample of all U.S. hospi-
talizations, to examine the cross-sectional association between cannabis 
use and hospitalization for aneurysmal subarachnoid hemorrhage (SAH) 
among patients ages 15 to 54 years during the time period 2004–2011. The 
primary ICD-9-CM discharge code was used to identify SAH, and cur-
rent cannabis use was identified using the ICD-9-CM code 340.30, which 
includes both cannabis dependence and nondependent cannabis abuse. 
Current cannabis use was identified in 2,104 of the 94,052 (2.2 percent) 
SAH events. Tobacco use prevalence was higher in current cannabis users 
than in nonusers (59.3 percent versus 25.4 percent). The OR associated 
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with current cannabis use was 1.18 (95% CI = 1.12–1.24) according to a 
multivariate logistic regression adjusted for age, gender, race, substance 
use, primary payer status, Charlson’s comorbidity index, and other SAH 
risk factors. The limitations of this study include its cross-sectional design, 
the probable under-ascertainment of current cannabis use (2.2 percent is 
low for this age range), the absence of data on duration of cannabis use, 
and the absence of analyses that are performed stratified by tobacco to 
determine the OR in non-tobacco use, given the high prevalence of this 
known risk factor for ischemic stroke. 

Discussion of Findings

The studies by Rumalla et al. (2016a,b) and Westover et al. (2007) 
were cross-sectional studies using administrative data consisting of ICD-9 
codes. Cross-sectional studies do not allow one to assess temporality 
between exposure and outcome. The miscoding of strokes does occur, 
although the reliability is probably reasonable for epidemiological studies. 
The classification of exposure status using ICD-9 is particularly concern-
ing, given the likelihood that the percentage of cannabis users appears 
to be low compared to population norms in each of these studies, most 
notably the Westover et al. (2007) study. 

With the exception of the Sidney (2002) study, none of the studies 
have data on the temporal relation between the cannabis or tobacco use 
and the stroke. A general problem was the analytic treatment of tobacco 
use. Given the much longer duration and frequency of tobacco smoking 
than of cannabis smoking for most people and the very common co-use 
of both substances, it is not appropriate to assume that an adjustment for 
tobacco use in a multivariable model will provide an accurate assessment 
of the risk associated with cannabis use. Additional analytic approaches, 
when feasible, may include testing the interaction between cannabis and 
tobacco use and performing stratified analyses to test the association of 
cannabis use with clinical endpoints in nonusers of tobacco. Other gen-
eral limitations beyond those already mentioned in the description of the 
studies include the absence of the impact of the route of consumption 
(e.g., smoked, edible, etc.); the absence of information on dose, including 
accounting for the content of THC and other cannabinoids and potential 
additives or contaminants; and the lack of information on the total life-
time duration/dose of cannabis use.

All the articles were judged to be of fair quality for assessing the 
risk of stroke associated with cannabis use. With the exception of Sidney 
(2002) and Barber et al. (2013), all showed an increased risk of stroke 
associated with cannabis use but had significant limitations. For ischemic 
stroke, two of the studies indicated an increased risk while one showed a 
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nonsignificant finding in the direction of increased risk. For subarachnoid 
hemorrhage, the single study found an increased risk. For the combined 
hemorrhagic stroke endpoint assessed by Westover et al. (2007), the study 
showed no association of cannabis use with the risk of this endpoint.

CONCLUSION 6-2 There is limited evidence of a statistical 
association between cannabis use and ischemic stroke or sub-
arachnoid hemorrhage.

METABOLIC DYSREGULATION, METABOLIC SYNDROME, 
PREDIABETES, AND DIABETES MELLITUS

Ranked as the seventh-leading cause of death in the United States, 
diabetes accounts for more than 76,000 deaths annually (Kochanek et al., 
2016). An estimated 29 million adults in the United States have diabe-
tes (CDC, 2014a), which is a group of conditions characterized by high 
blood glucose (sugar) levels due to the inability to metabolize glucose 
effectively. The number of new (incident) cases of diabetes diagnosed 
annually is more than 1.4 million (CDC, 2015). Similar to the case with 
cardiovascular diseases, the prevalence of diabetes increases with age, 
from 4.4 percent among those ages 20 to 44 years, to 16.2 percent at ages 
45 to 64 years, and 25.9 percent at ages 65 years and older (CDC, 2014a). 
A major risk factor for the development of the most common type of 
diabetes (type 2) is obesity, which results in resistance to the effect of the 
glucose regulating hormone, insulin. An epidemic of obesity has resulted 
in the prevalence of obesity increasing from 22.9 percent in 1988–1994 
to 34.9 percent in 2011–2012 (Flegal et al., 2002; Ogden et al., 2014), con-
tributing to a near tripling of the prevalence of diabetes since 1990 to its 
current level of 9.3 percent (CDC, 2014b). The committee responsible for 
the IOM report Marijuana and Medicine: Assessing the Science Base (IOM, 
1999) did not make any conclusions or recommendations regarding can-
nabis use and metabolic dysregulation, metabolic syndrome, prediabetes, 
or diabetes mellitus. 

Obesity, most notably central adiposity, is the dominant risk factor for 
the development of type 2 diabetes (Klil-Drori et al., 2016). Stimulation of 
the endogenous cannabinoid receptor system (the CB1 receptor and, to a 
lesser extent, the CB2 receptor) by D9-THC, the major psychoactive com-
ponent of cannabis, and by endogenous cannabinoids increases appetite 
and promotes adipogenesis, the production of body fat (Di Marzo et al., 
2011). This physiological pathway suggests that cannabinoids such as 
D9-THC may promote weight gain, which would increase the risk of an 
individual developing diabetes. 

As noted earlier, the approximately 30-year epidemic of increasing 
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obesity rates in the United States has been associated with increasing 
rates of diabetes. A number of studies have examined the association of 
cannabis use with BMI and obesity. Counterintuitively, the majority of the 
reviewed studies showed that cannabis was associated with a lower BMI 
or a lower prevalence of obesity, or both (Hayatbakhsh et al., 2010; Le Strat 
and Le Foll, 2011; Smit and Crespo, 2001; Warren et al., 2005), or to have 
no association with BMI or obesity (Rodondi et al., 2006).

Because of the significance of diabetes as a highly prevalent dis-
ease, as a risk factor for cardiovascular diseases, and as a significant 
economic burden in our society, the question of whether cannabis use is 
associated with increased risk of diabetes is important. Included in this 
review are the assessments of three studies of cannabis use and metabolic 
dysregulation/metabolic syndrome, one study of cannabis use and pre-
diabetes, and three studies of cannabis use and diabetes.

Is There an Association Between Cannabis Use and 
Metabolic Dysregulation, Metabolic Syndrome, 

Prediabetes, or Diabetes Mellitus?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis and metabolic 
dysregulation, metabolic syndrome, prediabetes, or diabetes mellitus. 
A review by Sidney (2016), published after the cutoff date for literature 
considered in this report, informed the discussion regarding the studies 
described in this section.

Primary Studies

Metabolic Dysregulation and Metabolic Syndrome Three cross-sec-
tional studies were conducted using data from the National Health and 
Nutrition Examination Survey (NHANES) to examine the associations 
between cannabis use and glucose, insulin, and insulin resistance (Penner 
et al., 2013); cannabis use and the metabolic syndrome (Vidot et al., 2016); 
and cannabis use and tobacco cigarette smoking with metabolic syndrome 
(Yankey et al., 2016).

The study by Penner et al. (2013) included 4,657 NHANES partici-
pants from three exams conducted from 2005 to 2010 who were catego-
rized as current, former, or never users of cannabis. The fasting mean 
glucose levels were not found to be significantly different in current users 
than in never users according to multivariable analyses that adjusted for 
age, sex, race/ethnicity, income, marital status, tobacco use, alcohol use, 
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BMI, and physical activity. Hemoglobin A1c did not vary by cannabis use 
status, while fasting insulin and homeostasis models of insulin resistance 
(HOMA-IR) were about 12 percent lower in current cannabis users than in 
never users. A study by Vidot et al. (2016) of 8,478 NHANES participants 
from three exams conducted from 2005 to 2010 found that the odds of 
metabolic syndrome were lower in current users than in never users, with 
an OR of 0.69 (95% CI = 0.47–1.00) according to a multivariable analysis 
that adjusted for age, sex, race/ethnicity, poverty-to-income ratio, tobacco 
smoking, and exam cycle year. Yankey et al. (2016) studied the association 
between cannabis and cigarette smoking with the prevalence of metabolic 
syndrome, using data from 3,051 2011–2012 NHANES participants. Com-
pared with findings from respondents who reported never having used 
cannabis, regular use of cannabis (defined as smoking cannabis or hashish 
at least once per month for more than 1 year) was associated with reduced 
odds for metabolic syndrome (OR, 0.23; 95% CI = 0.06–0.90). The multi-
variable analysis controlled for age, education, family-income-to-poverty 
ratio, sex, medical insurance, marital status, tobacco smoking, physical 
activity, other drug use, and rehabilitation. 

Prediabetes Bancks et al. (2015) examined the association of self-reported 
cannabis use with both the prevalence and the incidence of prediabetes in 
the Coronary Artery Risk Development in Young Adults (CARDIA) study. 
A cross-sectional analysis for diabetes was conducted in 3,024 participants 
at the Year 25 exam. Cannabis use was assessed by self-administered 
questions. Prediabetes was defined according to American Diabetes Asso-
ciation criteria and was present in 45 percent of participants. Relative 
to never use, the current use of cannabis was associated with an OR for 
prediabetes of 1.65 (95% CI = 1.15–2.38), and lifetime cannabis use of at 
least 100 times was associated with an OR of 1.49 (95% CI = 1.06–2.11). 
The multivariable analysis adjusted for age, sex, race, tobacco smoking, 
alcohol use, education, field center, systolic blood pressure, C-reactive 
protein (CRP), physical activity, and the use of other illicit drugs. The 
CARDIA longitudinal analysis examined the association of self-reported 
cannabis use at the Year 7 follow-up exam to incident prediabetes (51 
percent of participants) at the four subsequent follow-up examinations, 
with an average of 13.8 years of follow-up. The adjusted hazard ratio (HR) 
for prediabetes associated with lifetime use of at least 100 times relative 
to never use of cannabis was 1.39 (95% CI = 1.13–1.71). 

Diabetes Bancks et al. (2015) also examined the association of self-
reported cannabis use and diabetes in both cross-sectional and longitudi-
nal analyses conducted in the CARDIA study. The study population was 
the same for the cross-sectional analysis, and the adjustment variables 
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were the same as described for the prediabetes analysis. Diabetes was 
present in 11.8 percent of Year 25 exam participants. The ORs for dia-
betes were 1.18 (95% CI = 0.67–2.10) for current use and 1.42 (95% CI = 
0.85–2.38) for lifetime use of at least 100 times relative to never use of can-
nabis. The longitudinal analysis examined the association between Year 
7 exam and self-reported cannabis use to incident diabetes (11.1 percent 
of participants) at the four subsequent follow-up examinations (years 10, 
15, 20, and 25). Relative to never use, the HR associated with diabetes for 
lifetime use of at least 100 times was 1.10 (95% CI = 0.74–1.64), adjusted 
for the same variables as the longitudinal analysis of prediabetes. 

Two cross-sectional studies were conducted using data from the 
NHANES to examine the association of cannabis use with diabetes 
(Alshaarawy and Anthony, 2015; Rajavashisth et al., 2012). The first study 
(Rajavashisth et al., 2012) used interviewer-administered data regarding 
cannabis use and diabetes collected from 10,896 adults, ages 20 to 29 
years, during NHANES III, conducted from 1988 to 1994. Relative to non-
users, the OR for diabetes associated with current and past cannabis use 
was 0.36 (95% CI = 0.24–0.55), adjusted for race/ethnicity, physical activ-
ity, alcohol use, alcohol × cannabis use interaction, BMI, total cholesterol, 
triglyceride, CRP, and hypertension. 

In the second study, Alshaarawy and Anthony (2015) examined the 
association of cannabis use with diabetes in eight different replication 
samples and in a meta-analysis. The samples were obtained from four 
NHANES surveys (2005–2006, 2007–2008, 2009–2010, 2011–2012) and from 
a survey performed for the National Survey on Drug Use and Health 
(NSDUH) during the same time periods. A composite indicator of dia-
betes from the NHANES data combined interview reports of diabetes, 
current use of insulin and/or oral hypoglycemic medication, and lab-
derived glycohemoglobin. Self-report of cannabis was assessed from the 
NSDUH surveys. Compared to nonusers, the adjusted odds ratios (aORs) 
for diabetes associated with current cannabis use ranged from 0.4 to 0.9, 
with a meta-analytic OR summary of 0.7 (95% CI = 0.6–0.8). Meta-analytic 
summary analyses performed within cigarette smoking strata found aORs 
were 0.8 (95% CI = 0.5–1.2) in respondents who reported never having 
smoked cigarettes and 0.8 (95% CI = 0.6–1.0) in current smokers.

Discussion of Findings

Overall, the articles reviewed by the committee were judged to be 
of good to fair quality for assessing the risk of metabolic dysregulation, 
metabolic syndrome, prediabetes, or diabetes mellitus associated with 
cannabis use. In their review of the evidence, the committee found that 
cannabis use had either an inverse association or no association with 
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BMI, an inverse association with metabolic dysregulation and metabolic 
syndrome, and an inverse association or no association with diabetes 
mellitus. The only study showing an increased risk was the prediabetes 
portion of the CARDIA study analysis. 

As noted earlier, these are counterintuitive findings because THC 
tends to stimulate appetite, promote fat deposition, and promote adipo-
genesis. Potential explanations include the following: 

• Cross-sectional studies do not allow one to assess temporality 
between exposure and outcome. With the exception of the longi-
tudinal findings reported in the CARDIA study, all of the reported 
findings were from cross-sectional analyses. 

• Dose estimates of cannabis exposure were generally imprecise 
and lacking information on cannabis strength, dose, frequency 
of use, and duration of use, although this may be because the 
cumulative dose for most cannabis users is not high enough to 
affect fat and glucose-insulin metabolism. Statistical confounders 
may exist in these studies which are not adequately controlled 
for by standard multivariable modeling. For example, in general, 
high levels of cannabis use are strongly associated with younger 
age, which is inversely associated with the incidence and preva-
lence of diabetes. They are also associated with tobacco cigarette 
smoking, a known risk factor for diabetes (Willi et al., 2007). Can-
nabis use was associated with increases in physical activity in the 
CARDIA study (Bancks et al., 2015) and in one of the NHANES 
studies (Rajavashisth et al., 2012). Physical activity is protective 
against obesity and diabetes. 

• Reverse causality might result in a chronic illness such as diabetes 
leading to the cessation of potentially unhealthy habits, includ-
ing cannabis use. This might help to explain why cannabis use is 
associated with prediabetes but not with diabetes.

CONCLUSION 6-3 

6-3(a)  There is limited evidence of a statistical association 
between cannabis use and decreased risk of metabolic 
syndrome and diabetes.

6-3(b)  There is limited evidence of a statistical association 
between cannabis use and increased risk of prediabetes.
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RESEARCH GAPS

The major gaps and opportunities relate to the paucity of longitudinal 
data for all of the cardiometabolic disorders and to the lack of data on the 
impact of cannabis use on risk in the older-adults age groups in which 
the majority of cardiovascular endpoints (e.g., acute myocardial infarc-
tion, stroke) occur. To address research gaps the committee suggests the 
following:

• Establishing a population cohort(s) in which cannabis use is regu-
larly evaluated with standardized questionnaires accounting for 
the type of preparation, THC/other cannabinoid strength, the 
amount smoked or consumed, assessment of frequency and dura-
tion of use, and other cardiovascular disease (CVD) risk data, and 
in which researchers collect medical record and toxicology data 
or other biological marker data for cannabis use on incident CVD 
events.

• The cohort(s) need to be large enough that the association of 
cannabis with CVD events in the presence of potential statistical 
confounding variables (e.g., tobacco use, physical activity) can be 
validly assessed.

• Promote the collection of cannabis use data in electronic health 
records.

An additional suggestion is that basic research needs to be carried out 
to better understand the mechanisms for the role of cannabis as a possible 
trigger of AMI.

SUMMARY

This chapter summarizes the good and fair cardiometabolic literature 
published since 1999. The committee found limited evidence of an asso-
ciation between acute cannabis use—but not chronic cannabis use—and 
AMI risk. The committee also determined that there is limited evidence 
of an association between cannabis use and an increased risk of ischemic 
stroke or subarachnoid hemorrhage and also prediabetes and an associa-
tion between cannabis and a decreased risk of metabolic dysregulation, 
metabolic syndrome, and diabetes. The limitations of the reviewed stud-
ies include a lack of information on different routes of cannabis admin-
istration (e.g, smoked, edible, etc.), a lack of adequate dose information, 
insufficient information on potential additives or contaminants, and inad-
equate data on total lifetime duration/dose of cannabis use. The commit-
tee has formed a number of research conclusions related to these health 
endpoints; however, it is important that each of these conclusions be 
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interpreted within the context of the limitations discussed in the Discus-
sion of Findings sections. Box 6-1 contains a summary of the conclusions 
for this chapter.
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Respiratory Disease

Chapter Highlights

• Smoking cannabis on a regular basis is associated with 
chronic cough and phlegm production.

• Quitting cannabis smoking is likely to reduce chronic cough 
and phlegm production.

• It is unclear whether cannabis use is associated with chronic 
obstructive pulmonary disorder, asthma, or worsened lung 
function.

Environmental exposures are the leading causes of respiratory disease 
worldwide. Exposures to tobacco smoke and household air pollution con-
sistently rank among the top risk factors not only for respiratory disease 
burden but also for the global burden of disease (Lim et al., 2012). Less is 
known, however, about the attributable effects of cannabis use on respira-
tory disease despite shared similarities with that of cigarette use and the 
fact that cannabis is the most commonly used inhaled drug in the United 
States after tobacco, with an estimated 22.2 million people ages 12 years 
and older reporting current use (CBHSQ, 2015). Moreover, it is estimated 
that more than 40 percent of current users smoke cannabis on a daily or 
near daily basis (Douglas et al., 2015). Given the known relationships 
between tobacco smoking and multiple respiratory conditions, one could 
hypothesize that long-term cannabis smoking leads to similar deleterious 

181

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


182 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

effects on respiratory health, and some investigators argue that cannabis 
smoking may be even more harmful than that of tobacco smoking. Indeed, 
data collected from 15 volunteers suggest that smoking one cannabis joint 
can lead to four times the exposure to carbon monoxide and three to five 
times more tar deposition than smoking a single cigarette (Wu et al., 1988). 
This may be, in part, because cannabis smokers generally inhale more 
deeply and hold their breath for longer than do cigarette smokers (Wu et 
al., 1988) and because cannabis cigarettes do not commonly have filters as 
tobacco cigarettes often do. On the other hand, cannabis cigarettes are not 
as densely packed as tobacco cigarettes (Aldington et al., 2008), and can-
nabis users usually smoke fewer cannabis cigarettes per day than tobacco 
users smoke tobacco cigarettes per day. 

The committee responsible for the 1999 Institute of Medicine (IOM) 
report Marijuana and Medicine: Assessing the Science Base (IOM, 1999, p. 6) 
concluded that cannabis smoking was an important risk factor in the 
development of respiratory disease and recommended that “studies to 
define the individual health risks of smoking marijuana should be con-
ducted, particularly among populations in which marijuana use is preva-
lent.” The literature search conducted by the current committee did not 
identify any fair- or good-quality systematic reviews for cannabis use 
and respiratory disease published since 2011 (the cutoff established by 
the current committee); however, the committee identified—and elected 
to include—a systematic review by Tetrault et al. (2007) that provides a 
detailed synthesis of the available literature through 2005. A review by 
Tashkin (2013) and a position statement by Douglas et al. (2015), which 
summarized current evidence of the link between cannabis smoking and 
respiratory disease, were also considered by the committee. Fourteen 
primary articles published since 1999 that were not included in the sys-
tematic review from Tetrault et al. (2007) provided additional evidence 
on the association between smoking cannabis and respiratory diseases 
(Aldington et al., 2007; Bechtold et al., 2015; Hancox et al., 2010, 2015; 
Kempker et al., 2015; Macleod et al., 2015; Papatheodorou et al., 2016; 
Pletcher et al., 2012; Tan et al., 2009; Tashkin et al., 2012; Van Dam and 
Earleywine, 2010; Walden and Earleywine, 2008; Weekes et al., 2011; 
Yadavilli et al., 2014). 

PULMONARY FUNCTION

Pulmonary function refers to lung size and function. Common mea-
sures of pulmonary function include forced expiratory volumes, lung 
volumes, airways resistance and conductance, and the diffusion capacity 
of the lung for carbon monoxide (DLCO). Spirometry values include the 
measurements of forced expiratory volumes, including forced expiratory 
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volume at 1 second (FEV1), forced vital capacity (FVC), and FEV1/FVC. 
The latter is a measure of airflow obstruction and, when combined with 
bronchodilator therapy, is used in the diagnosis of chronic obstructive 
pulmonary disorder (COPD). 

Is There an Association Between Cannabis 
Use and Pulmonary Function?

Systematic Reviews 

Tetrault et al. (2007) systematically reviewed the evidence found in 34 
publications, of which 12 reported on the effects of airway response and 
14 reported on the effects of pulmonary function. The authors found that 
short-term exposure to cannabis smoking resulted in bronchodilation. 
Specifically, acute cannabis smoking was consistently associated with 
improvements in specific airway conductance, peak flow measurements, 
and FEV1, as well as reversed bronchospasm from challenges by either 
methacholine or exercise. Any short-term benefits, however, were offset 
by the effects of long-term cannabis smoking. Specifically, regular can-
nabis smoking was associated with a lower specific airway conductance 
on average by 16 percent and also with a lower FEV1. There was also a 
dose–response effect between average daily quantity of cannabis and 
a lower specific airway conductance. However, the clinical significance 
of the association between regular cannabis smoking and a lower spe-
cific airways conductance is not known. Other studies that examined the 
association between long-term cannabis smoke exposure and pulmonary 
function have inconsistently found lower or no change in FEV1, FVC, 
FEV1/FVC, DLCO, and airway hyperresponsiveness (Tetrault et al., 2007). 

Primary Studies

Aldington et al. (2007) examined the cross-sectional relationship 
between long-term cannabis smoking and pulmonary function in a con-
venience sample of 339 participants in the Wellington Research Study. The 
inclusion criteria for cannabis and tobacco smokers were a lifetime expo-
sure of at least 5 joint-years of cannabis (defined as smoking 1 joint per 
day for 1 year) or at least 1 pack-year of tobacco, respectively. Cannabis 
smoking was based on self-report. The researchers did not find an asso-
ciation between long-term cannabis smoking and pulmonary function 
variables. However, when cannabis smoking was analyzed in terms of 
joint-years, Aldington et al. (2007) found a significantly lower FEV1/FVC, 
lower specific airways conductance, and a higher total lung capacity per 
joint-year smoked in cannabis smokers compared to nonsmokers. Based 
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on their analyses, the authors estimated that the negative association 
between each cannabis joint and a lower FEV1/FVC was similar to that 
of 2.5 to 5 tobacco cigarettes. The committee identified a couple of prob-
lems with the analyses and the presentation of the results in the paper 
by Aldington et al. (2007). First, the authors reported main effects only 
from their analysis of covariance. A more conservative analysis would 
have considered the examination of interaction effects between cannabis 
smoke (or joint-years) and tobacco smoke (or pack-years) in a regression 
model to better dissect the contribution of cannabis smoke (or joint-years) 
versus tobacco smoke (or pack-years). Second, the authors incorrectly 
labeled the association with continuous measures of pulmonary function 
with cannabis smoke (or joint-years) as odds ratios (ORs) in tables 3 and 
4; however, their methods correctly state that a multivariable analysis of 
covariance methods was used for continuous data. 

Papatheodorou et al. (2016) analyzed cross-sectional data from 10,327 
adults who participated in the National Health and Nutrition Examina-
tion Survey (NHANES) between 2007 and 2012. Cannabis smoking was 
based on self-report, but the researchers could not quantify joint-years. 
Cannabis smokers were categorized as never smokers (n = 4,794), past 
cannabis smokers (n = 4,084), cannabis smokers in the past 5–30 days (n = 
555), and cannabis smokers in the past 0–4 days (n = 891). Current can-
nabis smokers were heavier tobacco smokers than were past and never 
smokers of cannabis, as measured by mean pack-years. In multivariable 
analyses, the investigators found that current smokers had a smaller 
FEV1/FVC than never smokers (−0.01 and −0.02, respectively), and they 
observed moderate to large increases in FEV1 (49 mL and 89 mL, respec-
tively) and FVC (159 mL and 204 mL, respectively) when comparing 
current smokers to never smokers. There was also an important decrease 
in exhaled nitric oxide among current smokers when compared to never 
smokers (−7 percent versus −14 percent), but it is unclear if this effect 
was confounded by the high prevalence of tobacco smoking in current 
cannabis users or if it represented a true decrease in exhaled nitric oxide 
due to cannabis smoking. The study by Papatheodorou et al. (2016) has 
some shortcomings. First, the researchers’ analyses were based on cross-
sectional data. Second, cannabis use was obtained by self-report and 
there may have been a bias of underreporting. Finally, there was a lack 
of data on the method of smoke inhalation and the frequency of cannabis 
smoking, thus not allowing for an analysis of the relationship between the 
frequency of cannabis use and pulmonary function.

Pletcher et al. (2012) analyzed longitudinal data from 5,115 adults 
in the Coronary Artery Risk Development in Young Adults (CARDIA) 
study and concluded that occasional and low cumulative cannabis smok-
ing was not associated with adverse effects on pulmonary function. The 
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investigators noted that there was a trend toward decreases in FEV1 over 
20 years only in the heaviest cannabis smokers (>20 joint-years). Similar to 
the findings of Papatheodorou et al. (2016), CARDIA investigators found 
a higher-than-expected FVC among all categories of cannabis smoking 
intensity. Despite the large sample size, the study by Pletcher et al. (2012) 
had a small number of heavy cannabis smokers. Other limitations include 
the risk of bias due to the self-reporting of cannabis use, a lack of data on 
the method of cannabis smoke inhalation, and bias due to unmeasured 
confounders as cannabis smoking was not the main objective of this study. 

The study by Hancox et al. (2010) analyzed data of a cohort of 1,037 
adult participants in Dunedin, New Zealand, followed longitudinally 
since childhood and asked about cannabis and tobacco use at ages 18, 
21, 26, and 32 years. Cumulative exposure to cannabis was quantified 
as joint-years since age 17 years. Spirometry was conducted at 32 years. 
Cumulative cannabis use was associated with higher FVC, total lung 
capacity, and functional residual capacity and residual volume, but not 
with lower FEV1 or FEV1/FVC.

A small feasibility study by Van Dam and Earleywine (2010) found 
that the use of a cannabis vaporizer instead of smoking cannabis in 12 
adult participants who did not develop a respiratory illness was associ-
ated with improvements in forced expiratory volumes at approximately 
1 month after the introduction of the vaporizer; however, this study did 
not have a control group. 

Discussion of Findings

Overall, acute cannabis smoking was associated with bronchodila-
tion, but many of the authors agreed that any benefits may be offset when 
cannabis is smoked regularly. The current findings are inconclusive on 
a variety of pulmonary function measurements, and the findings may 
be affected by the quality of the studies, a failure to adjust for impor-
tant confounders, including tobacco and other inhaled drugs, and other 
occupational and environmental exposures. The committee’s findings are 
consistent with those reported in another recent review (Tashkin, 2013) 
and a position statement (Douglas et al., 2015).

The majority of studies, including those evaluated in the systematic 
review, relied on self-report for cannabis smoking. Many studies failed to 
control for tobacco smoking and occupational and other environmental 
exposures; did not control for the dose or duration of cannabis smoking; 
and did not use joint-years and instead based heavy cannabis smoking on 
having exceeded a specific threshold of joints. Even among studies that 
used joint-years, it is unclear how generalizable their findings are, given 
the potential high variability in lung-toxic content from joint to joint. Prior 
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studies have inconsistently documented decreases or no change in FEV1, 
FEV1/FVC, DLCO, and airway hyperresponsiveness. Moreover, neither 
the mechanism nor the clinical significance of the association between 
cannabis smoking and pulmonary function deficits is known beyond the 
possible impact of a high FVC in lowering the FEV1/FVC ratio. While 
elevated lung volumes could be indicators of lung pathology, an elevated 
FVC by itself has not been associated with any lung pathology. 

CONCLUSION 7-1

7-1(a)  There is moderate evidence of a statistical association 
between cannabis smoking and improved airway dynam-
ics with acute use, but not with chronic use. 

7-1(b)  There is moderate evidence of a statistical association 
between cannabis smoking and higher forced vital 
capacity (FVC).

CHRONIC OBSTRUCTIVE PULMONARY DISEASE

COPD is a clinical syndrome that consists of lower airway inflam-
mation and damage that impairs airflow. Ranked as the fourth-leading 
cause of death worldwide by the World Health Organization, COPD has 
been estimated to cause more than 3 million deaths worldwide annually 
and has an estimated global prevalence of 10 percent in adults (Buist et 
al., 2007; Diaz-Guzman and Mannino, 2014). COPD is diagnosed with 
spirometry and is defined by a post-bronchodilator forced expiratory 
volume at 1 second divided by forced vital capacity (FEV1/FVC) <70 
percent (fixed cutoff) or as a post-bronchodilator FEV1/FVC below the 
5th percentile of a reference population (lower limit of normal). The com-
mittee responsible for Marijuana and Medicine: Assessing the Science Base 
(IOM, 1999) suspected, but did not conclude, that chronic cannabis smok-
ing causes COPD.

Is There an Association Between Cannabis Use and COPD?

Systematic Reviews 

There is no discussion about the association between cannabis and 
COPD in the systematic review by Tetrault et al. (2007). In the posi-
tion statement of the American Thoracic Society (Douglas et al., 2015), 
workshop members concluded that there was minimal impairment in 
occasional cannabis smokers when controlling for tobacco use. In con-
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trast, there was a trend toward higher prevalence in heavier users based 
on studies of lung function decline (Pletcher et al., 2012; Tashkin et al., 
1987); however, workshop members determined that this association was 
incompletely quantified.

Primary Studies 

The study by Aldington et al. (2007) examined high-resolution com-
puted tomography scans among the subgroups of participants with can-
nabis smoking only, cannabis and tobacco smoking, tobacco smoking 
only, and never smokers. They found inconsistent results: a decreased 
mean lung density, which is suggestive of emphysematous changes (mean 
percent of area below −950 Hounsfield units in three slices at 2.4 percent 
[95% confidence interval (CI) = 1.0%–3.8%] for cannabis smokers, but −0.6 
percent [−2.0%–0.8%] for tobacco smokers when compared to nonsmok-
ers), but almost no evidence of macroscopic emphysema (1.3% versus 
16.5% versus 18.5% versus 0% in cannabis-only smokers versus cannabis 
and tobacco smokers versus tobacco-only smokers versus non-smokers, 
respectively).

Tan et al. (2009) analyzed cross-sectional data collected in 878 adults 
ages	40 years and older from Vancouver, Canada, who participated in the 
Burden of Obstructive Lung Disease study on COPD prevalence. Cur-
rent smoking of either tobacco or cannabis was defined as any smoking 
within the past year. Participants who had smoked at least 50 marijuana 
cigarettes but had no history of tobacco smoking were not at significantly 
greater risk of having COPD or more respiratory symptoms. There was 
inconsistent evidence for whether synergy from combined cannabis and 
tobacco smoking might affect the odds of having COPD or worse respira-
tory symptoms.

Specifically, the mean estimates for the tobacco and cannabis smoking 
versus tobacco-only smoking groups do not appear to be different, and 
the 95% CI for the tobacco and cannabis smoking group appears to over-
lap significantly with the tobacco-only smoking groups when evaluating 
either COPD or respiratory symptoms as the outcome. 

Yadavilli et al. (2014) examined data from 709 participants over a 
33-month period for hospital readmissions of COPD in illicit drug users 
and tobacco smokers. These investigators found that cannabis users had 
similar readmission rates to ex-tobacco or current tobacco users (mean 
readmissions at 0.22 versus 0.26) and much lower readmission rates than 
other illicit drug users (mean readmissions at 1.0). The unit for mean 
readmissions was not specified in either the tables or methods of this 
paper. The limitations of the study by Yadavilli et al. (2014) include a lack 
of spirometry data on all patients to confirm diagnosis of COPD, the self-
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report of tobacco use, the risk for potential underreporting of illicit drug 
use, and the lack of outpatient visit frequency. 

The study by Macleod et al. (2015) examined data from 500 adult par-
ticipants, all of whom reported either tobacco smoking of ≥20 cigarettes 
per day for at least 5 years or cannabis of ≥1 joint per day for at least 1 
year. There was no difference in the percent with COPD (FEV1/FVC <0.7) 
between tobacco-only users and tobacco and cannabis users (24.3 percent 
versus 25.2 percent; p = 0.90) for all ages or at any age group. Tobacco 
and cannabis users had more respiratory symptoms than did tobacco-
only users (cough, phlegm, wheeze), but the investigators do not seem to 
report multivariable adjusted differences in the paper. The limitations of 
the study by Macleod et al. (2015) are that its cross-sectional design does 
not allow one to assess temporality between exposure and outcome, the 
lack of a nonsmoking group, the fact that its use of a convenience sample 
may have oversampled unwell participants, and the use of self-report for 
tobacco and cannabis.

Kempker et al. (2015) analyzed data from the 2007–2010 NHANES 
cohorts, similar to the work done by Papatheodorou et al. (2016). Kempker 
et al. (2015), however, also examined the information on cumulative life-
time use of cannabis available in the 2009–2010 NHANES cohort. Main 
findings were that 59 percent reported using cannabis at least once during 
their lifetime, and 12 percent reported use during the last month. When 
evaluating cumulative lifetime cannabis use, those with >20 joint-years 
had a two times higher odds (OR, 2.1; 95% CI = 1.1–3.9) of having a 
pre-bronchodilator FEV1/FVC <70 percent than those with no cannabis 
exposure. However, as noted by others, cannabis use was associated with 
a higher FVC and no association with FEV1, which would spuriously 
reduce the ratio FEV1/FVC. Beyond the limitations noted above for the 
paper by Papatheodorou et al. (2016), who also used NHANES data, 
the authors were limited to use pre-bronchodilator spirometry instead 
of using post-bronchodilator spirometry as commonly done in COPD 
studies.

Discussion of Findings

It is unclear whether regular cannabis use is associated with the risk 
of developing COPD or exacerbating COPD. Current studies may be 
confounded by tobacco smoking and the use of other inhaled drugs as 
well as by occupational and environmental exposures, and these studies 
have failed to quantify the effect of daily or near daily cannabis smoking 
on COPD risk and exacerbation. There is no evidence of physiological or 
imaging changes consistent with emphysema. The committee’s findings 
are consistent with those of a recent position statement from the Ameri-
can Thoracic Society Marijuana Workgroup which concluded that there 
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was minimal impairment in light and occasional cannabis smokers when 
controlled for tobacco use and that the effects in heavy cannabis smokers 
remain poorly quantified (Douglas et al., 2015). The review by Tashkin 
(2013) concluded that the lack of evidence between cannabis use and 
longitudinal lung function decline (Pletcher et al., 2012) argues against 
the idea that smoking cannabis by itself is a risk factor for the develop-
ment of COPD. This is further supported by the findings of Kempker 
et al. (2015), who concluded that smoking cannabis was not associated 
with lower FEV1 after adjusting for tobacco smoking. However, smoking 
cannabis was associated with a higher FVC, which may have led to a 
spuriously lower FEV1/FVC. Therefore, their analyses also do not sup-
port an association between heavy cannabis use (>20 lifetime joint-years) 
and obstruction on spirometry. The position statement by Douglas et al. 
(2015) concluded that the lack of solid epidemiologic association suggests 
that regular cannabis smoking may be a less significant risk factor for the 
development of COPD than tobacco smoking. 

Cross-sectional studies are inadequate to establish temporality, and 
cohort studies of regular or daily cannabis users are a better design to 
help establish COPD risk over time. Better studies are needed to clearly 
separate the effects of cannabis smoking from those of tobacco smoking 
on COPD risk and COPD exacerbations, and better evidence is needed 
for heavy cannabis users. 

CONCLUSION 7-2

7-2(a)  There is limited evidence of a statistical association 
between occasional cannabis smoking and an increased 
risk of developing chronic obstructive pulmonary dis-
ease (COPD) when controlled for tobacco use. 

7-2(b)  There is insufficient evidence to support or refute a sta-
tistical association between cannabis smoking and hos-
pital admissions for COPD.

RESPIRATORY SYMPTOMS, INCLUDING CHRONIC BRONCHITIS

Respiratory symptoms include cough, phlegm, and wheeze. Chronic 
bronchitis is defined as chronic phlegm production or productive cough 
for 3 consecutive months per year for at least 2 consecutive years (Medi-
cal Research Council, 1965). Chronic bronchitis is a clinical diagnosis 
and does not require confirmation by spirometry or evidence of airflow 
obstruction. The committee responsible for Marijuana and Medicine: Assess-
ing the Science Base (IOM, 1999) concluded that acute and chronic bronchi-
tis may occur as a result of chronic cannabis use.
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Is There an Association Between Cannabis Use and 
Respiratory Symptoms, Including Chronic Bronchitis?

Systematic Reviews 

The systematic review by Tetrault et al. (2007) summarized informa-
tion from 14 studies that assessed the association between long-term 
cannabis smoking and respiratory symptoms. Nine of these studies 
were cross-sectional, 3 were case series, 1 was a case-control study, and 1 
was a longitudinal cohort study. Data were relatively consistent in both 
cross-sectional and cohort studies in indicating that long-term cannabis 
smoking worsens respiratory symptoms, including cough (ORs, 1.7–2.0), 
increased sputum production (ORs, 1.5–1.9), and wheeze (ORs, 2.0–3.0). 
Other studies have reported effects on more episodes of acute bronchitis 
and pharyngitis, dyspnea, hoarse voice, worse cystic fibrosis symptoms, 
and chest tightness.

Primary Studies 

Aldington et al. (2007) reported higher prevalence of wheeze (27 
percent versus 11 percent), cough (29 percent versus 5 percent), chest 
tightness (49 percent versus 35 percent), and chronic bronchitis symptoms 
(19 percent versus 3 percent) among cannabis smokers than among non-
smokers. There were no clear additive effects observed in the combined 
cannabis and tobacco smoking groups on respiratory symptoms. 

Hancox et al. (2015) conducted a study in a cohort of 1,037 adults (52 
percent male) in the Dunedin Multidisciplinary Health and Development 
Study. Cannabis and tobacco smoking histories were obtained at the ages 
of 18, 21, 26, 32, and 38 years. At each assessment, participants were asked 
how many times they had used cannabis in the previous year. Frequent 
cannabis users were defined as those who reported using marijuana ≥52 
times over the previous year. Quitters were defined as a frequent canna-
bis user at the previous assessment but less than frequent at the current 
assessment. Because it was possible to quit frequent cannabis use more 
than once during the follow-up from 18 to 38 years of age, only the first 
recorded episode of quitting was used in analyses. In this study, the inves-
tigators found that frequent cannabis use was associated with morning 
cough (OR = 1.97, p <0.001), sputum production (OR = 2.31, p <0.001), and 
wheeze (OR = 1.55, p <0.001), but not dyspnea (p = 0.09) (see Figure 7-1). 
Quitters (open triangles) also had fewer respiratory symptoms than those 
who did not quit (solid squares).

Limitations of the study by Hancox et al. (2015) include its reliance 
on self-reported data of cannabis use without objective confirmation, the 
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classification of nonusers as those with <52 times of cannabis use, and a 
lack of data as to whether cannabis use was specifically from smoking. 

Walden and Earleywine (2008) conducted a cross-sectional Internet 
survey of 5,987 adults worldwide who used cannabis at least once per  
month. They quantified frequency, amount, and degree of usual and 
maximal intoxication, and they also asked about respiratory symptoms 
using a composite score produced from the answers to six standard ques-
tions about cough, morning phlegm, dyspnea, chest wheezing other than 
during colds, and nighttime awakenings because of chest tightness. They 
found that the frequency of use, the amount used (in quarter bags per 
month), and the degree of usual intoxication were all positively associ-
ated with more respiratory symptoms. Limitations for this study include 
its recruitment of participants from organizations that advocate drug 
policy reform, its reliance on self-reported data of cannabis or tobacco use 
without objective confirmation, and the lack of data about cannabis use 
for medical versus recreational purposes. 

Tashkin et al. (2012) followed 299 participants from a longitudinal 
cohort study for at least two visits over 9.8 years and examined the 
relationship between symptoms for chronic bronchitis and cannabis use. 
They found that current cannabis users were more likely to have cough 
(OR = 1.7), sputum (OR = 2.1), increased bronchitis episodes (OR = 2.3), 
and wheeze (OR = 3.4) when compared to never users. They also found 
that current cannabis users were more likely to have cough (OR = 3.3), 
sputum (OR = 4.2), or wheeze (OR = 2.1) than former users. Similar to 

FIGURE 7-1 Prevalence of symptoms before and after quitting regular cannabis 
use (open triangles) and among those who used cannabis for two consecutive 
phases (solid squares). Vertical bars show 95% confidence level.
SOURCE: Hancox et al., 2015.
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the studies by Hancox et al. (2015) and Walden and Earleywine (2008), 
these findings demonstrated the benefit of cannabis smoking cessation in 
resolving preexisting symptoms of chronic bronchitis. The limitations of 
this study include its reliance on self-reported data of cannabis or tobacco 
use without objective confirmation and high rates of loss to follow-up or 
variable follow-up periods.

A small feasibility study by Van Dam and Earleywine (2010) of 12 
adult participants who did not develop a respiratory illness during the 
trial found that the use of a cannabis vaporizer instead of smoking can-
nabis was correlated with the resolution of cannabis-related respiratory 
symptoms at approximately 1 month after the introduction of the vapor-
izer; however, this study did not have a control group.

Discussion of Findings

Regular cannabis use was associated with airway injury, worsening 
respiratory symptoms, and more frequent chronic bronchitis episodes. 
There were no clear additive effects on respiratory symptoms observed 
from smoking both cannabis and tobacco. Cannabis smoking cessation 
was temporally associated with the resolution of chronic bronchitis symp-
toms, and a small feasibility study suggests that use of a vaporizer instead 
of smoking cannabis may lead to the resolution of respiratory symptoms. 
The committee’s findings are consistent with those reported in a recent 
review (Tashkin, 2013) and position statement (Douglas et al., 2015). 

The majority of studies relied on self-report for cannabis smoking. 
Many studies failed to control for tobacco, occupational, and other envi-
ronmental exposures; did not control for the dose or duration of the 
cannabis smoke exposure; and did not use joint-years and instead based 
heavy cannabis exposure on exceeding a specific threshold of cigarettes. 
Even among studies that used joint-years, it is unclear how generalizable 
the findings are, given the potential high variability in tetrahydrocannabi-
nol (THC) content from joint to joint and from year to year. 

CONCLUSION 7-3 

7-3(a)  There is substantial evidence of a statistical association 
between long-term cannabis smoking and worse respi-
ratory symptoms and more frequent chronic bronchitis 
episodes. 

7-3(b)  There is moderate evidence of a statistical association 
between cessation of cannabis smoking and improve-
ments in respiratory symptoms.
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ASTHMA

Asthma is a clinical syndrome that is associated with airways inflam-
mation, airflow limitation, bronchial hyperresponsiveness, and symp-
toms of episodic wheeze and cough. It is predominantly an allergic dis-
ease. Worldwide, asthma is thought to affect 300 million people, and it is 
responsible for more disability-adjusted life-years lost than diabetes mel-
litus. Asthma was not specifically addressed in Marijuana and Medicine: 
Assessing the Science Base (IOM, 1999).

Is There an Association Between Cannabis Use and Asthma?

Systematic Reviews 

The systematic review by Tetrault et al. (2007) referred to only one 
study that described the association between cannabis use and asthma 
exacerbations. Upon retrieving this study, the committee found that this 
was a letter to the editor which reported findings of a case-control study 
of 100 participants ages 18–55 years, with and without asthma, admitted 
to the emergency department. In this study, the authors found no associa-
tion between THC and asthma (Gaeta et al., 1996).

Primary Studies

Bechtold et al. (2015) reported on a follow-up of a cohort of boys 
who participated in the Pittsburgh Youth Study. A total of 506 boys were 
followed longitudinally: 257 scored at or above the 70th percentile of a 
multi-informant conduct problem score, and 249 scored below the 70th 
percentile. This study found no link between cannabis use and self-
reported asthma symptoms. The limitations of this study include a lack 
of generalizability to the general population, given the selection criteria 
for conduct problems, a lack of inclusion of women in their study, and the 
fact that health outcomes were based on self-report and biased to those 
who had sought care for health problems.

Weekes et al. (2011) studied a cohort of 110 black urban adolescents 
with asthma. In this study, the investigators found that 16 percent of the 
adolescents smoked cannabis, but there was no association between can-
nabis use and asthma concern or asthma severity or asthma symptoms. 
The limitations of this study include the reliance on the self-report of can-
nabis use, which the study authors speculated may be underreported in 
black adolescents when compared to whites, and a lack of data on asthma 
medication adherence.
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Discussion of Findings

The committee did not find evidence for an association between 
cannabis use and either asthma risk or asthma exacerbations, and cur-
rent studies failed to control for other important confounders, including 
adherence to asthma medications. 

The evidence linking cannabis use with asthma risk or exacerbation is 
limited by the scope and sample size of available studies and by the use of 
more standardized approaches to measure asthma prevalence or exacer-
bations of asthma. Few studies have examined the link between cannabis 
and asthma, and no clear evidence exists of a link between asthma or 
asthma exacerbation and cannabis use. However, asthma symptoms such 
as wheeze appear to be common among cannabis users.

CONCLUSION 7-4 There is no or insufficient evidence to sup-
port or refute a statistical association between cannabis smok-
ing and asthma development or asthma exacerbation.

RESEARCH GAPS

The effects of cannabis smoke on respiratory health remain poorly 
quantified. Further research is needed to better elucidate the influence of 
exposure levels to cannabis smoke on respiratory outcomes, the chronic-
ity of cannabis smoking, the effects of an underlying predisposition to 
respiratory disease, and possible interaction effects with tobacco smoke 
to promote airway inflammation, worsen respiratory symptoms, acceler-
ate lung function decline, or increase exacerbation of COPD and asthma. 
Previous studies have not been able to adequately separate cannabis 
smoke effects from tobacco smoke effects, and this has meant that some 
important questions remain unanswered. It is unknown whether or not:

• Long-term cannabis smoking, above and beyond that of tobacco 
smoking, leads to a more rapid decline in lung function and to 
the development of chronic bronchitis or COPD. 

• Cannabis smoking increases the risk of allergic disease or asthma.
• Alternative inhaled delivery methods of cannabis result in fewer 

respiratory symptoms.

To address the research gaps relevant to respiratory disease, the commit-
tee suggests the following: 

• Design better observational studies with both self-reported 
and quantitative measures of cannabis smoking and systematic 
approaches to measure the duration and dose to determine if 
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long-term exposure to cannabis smoke, above and beyond expo-
sure to tobacco smoke, leads to the development of chronic bron-
chitis or COPD or to a higher rate of COPD exacerbation. 

• Design longitudinal studies to determine if long-term cannabis 
smoking is associated with the development of allergic disease 
and risk of asthma.

• Conduct clinical trials of alternative inhaled delivery methods 
versus cannabis smoking to determine if they reduce respiratory 
symptoms.

SUMMARY

This chapter summarizes all of the respiratory disease literature that 
has been published since 1999 and deemed to be good or fair by the com-
mittee. Overall, the risks of respiratory complications of cannabis smok-
ing appear to be relatively small and to be far lower than those of tobacco 
smoking. While heavy cannabis users may be at a higher risk for develop-
ing chronic bronchitis and COPD or at an increased risk of exacerbating 
COPD and asthma, current studies do not provide sufficient evidence for 
a link. Limitations of reviewed studies are that it is difficult to separate 
the effects of cannabis smoking from those of tobacco smoking from 
current available data; that exposures have generally been measured by 
self-report of cannabis smoking; and that there is a lack of cohort studies 
of regular or daily cannabis users, of adequate controls for environmental 
factors, and of generalizability of findings. The committee has formed a 
number of research conclusions related to these health endpoints (see 
Box 7-1); however, it is important that each of these conclusions be inter-
preted within the context of the limitations discussed in the Discussion 
of Findings sections. 
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Immunity

Chapter Highlights

• There exists a paucity of data on the effects of cannabis or 
cannabinoid-based therapeutics on the human immune 
system.

• There is insufficient data to draw overarching conclusions 
concerning the effects of cannabis smoke or cannabinoids on 
immune competence.

• There is limited evidence to suggest that regular exposure to 
cannabis smoke may have anti-inflammatory activity.

• There is insufficient evidence to support or refute a statistical 
association between cannabis or cannabinoid use and adverse 
effects on immune status in individuals with HIV.

The immune system is composed of many different cells that perform 
a wide variety of functions in order to provide immunity against patho-
gens and other foreign bodies. Many assays and methods exist to evalu-
ate specific components of the immune system and to assess changes in 
immune function and status. Toward this end, there is a sizable literature 
reporting on investigations into the effects of plant-derived, synthetic, and 
endogenous cannabinoids on various aspects of immune competence in 
experimental animals and in cell-based assays. The scientific literature 
is full of studies that used these animal- and cell-based immunological 
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approaches to show that cannabinoids modulate (either suppressing or 
enhancing) the functions of most of the types of immune cells that have 
been evaluated. By contrast, the investigations into the effects of cannabis 
or cannabinoid-based therapeutics on immunity in human subjects are 
quite limited. 

The majority of studies investigating the association between can-
nabis or cannabinoid use and effects on human immunity have assessed 
one or more immunological parameters in patients infected with human 
immunodeficiency virus (HIV) or viral hepatitis C (HCV). For example, in 
the case of HIV patients, who are extensively studied within the context of 
cannabis exposure, these investigations have evaluated only a small num-
ber of immunological endpoints, the most common being the number of 
certain types of T cells (i.e., CD4+ and CD8+ T cells) in circulation and also 
the viral load. The limited measurements provide little information about 
the effect of cannabis use on overall immune status among individuals 
with HIV. Other studies have evaluated the effects of cannabis on immune 
endpoints in healthy individuals or on their susceptibility to infectious 
agents. In healthy individuals, these evaluations have focused primarily 
on the effects of cannabis use on circulating cytokines concentrations, 
principally inflammatory cytokines. Again, these examples emphasize the 
very limited and extremely narrow scope of assessments that have been 
conducted to examine the effects of cannabis on immune competence in 
humans to date.

This chapter reviews the current evidence on the association between 
cannabis use and immune competence in healthy populations and in 
individuals with infectious disease. Because the immune system plays a 
primary role in fighting and protecting against disease, the chapter will 
review evidence on the potential association between cannabis use and 
indicators of immune functioning as well as the potential association 
between cannabis use and susceptibility to, and progression of, infectious 
disease and cancer. Due to the paucity of human studies evaluating the 
effects of cannabis on the immune system, the committee identified no 
good- or fair-quality systematic reviews reporting on the health endpoints 
addressed in this chapter. Consequently, this chapter’s conclusions are 
based on a review of 14 primary literature articles that best address the 
committee’s research questions of interest. Study limitations and research 
gaps are noted, and the strength of the available evidence is weighed in 
five formal conclusions. 

IMMUNE COMPETENCE

In several of the studies reviewed below, the effects of cannabis use 
on immune competence were assessed via direct measurement of specific 
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immune effect or functions in healthy individuals. The primary advan-
tage of evaluating specific immune responses is that the immune system 
is composed of many different cell types, each of which performs several 
distinct functions. Assessing specific immune responses provides more 
information on whether, how, and to what extent an agent such as can-
nabis affects particular cells in the immune system. Although the pertur-
bations in immune competence discussed in this section are not health 
effects in the sense used throughout this report, they may alter a person’s 
susceptibility to infection or have broad effects on immune competence, 
and they are reviewed for that reason.

The challenge with this type of information is that it is difficult to 
ascertain whether a deficit in a specific immune function, unless extreme, 
necessarily results in greater susceptibility to infection by a pathogen. 
Conversely, it is difficult to extrapolate results showing enhanced immune 
responsiveness due to exposure to an agent and to determine whether 
that exposure may lead to an increased incidence of hypersensitivity or 
autoimmune disease. Therefore, the evaluation of immune competence 
requires a comprehensive assessment of a broad range of different cell 
types and their functions, which to date has not been conducted in can-
nabis users. 

Is There an Association Between Cannabis Use and Immune 
Competence in Individuals Without an Infectious Disease?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and immune 
competence in individuals without an infectious disease. 

Primary Literature

Keen and Turner (2015) evaluated the serum levels of two inflam-
matory cytokines, interleukin-1 alpha (IL-1a) and tumor necrosis factor 
(TNF), in a total of 168 African American study participants of whom 46 
were lifetime cannabis users and 77 did not use any illicit drugs. After 
adjusting for demographic and physiological variables, study partici-
pants who did not use illicit drugs were not significantly more likely to 
have higher background serum IL-1a levels than lifetime cannabis users 
(odds ratio [OR], 0.77, 95% confidence interval [CI] = 0.34–1.74). By con-
trast, study participants who did not use illicit drugs were significantly 
more likely to have higher serum TNF levels than lifetime cannabis users 
(OR, 2.73, 95% CI = 1.18–6.31). 
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In another study, several immune parameters were evaluated in adult 
Egyptians (Abo-Elnazar et al., 2014). The study included 20 cannabis users 
and 10 controls with no history of drug abuse. CD4+ peripheral blood 
T cells from cannabis users showed a statistically significant decrease 
in proliferative response to mitogenic stimulation (phytohemaggluti-
nin [PHA]) in culture as measured by the methyl thiazolyl tetrazolium 
(MTT) stimulation index when compared to CD4+ T cells from controls 
(mean = 1.14 ± 0.28 versus mean = 1.47 ± 0.35, p = 0.001). Supernatants from 
these cultures were quantified for T cell cytokines; interleukin-10 (IL-10), 
which is an anti-inflammatory cytokine; and interleukin-17 (IL-17), which 
is a proinflammatory cytokine. When compared to CD4+ T cells from non-
drug-using controls, CD4+ T cells from cannabis users showed an approxi-
mately 50 percent decrease in proinflammatory IL-17 (129.05 pg/ml ± 
44.24 pg/ml versus 206.30 pg/ml ± 51.05 pg/ml, p <0.001) and a two-fold 
increase in anti-inflammatory IL-10 (mean = 258.10 pg/ml ± 79.91 pg/ml 
versus mean = 138.70 pg/ml ± 38.11 pg/ml, p = 0.002). A major limitation 
of Abo-Elnazar et al. (2014) is the very small number of study participants. 

Pacifici et al. (2007) conducted a longitudinal study which included 
an evaluation of total leukocytes as well as the number of CD4+ T cells, 
CD8+ T cells, B cells, and natural killer (NK) cells at the beginning of the 
study and 12 months later in 34 healthy controls who had not used illicit 
drugs in the previous 12 months and in 23 study participants who were 
occasional or regular users of cannabis. There was a statistically signifi-
cant difference between controls and cannabis-using study participants 
with respect to the number of NK cells at the initiation of the study (mean 
= 205.1 cells/µl ± 83.4 cells/µl versus 126.1 cells/µl ± 80.0 cells/µl) or 
when evaluated at 12 months (mean = 196.8 cells/µl ± 79.3 cells/µl versus 
mean = 101.7 cells/µl ± 48.5 cells/µl). By contrast, differences between 
controls and cannabis-using study participants in the number of CD4+ 
T cells, CD8+ T cells, and CD19 B cells were not statistically significant at 
the initiation of the study or 12 months later. In addition, PHA-induced 
proliferation, supernatant interleukin-2 (IL-2) (a measure of T cell func-
tion), and transforming growth factor beta 1 (TGF-β1) (a proinflammatory 
cytokine) were assessed at the initiation of the study. Statistically signifi-
cant differences were observed between controls and cannabis users in 
terms of PHA-induced proliferation (mean = 96.9% ± 15.6% versus mean 
= 72.3% ± 32.1%) and the activity units per ml of IL-2 (mean = 10.7 U/ml 
± 3.8 U/ml versus mean = 6.3 U/ml ± 4.4 U/ml), whereas the differ-
ence between controls and cannabis users in the activity units per ml of 
TGF-β1was not statistically significant. 

Jatoi et al. (2002) conducted a study involving 85 study participants 
with advanced cancer and weight loss to compare the effect of megestrol 
acetate (800 mg/day) and oral dronabinol tablets (2.5 mg twice daily), 
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separately and in combination, on levels of serum interleukin-6 (IL-6), a 
cytokine associated with anorexia and weight loss. There was no statisti-
cally significant change in serum IL-6 levels 1 month after study initiation 
among study participants receiving dronabinol alone (mean difference = 
−0.62 pg/ml ± 3.5pg/ml) or in combination with megestrol acetate (mean 
difference = −0.2 pg/ml ± 3.1 pg/ml). 

A longitudinal study followed study participants from birth to 38 
years of age in order to investigate potential associations between can-
nabis use occurring between 18 and 38 years of age and physical health 
problems at 38 years of age, including systemic inflammation as measured 
by C-reactive protein levels (Meier et al., 2016). Among 947 study partici-
pants, there was no statistically significant association between joint-years 
of cannabis use and systemic inflammation after controlling for biological 
sex and tobacco use (β 0.00, 95% CI = −0.07–0.08). After controlling for 
biological sex, systemic inflammation at 26 years of age, and tobacco use, 
the association between joint-years of cannabis use and changes in sys-
temic inflammation between 26 and 38 years of age was not statistically 
significant (β 0.05, 95% CI = −0.03–0.13).

Discussion of Findings

One trend that appeared to be supported by several studies was 
the observation that regular exposure to cannabis smoke decreased sev-
eral regulatory factors that are secreted by leukocytes and that are well 
established in mediating inflammation. Consistent with the premise that 
 cannabinoids may possess anti-inflammatory activity, one study showed 
an enhanced production of an anti-inflammatory mediator, which could 
be indicative of a decline in immune competence (Abo-Elnazar et al., 
2014). By contrast, anti-inflammatory activity of cannabis, under certain 
conditions, could be beneficial because inflammation is a key event in 
the processes of many diseases. For example, chronic inflammation is 
believed to be central in HIV-associated neurocognitive disorders and 
anti- inflammatory activity of cannabis could potentially be beneficial in 
decreasing the progression of neurocognitive decline (Gill and Kolson, 
2014). The finding that cannabinoids may possess anti-inflammatory 
activity is consistent with findings in studies conducted in experimental 
animal and in cell culture experiments (Klein, 2005).

The limitations of the studies conducted to date are numerous, with 
the most significant being the absence of a comprehensive evaluation of 
the effects of cannabis smoke on immune competence. In addition, several 
of the studies used a small number of study participants with very lim-
ited information on the study participants’ level of exposure to cannabis. 
Based on the very limited evaluations of only a few immune parameters, 
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it is not possible to draw overarching conclusions concerning the effects 
of cannabis smoke or cannabinoids on immune competence.

CONCLUSION 8-1 

8-1(a)  There is limited evidence of a statistical association 
between cannabis smoking and a decrease in the pro-
duction of several inflammatory cytokines in healthy 
individuals.

8-1(b)  There is insufficient evidence to support or refute a sta-
tistical association between cannabis smoking and other 
adverse immune cell responses in healthy individuals.

SUSCEPTIBILITY TO AND PROGRESSION 
OF INFECTIOUS DISEASE

The primary role of the immune system is to protect against infec-
tious agents (e.g., bacteria, viruses, parasites). The immune system con-
fers this protection by its ability to recognize what is foreign, often 
termed as “non-self,” which it then seeks to destroy using a broad 
repertoire of different cell types and mechanisms. Significant changes 
in immune competence can result in serious adverse health effects. For 
example,  inappropriate or exaggerated immune responses can result 
in auto immunity or allergy. Conversely, the suppression of immune 
function can lead to an increased susceptibility to infectious agents, an 
increased duration of infection, or a reduced ability to recognize and 
destroy cancer cells. A large body of literature using animal models 
and cell cultures has described the immunosuppressive properties of 
cannabinoids. Reduced immune competence due to cannabis smoke 
or cannabinoid treatment would be especially relevant in cases when 
immunocompromised HIV patients used the cannabis to stimulate their 
appetite or cancer patients used it to relieve the nausea associated with 
cancer chemotherapeutic drugs. Very few studies have investigated the 
effects of cannabis smoke or cannabinoids on the susceptibility to, or 
clearance of, infectious agents or on progression of cancer in human 
subjects. This section discusses findings from the few studies that have 
evaluated the association between cannabis use and immune status in 
terms of an individual’s susceptibility to infection and the health status 
of individuals with HIV, HCV, and other infectious diseases.
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Is There an Association Between Cannabis Use and 
Immune Status in Individuals with HIV?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and immune 
status in individuals with HIV.1 

Primary Literature

Several studies have been conducted with the specific objective 
of determining whether cannabis smoking or therapeutic dronabinol 
produces adverse effects on immune competence in HIV patients. In a 
prospective randomized controlled trial (RCT), 62 study participants 
ages 18 years and older who were infected with HIV were randomized 
to receive cannabis (up to three cigarettes daily), dronabinol (2.5 mg oral 
tablet three times daily), or an oral placebo over a 21-day period (Bredt 
et al., 2002). The change in absolute lymphocyte concentration among 
study participants receiving cannabis was statistically significantly 
greater than among study participants receiving the placebo (median 
change = 300 cells/µl versus 0.00 cells/µl, p = 0.1). As compared to 
study participants receiving the placebo, those receiving dronabinol 
experienced significantly greater changes in %CD8+CD38+HLA-DR+ 
cells (median change −3.50 versus 0.05, p = 0.001) and in %CD8+CD69+ 
cells (median change −0.30 versus 0.05, p = 0.04) during the study 
period. Bredt et al. (2002) state that these statistically significant changes 
“do not constitute [a] meaningful pattern of changes in immune pheno-
type of function” (Bredt et al., 2002, p. 87S). 

By contrast, study participants in neither of the cannabinoid study 
arms experienced statistically significantly greater changes in lympho-
proliferative responses to various mitogenic stimuli than did study par-
ticipants in the placebo arm. No cannabis- or dronabinol-related changes 
were observed. Likewise, changes in cytokine (i.e., IFNγ, IL-2, TNFa) 
production among study participants in the cannabinoid study arms, and 
in NK activity among study participants in the dronabinol arm, were not 
significantly greater than among study participants receiving the placebo. 
No cannabis- or dronabinol-associated adverse effects were observed 
over the 21-day exposure period on the percentage of circulating CD4+ or 
CD8+ cells or on disease progression, as measured by viral load (Abrams 

1 Chapter 4 discusses Lutge et al. (2013), a systematic review that investigates the medical 
use of cannabis by patients with HIV/AIDS but does not specifically address the association 
between cannabis use and immune competence in this population. 
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et al., 2003). Overall, there were no “clear discernible negative changes” 
(p. 87S) among study participants who received dronabinol or cannabis 
as compared to those who received the placebo. Significant limitations of 
this study were the very short time period of cannabinoid exposure and 
the small number of study participants included in the study. 

A longitudinal study evaluated the effects of recreational cannabis 
use on CD4+ and CD8+ T cell populations and disease progression in 
men infected with HIV (3,236 participants, of which 59 percent used 
cannabis) and men not infected with HIV (481 participants, of which 61 
percent used cannabis) (Chao et al., 2008). HIV-negative and HIV-positive 
study participants were followed for a maximum of 18 and 11 years, 
respectively. After controlling for health risk behaviors and other potential 
confounders, any cannabis use and monthly or less frequent cannabis use 
were both associated with a statistically significant 1 percent decrease in 
CD4+ cell count among men not infected with HIV, while weekly or more 
frequent cannabis use was associated with a 5 percent decrease in CD8+ 
cell count among men infected with HIV. However, Chao et al. (2008, p. 5) 
state that there were no “clinically meaningful associations, adverse or 
otherwise, between use of marijuana . . . and T cell counts and percentages 
in either HIV-uninfected or HIV-infected men.” A major shortcoming of 
this study was the absence of information concerning the frequency and 
level of exposure to cannabis. 

Thames et al. (2016) examined the independent and combined effects 
of HIV and cannabis smoking on neurocognitive function in 55 HIV 
positive and 34 HIV negative study participants who reported previously 
using cannabis for 12 months or more. As part of this study, the percent-
age of CD4+ T cells was monitored. Differences in the frequency of canna-
bis use were not associated with statistically significant differences in the 
nadir count of CD4+ T cells. A modest but statistically significant increase 
in the percentage of circulating CD4+ T cells (p = 0.04) and a statistically 
significant decrease in viral load (p = 0.03) were associated with light (i.e., 
2–14 times per week) and moderate to heavy (i.e., 18–90 times per week) 
cannabis use as compared to nonusers. A shortcoming of this study was 
the small number of study participants. 

Discussion of Findings

Collectively, the studies suggest that cannabis smoke and/or canna-
binoids do not adversely affect the immune status of HIV patients. How-
ever, each of the four studies possessed major shortcomings in experimen-
tal design which could have contributed to the absence of adverse effects 
being observed in HIV patients who used cannabis or cannabinoids; 
these shortcomings include study durations that where insufficient to 
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observe adverse effects in the endpoints being measured, small numbers 
of study participants, and poorly defined and variable levels of cannabi-
noid exposure. 

CONCLUSION 8-2 There is insufficient evidence to support or 
refute a statistical association between cannabis or dronabinol 
use and adverse effects on immune status in individuals with 
HIV.

Is There an Association Between Cannabis Use and the Immune 
Status of Individuals Infected with Viral Hepatitis C?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and the 
immune status of individuals infected with HCV. 

Primary Literature

HCV is a chronic disorder of the liver which can lead to fibrosis and 
progress to cirrhosis and ultimately to end-stage liver disease or hepato-
cellular carcinoma. Liver fibrosis is mediated, in part, through a chronic 
immune-mediated inflammatory response. A study of liver biopsies from 
270 untreated patients with chronic hepatitis C was conducted in which 
patients were categorized as either nonusers, occasional cannabis users, 
or daily cannabis users (Hezode et al., 2005). A significantly higher pro-
portion of daily cannabis users (68.5 percent)—as compared to occasional 
cannabis users (42.5 percent) or nonusers (39.7 percent)—had a fibrosis 
progression rate faster than the median fibrosis progression rate for the 
cohort as a whole. There was a statistically significant association between 
daily cannabis use and faster than median fibrosis progression rate when 
no cannabis use was the referent (OR, 3.4, 95% CI = 1.5–7.4). After control-
ling for potential confounders, including alcohol and tobacco use, daily 
cannabis use was also determined to be an independent predictor of 
severe fibrosis (OR, 2.3, 95% CI = 1.1–4.8). A subsequent prospective study 
investigated 690 patients infected with both HIV and HCV and who had 
no significant liver fibrosis or end-stage liver disease at baseline, of whom 
40 percent smoked cannabis daily at study baseline (Brunet et al., 2013). 
This study found no statistically significant association between daily can-
nabis use and progression to significant liver fibrosis (hazard ratio, 1.02, 
95% CI = 0.93–1.12). Finally, Liu et al. (2014) conducted a study to evaluate 
potential associations between cannabis use and liver disease progression 
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and outcomes from treatment for HCV. Among 376 participants for whom 
liver biopsies and cannabis use information was available, cannabis use 
as compared to nonuse was not significantly associated with fibrosis 
stage (p = 0.66) or with hepatic inflammation grade (p = 0.75). Among 348 
participants, cannabis use as compared to nonuse was not significantly 
associated with steatosis as assessed by biopsies (p = 0.32). Compared 
to nonuse of cannabis, there was no statistically significant association 
between cannabis use and treatment outcomes as measured by rates of 
sustained viral response among 359 participants receiving interferon-
based HCV antiviral treatment (p = 0.13).

Discussion of Findings

Although all three studies were of good quality, their results were 
mixed. Two studies suggested that cannabis use was not significantly 
associated with progression of liver disease or with fibrosis stage in HCV 
patients. Since chronic inflammation is a significant contributing fac-
tor to the progression of liver fibrosis, these findings appear to be con-
sistent with the anti-inflammatory activity of cannabinoids observed in 
the immune competence literature reviewed above. However, a third 
study found that daily cannabis use was significantly associated with the 
severe fibrosis and faster progression of fibrosis, thereby complicating 
any conclusions about the association between liver disease progression 
and cannabis use. Overall, the available evidence that cannabis use is not 
associated with the progression of liver fibrosis and hepatic disease in 
individuals with HCV is stronger than the available evidence that can-
nabis use is associated with the progression of liver fibrosis and hepatic 
disease in individuals with HCV.

CONCLUSION 8-3 There is limited evidence of no statistical 
association between daily cannabis use and the progression of 
liver fibrosis or hepatic disease in individuals with viral hepa-
titis C (HCV).

Is There an Association Between Cannabis Use and 
Susceptibility to Oral Human Papilloma Virus (HPV)?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and sus-
ceptibility to oral HPV. 
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Primary Literature

Risk factors associated with oral HPV infection were investigated in 
a cross-sectional study involving 128 HIV-negative and 161 HIV-positive 
study participants (Muller et al., 2015). Cannabis use was identified as 
a statistically significant risk factor for detection of oral HPV in HIV-
negative study participants (OR, 4.0, 95% CI = 1.3–12.4), although this risk 
was statistically nonsignificant after adjusting for other variables, includ-
ing tobacco, alcohol, and other drug use (OR, 2.1, 95% CI = 0.6–7.5). By 
comparison, cannabis use was not a statistically significant risk factor for 
detection of oral HPV in HIV-positive individuals, whether before (OR, 
1.6, 95% CI = 0.7–3.4) or after (OR, 1.3, 95% CI = 0.4–3.9) adjusting for 
potential confounders. The factors responsible for the differential effects 
between HIV-negative and HIV-positive individuals are unclear. Like-
wise, Kahn et al. (2015) conducted a cross-sectional study to evaluate the 
prevalence of oral HPV infection and to investigate associations between 
vaccination and oral infection in HIV-infected youth. The study included 
272 HIV-infected study participants between the ages of 12 and 24 years, 
with a mean age of 21.5 years. In univariable analyses, no statistically 
significant association between lifetime cannabis use, as compared to non-
use, and oral HPV infection was identified (OR, 0.68, 95% CI = 0.36–1.30). 
A significant limitation of both studies was the inability to determine 
whether regular cannabis use increased risky behavior that would pre-
dispose study participants to oral HPV infection. Likewise, there was no 
follow-up on whether cannabis altered the course of HPV infection or its 
downstream consequences.

Discussion of Findings

Kahn et al. (2015) reported no statistically significant association 
between cannabis use and oral HPV. Muller et al. (2015) reported that, 
prior to adjusting for potential confounders, cannabis use was signifi-
cantly associated with oral HPV in HIV-negative individuals, but not 
in HIV-positive individuals. The plausibility of this finding is question-
able in light of the fact that HIV-infected patients have decreased T cell–
mediated immunity, which is critical in anti-viral immune responses, 
including against HPV. Therefore, it would be expected that HIV-infected 
patients would be at least as, if not significantly more, susceptible to HPV 
infection as would HIV-negative patients. A major limitation of Kahn 
et al. (2015) is that it is not possible to determine, based on the study 
design, whether the reported association between regular cannabis use 
and increased incidence of oral HPV in HIV-negative individuals is attrib-
utable to cannabis-mediated immune suppression or to other causes, such 
as increased high-risk behavior. 
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CONCLUSION 8-4 There is insufficient evidence to support 
or refute a statistical association between regular cannabis use 
and increased incidence of oral human papilloma virus (HPV).

Is There an Association Between Cannabis 
Use and Aspergillus Infection?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and infec-
tion with Aspergillus. 

Primary Literature

Infection with Aspergillus species can be life-threatening in immuno-
compromised patients, including those with prolonged neutropenia, 
hematopoietic stem cell transplant, solid organ transplant, inherited or 
acquired immunodeficiencies, diabetes, corticosteroid use, or diabetes 
(Cescon et al., 2008; Denning et al., 1991). Cannabis has been demon-
strated to harbor Aspergillus spores, and case reports suggest that can-
nabis use may be associated with aspergillosis in immunocompromised 
patients. For example, a letter published in the Annals of Internal Medi-
cine in 1975 described a case of Aspergillus fumigatus pneumonitis in a 
17-year-old male with chronic granulomatous disease. Heavy growth of 
Aspergillus fumigatus was observed in a culture taken from the patient’s 
cannabis and pipe, and the author states that the “infection may have 
been acquired through inhalation of smoke from marijuana contaminated 
with fungi” (Chusid et al., 1975, p. 682). More recent case reports and 
case series have described aspergillosis in current or former cannabis 
users with acute myelogenous leukemia (Szyper-Kravitz et al., 2001), 
chronic myelogenous leukemia post bone marrow transplant (Hamadeh 
et al., 1988), small-cell lung cancer (Sutton et al., 1986), colorectal cancer 
(Cescon et al., 2008), renal transplant (Marks et al., 1996; Vethanayagam 
et al., 2000), chronic obstructive pulmonary disease (Sakkour et al., 2008), 
diabetes (Remington et al., 2015), and HIV/AIDS (Denning et al., 1991; 
Johnson et al., 1999). Aspergillosis has also been observed in current or 
former cannabis users with structural lung damage but who were not 
immunocompromised (Gargani et al., 2011) Many of the case reports 
involved smoking cannabis, although one involved a diabetic patient who 
inhaled vaporized cannabis for treatment of neuropathic pain (Remington 
et al., 2015). Box 8-1 describes a case series and a case-control study on the 
association between cannabis use and aspergillosis. 
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Discussion of Findings

Sporadic case reports published over the last 40 years suggest that 
Aspergillus infection may be associated with cannabis use. The case-
control study of Aspergillus infection in HIV positive patients did not find 
cannabis use to be significantly associated with the presence of the fungus 
in induced sputum or bronchoalveolar lavage specimens, although the 
number of study participants was small (Wallace et al., 1998). Despite the 
limited nature of the literature on aspergillosis and cannabis use, consen-
sus guidelines and scientists suggest that immunocompromised patients 
avoid cannabis use due to its potential for increasing the risk of Aspergillus 
infection (Remington et al., 2015; Sullivan et al., 2001). 

RESEARCH GAP

Research is needed to determine whether chronic cannabis smoke or 
cannabinoid treatment alters immune competence in healthy or immuno-
compromised individuals as evidenced by an increased incidence of infec-
tious diseases; an extended duration of time to resolution of infectious 
diseases; and altered progression of cancer through the modulation of 
immune competence. 

BOX 8-1 
Cannabis and Aspergillosis

Denning et al. (1991) reported on 13 cases of pulmonary aspergillosis in pa-
tients with AIDS or asymptomatic HIV infection. Cannabis use was listed as a 
“possible underlying factor” in 4 of the 13 cases. However, the actual prevalence of 
cannabis use in this group may have been higher, since data on cannabis use was 
not available for seven patients (Denning et al., 1991, p. 656). Between November 
1988 and March 1994, Aspergillus species were detected in induced sputum or 
bronchoalveolar lavage specimens collected from 19 HIV positive participants in 
the Pulmonary Complication of HIV Infection Study (Wallace et al., 1998). A nested 
case-control study of these 19 participants found that cannabis use at the time 
of entry into the study was not significantly associated with Aspergillus infection 
(Wallace et al., 1998). By contrast, neutropenia (i.e., neutrophil count <1,000 cells 
per cubic millimeter), a CD4 count <30 cells per cubic millimeter, corticosteroid 
use, and Pneumocystis carinii pneumonitis were among the factors that were 
significantly associated with Aspergillus infection.
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SUMMARY

One challenge associated with determining whether an agent alters 
immune competence is the diversity of the cellular elements that consti-
tute the immune system and the many functions that these different cell 
types perform. The committee found a very limited number of studies 
in which the effects of cannabis use on the human immune system were 
assessed. Almost without exception, these evaluations were very narrow 
in scope, assessing only one or a few immunological endpoints and thus 
providing little information concerning the effects of cannabis use on 
immune status. Some studies were limited to determining the number of 
circulating leukocyte populations, such as T cells, with no assessments of 
cell function. 

Although based on limited evidence, an interesting finding was the 
association between cannabis use in healthy individuals and a decrease in 

BOX 8-2 
Summary of Chapter Conclusions*

There is limited evidence of a statistical association between cannabis 
smoking and:

•  A decrease in the production of several inflammatory cytokines in healthy 
individuals (8-1a)

There is limited evidence of no statistical association between cannabis 
use and:

•  The progression of liver fibrosis or hepatic disease in individuals with viral 
hepatitis C (HCV) (daily cannabis use) (8-3)

There is no or insufficient evidence to support or refute a statistical associa-
tion between cannabis use and:

•  Other adverse immune cell responses in healthy individuals (cannabis 
smoking) (8-1b)

•  Adverse effects on immune status in individuals with human immunodefi-
ciency virus (HIV) (cannabis or dronabinol use) (8-2)

•  Increased incidence of oral human papilloma virus (HPV) (regular cannabis 
use) (8-4)

* Numbers in parentheses correspond to chapter conclusion numbers.
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the production of certain inflammatory cytokines. Similar findings have 
been reported in animal- and cell-based experiments. More studies will 
need to be conducted to verify the anti-inflammatory activity of cannabis 
in humans. Presently, there is either insufficient or no data to ascertain 
whether cannabis use alters other immune responses in healthy indi-
viduals. In addition, several studies have evaluated the effects of cannabis 
on either susceptibility to, or progression of, infectious diseases—namely, 
HIV, HCV, or the papilloma virus. There is insufficient evidence to deter-
mine whether there is an association between regular use of cannabis and 
increased incidence of papilloma virus or between cannabis or cannabi-
noid (e.g., dronabinol) use and adverse effects on immune status among 
individuals with HIV. In addition, there is limited evidence to support the 
conclusion that cannabis use does not enhance the progression of liver 
disease in HCV patients. Box 8-2 provides a summary of the findings 
from this chapter. 

It is important to emphasize that many of the studies in which the 
effects of cannabis on the immune system were evaluated possess sig-
nificant shortcomings in experimental design, such as small numbers of 
study participants, a study that was insufficient to determine adverse 
effects, a narrow scope of immunological assessments, and limited infor-
mation concerning the levels of cannabis exposure. Each of these limita-
tions precludes drawing conclusions concerning the effects of cannabis 
on immune competence in humans with any reasonable level of certainty. 
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9

Injury and Death

Chapter Highlights

•	 Cannabis use prior to driving increases the risk of being 
involved in a motor vehicle accident. 

•	 In states where cannabis use is legal, there is increased risk of 
unintentional cannabis overdose injuries among children.

•	 It is unclear whether and how cannabis use is associated with 
all-cause mortality or with occupational injury.

This chapter discusses the association between cannabis use and all-
cause mortality, occupational injury, motor vehicle accidents, and over-
dose injuries and death. These health endpoints are distinguished not 
only by their status as significant public health issues but also by the 
extent to which directed public health actions and policy changes hold 
the potential for lessening their detrimental impacts on population health. 
Motor vehicle accidents are a leading cause of death and injury in the 
United States, and occupational injuries, especially those that perma-
nently limit an individual’s capacity to perform tasks at home and in the 
workplace, impose substantial economic burdens on workers, employers, 
and communities. If research indicates that cannabis use is positively 
associated with either occupational injury or motor vehicle accidents, 
evidence-based policies limiting the use of cannabis while driving or in 
the workplace could potentially reduce the incidence of cannabis-related 
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accidents and injury. Similarly, research suggesting that cannabis use is 
linked to mortality could prompt the development of programs to educate 
health professionals and the general public on the effects of cannabis use 
and positively influence cannabis-related mortality rates. 

In this chapter, the committee reviews and draws conclusions from 
the findings of six good- to fair-quality systematic reviews and 18 primary 
literature articles that best address the committee’s research questions of 
interest. Study limitations and research gaps are noted, and the strength 
of the available evidence is weighed in five formal conclusions.

ALL-CAUSE MORTALITY

The Institute of Medicine (IOM) report Marijuana and Medicine: Assess-
ing the Science Base states that “epidemiological data indicate that in the 
general population marijuana use is not associated with increased mortal-
ity” (IOM, 1999, p. 109). More recently, modeling studies have estimated 
that a substantial disease burden—and the associated decrements in the 
quality and length of life—can be attributed to cannabis use (Degenhardt 
et al., 2013; Imtiaz et al., 2016). By contrast, a recent systematic review 
informed by epidemiological data did not report a statistically significant 
association between cannabis use and mortality (Calabria et al., 2010). 
This section reviews the available literature to assess the evidence and 
develop conclusions about cannabis-related mortality.

Is There an Association Between Cannabis 
Use and All-Cause Mortality?

Systematic Reviews

Calabria et al. (2010) conducted a systematic review to determine the 
association between cannabis use and all-cause mortality in the general 
population, and they identified two prospective epidemiological cohort 
studies relevant to this health endpoint.1 A meta-analysis of these studies 
was not performed; consequently, the results of the individual studies are 
presented below. 

Sidney et al. (1997) assessed the risk of mortality associated with can-
nabis use in a cohort of 65,171 individuals ages 15 to 49 years who were 
enrolled in the Kaiser Permanente Medical Care Program and followed 

1 The review also addressed the association between cannabis use and health endpoints 
that are often or always fatal, such as motor vehicle accidents, cancer, and suicide. These 
health endpoints are not reviewed in this section, as they are discussed elsewhere in the 
report.
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for a mean length of 10 years. Compared to men who never smoked or 
who smoked experimentally (i.e., cannabis use on one to six occasions), 
those who were current smokers were at a significantly increased risk 
of all-cause mortality after adjusting for several potential confounders, 
including cigarette smoking, alcohol use, and demographic and socio-
economic factors (relative risk [RR], 1.33, 95% confidence interval [CI] = 
1.11–1.59). Notably, among men who currently smoked cannabis, the rela-
tive risk of mortality due to AIDS was significantly elevated (RR, 1.90, 
95% CI = 1.33–2.73), while the risk of mortality due to known causes 
other than AIDS was not significantly elevated (RR, 1.12, 95% CI = 0.89–
1.39). After accounting for potential confounders, women who currently 
smoked cannabis were not at a significantly increased risk of all-cause 
mortality compared to those who had never smoked or who had smoked 
experimentally (RR, 1.09, 95% CI = 0.80–1.48). Among men who currently 
smoked cannabis, the frequency of use had only a small effect on the 
risk of all-cause mortality: those who smoked at least once per week and 
those who smoked daily were at, respectively, 46 percent (RR, 1.46, 95% 
CI = 1.19–1.79) and 43 percent (RR, 1.43, 95% CI = 1.08–1.90) greater rela-
tive risk of all-cause mortality than nonusers and experimental users. In 
women, the frequency of use among current smokers had a larger impact 
on the risk of mortality: those who smoked at least once a week had a less 
elevated risk of mortality than those who smoked daily as compared to 
nonusers and experimental users (RR, 1.23, 95% CI = 0.84–1.80 versus RR, 
1.44, 95% CI = 0.80–2.56).

Andreasson and Allebeck (1990) reported that among 45,540 Swed-
ish male military conscripts followed for 15 years, the relative risk of 
mortality was elevated for those who reported having smoked cannabis 
more than 50 times by the time of conscription compared to non smokers 
(RR, 2.8, 95% CI = 1.9–4.1). After adjusting for multiple confounders, 
including smoking tobacco, alcohol use, and other drug use, the relative 
risk of mortality for heavy cannabis smokers was no longer significantly 
elevated compared with nonsmokers (RR, 1.2, 95% CI = 0.7–1.9). Similarly, 
participants who reported having smoked cannabis on fewer than 50 
occasions by the time of conscription were not at significantly greater risk 
than nonsmokers after adjustments (RR, 0.7, 95% CI = 0.4–1.2). 

Primary Literature

Muhuri and Gfroerer (2011) assessed the risk of all-cause mortality 
associated with the use of cannabis and other illegal drugs among 20,983 
adults over a 15-year follow-up period. After adjusting for confound-
ers, including alcohol use, cigarette smoking, and demographic factors, 
individuals who reported using cannabis, but not other substances (i.e., 
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cocaine, heroin, hallucinogens, inhalants), at baseline were not at increased 
risk of all-cause mortality compared with individuals who reported not 
using cannabis or other substances at baseline (hazard ratio [HR], 1.07, 
95% CI = 0.85–1.33). Manrique-Garcia et al. (2016) conducted a follow-up 
study of a cohort of 50,373 Swedish male military conscripts to character-
ize the potential association between mortality and heavy cannabis use 
(i.e., using cannabis more than 50 times by 18 years of age). Among the 
cohort as a whole, heavy cannabis use was associated with a significantly 
increased risk of mortality compared with nonuse (HR, 1.4, 95% CI = 
1.1–1.8). Notably, heavy cannabis use as compared with nonuse did not 
appreciably affect the risk of mortality among individuals with psychotic 
disorders—for whom the risk of mortality was particularly elevated (HR, 
3.8, 95% CI = 2.6–6.2 versus HR, 3.7, 95% CI = 3.1–4.4). 

Discussion of Findings

Sidney et al. (1997) found a statistically significant association 
between cannabis use and increased risk of all-cause mortality among 
men diagnosed with AIDS, but not among men without this diagnosis or 
among women. The authors suggest that the relationship between canna-
bis use and all-cause mortality among male AIDS patients was not causal; 
instead, it “most likely represented uncontrolled confounding by male 
homosexual behavior” (Sidney at al., 1997, p. 589). Limitations in Sidney 
et al. (1997) include the use of self-report without biological validation to 
assess patterns of cannabis use; the lack of post-baseline assessments of 
cannabis use, by which changes over time in the frequency of use could 
be documented; a lack of data on other substance use, creating the pos-
sibility for residual confounding; and, the inability to follow participants 
into later age, where potential long-term health effects of cannabis use 
may have emerged. 

After accounting for potential confounders, Andreasson and Allebeck 
(1990) found no statistically significant association between cannabis use 
and mortality. Furthermore, although a high proportion of deaths among 
participants who reported smoking cannabis on 50 or more occasions 
by the time of conscription were due to suicide or uncertain suicide, use 
of narcotics was also common in these incidents, leading the authors to 
suggest that a “significant share of the mortality associated with cannabis 
abuse in this study is attributable to intravenous drug abuse” (Andreasson 
and Allebeck, 1990, p. 14). Limitations of the study include the use of non-
anonymous self-report to collect data on patterns of cannabis use, and the 
lack of any post-baseline assessments of cannabis use. 

Findings from Muhuri and Gfroerer (2011) are based on data from the 
1991 National Health Interview Survey’s Drug and Alcohol Use supple-
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mental questionnaire, and they indicate a lower prevalence of cannabis 
use than that seen in the 1991 National Household Survey on Drug Abuse 
(NHSDA) (45.2 percent versus 52.7 percent). If this discrepancy in the 
prevalence of cannabis use reported by two national surveys conducted 
in the same year is the result of underreporting by participants who died 
during the follow-up period, the mortality risk associated with cannabis 
use could have been underestimated. Other limitations include the use of 
self-report to collect data on patterns of cannabis use and the lack of post-
baseline assessments to detect changes in cannabis use. Strengths of the 
study include a base population from a national household sample and 
an analysis that excluded users of other important illicit drug categories—
heroin, cocaine, hallucinogens, and inhalants.

Findings from Manrique-Garcia et al. (2016) have several limitations. 
Risk estimates are based on cannabis use as of the time of conscription 
rather than lifetime cannabis exposure and therefore do not account for 
cannabis use during the ~40 year follow-up period. Similarly, data on 
potential confounders after the time of conscription is unavailable, so the 
extent to which they affected study participants and potentially impacted 
all-cause mortality risk is unknown. Finally, since data on cannabis use 
was collected by non-anonymous self-report without biological valida-
tion, cannabis use may have been underreported.

There is an overall dearth of cohort studies empirically assessing 
general population cannabis use and all-cause mortality. Although the 
available evidence suggests that cannabis use is not associated with an 
increased risk of all-cause mortality, the limited nature of that evidence 
makes it impossible to have confidence in these findings. These conclu-
sions are not informed by the results of existing large-scale modeling 
studies that synthesized data from a variety of sources to estimate the bur-
den of disease attributable to cannabis use (Degenhardt et al., 2013; Imtiaz 
et al., 2016). Although these studies were methodologically rigorous, their 
direct applicability to actual cannabis-related mortality rates in the United 
States is uncertain. Consequently, the committee chose not to include 
them in this review. Also excluded from review were studies of mortal-
ity among persons with known cannabis addiction or dependence, those 
who have been under medical treatment for these disorders, or those who 
were identified through a country’s criminal justice system, due to pres-
ence in these populations of important and often inadequately controlled 
confounders such as concurrent mental illness and poly-substance abuse. 

CONCLUSION 9-1 There is insufficient evidence to support or 
refute a statistical association between self-reported cannabis 
use and all-cause mortality.
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OCCUPATIONAL INJURY

The Bureau of Labor Statistics reported that 4,821 fatal occupational 
injuries occurred in the United States in 2014, or about 3.4 fatal injuries for 
every 100,000 full-time equivalent workers (BLS, 2016). Private industry 
and state and local government employers reported another 3,486,400 
nonfatal occupational injuries in the same year (BLS, 2015). The economic 
impact of these injuries is considerable. Leigh (2011) estimated that the 
average medical costs per nonfatal and fatal injury in 2007 were $5,369 
and $55,595, respectively. Nationally, the medical and indirect costs of 
occupational injuries (fatal and nonfatal) totaled $191.83 billion in 2007 
(Leigh, 2011). Marucci-Wellman et al. (2015) estimated that in the United 
States the direct workers’ compensation cost of the most severe, nonfatal 
occupational injuries was over $51 billion in 2010.2 

Concurrent with this economic and public health burden is the 
increasing prevalence of cannabis use among employed U.S. adults ages 
18 and older (Azofeifa et al., 2016). In 2015, 14.4 percent of U.S. adults 
ages 18 and older with full-time employment reported using cannabis 
during the previous year (CBHSQ, 2016, pp. 246–247). Among those 
employed part-time, the proportion was higher, at 17.8 percent (CBHSQ, 
2016, pp. 246–247).3 

Determining whether an association exists between cannabis use and 
occupational injury is the subject of ongoing research. According to the 
1994 National Research Council and IOM report Under the Influence?: 
Drugs and the American Workforce, evidence on the relationship between 
employee drug use and accidents in the workplace is mixed (NRC and 
IOM, 1994, p. 144). This section updates these findings with a review of 
the current evidence on cannabis use and occupational injury. 

Is There an Association Between Cannabis 
Use and Occupational Injury?

Systematic Review

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and occu-
pational injury.

2 Cost estimate is in 2010 dollars.
3 These percentages correspond to 17,042,000 and 5,770,000 U.S. adults ages 18 or older 

with full-time and part-time employment, respectively. 
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Primary Literature

The committee identified six primary literature articles addressing 
the association between cannabis use and occupational injury. Case series 
of occupational fatalities, with or without forensic investigation, were 
not considered if there was no consideration of risk compared to non-
cannabis-exposed groups.

To investigate the potential association between cannabis use and 
work-related and non-work-related injuries and accidents, Wadsworth 
et al. (2006) sent questionnaires on drug use, history of accidents and 
injuries, and problems with memory or attention to 30,000 residents of 
two communities in Wales. Based on data from 7,979 completed question-
naires, there was no statistically significant association between cannabis 
use in the previous year and the risk of minor occupational injuries (i.e., 
work-related injuries not requiring medical attention) (odds ratio [OR], 
1.17, 95% CI = 0.74–1.86), work-related accidents at work requiring medi-
cal attention (OR, 0.91, 95% CI = 0.43–1.89), or work-related traffic acci-
dents (OR, 3.01, 95% CI = 0.89–10.17) as compared to no illicit drug use 
and after adjusting for potentially confounding risk factors (e.g., mental 
and physical health problems, history of risk-taking behavior, limited 
work experience). 

Wadsworth et al. (2006) also stratified the study population into groups 
with low and high levels of potential risk factors for work-related accidents 
and injuries, and they determined the association between cannabis use 
and the risk for occupational injury for each. Compared to participants who 
did not use illicit drugs in the previous year and who had few other risk 
factors, those who used cannabis in the previous year had a significantly 
elevated risk of suffering minor occupational injuries in the past year if they 
also had several other risk factors (OR, 8.49, 95% CI = 5.37–13.42), but not 
if they had few other risk factors (OR, 1.10, 95% CI = 0.47–2.57). The risk of 
suffering a work-related accident requiring medical attention in the previ-
ous year was also significantly elevated for participants who used cannabis 
in the previous year and had several other risk factors (OR, 3.85, 95% CI 
= 1.89–7.82), but not for participants who used cannabis in the previous 
year and had few other risk factors (OR, 0.92, 95% CI = 0.22–3.92) when 
compared to those who reported no illicit drug use in the previous year 
and who had few other risk factors. When individuals who used no illicit 
drugs in the previous year and who had few other risk factors were the 
referent, the risk of work-related traffic accidents in the previous year was 
significantly increased for individuals who used cannabis in the previous 
year, whether or not they had high levels (OR, 6.06, 95% CI = 1.37–26.77) or 
low levels (OR, 3.24, 95% CI = 1.19–8.79) of other risk factors. 

Hoffmann and Larison (1999) used data on 9,097 full- and part-time 
employees ages 18 and older who participated in the 1994 NHSDA to 
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evaluate the potential association between cannabis use and the risk of 
work-related accidents (i.e., accidents that occur at work and that result in 
damage to property or equipment, injury to oneself, and/or injury to oth-
ers). They found no statistically significant association between any cate-
gory of former cannabis use (i.e., used 3 or more years ago, used 1–3 years 
ago) or any category of current use (i.e., used 1–2 days in past year, used 
3–51 days in the past year, used at least weekly in past year) and the risk 
of work-related accidents as compared to never using cannabis.4

Shipp et al. (2005) conducted a cross-sectional study to assess the 
association between self-reported nonfatal occupational injuries and 
the self-reported use of substances among 3,265 students attending high 
school in Texas who indicated that they currently (or had previously) 
worked for pay. Compared to currently employed students who did 
not smoke cannabis, those who reported using cannabis on one to nine 
occasions in the previous 30 days reported a significantly increased risk 
of occupational injury (OR, 1.37, 95% CI = 1.06–1.77) after adjusting for 
potential confounders, including year in high school, biological sex, and 
ethnicity. Heavier cannabis use was associated with higher risk: students 
who reported using cannabis more than 40 times in the past 30 days were 
more than twice as likely to have suffered a nonfatal occupational injury 
as those who did not use cannabis (OR, 2.47, 95% CI = 1.64–3.71) during 
this period. Adjusting for intensity of work (hours of work per week) 
decreased the strength of the association between cannabis use and 
occupational injury; nevertheless, that association remained statistically 
significant for students who had used cannabis one or more times over 
the course of their lifetimes (1 to 9 times: OR, 1.45, 95% CI = 1.10–1.90; 
10 to 39 times: OR, 1.46, 95% CI = 1.01–2.12; 40+ times: OR, 1.87, 95% CI 
= 1.38–5.34) or 40 or more times in the previous 30 days (OR, 2.23, 95% 
CI = 1.34–3.71) as compared to students who did not used cannabis dur-
ing these periods. 

To investigate the association between cannabis use and occupational 
injury, urine samples collected from individuals working in the United 
States who had experienced an occupational injury were tested for the 
presence of cannabis metabolites and were compared to samples col-
lected from individuals selected for a random employee drug test (Price, 
2014). To control for the potential confounding effect of other substances, 
individuals with samples containing amphetamines, phencyclidine, or 
cocaine or opiate metabolites were removed from the analysis. Among the 

4 ORs for these variables ranged from 1.51 for “used 1–2 days in past year” to 0.98 for 
“used 3–51 days in past year,” where the referent was never use of cannabis. Hoffmann and 
Larison (1999) did not provide confidence intervals for these ORs, though they indicated in 
the text that none achieved statistical significance at the p <0.05 level.
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remaining 961 cases and 2,834 controls, individuals whose urine samples 
contained detectable levels of cannabis metabolites were not significantly 
more likely to have suffered an occupational injury than those whose 
samples did not (OR, 0.814, 95% CI = 0.625–1.060). 

Macdonald et al. (2010) conducted a literature review to answer sev-
eral research questions related to workplace drug testing for cannabis, 
including whether employees who report using cannabis or who test posi-
tive for cannabis are at an increased risk for occupational injuries. Find-
ings from the reviewed studies were mixed, with not all studies showing a 
statistically significant association between cannabis use and occupational 
injury. The authors also sought to determine whether chronic cannabis 
users have cognitive deficits that place them at an increased risk for occu-
pational injuries, and they reported that although some studies suggest 
an association between cannabis use and reduced cognitive functioning, 
the impact of any such deficits on the risk of occupational injury has not 
been determined.

Dong et al. (2015) evaluated longitudinal data on 12,686 participants 
in the National Longitudinal Survey of Youth in order to identify fac-
tors associated with work-related incidents resulting in injury or illness. 
Among participants ages 14 to 22 years at study baseline and who reported 
working in construction between 1988 and 2000, there was no statistically 
significant association between either lifetime cannabis use on 1–10 occa-
sions (OR, 1.04, 95% CI = 0.94–1.15) or lifetime cannabis use on 11 or more 
occasions (OR, 1.10, 95% CI = 0.99–1.21) and the incidence of occupational 
injury or illness when never use of cannabis was the referent. 

In addition to the articles reviewed above, the committee identi-
fied several articles that—while relevant—were published prior to 1999 
(Kaestner and Grossman, 1995, 1998; Zwerling et al., 1990) or that con-
sidered research questions closely related—but not identical—to the one 
addressed here (Fransen et al., 2006). Although these articles did not 
directly inform the committee’s conclusions, they aided the committee in 
orienting themselves to the broader literature on risk factors for occupa-
tional injury.

Discussion of Findings 

Although Wadsworth et al. (2006, p. 11) concluded that their findings 
“suggest a detrimental impact of cannabis use on safety that is appar-
ent both in and out of the workplace,” they also list several limitations 
of the study and recommend caution in interpreting its results. Data on 
cannabis use was derived from self-report and did not measure duration 
or frequency of cannabis use nor the timing of cannabis use in relation 
to accidents or injuries. Furthermore, the study may not have completely 
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controlled for the effect of potential confounders, which may work inde-
pendently of, or interactively with, cannabis use to modify the risk of 
occupational injuries or accidents. Finally, the risk for occupational injury 
posed by cannabis use may be attenuated by processes of self-selection 
in which cannabis users choose on average to work in lower-risk occupa-
tions and nonusers choose to work in higher-risk occupations. 

Findings from Hoffmann and Larison (1999) also have several limita-
tions. First, the study did not distinguish between work-related accidents 
resulting in damage to property and those resulting in injury. Second, the 
study did not determine whether cannabis use took place while at work; 
consequently, this type of cannabis use could pose a risk for occupational 
injury, even if current or former cannabis use in general does not. Third, 
it is not possible to determine from the NHSDA data whether cannabis 
use occurred proximate to the injury or whether it preceded or followed 
an occupational accident. 

Shipp et al. (2005) note that the scarcity of research on the association 
between substance abuse and occupational injuries in adolescent popu-
lations prevents the comparison of their results with those from other 
studies. Because the students who were absent from school on the day 
of the survey may have had a higher or lower risk of injury compared to 
students who completed the survey, the potential for selection bias exists. 
Other limitations of the study include the inability to determine whether 
cannabis use occurred during work hours or at another time, whether 
cannabis use preceded or followed the injury, or how closely in time the 
two events occurred. 

In Price (2014), urine samples were collected from men and women 
of different ages living in different states and employed in a variety of 
industries with unequal levels of safety sensitivity. The analysis did not 
control for these variables or determine whether they affect the risk of 
occupational injury. Furthermore, the study results could not be used to 
distinguish between recent and remote cannabis use or to determine the 
chronicity of cannabis use or the extent of an individual’s tolerance for 
cannabis.

Results from Dong et al. (2015) were limited to those participants 
who reported working in construction and do not address the potential 
association between cannabis use and the risk of occupational injury in 
other industries. Participants who stated they had experienced an occu-
pational injury during a specific time period were not asked how many 
such injuries occurred. As a result, the study may have underestimated 
the true number and risk of occupational injuries. Finally, the reference 
period for survey questions were long and changed over the course of the 
study, creating the possibility for recall bias. 

In addition to these limitations, the studies were extremely diverse 
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in terms of the characteristics of study participants and their occupa-
tions, the specificity and scope of data on cannabis use and occupational 
injuries, and the extent to which the authors effectively controlled or 
accounted for potential confounders or effect modifiers. In light of the 
diversity among and limitations of these studies, it was not possible to 
determine whether general, nonmedical cannabis use is associated with 
a clearly increased risk of occupational accidents and injuries across a 
broad range of occupational and industrial settings in the absence of other 
important risk factors.

CONCLUSION 9-2 There is insufficient evidence to support 
or refute a statistical association between general, nonmedical 
cannabis use and occupational accidents or injuries.

MOTOR VEHICLE CRASHES

In 2011, motor vehicle crashes (MVCs) were the leading cause of 
death among U.S. adolescents and adults ages 16 to 25 years (NHTSA, 
2015). Among all age groups, MVCs occurring in 2014 resulted in more 
than 32,000 fatalities and more than 2 million nonfatal injuries in the 
United States (CDC, 2016a; NHTSA, 2016).5 Nationally, the combined 
medical and work loss costs associated with these fatal and nonfatal 
injuries is substantial at $44 and $51.3 billion, respectively (Bergen et al., 
2014; CDC, 2015).6 

In 2014, 3.2 percent of individuals ages 16 to 25 years reported driving 
while intoxicated by cannabis (Azofeifa et al., 2015), and the prevalence 
of THC metabolites detected in the blood or oral fluids of weekend night-
time drivers participating in the National Roadside Survey rose from 8.6 
percent in 2007 to 12.6 percent in 2013–2014 (Berning et al., 2015). Given 
the public health burden of MVC-related morbidity and mortality and the 

5 NHTSA defines a fatal crash as “a police-reported crash involving a motor vehicle in 
transport on a trafficway in which at least one person dies within 30 days of the crash.” Total 
includes drivers and passengers of motor vehicles, motorcyclists, pedestrians, and cyclists 
(NHTSA, 2016). Data on nonfatal injuries obtained from the Centers for Disease Control and 
Prevention’s (CDC’s) Web-based Injury Statistics Query and Reporting System (WISQARS). 
Total includes all unintentional injuries that occurred on a public road or highway and were 
traffic related and that resulted in an emergency department visit (CDC, 2016a). 

6 Total lifetime medical and work loss costs associated with fatal injuries consequent to 
MVC, based on MVCs occurring in 2013, was $44 billion (CDC, 2015). Total lifetime medical 
($18.4 billion) and work loss ($32.9 billion) costs associated with nonfatal injuries consequent 
to MVC, based on MVCs occurring in 2012, was $51 billion (Bergen et al., 2014). Work loss 
costs are defined as “estimates of how much a person who died in a motor vehicle crash 
would have earned over the course of their life, had they not died,” and include salary, 
estimated benefits, and value of household work (CDC, 2015).
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presence of cannabis use and intoxication while driving, there is a need 
for research to understand the effects of cannabis use on the incidence 
and severity of motor vehicle crashes and the safety and performance of 
drivers.

Is There an Association Between Cannabis 
Use and Motor Vehicle Crashes?

Systematic Reviews

The committee identified a total of six systematic reviews of fair or 
good quality that summarized the association between driving under the 
influence of cannabis (DUIC) and MVCs (Asbridge et al., 2012; Calabria et 
al., 2010; Elvik, 2013; Hartman and Huestis, 2013; Li et al., 2012; Rogeberg 
and Elvik, 2016). Rogeberg and Elvik (2016) was both the most com-
prehensive and most recently published systematic review. This review 
pooled studies reviewed in three earlier meta-analyses (Asbridge et al., 
2012; Elvik, 2013; Li et al., 2012) and also performed a structured search of 
online databases. Calabria et al. (2010) evaluated the association between 
DUIC and fatal MVCs only, but, with the exception of Bedard et al. (2007), 
all of the studies in this earlier review were also included in Rogeberg and 
Elvik (2016). Bedard et al. (2007) was excluded by Rogeberg and Elvik 
(2016) because it was an analysis of cross-sectional data collected by the 
U.S. Fatal Accident Reporting System registry. 

The meta-analysis by Rogeberg and Elvik (2016) summarized evi-
dence from 21 case-control or culpability studies in 13 countries with a 
combined sample count of 239,739 participants. There were a total of 28 
estimates available from these 21 observational studies. The authors of 
this systematic review limited their analysis to evidence from either case-
control studies or culpability studies and did not include evidence from 
cross-sectional or cohort studies. The primary criterion for inclusion in 
the review was the quality of information that indicated cannabis use (i.e., 
laboratory analyses of blood samples, saliva samples, and urine samples; 
prescriptions; or self-report) and whether cannabis had been used while 
driving or enough time prior to driving for effects to still persist. The 
authors included a wide range of recent studies, including non-peer-
reviewed data published by Compton and Berning (2015). Rogeberg and 
Elvik (2016) argued that culpability studies need to be adjusted for base-
line culpability rates because the odds of culpable MVCs associated with 
DUIC are de facto higher than the overall increase in crash risk. Another 
important strength of this review is the careful adjustment for potential 
confounders, including alcohol, in the analysis.

Overall, the meta-analysis by Rogeberg and Elvik (2016) found that 

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


INJURY AND DEATH 229

DUIC, as indicated by self-reported cannabis use or the presence of THC 
metabolite in blood, saliva, or urine, was associated with 20 to 30 per-
cent higher odds of an MVC. The authors described the magnitude of 
this association as low to moderate in range, and the committee agrees 
with that assessment. Specifically, the estimated ORs were 1.36 (95% CI = 
1.15–1.61) for an analysis that used a random-effects approach and 1.22 
(95% CI = 1.10–1.36) for a meta-regression analysis using a precision effect 
estimate with standard errors (PEESE) technique. Subgroup analyses that 
accounted for alcohol intoxication found that the magnitude of these ORs 
weakened to 1.11 (95% CI = 1.04–1.18) when using random-effects and to 
1.18 (95% CI = 1.07–1.30) when using PEESE; by contrast, an analysis that 
did not account for alcohol intoxication found that the ORs were 1.79 (95% 
CI = 1.28–2.51) and 1.69 (95% CI = 1.25–2.28), respectively.

Primary Literature

The committee did not identify any relevant, good-quality primary 
literature that reported on the association between cannabis use and 
motor vehicle crashes and were published subsequent to the data collec-
tion period of the most recently published good- or fair-quality systematic 
review addressing the research question. Of the three identified papers 
with publication dates during or after 2015 that were not included in 
Rogeberg and Elvik (2016), none contributed new data on the associa-
tion between DUIC and MVC risk (Allen et al., 2016; Lemos et al., 2015; 
Meibodi et al., 2015). 

Discussion of Findings

Two important methodological limitations of Rogeberg and Elvik 
(2016) were noted by other researchers (Gjerde and Morland, 2016). First, 
DUIC may have not just referred to acute intoxication. Indeed, many of 
the studies considered in this review scored case and control counts as 
positive using criteria that would also be satisfied by drivers with recent 
or regular cannabis use but who were neither intoxicated nor impaired 
while driving (Gjerde and Morland, 2016). Moreover, the association 
between THC levels in blood and either acute intoxication or driving 
impairment remains a subject of controversy, and it could represent an 
important limitation in the interpretation of findings in culpability studies 
based on blood THC levels (Desrosiers et al., 2014; Khiabani et al., 2006; 
Logan et al., 2016; Menetrey et al., 2005; Papafotiou et al., 2005). Second, 
3 of the 21 studies used different methods to assess cases and controls, 
which may lead to a non-differential misclassification of exposure. A 
missing component in this review is a better determination of the dose 
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at which driving becomes sufficiently unsafe as to increase MVC risk. 
Finally, Rogeberg and Elvik (2016) did not provide evidence from cohort 
studies to address DUIC in MVC. 

Simulator studies were also not included in Rogeberg and Elvik 
(2016). Some laboratory and simulator studies that have examined the 
effects of acute cannabis intoxication on driving performance have found 
that the psychomotor skills necessary for safe driving become increas-
ingly impaired at higher doses of cannabis (Sewell et al., 2009). While 
these experiments may have high internal validity regarding dose-related 
effects on psychomotor performance, they do not necessarily reflect the 
complex nature of driving ability and MVC risk attributed to DUIC in a 
real-world scenario. Epidemiological studies of MVC in populations may 
help to address these limitations and are the only reasonable and ethical 
alternative to controlled experiments outside the laboratory. However, 
cannabis smokers have demographic characteristics that are similar to 
those of other groups with a high crash risk, including youth, males, and 
those with a high prevalence of drugged and drunk driving (Bergeron 
and Paquette, 2014; Richer and Bergeron, 2009). In particular, confounding 
or effect modification with alcohol is an important driver-related factor 
that needs to be better taken into account. The bulk of the evidence avail-
able describing the association between DUIC and MVCs comes from 
case-control studies that evaluate the odds of a MVC by DUIC status and 
from culpability studies which evaluate the odds of culpability in drivers 
involved in collisions by DUIC status.

CONCLUSION 9-3 There is substantial evidence of a statistical 
association between cannabis use and increased risk of motor 
vehicle crashes.

OVERDOSE INJURIES AND DEATH

According to the American Association of Poison Control Centers 
(AAPCC), 2,047 calls to position control centers in the United States made 
in 2014 were in response to single-substance exposures to cannabis, up 
from 1,548 such exposures in 2013 (Mowry et al., 2014, 2015). Of these 
exposures, 37 were classified as having major effects, and death was the 
outcome in 1 (Mowry et al., 2015).7 However, these data do not account 
for overdose injuries or deaths that did not prompt calls to poison con-

7 Major effects are defined as those that are “life-threatening or [that] resulted in significant 
residual disability or disfigurement” (Mowry et al., 2015, p. 1125). Exposures classified as 
resulting in death are those where “the patient died as a result of the exposure or as a direct 
complication of the exposure” (Mowry et al., 2015, p. 1125).
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trol centers. Data from the Wide-ranging Online Data for Epidemiologic 
Research (WONDER) database of the Centers for Disease Control and 
Prevention indicate that in 2014 there were 16,822 deaths in the United 
States due to accidental poisoning by and exposure to narcotics and 
psychodysleptics—a broad category that includes cannabis as well as 
cocaine, heroin, codeine, morphine, and several other narcotics (CDC, 
2016b; WHO, 2016). Due, in part, to the limitations of current surveillance 
tools and medical record coding systems, there is a limited amount of 
more comprehensive and precise data on the association between can-
nabis use and overdose injury or death. 

Meanwhile, the increasing availability, diversity, and potency of can-
nabis products create the potential for an increased risk of adverse health 
effects related to cannabis use, including overdose injury and death. Acci-
dental ingestion of cannabis by young children can result in respiratory 
failure and coma, as noted by several case reports (Amirav et al., 2011; 
Appelboam and Oades, 2006; Carstairs et al., 2011), and the consumption 
of cannabis edibles has been identified as a contributing factor in the 
accidental death of at least one adolescent (Hancock-Allen et al., 2015). 

Thus, the emerging cannabis products market creates the potential 
for an increased risk of cannabis-related overdose injury or death, while 
limitations in the current clinical and public health surveillance system 
hinder efforts to detect, characterize, and respond to this population 
health issue. This section reviews the available evidence on the associa-
tion between cannabis use and overdose injury and death and discusses 
possible actions to improve the state of research on this health endpoint. 

Is There an Association Between Cannabis 
Use and Overdose Injuries or Death?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and over-
dose injuries or death. 

Primary Literature

The committee identified a number of studies that directly or indi-
rectly reported on the association between acute cannabis intoxication and 
overdose death in either adults or children. An analysis of the National 
Poison Data Systems database involving more than 2 million human 
exposure cases in 2012 did not list cannabis among the top causes of 
death related to pharmaceutical products (Dart et al., 2015). According 
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to AAPCC annual reports, among all calls to U.S. poison centers involv-
ing single-substance exposures to cannabis, death was the outcome in 
two cases in 2012, no cases in 2013, and one case in 2014 (Mowry et al., 
2013, 2014, 2015), although the reports do not indicate whether cannabis 
exposure was a contributing factor in these outcomes. Cannabis was 
not found to be the main cause of death in any of the fatal intoxications 
among drug addicts submitted for medico-legal autopsy and toxicological 
analysis in Denmark, Finland, Iceland, Norway, or Sweden in either 2007 
or 2012 (Simonsen et al., 2011, 2015). Nonetheless, tetrahydrocannabinol 
was commonly identified (21 percent to 38 percent of cases) in the blood 
samples of these fatal intoxications. 

Case reports on cannabis-related deaths are also uncommon. In 
 Colorado, cannabis intoxication was determined to be a chief contributing 
factor in the death by trauma of a teenager who jumped from a fourth-
floor balcony after ingesting a cookie containing 65 mg of THC (Hancock-
Allen et al., 2015). Postmortem analyses revealed no evidence of poly-
substance abuse and a delta-9 carboxy-THC whole blood concentration 
of 49 ng/ml—almost nine times the legal limit for driving in Colorado. 
Colorado law states that a single-serving edible cannabis product should 
contain no more than 10 mg of THC; however, currently available edible 
cannabis products such as cookies and brownies, which are otherwise 
generally understood as single-serving products, may contain as much 
as 100 mg (or 10 servings) of THC.8 In a study on unintentional pediatric 
cannabis exposure, Wang et al. (2016) described a case where hospital 
staff members were unable to resuscitate an unresponsive 11-month-old 
child who presented with tachycardia and metabolic acidosis and who 
tested positive for THC in a urine drug screen. The authors noted that 
any relationship between cannabis exposure and the patient’s symptoms 
or outcome was unclear. Although presented here for discussion, these 
case reports did not inform the committee’s conclusions on the association 
between cannabis use and overdose death.

By comparison with the minimal literature on cannabis-related over-
dose death in adults or children, several studies reported on potentially 
serious symptoms associated with cannabis exposure in pediatric popula-
tions. Le Garrec et al. (2014) reported that, over a 3.5-year period, seven 
children ages 11 to 33 months were admitted to a pediatric intensive care 
unit in Paris with accidental cannabis poisoning. All of the children had 
central nervous system symptoms, including drowsiness and coma, and 
three were intubated and placed on mechanical ventilation for less than 24 
hours. Between 2010 and 2013, an Arizona poison control center received 

8 Colorado Code of Regulations. Department of Revenue. Marijuana Enforcement Divi-
sion. Retail Marijuana Rules. 1 CCR 212-2 R604 (C5) (2).
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49 calls related to unintentional medical marijuana ingestions among 
children ages 7 years and younger (Lovecchio and Heise, 2015). Among 
the 39 records with complete information, the most commonly reported 
symptoms were lethargy (48 percent of cases), an inability to walk (53 
percent), coma (10 percent), and vomiting (21 percent). These and other 
symptoms, including respiratory depression and aspiration pneumonia, 
underscore the importance of observation in children suspected or known 
to have unintentionally ingested cannabis. Although presented here for 
discussion, these case series were published as letters in scientific journals 
and therefore did not inform the committee’s conclusions on the associa-
tion between cannabis use and overdose injuries.

These findings are supported by retrospective reviews and cohort 
studies. Wang et al. (2013) retrospectively reviewed cases of unintentional 
cannabis ingestions among children ages 11 and younger who required 
medical attention at a children’s hospital in Colorado between 2005 and 
2011. Out of 1,378 unintentional ingestions, only 14 were cannabis related, 
of which 13 were observed in the emergency room or admitted to the 
hospital. Symptoms included lethargy, ataxia, dizziness, and respiratory 
insufficiency. The proportion of unintentional ingestions that were can-
nabis related increased from 0 percent in 2005–2009 to 2.4 percent in 
2009–2013, a statistically significant increase coinciding with the October 
2009 decision by the U.S. Department of Justice to no longer prosecute 
users and suppliers of cannabis who act in accordance with state laws. 
In a subsequent study, Wang et al. (2016) reported the prevalence of 
unintentional pediatric cannabis exposures occurring between 2009 and 
2015 at a children’s hospital and a poison center in Colorado. The aver-
age number of cannabis-related calls per 1,000 calls to the poison center 
increased significantly from 0.9 in 2012–2013 to 2.3 in 2014–2015, periods 
corresponding to the 2 years before and after legalization of recreational 
cannabis in Colorado. Between these same periods, the average number 
of cannabis-related emergency department visits per 1,000 visits also 
increased, though nonsignificantly, from 4.3 to 6.4. Symptoms reported 
in the 163 calls received by the poison center included drowsiness and/
or lethargy (49 percent of cases), ataxia and/or dizziness (12 percent), and 
agitation (8 percent). Out of 81 cases received by the children’s hospital, 
40 percent were observed in the emergency department, 22 were admitted 
to an inpatient ward or the intensive care unit, and 2 required respiratory 
support. Onders et al. (2016) reviewed data from the National Poison 
Data System and found that between 2000 and 2013, U.S. poison centers 
received 1,969 calls related to cannabis exposure among children younger 
than 6 years old. Most exposures were unintentional (92.2 percent) and 
occurred as a result of ingesting cannabis or a cannabis product (75.0 per-
cent). Drowsiness and/or lethargy accounted for nearly half of reported 
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clinical symptoms (45.5 percent), while more serious effects, including 
coma (0.9 percent), cardiovascular symptoms (4.1 percent), and respira-
tory depression (0.7 percent), occurred less frequently. The annual rate of 
exposures increased over time, from a national average of 4.21 per million 
children in 2006 to 10.42 per million children in 2013, corresponding to a 
statistically significant increase of 147.5 percent. During the same period, 
the increase in the annual rate of exposures among states that had legal-
ized medical cannabis prior to 2000 was significant, at 609.6 percent.

Collectively, these findings indicate that state-based legalization of 
cannabis is associated with a subsequent increase in pediatric canna-
bis exposures in those states. A similar trend emerges when comparing 
exposure rates among states where cannabis is legal to exposure rates in 
states where it is not. Wang et al. (2014) reported that between 2005 and 
2011 the rate of calls to poison centers for unintentional pediatric cannabis 
exposures did not increase in states where cannabis remained illegal as 
of 2012; increased by 11.5 percent (95% CI = −0.4–24.7) in states where 
legislation to legalize cannabis was passed between 2005 and 2011; and 
increased by 30.3 percent (95% CI = 22.5–38.5) in states where cannabis 
was legalized before 2005. Among children unintentionally exposed to 
cannabis, those living in states where cannabis was legalized before 2005 
were more likely to be evaluated in a health care facility (OR, 1.9, 95% 
CI = 1.5–2.6), to experience major or moderate effects (OR, 2.1, 95% CI = 
1.4–3.1), and to be admitted to critical care units (OR, 3.4, 95% CI = 1.8–6.5) 
as compared to those living in states where cannabis remained illegal as 
of 2012. Accounting for 78 percent of all incidents, ingestion was the most 
common route of unintentional pediatric exposure. Onders et al. (2016) 
reported that between 2000 and 2013 the annual rate of poison center calls 
related to cannabis exposures among children younger than 6 was 2.82 
times higher in states that had legalized medical cannabis prior to 2000 
than in states where medical cannabis remained illegal as of 2013. Another 
study found that the mean number of calls to poison control centers for 
unintentional pediatric cannabis exposures increased by 34 percent per 
year between 2009 and 2015—a significant increase that was also sig-
nificantly greater than the 19 percent annual increase in cannabis-related 
calls received by poison control centers throughout the rest of the United 
States during that same period (Wang et al., 2016). Informed, in part, by 
these and other findings, a special committee of the Colorado Depart-
ment of Public Health and Environment found moderate evidence that 
more unintentional pediatric cannabis exposures have occurred in states 
with increased legal access to cannabis and that the exposures can lead 
to significant clinical effects requiring medical attention (CDPHE, 2015).
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Discussion of Findings

The committee identified few studies that report on the association 
between cannabis use and overdose death. Cannabis was not identified 
as a main cause in the intoxication deaths of drug addicts in five Nordic 
countries or a top cause of U.S. deaths related to pharmaceutical products. 
However, studies on the risks to Nordic populations posed by cannabis 
products available in those countries may not reflect the risks to U.S. 
populations posed by domestically available cannabis products, and can-
nabis might still be associated with overdose deaths without also being a 
top cause among pharmaceutical-related exposure deaths. Data from the 
National Poison Data System indicate that death was the outcome in a 
small number of single-substance exposures to cannabis; however, lacking 
further information, it is not possible to determine whether and to what 
extent cannabis contributed to these deaths. Case reports implicate acute 
cannabis intoxication in one accidental death and suggest that cannabis 
use may pose a risk for sudden cardiac death. However, these individual 
case reports cannot be used to infer a general association between canna-
bis use and overdose deaths. Overall, the committee identified no study in 
which cannabis was determined to be the direct cause of overdose death.

Several studies report that unintentional pediatric cannabis exposure 
is associated with potentially serious symptoms, including respiratory 
depression or failure, tachycardia and other cardiovascular symptoms, 
and temporary coma. Similar symptoms were not reported in adults 
exposed to cannabis. Most study limitations were related to the origin, 
quality, and completeness of data. For example, Wang et al. (2013) noted 
that findings based on data from a single children’s hospital or regional 
poison centers may not be generalizable to other health care facilities or 
poison centers, especially those in areas where laws regarding cannabis 
use are different than in Colorado. Search strategies employed in retro-
spective reviews of records from hospitals and poison centers may fail 
to capture all pertinent records, and some records may be incomplete 
(Wang et al., 2016). Data from poison centers will capture only the sub-
set of cannabis-related overdose injuries or deaths that resulted in a call 
to a poison center and may overrepresent serious cases or cases from 
states where cannabis is legal (Wang et al., 2014). Moreover, Onders et al. 
(2016) observed that cannabis exposures are not identical to poisonings 
and overdoses; consequently, data on trends in cannabis exposures do 
not necessarily allow for an estimation of trends in cannabis overdose or 
poisoning.
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CONCLUSION 9-4 

9-4(a)  There is insufficient evidence to support or refute a sta-
tistical association between cannabis use and death due 
to cannabis overdose. 

9-4(b)  There is moderate evidence of a statistical association 
between cannabis use and increased risk of overdose 
injuries, including respiratory distress, among pediatric 
populations in U.S. states where cannabis is legal.

RESEARCH GAPS

To address the research gaps relevant to injury and death, the com-
mittee suggests the following:

•	 There is a need for long-term, well-designed cohort studies to 
determine the association between cannabis use and all-cause and 
cause-specific mortality among large, representative populations. 
These studies will need to assess the effects of the various char-
acteristics of cannabis use (e.g., frequency, duration, cumulative 
exposure) on mortality among demographic and clinical sub-
groups of interest, to use credible measures of cannabis exposure, 
and to control for known confounders.

•	 The association between cannabis use and occupational injury 
needs to be explored across a broad range of regions, popula-
tions, workplace settings, workplace practices (e.g., drug use pre-
vention programs, safety standards), worker characteristics (e.g., 
medical history, history of drug and alcohol use), work patterns, 
and occupations.

•	 There is a need for research to evaluate whether and how the 
form of cannabis (e.g., edibles, flower, concentrates) affects the 
risk of overdose and to characterize the incidence and prevalence 
of overdose deaths in children and adults due to accidental or 
intentional exposure to edible cannabis.

•	 There is a need for well-designed surveillance studies to deter-
mine the prevalence of acute cannabis use and intoxication among 
U.S. drivers. Research is also needed to explore how patterns of 
cannabis use, the degree of acute cannabis intoxication, and geo-
graphic and demographic variables affect MVC incidence, driver 
and passenger outcomes, and driver safety and performance. 
Finally, research is needed to identify the causal channels through 
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which cannabis use may adversely or therapeutically affect MVC 
risk.

•	 There is a need for research on the association between cannabis 
use and injury and mortality among unstudied and understudied 
demographic groups, such as minority groups, working adoles-
cents, and employed older populations.

SUMMARY

This chapter discussed the associations between cannabis use and 
all-cause mortality, occupational injury, motor vehicle crash, and death 
and injury due to overdose. Box 9-1 provides a summary of the conclu-
sions from this chapter. Notably, the committee found substantial evi-
dence of a statistical association between cannabis use and motor vehicle 
crashes. These findings suggest the need for research to further specify 
the strength of this association and to identify any mediating factors, as 
well as the need for broader surveillance efforts to track patterns of can-
nabis use, especially where cannabis use may pose risks to personal and 
public health. 

BOX 9-1 
Summary of Chapter Conclusions*

There is substantial evidence of a statistical association between cannabis 
use and:

• Increased risk of motor vehicle crashes (9-3)

There is moderate evidence of a statistical association between cannabis 
use and:

•  Increased risk of overdose injuries, including respiratory distress, among 
pediatric populations in U.S. states where cannabis is legal (9-4b)

There is no or insufficient evidence to support or refute a statistical associa-
tion between cannabis use and:

• All-cause mortality (self-reported cannabis use) (9-1)
•  Occupational accidents or injuries (general, nonmedical cannabis use) 

(9-2)
• Death due to cannabis overdose (9-4a)

* Numbers in parentheses correspond to chapter conclusion numbers.
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Apart from illuminating potential research objectives, these findings 
also suggest enacting policies such as making DUIC a direct target for 
both policy and policing. Such efforts could include checkpoints for DUIC 
in conjunction with those for sobriety, the development of point-of-care 
kits for DUIC testing, and a consideration of zero tolerance laws. These 
proposals find parallels in policies that restrict or prohibit the use of 
alcohol while driving, and there is both domestic and international prec-
edent for policing the use of cannabis while operating motor vehicles. In 
Colorado and Washington, an individual whose blood contains 5 ng/ml 
or more of THC while driving is considered to be under the influence 
and is guilty of DUIC.9 In Australia, it is illegal to drive with any level of 
THC in oral fluid or blood samples (Boorman and Owens, 2009).10 Some 
research suggests that policies that legalize cannabis for medical use have 
been associated with a decrease in the incidence of MVC. For example, an 
ecological study found a net reduction in traffic crashes associated with 
the introduction of laws for medical cannabis use (Anderson et al., 2013). 

The committee also found moderate evidence of a statistical asso-
ciation between cannabis use and an increased risk of overdose injuries 
among pediatric populations in states in where cannabis is legal. The 
potential risks associated with the use of highly potent cannabis products 
suggest a need for public health policies, such as regulations that require 
packaging for cannabis products to include child-focused safety features, 
warnings that ingested cannabis can have different effects from smoked 
cannabis, and guidance on how to respond to potential emergencies. 
Again, precedents for such policies exist. For example, Colorado regula-
tions require that medical and retail cannabis products be sold in packages 
that are child-resistant, that list the potency of the product in mg of THC 
and cannabidiol, and that contain several warning statements, including 
the direction to keep the product out of the reach of children.11,12

The available evidence was insufficient to draw any conclusions 
regarding the association between cannabis use and occupational injury 
or all-cause mortality. The high economic and social costs associated with 
occupational injuries in this country suggest the need for further research 
to determine whether these injuries are associated with cannabis use. In 
pursuing this research, it will be important to determine which individual 
and work-related factors protect against, or expose workers to, the risk 
of injury. Emerging evidence suggests that access to legal cannabis can 

9 Wash. Rev. Code Ann. § 46.61.502 (1) (b). Colo. Rev. Stat. Ann. § 42-4-1301 (6) (a) (IV).
10 Road Traffic Act 1974, Part V, Division 2, Section 64AC (1). 
11 Colorado Code of Regulations. Department of Revenue. Marijuana Enforcement Divi-

sion. Medical Marijuana Rules. 1 CCR 212-1 M1004.5 (B) and M1005 (B). 
12 Colorado Code of Regulations. Department of Revenue. Marijuana Enforcement Divi-

sion. Retail Marijuana Rules. 1 CCR 212-2 R1006 (A–B).
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increase the incidence of accidental cannabis ingestion among pediatric 
populations and that such ingestion can lead to depressed respiratory 
function and other symptoms of overdose. If state-level changes in can-
nabis policy continue to make cannabis more accessible, there will be an 
increased need for research to assess the prevalence of injuries and death 
due to cannabis overdose, especially among children and other vulner-
able populations. 
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10

Prenatal, Perinatal, and Neonatal 
Exposure to Cannabis

Chapter Highlights

• Smoking cannabis during pregnancy is linked to lower birth 
weight in the offspring.

• The relationship between smoking cannabis during preg-
nancy and other pregnancy and childhood outcomes is 
unclear.

The issue of exposure to cannabis during pregnancy reflects concerns 
that two different individuals may experience the potential adverse effects 
of cannabis, which is the illicit drug used most frequently by women 
of childbearing age. The Substance Abuse and Mental Health Services 
Administration’s National Survey on Drug Use and Health found that in 
2015, 3.4 percent of pregnant women ages 15 to 44 had used marijuana 
during the previous month (CBHSQ, 2016). This is compared to 0.8 per-
cent of pregnant women who used pain relievers, the next most used 
illicit drug among pregnant women (CBHSQ, 2016). In part because can-
nabis is an illicit drug, there is very little information on the physiological 
effects of cannabis in pregnancy on the mother. Moreover, most of the 
data reflect cannabis administered by smoking and not cannabis exposure 
through other routes of administration. 

Concern about the fetus and newborn stems from the fact that tetra-
hydrocannabinol (THC) crosses the placenta (Bailey et al., 1987). A rapidly 
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growing body of evidence indicates that endocannabinoids play roles in 
a broad array of critical neurodevelopmental processes, from early neural 
stem cell survival and proliferation to the migration and differentiation 
of both glial and neuronal lineages as well as neuronal connectivity and 
synaptic function (Lubman et al., 2014). Another potentially important 
issue is that THC is secreted in breast milk and can accumulate to high 
concentrations (Garry et al., 2009). 

This chapter focuses on exposure to cannabis from the beginning 
of pregnancy through the infant’s first month of life. Thus, the review 
covers complications of pregnancy, fetal effects, exposure through breast 
milk, and later effects of fetal exposure. Although the general principle 
of the overall report is to restrict the literature reviewed to that which 
has emerged since the publication of Marijuana and Medicine: Assessing 
the Science Base (IOM, 1999), the last Institute of Medicine report on mari-
juana, the committee chose to include information concerning longer-term 
outcomes from two older cohorts released in the 1980s, with the rationale 
that the identification of late adolescent and young adult outcomes would 
require that length of follow-up. The committee hand-searched additional 
literature to examine other prioritized long-term health outcomes not 
covered in these cohort studies.

The committee identified only one recent good- to fair-quality sys-
tematic review (Gunn et al., 2016). This review sought information on a 
comprehensive set of complications of pregnancy and on fetal and neona-
tal outcomes up to 6 weeks postpartum. Several lower-quality systematic 
reviews (Fryers and Brugha, 2013; Irner, 2012; Savitz and Murnane, 2010; 
Williams and Ross, 2007), narrative reviews (Andrade, 2016; Forray et 
al., 2015; Hashibe et al., 2005; Huang et al., 2015; Huizink, 2014; Metz 
and Stickrath, 2015; Schempf, 2007; Viteri et al., 2015), and articles from 
the grey literature (CDPHE, 2015) were used to identify outcomes not 
reviewed in Gunn et al. (2016), as was a bibliographic search of materi-
als published from 1999 onward. A literature search was also conducted 
for outcomes in Gunn et al. (2016), from 2014 to August 2016, to identify 
any more recent articles. The committee identified 30 primary literature 
articles that best address the committee’s research questions of interest. 
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PREGNANCY COMPLICATIONS FOR THE MOTHER

Is There an Association Between Cannabis Use and 
Pregnancy Complications for the Mother?

Stillbirth and Spontaneous Abortion

Systematic Reviews The committee did not identify a good- to fair-
quality systematic review that reported on the association between can-
nabis exposure and stillbirth or spontaneous abortion.

Primary Literature Varner et al. (2014) used results from a population-
based case-control study conducted by the Stillbirth Collaborative 
Research Network to compare illicit drug use in pregnancies that did 
and did not result in stillbirth.1 Among 663 stillbirth deliveries, women 
who had a stillbirth were twice as likely as those with a live birth to 
report having been addicted to an illicit drug. Tetrahydrocannabinolic 
acid (THCA), the most common individual drug reported by the popula-
tion, was found in 2.9 percent of women with a stillbirth and 1.7 percent 
of the controls (odds ratio [OR] for stillbirth, 2.34; 95% confidence interval 
[CI] = 1.13–4.81). However, the authors indicate that the result may have 
been partially confounded by exposure to cigarette smoking and that they 
may not have had the statistical power to disentangle this effect. 

Warshak et al.’s 2015 study on the association between marijuana 
exposure and adverse neonatal outcomes included stillbirth in the out-
comes they examined and found no association (1.1 percent among 361 
cannabis users versus 1.5 percent among 6,107 cannabis nonusers; p = 
0.54). 

Fetal Distress

Systematic Reviews Gunn et al. (2016) found no association between 
marijuana use and fetal distress based on two studies (Berenson et al., 
1996; Witter and Niebyl, 1990). 

Primary Literature The committee did not identify any good-quality 
primary literature that reported on the association between cannabis use 
and fetal distress and that were published subsequent to the data collec-
tion period of the most recently published good- or fair-quality systematic 
review addressing the research question.

1 Fetal death was defined in the study as 20 weeks of gestation or less (Varner et al., 2014). 
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Other Complications

Systematic Reviews The assessment of the literature on pregnancy com-
plications for the mother relied primarily on Gunn et al. (2016). Of the 
possible complications, only the increased risk of anemia had a significant 
association with exposure to cannabis (pooled odds ratio [pOR], 1.36; 
95% CI = 1.10–1.69). Mixed findings about an association with cannabis 
use occurred in studies of precipitate labor and the manual removal of 
the placenta. No associations were found between in utero exposure to 
cannabis and the following health outcomes: maternal diabetes, rupture 
of membranes, premature onset of labor, use of prenatal care, duration 
of labor, placental abruption, secondary arrest of labor, elevated blood 
pressure, hyperemesis gravidarum, maternal bleeding after 20 weeks, 
antepartum or postpartum hemorrhage, maternal weight gain, maternal 
postnatal issues, duration of maternal hospital stay, or hormone concen-
trations (Gunn et al., 2016). 

Primary Literature Three further studies were identified: Budde et al. 
(2007), Leemaqz et al. (2016), and Warshak et al. (2015). These studies 
examined the association between cannabis exposure and the following 
outcomes: anemia, precipitate labor, manual removal of the placenta, 
maternal diabetes, rupture of membranes, premature onset of labor, use of 
prenatal care, duration of labor, secondary arrest of labor, elevated blood 
pressure, hyperemesis gravidarum, maternal bleeding after 20 weeks, 
antepartum or postpartum hemorrhage, placental abruption, maternal 
weight gain, maternal postnatal problems, and duration of maternal hos-
pital stay.

Findings in Leemaqz et al. (2016) from 313 women who used can-
nabis during pregnancy and Warshak et al. (2015) from 4,892 women 
who used cannabis during pregnancy were consistent with there being 
no significant association between cannabis exposure and gestational 
diabetes (adjusted odds ratio [aOR], 1.11; 95% CI = 0.52–2.38; p = 0.949 
and aOR, 0.87; 95% CI = 0.66–1.04; p = 0.04, respectively) or gestational 
hypertension/preeclampsia (aOR, 0.443; 95% CI = 0.13–3.54; p = 0.671 and 
aOR, 0.84; 95% CI = 0.68–1.04; p = 0.12, respectively). Warshak et al. (2015) 
did not find a statistically significant association between cannabis use 
and placental abruption (aOR, 1.17; 95% CI = 0.81–1.70; p = 0.25). Budde 
et al. (2007) reported an increased risk of placental abruption that did not 
achieve standard statistical significance (OR, 2.83; 95% CI = 0.86–10.78; 
p = 0.055). 
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Discussion of Findings

Despite identifying one good- to fair-quality systematic review 
addressing pregnancy complications for the mother, the findings of the 
review must be interpreted with caution. The review relied on a primary 
literature that is limited in the number, quality, and rigor of the studies 
that have been carried out to date. By and large, the existing studies have 
been retrospective cohort studies, many of which looked at a large num-
ber of outcomes without biological plausibility or a biological mechanism 
guiding the test of the hypothesis. For example, the association identified 
between anemia and cannabis use in pregnancy arises in the absence of 
a clear mechanism by which these factors would be related. In addition, 
many studies were underpowered to detect relatively rare pregnancy 
complications. Therefore, though Gunn’s review reports “no association” 
for the vast majority of conditions selected, it remains unclear whether 
this represents a type II error. Ethical challenges obviously preclude the 
ability to conduct randomized controlled trials of cannabis use in preg-
nancy, thereby precluding the ability to establish causal relationships. 
Logistical and financial constraints make even prospective cohort studies 
of adequate size and duration challenging to fund and implement. Even 
with rigorous study designs, comorbid tobacco and polysubstance use 
often confound the interpretation of the data. Such considerations mark-
edly diminish the confidence with which the committee can draw conclu-
sions regarding how much risk can be attributed to cannabis in the area 
of adverse maternal events. 

CONCLUSION 10-1 There is limited evidence of a statistical 
association between maternal cannabis smoking and pregnancy 
complications for the mother. 

FETAL GROWTH AND DEVELOPMENT

Is There an Association Between Cannabis Use 
and Fetal Growth and Development?

Birthweight

Systematic Reviews Studies reviewed in Gunn et al. (2016) that exam-
ined the effect of cannabis exposure on birth weight reported both mean 
birth weights and the percentage of infants at low birth weight (LBW; 
defined as 2.2kg or 5.5 lbs). Gunn et al. (2016) found that in utero exposure 
to cannabis is associated with a decrease in birth weight among cannabis- 
exposed infants (pOR, 1.77; 95% CI = 1.04–3.01; pooled mean difference 
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[pMD], −109.42 grams; 95% CI = −38.72 to −180.12) compared to those 
without cannabis exposure.

Primary Literature Similar to the findings reported by Gunn et al. (2016), 
Gray et al. (2010) and Fergusson et al. (2002) also reported lower mean 
birth weights for infants prenatally exposed to cannabis. Among 9,521 
mothers, Fergusson et al. (2002) showed a −84.20 gram difference (95% CI = 
−174.7 to −6.4; p = 0.005) in birth weight for the children of mothers who 
had used cannabis at least once per week before and throughout preg-
nancy versus nonusers. Out of 86 total infants of cannabis-using mothers 
(independent from tobacco use), Gray et al. (2010) reported a mean birth 
weight of 3,161 grams (standard deviation [SD], 689; p = 0.051) among 
41 infants who had been exposed to cannabis and 3,417 grams (SD, 504; 
p = 0.051) among 45 infants who had not been exposed to cannabis. In 
contrast, Schempf and Strobino (2008) found that, when adjusted for other 
drug use (i.e., cocaine and opiates), there was no significant association 
between cannabis use and LBW (defined as less than 2,500 grams) (aOR, 
0.93; 95% CI = 0.55–1.57). 

Birth Length

Systematic Reviews In their systematic review, Gunn et al. (2016) found 
that for the nine studies that reported neonatal length at birth (measured 
in centimeters), there was no statistically significant association between 
neonatal length and prenatal exposure to cannabis (pMD, −0.10; 95% CI = 
−0.65–0.45).

Primary Literature Birth length was also examined by Fergusson et al. 
(2002), who found that children who had been exposed to cannabis in 
utero had a lower birth length than children who had not been prenatally 
exposed to cannabis. However, after adjusting for various confound-
ing factors (e.g., cigarette smoking during pregnancy, alcohol consump-
tion during pregnancy), the association was no longer significant (p = 
0.225). Similarly, Gray et al. (2010) found nonsignificant differences in 
birth length between 41 infants of cannabis-using mothers (independent 
from tobacco use) (49.8 cm; SD,  3.8; p = 0.156) and 45 infants of non-using 
mothers (50.8 cm; SD, 2.2; p = 0.156). 

Head Circumference

Systematic Reviews Gunn et al. (2016) found that among the 10 studies 
they reviewed that measured head circumference at birth, no statistical 

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


PRENATAL, PERINATAL, AND NEONATAL EXPOSURE TO CANNABIS 251

association was found between cannabis exposure in utero and neonatal 
head circumference (cm) (pMD, −0.31; 95% CI = −0.74–0.13).

Primary Literature The committee did not identify any good-quality 
primary literature that reported on the association between cannabis use 
and head circumference and that was published subsequent to the data 
collection period of the most recently published good- or fair-quality sys-
tematic review addressing the research question.

Intrauterine Growth Restriction/Small for Gestational Age 

There are two ways to describe slower-than-expected growth for a 
particular duration of gestation. The first is intrauterine growth restric-
tion (IUGR), an obstetric diagnosis based on serial ultrasounds during 
pregnancy. The second is small for gestational age (SGA), which applies 
to infants with a birth weight that is less than the 10th or 5th percentile 
on normative growth curves. The limitation of the latter is that it does not 
distinguish between those infants with true slow growth and those with 
normal growth in the lower percentiles. 

Systematic Reviews Gunn et al. (2016) addressed two studies that looked 
at the relationship between in utero cannabis exposure and SGA and 
concluded that no association can be reported on the association between 
exposure to cannabis during pregnancy and IUGR/SGA. A pOR was not 
reported. 

Primary Literature Leemaqz et al. (2016) similarly did not find an associ-
ation between cannabis exposure and SGA (defined as a birth weight less 
than the 10th percentile) when adjusted for any smoking (aOR, 1.13; 95% 
CI = 0.80–1.60). In a path analysis of urban black women who reported 
cannabis use at 50 percent of prenatal visits, Janisse et al. (2014) found a 
reduction in birth weight for heavy marijuana use alone (−55.2 grams), 
with a path coefficient of 0.05.2 Their analysis suggests that LBW result-
ing from cannabis exposure reflects fetal growth restriction rather than 
premature delivery.

Congenital Malformation

In this category the committee considered infants who had malfor-
mations or anomalies diagnosed prenatally or after birth. Congenital 
malformations reflect abnormalities of fetal development in one or more 

2 The authors used a z-score of birth weight for duration of gestation residualized.
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organ systems and can occur throughout pregnancy. They may be identi-
fied before or after birth.

Systematic Reviews Gunn et al. (2016) reported no association between 
cannabis exposure and chromosomal anomalies. No estimate of effect 
was provided.

Primary Literature Warshak et al. (2015) analyzed data from among 4,892 
cannabis users and 153 marijuana cannabis nonusers and reported no 
association between cannabis exposure and fetal anomalies (aOR, 1.29; 
95% CI = 0.87–1.92). In contrast, Forrester and Merz (2006) found higher 
rates of cannabis use to be associated with the presence of 19 defects out 
of a total of 54 selected conditions.3 However, this study only performed 
bivariate comparisons for exposure/no exposure without considering 
other substances, confounders, or multiple comparisons. 

Two case-control studies of the association of cannabis exposure to 
specific malformations were found. Using data from the National Birth 
Defects Prevention Study (1997–2005), van Gelder et al. (2014) examined 
the association between maternal cannabis use from 1 month before preg-
nancy through the end of the third month of pregnancy and 20 selected 
anomalies (n = 13,859 case infants; n = 6,556 control infants). The authors 
reported an increased risk of the following anomalies: anencephaly (aOR, 
2.2; 95% CI = 1.3–3.7), esophageal atresia (aOR, 1.4; 95% CI = 0.8–2.4), 
diaphragmatic hernia (aOR, 1.4; 95% CI = 0.9–2.2), and gastroschisis (aOR, 
1.2; 95% CI = 0.9–1.7). Williams et al. (2004) obtained an (aOR, 1.90; 95% CI 
= 1.29–2.81) for the risk of isolated ventricular septal defect (VSD) among 
122 isolated VSD cases and 3,029 control infants.

Discussion of Findings

The findings for birth weight are consistent with the effects of non-
cannabinoid substances in smoked cannabis and cigarette smoking. It 
has been shown in several studies that the increases in carbon monoxide, 
with elevated carboxyhemoglobin blood levels, may be up to fivefold 
higher after marijuana than cigarettes (Wu et al., 1988). In other studies 
of marijuana exposure during pregnancy, the cause of the fetal growth 

3 The authors found higher rates of association between cannabis use and the follow-
ing birth defects: encephalocele, hydrocephaly, microcephaly, anotia/microtia, tetralogy 
of Fallot, ventricular septal defect, atrial septal defect, pulmonary valve atresia/stenosis, 
hypoplastic left heart syndrome, cleft palate alone, cleft lip with/without cleft palate, py-
loric stenosis, anal/rectal/large-intestinal atresia/stenosis, obstructive genitourinary defect, 
polydactyly, syndactyly, reduction deformity of upper limbs, gastroschisis, and trisomy 21 
(Forrester and Merz, 2006).
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restriction noted was proposed to be fetal hypoxia due to the shift in the 
oxyhemoglobin curve caused by carbon monoxide (Frank et al., 1990).

CONCLUSION 10-2 There is substantial evidence of a statisti-
cal association between maternal cannabis smoking and lower 
birth weight of the offspring.

NEONATAL CONDITIONS

Is There an Association Between Maternal Cannabis 
Use and Neonatal Conditions in the Infant?

Prematurity/Gestational Age

Systematic Reviews Gunn et al. (2016) documented a decrease in ges-
tational age (measured in weeks) associated with cannabis use (pMD, 
−0.20; 95% CI = −0.62 to −0.22) and increased odds of the risk of preterm 
delivery (<37 completed weeks) (pOR, 1.29; 95% CI = 0.80–2.08). 

Primary Literature Two other studies, Gray et al. (2010) and van Gelder et 
al. (2014), found no association between cannabis use and shortened ges-
tation. For a total of 86 infants, Gray et al. (2010) reported a median esti-
mated gestational age at delivery of 39 weeks (p = 0.685) both for infants 
who were exposed to cannabis and for infants who were not exposed to 
cannabis. van Gelder et al. (2014) found no association between cannabis 
use and gestational age after adjusting for gestational weight gain (aOR, 
0.6; 95% CI = 0.1–2.4; n = 3 exposed; n = 335 nonexposed). The study was 
likely not to have the power to detect a difference. 

Two studies, Dekker et al. (2012) and Leemaqz et al. (2016), reported 
an increased risk of spontaneous preterm birth associated with cannabis 
use (aOR, 2.34; 95% CI = 1.22–4.52 and aOR, 2.28; 95% CI = 1.49–3.60; 
p <0.001, respectively). 

Neonatal Intensive Care Unit Admission

Systematic Reviews Gunn et al. (2016) reported increased risk of neona-
tal intensive care unit (NICU) admission for infants exposed to prenatal 
cannabis (pOR, 2.02; 95% CI = 1.27–3.21).

Primary Literature Warshak et al. (2015) also found an increased risk 
of NICU admission among infants born to 4,892 cannabis users and 153 
nonusers (aOR, 1.54; 95% CI = 1.14–2.07).
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Other Neonatal Conditions

Systematic Reviews Gunn et al. (2016) considered other neonatal condi-
tions and found no association between maternal cannabis use and infant 
Apgar scores at 1 and 5 minutes. They did not find any differences for 
jaundice, resuscitation, respiratory distress syndrome, intubation follow-
ing delivery, hypoglycemia, and sepsis. Studies were mixed as to whether 
infants exhibited abnormal behavior on neonatal behavioral assessments, 
in part because different assessment instruments were used in each study.

Primary Literature Warshak et al. (2015) did not find a statistically sig-
nificant difference in the length of infant hospital stays (aOR, 1.12; 95% 
CI = 0.95–1.31). Gray et al. (2010) examined Apgar scores at 1 and 5 min-
utes and found no association between the scores and infant cannabis 
exposure (p = 0.709 and p = 0.496, respectively).

Discussion of Findings

The literature with regard to prematurity is mixed and needs further 
study. No neonatal outcomes appeared to be associated with cannabis 
exposure, but the studies are limited. Findings related to health care use, 
such as the increase in NICU admissions, need to be treated with cau-
tion. This pattern may reflect protocols requiring admission of all infants 
whose mothers have a history of substance use in pregnancy or failed tox-
icological screens during labor, rather than the health of the infant per se, 
particularly as there appears to be no increase in length of neonatal stay.

CONCLUSION 10-3 There is limited evidence of a statistical 
association between maternal cannabis smoking and admission 
of the infant to the neonatal intensive care unit (NICU). 

LATER OUTCOMES

Is There an Association Between Maternal Cannabis 
Use and Later Outcomes for the Offspring?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis exposure and 
later outcomes for the child.
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Primary Literature

As noted above in the introduction of this chapter, examination of 
later outcomes relied heavily on three cohorts, with some limited results 
from other hand-searched studies reported below. 

The first of these cohorts was the Ottawa Prenatal Prospective Study 
(OPPS) by Fried and colleagues (Fried et al., 1998). The sample of 698 
pregnant women was a convenience sample obtained through advertising 
in doctors’ offices and in the media. It could be characterized as includ-
ing low-risk middle-class women of European descent. No gestational 
criterion was used, but most of the women were in their second trimester 
of pregnancy. Data collection was by interview about drug use while 
pregnant, including the use of cigarettes, alcohol, and cannabis, the last 
of which was characterized in terms of the number of joints per week. 
Of the original 698 study participants, 140 women reported at least some 
use of cannabis or drinking at least 0.85 oz. of absolute alcohol per day or 
smoking at least 16 mg of nicotine per day (Fried et al., 1998). A smaller 
group of women (n = 50) who did not use any substances during preg-
nancy were randomly selected as a reference group. Among these women, 
prenatal maternal cannabis use was categorized into three groups, with 
levels averaged across pregnancy: (1) no use, (2) mild/moderate use up 
to six joints per week, and (3) heavy use of at least six joints per week. 
Offspring were followed until the ages 18 to 22 years, with some attrition 
as would be expected (Fried et al., 1998).

The second study, started in 1982, was the Maternal Health Practices 
and Child Development (MHPCD) Study (Day and Richardson, 1991). 
The sample was recruited from a single inner-city outpatient prenatal 
clinic in Pittsburgh and thus was of mixed race/ethnicity and lower 
socioeconomic status. The participants had to be at least 18 years of age 
and in their fourth month of pregnancy. Of the 1,360 participants who met 
these criteria and were screened by an interview, pregnant women who 
used two or more joints per month were then selected for the study, with 
a random sample of an equal number of women chosen from the remain-
ing non-using subjects, for a total sample of 564 (Huizink, 2014). Prenatal 
cannabis use was expressed as average daily joints for each trimester of 
pregnancy separately, although there was some overlap. Follow-up data 
on offspring have been reported up to the age of 14.

The most recent study was the Generation R study started in 2001, 
a multiethnic (Dutch, Moroccan, Surinamese, and Turkish) population-
based prospective cohort study from fetal life until adulthood in the city 
of Rotterdam, the Netherlands (Jaddoe et al., 2012). The sample consists 
of 9,778 mothers with a delivery date between April 2002 and January 
2006, and the members of the sample tended to be of higher socioeco-
nomic status (Huizink, 2014). All participating women in Generation R 
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filled out questionnaires on their substance use at three points in preg-
nancy corresponding to the three trimesters. In this sample, 220 women 
reported using cannabis in pregnancy, generally in the first trimester 
(Huizink, 2014). The study discriminated between cannabis exposure, 
tobacco smoking, and the use of neither. Data on the resulting children 
up to age 6 were used in this report.

Sudden Infant Death Syndrome 

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis exposure and sudden infant death syndrome (SIDS).

Primary Literature Only one study was identified that examined the 
association between cannabis use and SIDS. In a case-control study of 428 
infants who died of SIDS in southern California between 1989 and 1992, 
Klonoff-Cohen and Lam-Kruglic (2001) found no association between 
SIDS and cannabis exposure at conception (aOR, 1.1; 95% CI = 0.6–2.0; p 
= 0.82), during pregnancy (aOR, 0.6; 95% CI = 0.3–1.6; p = 0.33), or post-
natally (aOR, 0.6; 95% CI = 0.2–1.8; p = 0.42). An interesting finding is 
increased risk of SIDS with paternal cannabis use at conception (aOR, 2.2; 
95% CI = 1.2–4.2; p = 0.01), during pregnancy (aOR, 2.0; 95% CI = 1.0–4.1; 
p = 0.05), and postnatally (aOR, 2.8; 95% CI = 1.1–7.3; p = 0.04).

Breastfeeding

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis exposure and breastfeeding.

Primary Literature One narrative review (Garry et al., 2009) identified 
two early studies on the effects of cannabinoids in breast milk on subse-
quent motor function but found no consistency in the results. The authors 
noted the difficulty in studying this issue since prenatal exposure is also 
likely among other confounders of cannabis use. The committee’s search 
identified one study of physical growth (Fried et al., 2001) which makes 
mention of no difference being found in choice and duration of breast-
feeding relative to marijuana use. 
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Physical Growth

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis exposure and physical growth in the child.

Primary Literature Postnatal growth results were obtained from the 
OPPS (Fried et al., 2001). Growth was measured for 152 participants at 
1 year, 2–4 years, 6 years, 12 years, and 13–16 years. There was a dose–
response relationship between head circumference and cannabis exposure 
(measured as heavy or six or more joints per week, moderate or between 
zero and six joints per week, and none), with children of heavy cannabis 
users having the smallest head circumferences (Z-score, 0.84; SD = 1.3; p 
= 0.08), a finding that persisted through age 12 but was not seen at ages 
13–16 (Fried et al., 2001). In addition, infants of heavy cannabis users were 
the lightest at birth (Z-score, 0.32; SD = 0.9), but they experienced substan-
tial weight gain such that they were the heaviest at 1 year. Furthermore, 
at ages 13–16 no differences were seen in height, weight, ponderal index, 
or onset of puberty. 

Cognition/Academic Achievement

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis exposure and cognition and academic achievement of the child.

Primary Literature The committee reviewed this literature in terms 
of preschool cognitive development and later cognitive development. 
Among the studies that examined cognitive development up to 3 years 
of age, no difference was found. In addition, two studies (OPPS and 
MHPCD) looked at cognitive development at 36–60 months. Both studies 
reported a weak effect on short-term memory. 

Six studies out of two cohorts were identified that addressed the 
association between cannabis and cognitive function between ages 5 and 
16 years using a variety of assessment instruments (Bluhm et al., 2006; 
El Marroun et al., 2010; Fried and Watkinson, 1988, 1990; Goldschmidt 
et al., 2012; Richardson et al., 1995). No differences in overall cognitive 
scores were found, but differences with exposure to different levels of 
prenatal cannabis were seen for some subscale scores, although they were 
not replicated across studies. In their assessment of school achievement, 
Goldschmidt et al. (2012) found worse reading scores at age 14 as mea-
sured by the Wechsler Individual Achievement Test (WIAT Screener). The 
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authors found a WIAT Screener basic reading score of 93.8 among non-
exposed children, 93.1 among children exposed to less than one joint per 
day, and 87.8 among children exposed to one or more joints per day (p = 
0.001).4 No differences with cannabis exposure were seen for cognitive 
or motor development in Fried and Watkinson (1988), Richardson et al. 
(1995), or El Marroun et al. (2010). 

Behavior

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis exposure and later child behavior.

Primary Literature The committee sought studies linking prenatal mari-
juana exposure to later child behavior. Of the three cohorts assessed 
above, only one report dealt with child behavior problems (Bluhm et al., 
2006). The remaining reports assessed behavior in testing situations: for 
example, variability in reaction times and errors on continuous perfor-
mance tests. Because the committee felt the latter do not really capture the 
construct of interest, this section reports only on child behavior problems 
at age 18 months and 3 years. At 18 months, higher aggression scores 
were seen in girls but not in boys; this effect did not persist at 3 years 
(El Marroun et al., 2010).

Substance Use and Delinquency

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis exposure and later substance use and delinquency of the child.

Primary Literature The committee identified five reports from two cohorts 
(OPPS and MHPCD) that addressed the association between prenatal 
cannabis exposure and substance use and delinquency among offspring 
between 14 and 22 years of age. In the study addressing delinquency at 
age 14 years, prenatal cannabis exposure was found to be correlated with 
an increased risk of delinquent behavior (OR, 1.84; 95% CI = 1.05–2.96) 
(Day et al., 2015). However, this effect was mediated by depression and 
attention difficulties at age 10. Three studies addressed prenatal exposure 
to cannabis on the use of both cigarettes and cannabis in offspring ages 14 
to 22 years. In Porath and Fried (2005), prenatal marijuana exposure more 

4 This can be accounted for by attention and depression at age 10.
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than doubled the risk of the initiation of cigarette smoking (OR, 2.58; 95% 
CI = 1.11–6.00) and daily cigarette smoking (OR, 2.36; 95% CI = 1.00–5.57). 
The authors also found that prenatal cannabis exposure also increased the 
risk of initiation of cannabis use in youth (OR, 2.76; 95% CI = 1.11–6.86) 
and increased the risk of using marijuana regularly (OR, 0.79; 95% CI = 
0.33–1.90). Sonon et al. (2015) found that prenatal cannabis exposure was 
a predictor of offspring marijuana use (OR, 1.22; 95% CI = 1.02–1.44) at 
age 22 (Sonon et al., 2015).

Mental Health and Psychosis

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis exposure and later mental health and psychosis in the child.

Primary Literature At age 10, children in the MHPCD study with prena-
tal cannabis exposure in the first and third trimesters had worse scores on 
a measure of depressive symptoms. Using the Avon Longitudinal Study 
of Parents and Children (ALSPAC) cohort study Zammit et al. (2009) 
found no difference in definite psychotic-like symptoms (PLIKS) as mea-
sured by a PLIKS semi-structured interview at 12 years of age between 
those exposed prenatally and those not exposed (aOR for linear trend, 
0.91; 95% CI = 0.49–1.71; p = 0.776). Day et al. (2015), working with the 
MHPCD cohort at age 22, found that prenatal marijuana exposure was 
associated with an increased risk of psychotic symptoms as measured 
by the Diagnostic Interview Schedule (incidence density ratio [IDR] 1.31; 
p <0.05). In a mediation model, considering the effect of early initiation 
use of cannabis, the youth risk was essentially the same (IDR, 1.27; p = 
0.06). 

Discussion of Findings

The literature reviewed above does not support an effect of cannabis 
exposure on overall cognitive function, although some variation in sub-
scale scores has been seen. Only one study has examined overall child 
behavior, and it found that the results did not persist. More consistency 
is seen for adolescent outcomes, with increased delinquency, greater ciga-
rette and cannabis use, and some suggestion of increased mental health 
symptoms. For the later outcomes, attributing the outcomes to prenatal 
exposures is particularly difficult. While the studies attempted to control 
for the child’s environment using standard measures of socioeconomic 
status as well as a direct assessment of the home environment, these 
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approaches may be insufficient to detect potentially subtle differences in 
the family and neighborhood environments of women who smoke canna-
bis during pregnancy and those who do not. For example, the association 
of prenatal cannabis exposure and adolescent substance use may reflect 
family/neighborhood influences and may not be a direct effect of the 
prenatal exposure. Likewise, maternal distress/depression during preg-
nancy, which is likely to continue postpartum, may influence both the use 
of cannabis and child developmental outcomes. In addition, these studies 
did not address heritable or epigenetic vulnerability.

CONCLUSION 10-4 There is insufficient evidence to support 
or refute a statistical association between maternal cannabis 
smoking and later outcomes in the offspring (e.g., sudden 
infant death syndrome, cognition/academic achievement, and 
later substance use). 

RESEARCH GAPS 

To address the research gaps relevant to prenatal, perinatal, and neo-
natal outcomes, the committee suggests the following: 

• There is a need for systematic inquiry using standardized ques-
tions about dose and duration at specific intervals in pregnancy 
to ascertain the level of prenatal cannabis exposure.

• Capitalizing, where possible, on the increase in toxicological 
screening at delivery to validate self-report measures.

• With the increased availability of recreational cannabis, observa-
tional studies need to be carried out—where ethical—on cannabis 
use and potential physiologic changes (e.g., blood pressure, etc.).

• Pooling, if possible, to obtain cohorts of women exposed only to 
THC and not to other drugs.

• A systematic follow-up of children exposed to cannabis prenatally 
with agreed-upon protocols and tests, with an ascertainment of 
the home and neighborhood environment regarding concurrent 
substance use.

• Developing strategies for assessing the effect of cannabis on preg-
nant women and fetuses through registries or systematic use of 
administrative data. 
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SUMMARY

This chapter summarizes the literature on prenatal, perinatal, and 
neonatal exposure to cannabis that has been published since 1999 and 
deemed to be of good or fair quality by the committee. Overall, there is 
substantial evidence of a statistical association between cannabis smoke 
and lower birth weight, but there is only limited, insufficient, or no evi-
dence in support of any other health endpoint related to prenatal, peri-
natal, or neonatal outcomes. This may be due to a number of limitations 
faced by many of the research studies reviewed in this chapter, including 
an almost exclusive reliance on self-reporting to ascertain cannabis expo-
sure, as is true in many areas of this report. While many studies used 
standardized questions regarding frequency and duration of cannabis 
use, others relied on data extracted from the medical record. Also, as with 
other portions of this report, the potency of cannabis varied across time. 
The lack of biological validation of self-reporting suggests caution is war-
ranted. Moreover, dosage and timing of exposure in pregnancy is particu-
larly important, as exposures early in pregnancy may affect organogenesis 
leading to birth defects, whereas later exposures are more likely to affect 
the growth of the fetus. 

Second, even within substantial cohorts, the number of women who 
used cannabis exclusively was small. These sample sizes may have lim-
ited statistical power to detect many outcomes. 

Third, cannabis exposure was almost exclusively through smok-
ing and was often confounded by the use of other substances —namely, 
tobacco and alcohol. Although many authors relied on a variety of statis-
tical techniques to isolate the effects of cannabis exposure, attribution of 
outcomes to cannabis alone was difficult. Even when cannabis is the sole 
exposure, it is not straightforward to attribute outcomes to THC alone 
versus the mode of exposure.

Finally, caution needs to be used in interpreting the numerous find-
ings of “no association” in this chapter. Absent a pooled estimate of effect 
and confidence intervals, such conclusions may be based on a small num-
ber of studies, some of which may even conflict.

The committee has formed a number of research conclusions related 
to these health endpoints (see Box 10-1); however, it is important that each 
of these conclusions be interpreted within the context of the limitations 
discussed in the Discussion of Findings sections. 
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BOX 10-1 
Summary of Chapter Conclusions*

There is substantial evidence of a statistical association between maternal 
cannabis smoking and:

• Lower birth weight of the offspring (10-2)

There is limited evidence of a statistical association between maternal can-
nabis smoking and:

• Pregnancy complications for the mother (10-1)
• Admission of the infant to the neonatal intensive care unit (NICU) (10-3)

There is insufficient evidence to support or refute a statistical association 
between maternal cannabis smoking and:

•  Later outcomes in the offspring (e.g., sudden infant death syndrome, 
cognition/academic achievement, and later substance use) (10-4)

* Numbers in parentheses correspond to chapter conclusion numbers.
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11

Psychosocial

Chapter Highlights

• Recent cannabis use impairs the performance in cognitive 
domains of learning, memory, and attention. Recent use may 
be defined as cannabis use within 24 hours of evaluation. 

• A limited number of studies suggest that there are impair-
ments in cognitive domains of learning, memory, and atten-
tion in individuals who have stopped smoking cannabis.

• Cannabis use during adolescence is related to impairments 
in subsequent academic achievement and education, employ-
ment and income, and social relationships and social roles.

Adolescence and emerging adulthood are the periods where most 
youths begin to experiment with substances of abuse, including cannabis 
(Johnston et al., 2015). Exploration for many substances of abuse have 
maintained historical consistency for the past few decades, with approxi-
mately 24.9 percent of youths having used cannabis at least one time 
by eighth grade to 51.4 percent having tried cannabis by the time they 
graduate from high school (Johnston et al., 2015). Yet, recent changes in 
recreational cannabis use laws have been linked to adolescents’ changing 
perception around accessibility and availability of cannabis and decreased 
risk of harm from cannabis use, two factors that have been historically 
connected with rising rates of substance use (Feldstein Ewing et al., 2017; 
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Schmidt et al., 2016). The result is that we are at the forefront of a changing 
cannabis landscape for adolescents and young adults. 

This is relevant because it is during this precise period of adolescence 
and young adulthood that the neural substrates that underlie the devel-
opment of cognition are most active. Indeed, adolescence marks one of 
the most impressive stretches of neural and behavioral change (Giedd, 
2015), with substantial and protracted development in terms of both brain 
structure and function throughout the teenage years and into the late 20s 
and early 30s (e.g., Conrod and Nikolaou, 2016). As a result, cannabis and 
other substance use during this period may incur relatively greater inter-
ference in neural, social, and academic functioning as compared to later 
developmental periods (e.g., adulthood) (Brumback et al., 2016; Jacobus 
et al., 2015). 

However, with the paucity of data on the impact of changes of canna-
bis policy, coupled with existing limitations in the field of addiction neu-
rodevelopment (e.g., predominance of cross-sectional studies) (Feldstein 
Ewing et al., 2014), we are still very much at the forefront of beginning 
to understand how cannabis impacts adolescent through adult cognitive 
health and broader psychosocial functioning. 

COGNITION

Despite what appears, on first glance, to be a very broad existing 
literature, a surprisingly small number of empirical studies have exam-
ined how cannabis impacts the psychosocial domains targeted here. The 
questions addressed in this section revolve around how cannabis affects 
three aspects of cognition—memory, learning, and attention—areas that 
have continued to be prevalent across the self-report, neuropsychological, 
and magnetic resonance imaging (MRI)/functional magnetic resonance 
imaging (fMRI) literature since the mid-1970s. Furthermore, these are 
aspects of cognition that are often explored in other studies. In other 
words, evaluation of these aspects of cognition increases the potential to 
compare these findings to other studies, including the 10-year prospective 
examination of 10,000 youths across 21 sites (the ABCD study; Adolescent 
Brain Cognitive Development Study, 2016). In terms of the relevance of 
these aspects of cognition, the domains of learning, memory, and attention 
are central, as they undergird an individual’s success—or failure—across 
such areas as academic, employment, and social/relationship function-
ing. This subsequently renders these three domains of cognition strong 
proxies for examining interference in functioning, one of the key metrics 
of cannabis use disorder symptomology according to Diagnostic and Sta-
tistical Manual of Mental Disorders, Fifth Edition (DSM-V). 

These domains are defined broadly in order to be as inclusive as pos-
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sible of how they were measured within the included systematic analyses 
and component primary manuscripts, and to allow maximal potential for 
generalization to the broader literature. Thus, within this review, “mem-
ory” is defined as the wide array of function that involves the abilities to 
remember, temporarily store, more extensively store, process, manipulate, 
recall, and reproduce data (e.g., verbal, auditory, written). In this review, 
“learning” is defined as the wide array of function that involves the ability 
to observe, comprehend, absorb, and appropriate new information into an 
individual’s cognitive repertoire (e.g., verbal, auditory, visual). Finally, in 
this review, “attention” is defined as an individual’s ability to stay focused 
on the task at hand without being distracted but also to be cognitively 
flexible enough to transfer to a different task or set of information when 
the time requires (e.g., including brain regions relevant to visual, auditory, 
and verbal processing as well as executive control).

To investigate how cannabis affects these three domains of human 
cognition (memory, learning, attention), a search was conducted to iden-
tify systematic reviews of the existing published literature since the pub-
lication of Marijuana and Medicine: Assessing the Science Base, the last Insti-
tute of Medicine (IOM) report on marijuana (1999). There were a total of 
94 systematic reviews identified that responded to the topic of cannabis 
and cognition during the period of 2000–2016. Of these, 5 systematic 
reviews were considered of good quality (Batalla et al., 2013; Broyd et al., 
2016; Grant et al., 2003; Martin-Santos et al., 2010; Schreiner and Dunn, 
2012). No primary manuscripts were utilized in this section because all 
study questions were addressed by the systematic reviews. 

In contrast to other sections of this report, given the diversity of 
the metrics and constructs in learning, memory, and attention, and the 
different coverage of these domains within the 5 different systematic 
reviews, we present summaries from each of the systematic reviews in 
these domains rather than only presenting one representative systematic 
review for the topic area of cognition. Furthermore, reflective of the field 
of cognition at this time, the presented systematic reviews reflect data 
from the fields of neuropsychology, computer-administered cognitive 
tests, as well as brain structure and function (e.g., MRI/fMRI). The latter 
represent some of our most contemporary, sensitive, and specific metrics 
of cognitive function at this time.

It should be noted that Chapter 12 (Mental Health) highlights the 
multidirectional and complex relationship between cannabis use and can-
nabis use disorder and cognitive performance among individuals with 
psychotic disorders. For further information on this topic, please refer to 
Chapter 12. 

The collection of systematic reviews used in this chapter represents a 
large body of work. The Broyd et al. (2016) systematic review is the most 
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recent, evaluating 3,021 total manuscripts, yielding a final number of 105 
manuscripts in their review. Within their systematic review, they evalu-
ated cannabis’s interference with cognition across a number of assessment 
methodologies. Furthermore, they evaluated the impact of these cognitive 
domains across developmental periods, including adolescence, emerging 
adulthood, and adulthood (for additional information about develop-
mental implications among adolescents, see Box 11-1). Batalla and col-
leagues began with 142 studies, which they narrowed to 43 manuscripts. 
As with the Broyd et al. (2016) team, Batalla et al. (2013) included studies 

BOX 11-1 
Developmental Implications Among Adolescents

While adolescents were clustered in many of these systematic reviews (e.g., 
Broyd et al., 2016), it is important to note that they were the minority, often less than 
20 percent of the full sample, and rarely examined independently (e.g., Batalla et 
al., 2013) to uncover potential developmental differences in cognitive function and/
or its interference between the age groups. Much work needs to be done specifi-
cally examining the impact of cannabis on these cognitive contexts in adolescents 
and emerging adults specifically (i.e., ages 14–25). This is highly important for 
three reasons. First, data in the cited systematic reviews and elsewhere (e.g., 
Batalla et al., 2013, and Filbey et al., 2015) continue to indicate that an early age of 
initiation tends to be connected to bigger differences in brain function during adult-
hood. Second, the brain does not complete development until approximately age 
25 (e.g., Giedd, 2015), and data from the field of alcohol use reflect that substance 
use exposure during this period when the brain undergoes rapid transformation 
could have a more lasting impact on cognitive performance (e.g., Lisdahl et al., 
2013). This interference in cognitive function during the adolescent and emerg-
ing adult years, which overlap with the critical period in which many youths’ and 
young adults’ primary responsibility is to be receiving their education, could very 
well interfere with these individuals’ ability to optimally perform in school and other 
educational settings. 

While the evidence for an association between cannabis use and effects on 
cognitive development during adolescence is limited at this time, the committee 
recognizes the important initiative recently begun by the National Institutes of 
Health (NIH) for the landmark study on brain development and child health, Ado-
lescent Brain Cognitive Development (ABCD) Study (Adolescent Brain Cognitive 
Development Study, 2016). The ABCD study is the largest long-term study on cog-
nitive development, tracking the biological and behavioral development of at least 
10,000 children beginning at ages 9 to 10 for 10 years through adolescence into 
adulthood using neuropsychological evaluations and advanced brain imaging to 
observe brain growth with precision. This study, which began in 2015, will examine 
how biology and environment interact and relate to developmental outcomes such 
as physical health, mental health, and life achievements.
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across the age span, including adolescents and adults. One of the older 
systematic reviews, Grant et al. (2003), commenced their review with 
1,830 manuscripts, which were reduced to a group of 117 papers in their 
final evaluation. Martin-Santos et al. (2010) began their examination with 
66 manuscripts, which resulted in a final set of 41 studies of cannabis’s 
effect on cognition. Schreiner and Dunn (2012) started with more than 800 
studies, which they narrowed to a final set of 13 studies. 

In these systematic reviews, “acute” generally reflects cognitive 
domains assessed within a short window (often within several hours) 
immediately after cannabis use. The individual may or may not still be 
intoxicated during this examination. In contrast, “sustained” generally 
reflects cognitive domains assessed after a period of abstinence from 
cannabis. Within the reviewed studies, that ranges from several hours to 
months after discontinuing cannabis use. 

Is There an Association Between Cannabis Use and Learning?

Systematic Reviews

Of our final set of five systematic reviews, three addressed cannabis 
use on the cognitive domain of learning (Broyd et al., 2016; Grant et al., 
2003; Schreiner and Dunn, 2012). 

In terms of acute impact of cannabis use on learning, primarily rely-
ing on word list learning, data from 11 manuscripts within the Broyd et al. 
(2016) systematic review contributed to “strong” support of acute canna-
bis use on interference in learning. However, in terms of sustained effects, 
Broyd et al. (2016) only showed “mixed” support. Grant et al. (2003) 
assessed sustained impact of cannabis use on learning via neuropsycho-
logical tests (e.g., California Verbal Learning Test–Learning Trials; Rey 
Auditory Verbal Learning Test–Learning Trial). Across nine component 
studies, Grant et al. (2003) found a small negative effect size (ES) of −0.21 
(99% confidence interval [CI] = −0.39 to −0.022) for the sustained impact 
of cannabis on learning. Schreiner and Dunn (2012) also examined sus-
tained impact on learning, with component studies also relying on neu-
ropsychological metrics (e.g., California Verbal Learning Test–Learning 
Trials; Rey Auditory Verbal Learning Test−Learning Trials; VIG−Visual 
Learning). Using the criteria of cannabis abstinence for at least 1 month 
(measured as >25 days) within their 13 examined studies, they found a 
very small ES of −0.16 (95% CI = −0.33–0.02).

One example study of the component studies within this section 
includes a study by Hanson et al. (2010). In this study, 19 adolescent 
marijuana users (mean age = 18 years) with limited other alcohol and/
or other substance use were compared with 21 demographically similar 
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non-using controls (mean age = 17.4 years). Participants completed neu-
ropsychological batteries assessing learning and other cognitive domains 
at several points post-cessation (e.g., 3 days; 2 weeks; 3 weeks). Absti-
nence was verified via decreasing tetrahydrocannabinol metabolite values 
assessed via serial urine drug screens. Marijuana users showed initial 
poorer performance on learning as compared with non-using controls in 
acute assessments (at 3 days; p <0.01). However, they showed significant 
improvements with cessation, with no differences observed on learning 
between the cannabis-using and non-cannabis-using groups at either of 
the sustained time points (e.g., 2 weeks; 3 weeks). 

Primary Literature

In this review of cannabis, the primary literature was searched when 
the systematic review content did not fully cover or address study ques-
tions. Given the breadth and scope of the existing systematic reviews 
in this domain, additional primary literature was not searched for the 
domain of learning.

Is There an Association Between Cannabis Use and Memory?

Systematic Reviews

Of the final set of five systematic reviews, three addressed cannabis 
use on the cognitive domain of memory (Batalla et al., 2013; Broyd et al., 
2016; Martin-Santos et al., 2010). 

In terms of acute impact of cannabis use on memory, the Broyd et al. 
(2016) systematic review was the only one to address this question. In 
this review, 22 studies assessed memory, including working memory and 
other memory function using various neuropsychological tests such as 
the Sternberg task, Trails B, n-back, and Wechsler tests, including spatial 
working memory, digit span, and digit recall. These studies showed mod-
erate to strong evidence for acute interference of cannabis on memory. In 
terms of a long-term sustained relationship between cannabis use and 
learning following abstinence, the 11 studies examined by Broyd et al. 
(2016) showed mixed to no evidence for interference in memory func-
tioning after cessation from cannabis use. Similarly, Batalla et al. (2013) 
examined memory using seven MRI/fMRI studies. The range in mean 
days of abstinence in these studies extended from 7 days to 201 days 
post-cannabis cessation. Batalla et al. (2013) found that although there 
was no difference in task performance between cannabis users and can-
nabis nonusers, cannabis users engaged slightly different parts of their 
brains as compared to nonusers to accomplish the task, often described in 
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the neuroimaging literature as the utilization of “compensatory” efforts. 
Similar to Batalla et al. (2013), Martin-Santos et al. (2010) examined five 
empirical MRI/fMRI studies. Individuals in these studies had abstained 
from using cannabis for an average of 24 hours to 26 days. As with Batalla 
et al. (2013), cannabis users showed equivalent performance across the 
neuroimaging tasks to the nonusers, but they could have engaged in 
compensatory efforts to achieve these outcomes. 

One example study in the memory systematic analyses includes a 
recent study by Roten and colleagues (2015). This is a pharmacother-
apy trial of 78 youth ages 15 to 21 years seeking treatment for cannabis 
dependence. These youths were evaluated to ensure their abstinence from 
cannabis use via urine cannabinoid testing. They received a computer-
administered battery of tests, including verbal memory, visual memory, 
and composite memory. Youths who were recently abstinent and continu-
ously abstinent for 4 weeks showed significantly better memory perfor-
mance as compared to youths who were still using cannabis at the 4 week 
measurement (difference [d] = 7.2 ± 2.1, p <0.001 and d = 7.5 ± 2.4, p = 
0.002, respectively).

Primary Literature

In this review of cannabis, the primary literature was searched when 
the systematic review content did not fully cover or address study ques-
tions. Given the breadth and scope of the existing systematic reviews 
in this domain, additional primary literature was not searched for the 
domain of memory.

Is There an Association Between Cannabis Use and Attention?

Systematic Reviews

Of our final set of five systematic reviews, four addressed cannabis 
use on the cognitive domain of attention (Batalla et al., 2013; Broyd et al., 
2016; Grant et al., 2003; Schreiner and Dunn, 2012). 

To determine the acute impact of cannabis use on attention, Broyd 
et al. (2016) reviewed 17 studies that assessed attention using several 
approaches, including using neuropsychological metrics of continuous 
task performance, divided attention tasks, reaction time, and attention 
control tasks. The synthesized findings from studies showed strong evi-
dence for acute interference of cannabis on attention, as reported by the 
authors. 

In terms of the long-term sustained relationship between cannabis 
use and attention following abstinence, 10 studies examined by Broyd et 
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al. (2016) showed mixed evidence for impairment in attention function-
ing after cessation from cannabis use. Likewise, using a series of MRI 
and fMRI measures (e.g., attention network task, functional connectiv-
ity via Multi-Source Interference Task) with three studies, Batalla et al. 
(2013) showed limited evidence of differences in task performance, but 
as with the other domains, they found evidence that cannabis users may 
be engaging a different neural network to achieve similar outcomes dur-
ing the task (e.g., compensatory efforts). In a review of 11 studies, Grant 
et al. (2003) also examined the long-term sustained relationship between 
cannabis use and attention following abstinence. In their study, Grant et 
al. (2003) examined attention primarily using neuropsychological mea-
sures, finding a small ES for the influence of cannabis use on attention 
(ES, −0.083; 99% CI = –0.32–0.15). Finally, Schreiner and Dunn (2012) 
primarily examined neuropsychological test performance to determine 
any sustained impact of cannabis on attention performance, including the 
Continuous Performance Task and the Iowa Gambling Task (IGT). With 
the 13 component studies, the authors found a small ES for the sustained 
impact of cannabis on attention (ES, –0.20; 95% CI = −0.49–0.09).

An example of a component study from this section includes Crane et 
al. (2013). This study included 69 cannabis using 18- to 24-year-olds (mean 
age = 21 years). Attention was measured with four neuropsychological 
measures, including the IGT, the Balloon Analogue Risk Task, the Mon-
etary Choice Questionnaire, and the GoStop Task. Interestingly, cannabis 
use was only associated with a significant difference on one measure (IGT 
and past year cannabis use, p <0.03; IGT and past-month cannabis use, 
p <0.003). There were no significant sustained associations between can-
nabis use on the other three measures of inhibition (for past year cannabis 
use and past-month cannabis use for the Balloon Analogue Risk Task, the 
Monetary Choice Questionnaire, and the GoStop Task).

Primary Literature

In this review of cannabis, the primary literature was searched when 
the systematic review content did not fully cover or address study ques-
tions. Given the breadth and scope of the existing systematic reviews 
in this domain, additional primary literature was not searched for the 
domain of attention.

Discussion of Findings

In sum, within the domain of learning, the Broyd et al. (2016) sys-
tematic review and the component study highlighted within that review 
showed strong data for the acute (immediate) impact of cannabis use on 
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learning. However, results from three systematic reviews (Batalla et al., 
2013; Broyd et al., 2016; Martin-Santos et al., 2010) reflected limited to 
no support for the association between the sustained effects of cannabis 
use after cessation and the cognitive domain of learning. Similarly, for 
the domain of memory, the Broyd et al. (2016) systematic review and the 
component study within it showed moderate to strong evidence for the 
acute (immediate) impact of cannabis use on memory. However, as with 
learning, there were limited to no data to support the association between 
the sustained effects of cannabis use after cessation and the cognitive 
domain of memory in the three systematic reviews that addressed this 
question (Batalla et al., 2013; Broyd et al., 2016; Martin-Santos et al., 2010). 
Of interest, the neuroimaging studies reflected that while there was no 
difference in terms of performance on memory tasks, cannabis users may 
recruit different parts of their brain to achieve equivalent performance to 
control subjects on these tasks, suggesting the need to examine how can-
nabis may impact the neural regions that drive the processing of memory 
in future research. Finally, for the domain of attention, the Broyd et al. 
(2016) systematic review showed strong evidence for the acute (immedi-
ate) impact of cannabis on attention. However, as with the other domains, 
the evidence from other systematic reviews (Batalla et al., 2013; Broyd et 
al., 2016; Grant et al., 2003; Martin-Santos et al., 2010; Schreiner and Dunn, 
2012) suggest that there were limited to no data to support the associa-
tion between the sustained effects of cannabis use after cessation and the 
cognitive domain of attention.

CONCLUSION 11-1 

11-1(a)  There is moderate evidence of a statistical association 
between acute cannabis use and impairment in the cog-
nitive domains of learning, memory, and attention. 

11-1(b)  There is limited evidence of a statistical association 
between sustained abstinence from cannabis use and 
impairments in the cognitive domains of learning, 
memory, and attention.

ACADEMIC ACHIEVEMENT 

Is There an Association Between Cannabis Use and 
Academic Achievement and Education?

For the psychosocial areas that go beyond cognition, there was one 
systematic review (Macleod et al., 2004) that examined the effects of can-
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nabis on a number of psychosocial outcomes as reported in longitudinal 
studies of general population samples. Specifically, this review contrib-
uted to our evaluation of the research literature related to the effects of 
cannabis on academic achievement as well as social relationships and 
other social roles. There was no systematic review of the research litera-
ture on the effects of cannabis on employment and income. 

Because only one systematic review was available, we also focused 
on the primary literature to address questions related to the effect of 
cannabis on (1) academic achievement; (2) employment and income; and 
(3) social relationships and other social roles. The primary literature to 
be reviewed and summarized is based on studies published subsequent 
to 1999. In selecting that literature, we focused on studies that met cri-
teria derived from the Newcastle–Ottawa quality assessment scale. In 
particular, (1) prospective studies in which cannabis use occurred prior 
to the outcomes of interest; (2) multiple assessments of the variables of 
interest over time; (3) samples that are representative, either of the nation 
or a major subgroup; (4) multiple measures of cannabis use, involving 
frequency and/or quantity of use; (5) a relatively large sample size; and 
(6) consideration of relevant sociodemographic control variables such as 
sex/gender, age, family income, ethnicity/race, and/or history related to 
the outcome of interest. 

Systematic Reviews

In their systematic review, Macleod et al. (2004) identified 16 high-
quality longitudinal studies of the general population in which the effects 
of cannabis use on psychosocial outcomes, including educational attain-
ment, were examined. The authors reported that cannabis use was con-
sistently related to negative educational outcomes (measured primarily 
by drop-out rates), but they also noted that the strength of the association 
varied across the studies reviewed. In addition, including the appropriate 
control variables in the analyses typically resulted in a substantial decrease 
in the strength of the association. There was no evidence of a causal rela-
tionship between cannabis use and lower educational attainment.

Primary Literature

The primary literature published subsequent to Macleod et al.’s 2004 
review continues to show that it is difficult to document a direct link 
between cannabis use and negative educational outcomes because other 
variables play a role. At best, indirect relationships have been reported. 
For example, Arria et al. (2013) used longitudinal growth curve model-
ing to analyze cannabis use and grade point average (GPA) data across 4 
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years of university education. They found no direct links from cannabis 
to GPA, but they did report an indirect path in which increased cannabis 
use led to increased skipping of classes, which resulted in lower GPA. 
Using data from the Coronary Artery Risk Development in Young Adults 
study, Braun et al. (2000) initially found an inverse relationship between 
past-month cannabis use and becoming a college graduate. When analy-
ses were adjusted for variables such as age and parental education, this 
relationship disappeared, so that cannabis use was unrelated to college 
graduation. 

There is some evidence to suggest that a higher frequency and per-
sistence of cannabis use are associated with some negative educational 
outcomes. Using data from the Victoria Adolescent Health Cohort (1992–
2003), Degenhardt et al. (2010) examined a cohort of a representative 
sample of Australian students (n = 1,943) from an average age of 14.9 
years through an average of 24.1 years. Individuals who were persistent 
or weekly users of cannabis in adolescence and young adulthood had 
poorer post-school outcomes at age 24 years (adjusted odds ratio [aOR], 
0.84; 95% CI = 0.55–1.3; n = 190)1 compared with individuals who never 
used cannabis. Adjustment for background factors and cigarette smoking 
reduced this association. 

The age at which cannabis use is initiated may be important in deter-
mining negative educational outcomes. Using data from three Australian 
cohort studies involving more than 6,000 participants, Horwood et al. 
(2010) reported that individuals who began to use cannabis before age 15 
years experienced significantly greater negative educational outcomes, 
even after reductions in odds ratios (ORs) based on an adjustment for 
confounding variables. Pooled odds ratios (pOR) estimates indicated that 
the educational achievement of those who never used cannabis by age 18 
years were 1.9 to 2.9 times greater than for those who used cannabis before 
the age of 15 years. The researchers found that individuals who had not 
used cannabis by age 18 were more likely to complete high school (pOR, 
2.9; 95% CI = 1.8–4.6; p <0.001), enroll in university (pOR, 1.9; 95% CI = 
1.5–2.4; p <0.001), and earn a university degree (pOR, 2.5; 95% CI = 1.8–3.5; 
p <0.001) compared to individuals who had used cannabis before age 18. 
In related findings, Brook et al. (2002) reported that minority youths ages 
10 to 19 years who used cannabis had higher rates of being suspended or 
expelled from school (aOR, 2.68; 95% CI = 1.73–4.14; p <0.001).

Educational outcomes related to cannabis use tend to be confounded 
with the use of other substances, particularly tobacco/smoking cigarettes. 
Mokrysz et al. (2016) analyzed data from the Avon Longitudinal Study of 

1 Adjusted for non-Australian birth, symptoms of depression and anxiety in adolescence, 
high-risk alcohol use, and maximum level of cigarette smoking in adolescence. 
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Parents and Children, a propective study of 2,235 adolescents, 24 percent 
of whom reported using cannabis by the age of 15 years. When analyses 
included appropriate confounding variables (particularly tobacco use) 
even heavy (>50 times) cannabis users (mean educational performance,2 
69.2 percent; 95% CI = 65.0–73.3) did not significantly differ from never 
users in their educational performance at age 16 (mean educational per-
formance, 80.8 percent; 95% CI = 80.2–81.4). 

Similarly, McCaffrey et al. (2010) followed 4,500 adolescents for 4 
years through high school and reported a positive association between 
cannabis use and dropout rates (OR, 5.6; risk ratio [RR] = 3.8). However, 
the remaining association (OR, 2.4; RR = 1.7) became statistically insig-
nificant when the data were adjusted for cigarette use. Degenhendt et 
al.’s 2010 study found that occasional cannabis use was linked to lower 
educational outcomes (i.e., dropping out of school), but that the initial 
relationship was attenuated by tobacco use, which was relatively high in 
their sample. Green and Ensminger (2006) found that heavy use of can-
nabis during adolescence was associated with dropping out of school.

Discussion of Findings

Researchers have hypothesized and some studies have reported 
that cannabis use is linked to negative educational outcomes. However, 
the relationships among these variables are complex as are the ways in 
which the specific variables of interest are measured. In addition, all 
such research requires the careful consideration of a wide range of con-
trol variables that include sociodemographic confounders (e.g., gender/
sex, family socioeconomic status [SES]) and educational confounds (e.g., 
parental education, intelligence quotient [IQ], student’s cognitive abil-
ity) (Fergusson and Boden, 2008; Horwood et al., 2010). This complex-
ity requires that researchers use sophisticated data-analytic techniques 
(e.g., propensity scoring to reduce confounding by measured factors) 
(McCaffrey et al., 2010). Use of less sophisticated approaches (e.g., correla-
tions, logistic regression) can lead to an overestimation of the association 
between cannabis use and negative educational outcomes (McCaffrey et 
al., 2010). Typically, the primary literature cannot elucidate the mecha-
nisms through which cannabis use may produce negative educational 
outcomes, although some have speculated that these outcomes may be 
related to cannabis’s effects on the brain, including cognitive impairment. 

In all of the primary research literature reviewed on the effects of 
cannabis on academic achievement, employment and income, as well 
as social relationships and other social roles, there were a number of 

2 Measured in percentage of General Certificate of Secondary Education points.
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limitations. Below, we summarize aspects of various studies that make it 
difficult to draw definitive conclusions regarding the causal relationships 
among cannabis use and the different psychosocial outcomes that we 
examined. They include the following:

1. Sample heterogeneity (e.g., differences related to sample’s SES, 
age, gender, ethnicity).

2. Inconsistent measures of cannabis use (yes/no; cross-sectional 
reports of frequency and/or quantity/amount; categories based 
on history of use). 

3. Inconsistent/varying measures of the duration of cannabis use 
and outcome variables.

4. Even in longitudinal studies, the measures of interest often are 
cross-sectional snapshots. 

5. The history and persistence of cannabis use is not always consid-
ered. In adolescence through adulthood, patterns of cannabis use 
can vary (groupings include consistent never users, occasional 
users, persistent heavy users, and so on). 

6. In almost every study, the measure of cannabis use is based only 
on self-report, which cannot be validated. 

7. Failure to consider individual characteristics (e.g., attitudes 
related to the outcomes of interest).

8. Multiple substances being used; it is difficult to separate out 
effects of cannabis relative to use of other drugs, including alco-
hol and smoking tobacco. Often cannabis effects are less strongly 
related to outcomes of interest.

9. The complexity of the relationships means that confounds must 
be considered and statistical analyses must be sophisticated. 
Many studies meet criteria for design and samples, but report 
outcomes based on less sophisticated analyses (e.g., correlations, 
logistic regressions). 

CONCLUSION 11-2 There is limited evidence of a statisti-
cal association between cannabis use and impaired academic 
achievement and education outcomes.
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EMPLOYMENT AND INCOME

Is There an Association Between Cannabis 
Use and Employment and Income?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and employ-
ment and income.

Primary Literature

The primary literature to be reviewed and summarized is based on 
studies published subsequent to 1999. In selecting that literature, the com-
mittee focused on studies that met criteria derived from the Newcastle–
Ottawa criteria (Wells et al., 2014), as described in the previous section. 

Popovici and French (2014) analyzed two waves of panel data from 
the nationally representative National Epidemiologic Survey on Alcohol 
and Related Conditions. Initial analyses suggested a significant associa-
tion between cannabis and employment status (implying poorer labor 
market outcomes; also see Fergusson and Boden, 2008). However, more 
sophisticated (fixed-effect) data analyses that considered individual 
sources of heterogeneity resulted in smaller and less significant relation-
ships between cannabis and unemployment for men and women (OR, 
0.813; 95% CI = 0.237–2.791 and OR, 0.777, 95% CI = 0.269–2.239, respec-
tively). The researchers concluded that cannabis use is less detrimental 
to labor market participation than was suggested in previous research. 
A similar conclusion was reached by Lee et al. (2015a), who found that 
cannabis use was not related to unemployment (OR, 0.96; 95% CI = 0.91–
1.01), but rather that it is confounded with the use of other substances 
such as drinking alcohol and tobacco use, which are associated with 
unemployment.

There are some studies that suggest that the persistent use of cannabis 
over longer periods of time is associated with unemployment. Zhang et al. 
(2016) reported that chronic cannabis users (who started in adolescence) 
were more likely to be unemployed at age 43 (across three decades) 
than non/experimental users (aOR, 3.51; 95% CI = 1.13–10.91). Braun 
et al. (2000) also found cannabis users to be less likely to be employed 
than nonusers. Those who were employed tended to have lower prestige 
occupations (measured by the Occupational Prestige Score [OPS]; across 
10 years) compared to nonusers. Some of this may be related to lessened 
commitment to work among those who use cannabis over time. Hyggen 
(2012) found low work commitment (as measured by the Work Involve-
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ment Scale) among cannabis users compared to abstainers, starting from 
young adulthood (ages 17 to 20 years) through to middle age (early to 
mid-40s). 

Some of the negative effects of cannabis use on unemployment 
may be exacerbated among those from low SES backgrounds (Lee et al., 
2015a). Other studies of low SES and minority samples also report that 
chronic cannabis use is related to increased unemployment (Green and 
Ensminger, 2006; Lee et al., 2015b). Disentangling the effects of cannabis 
use from other variables related to having a low SES and/or a disadvan-
taged background may be fruitful areas for future research. 

Discussion of Findings

All of the committee’s conclusions are based on primary literature. 
In some cases, especially with more sophisticated data analyses, cannabis 
use has not been linked to outcomes such as labor market participation 
and unemployment. In other cases, a longer duration of cannabis use has 
been associated with unemployment. A lower SES may exacerbate these 
negative outcomes. Along with the limitations described on page 280, our 
examination of the literature on the relationship between cannabis use 
and employment was limited by the difficulty in determining causality. 
Because employment status is not static, it is possible that the relation-
ships may be cyclical (e.g., depending on context, unemployment could 
contribute to the use of cannabis and other substances [Lee et al., 2015a] 
and cannabis/substance use could contribute to unemployment).

CONCLUSION 11-3 There is limited evidence of a statistical 
association between cannabis use and increased rates of unem-
ployment and/or low income.

SOCIAL RELATIONSHIPS AND OTHER SOCIAL ROLES

Is There an Association Between Cannabis Use 
and Social Functioning and Social Roles?

Systematic Reviews

There was one systematic review that examined the effects of canna-
bis on social functioning as one of a number of outcomes in longitudinal 
studies of general population samples. In their systematic review, Macleod 
et al. (2004) identified 16 high-quality longitudinal studies of the general 
population in which the effects of cannabis use on psychosocial outcomes, 
including social functioning, were examined. The authors found that can-
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nabis use was inconsistently related to social functioning as manifested by 
antisocial behaviors such as conduct disorder or delinquency, offending, 
and contact with police. Associations related to an individual’s gender 
and ethnicity also produced inconsistent findings. Using data from the 
Christchurch Health and Development Study (n = 1,265), Fergusson et al. 
(1996) reported that cannabis use at younger ages (<15 years) was con-
sistently associated with antisocial behavior (aOR, 1.0; 95% CI = 0.5–2.1). 
Interestingly, the use of tobacco and alcohol showed similar associations.

Primary Literature

The primary literature has shown that there is a statistical association 
between cannabis use and social functioning as manifested by negative 
relationships with others, but there are too few good-quality studies to 
provide conclusive evidence of causation. Palamar et al. (2014) examined 
various psychosocial outcomes in a nationally representative sample of 
high school seniors (n = 7,437) from the Monitoring the Future study. 
They found that participants who had used cannabis 40 or more times 
had compromised relationships with teachers, supervisors, and parents. 
Cannabis users reported less interest in activities and more trouble with 
police. Interestingly, the adverse psychosocial outcomes for cannabis were 
less than those for alcohol. In a sample of African American and Puerto 
Rican young adults, cannabis use was associated with rebelliousness and 
engagement with fewer productive activities (Brook et al., 2002).

Chassin et al. (2010) reported that in a sample of juvenile offenders, 
cannabis use in adolescence was inversely related to “psychosocial matu-
rity” (i.e., a measure of responsibility, temperance, and perspective taking) 
in young adulthood (χ2 (5) = 13.49, p = 0.02; comparative fit index [CFI] 
= 0.991, RMSEA = 0.038). Such maturity is integral to being able to suc-
cessfully engage in social relationships and to transition into adult social 
roles. Interestingly, in some cases the temporal sequencing of cannabis 
use and maturity fluctuated over time, suggesting that these relationships 
were not static; increases in cannabis use were associated with reduced 
maturity, and reductions in cannabis use were associated with increases 
in maturity.

There is some evidence to suggest that a higher frequency and per-
sistence of cannabis use or, in particular, cannabis use during adolescence 
is associated with some negative social outcomes. Among a low-income 
sample of 274 African Americans, Green and Ensminger (2006) found that 
“heavy” (>20 times) cannabis use during adolescence (i.e., before age 17 
years) was associated with poorer functioning in some social roles at ages 
32 to 33 years. Compared to never using or experimenting with cannabis, 
heavy cannabis use was associated with unemployment (ES, −0.159; 95% 
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CI = −0.303 to −0.155; p = 0.030) and to parenting outside of marriage (ES, 
0.109; 95% CI = −0.042–0.261). 

Discussion of Findings

In the systematic review and primary literature, the findings indicate 
inconsistent relationships between cannabis use and social functioning. 
The primary literature included studies in which there was a relation-
ship between cannabis use and adverse outcomes such as compromised 
relationships with authority figures and poorer functioning in social roles 
such as employment and parenting. Various limitations faced by the pri-
mary literature are described on page 282.

Researchers have hypothesized—and some studies have reported—
that cannabis use is linked to negative social functioning and the ability to 
appropriately handle social roles. The relationships among these variables 
are complex, as are the ways in which the specific variables of interest are 
measured. In addition, all such research requires the careful consideration 
of a wide range of control variables that include sociodemographic con-
founds (e.g., gender/sex, family SES), the use of other substances (alcohol, 
other illicit drugs), and psychological problems such as depression or a 
personality disorder (Macleod et al., 2004). This complexity requires that 
researchers use sophisticated data-analytic techniques (e.g., propensity 
scoring to reduce selection bias; see Chassin et al., 2010). The use of less 
sophisticated approaches (e.g., correlations, logistic regression) can lead 
to an overestimation of the association between cannabis use and negative 
social outcomes (Macleod et al., 2004).

CONCLUSION 11-4 There is limited evidence of a statistical 
association between cannabis use and impaired social function-
ing or engagement in developmentally appropriate social roles.

RESEARCH GAPS

To address the research gaps relevant to cognitive health and psycho-
social functioning, the committee suggests the following:

• The systematic reviews that were reviewed by the committee did 
not necessarily parallel those in other fields of research that are 
covered in this report. As such, more studies that report quantita-
tive data on the psychosocial effects of cannabis use are required 
to allow for a greater degree of comparison with the effects of 
cannabis use on the other health endpoints discussed in this 
report. 
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BOX 11-2 
Special Consideration for Psychosocial Systematic Reviews

The quality assessment of the systematic reviews in this chapter followed 
the methods used in this report. Most of the systematic reviews focused on the 
literature on cognition (i.e., learning, memory, attention) as related to behavioral, 
neuropsychological, and neuroimaging findings (Batalla et al., 2013; Broyd et al., 
2016; Grant et al., 2003; Martin-Santos et al., 2010; Schreiner and Dunn, 2012). 
There was only one systematic review (Macleod et al., 2004) that included out-
comes related to academic achievement/education and social functioning/social 
roles. In the systematic reviews on cognition, it is important to note that the broad 
reporting standards for the field of behavioral, neuropsychological, and neuroim-
aging findings included limitations related to the failure to consistently describe 
the methods for scoring the evidence for each endpoint. For example, within this 
examination of the literature, many systematic reviews followed the standards 
typically used to evaluate findings from the primary literature. That is, the reviews 
include scores of the strength and consistency of the evidence for each outcome, 
but they provided less information about issues such as study design and statisti-
cal analyses. As a result, the reviews did not include the conventions generally 
found within quantitatively based systematic examinations of a topic, or such as 
would be found in meta-analytic reviews (e.g., empirical demarcations of synergy 
or dissonance, as reported via effect sizes and confidence intervals). Reasons for 
this may include variations in study methodologies, instrumentation, populations, 
and research designs, which may be relatively more prevalent within psychosocial 
research. Other reasons may reflect the relatively small body of literature that 
meets the quality criteria for inclusion in the systematic review. For example, Broyd 
et al. (2016) evaluated 3,021 manuscripts that yielded a final sample of only 105 
manuscripts that addressed the cognitive outcomes of interest. The state-of-the-
science in such research often includes confounds that make it difficult to identify 
effects that unequivocally can be linked to cannabis. Thus, research designed 
to examine the impact of cannabis on the developing brain often has to contend 
with confounds related to polysubstance use (which is characteristic of adolescent 
cannabis use), which obscures the ability to answer questions about the effects of 
“cannabis only” on the developing brain and cognitive functioning. In some cases, 
samples included different populations (adolescents versus adults), cannabis use 
history (i.e., chronic versus acute), and patterns of use (i.e., frequency, dose, 
quantity), all of which provide mixed or inconsistent evidence as to the effects of 
cannabis on a specific outcome. In their systematic review, Macleod et al. (2004) 
noted that when analyses were appropriately adjusted to address such confounds, 
there was a substantial decrease in the strength of associations between cannabis 
use and negative educational outcomes. Similar conclusions can be reached when 
examining the literature in a broad range of topics. All of these issues provide the 
basis for recommendations regarding future research on psychosocial outcomes. 
The findings from such research will begin to provide the evidence base for future 
systematic reviews and meta-analyses that can better articulate the effects of 
cannabis on behavior and functioning.
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• It will be necessary to conduct further research on the devel-
opmental implications of cannabis use across age groups, par-
ticularly among adolescents, children, and the older populations. 
While the National Institute on Drug Abuse’s Adolescent Brain 
Cognitive Development study is in progress (see Box 11-2), at the 
time that this report was released, the findings of that study had 
not been published. 

SUMMARY

This chapter summarizes the good- and fair-quality psychosocial lit-
erature published since 1999. The committee found that there is moderate 
evidence of an association between cannabis use and the impairment of 
the cognitive domains of verbal learning and attention but insufficient 
evidence for an association between cannabis use and the impairment of 
working memory. There is mixed evidence for the persistence of impair-
ments or the recovery of function following an abstinence period of 24 
hours or several weeks (25–32 days) without cannabis use in the domains 
of working memory, attention, and verbal learning (Broyd et al., 2016).

The committee found that it is difficult to document a direct link 
between cannabis use and negative educational outcomes because other 
variables play a role. There is some evidence to suggest that a higher fre-
quency and persistence of cannabis use is associated with some negative 
educational outcomes. The age at which cannabis use is initiated may be 
important in determining negative educational outcomes. Educational 
outcomes related to cannabis use tend to be confounded with the use of 
other substances, particularly tobacco/smoking cigarettes. The primary 
literature has shown that there is an association between cannabis use and 
social functioning as manifested by negative relationships with others, but 
there are too few good-quality studies to provide conclusive evidence. 
There is some evidence to suggest that a higher frequency and persistence 
of cannabis use or cannabis use during adolescence is associated with 
some negative social outcomes. The literature provides limited evidence 
to support the hypothesis that cannabis use contributes to negative social 
functioning (e.g., conduct disorder, immature behavior) or to a failure 
to engage in developmentally appropriate social roles (e.g., marriage, 
parenting). The committee has formed a number of research conclusions 
related to these health endpoints (see Box 11-3); however, it is important 
that each of these conclusions be interpreted within the context of the 
limitations discussed in the Discussion of Findings sections. 
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BOX 11-3 
Summary of Chapter Conclusions*

There is moderate evidence of a statistical association between cannabis 
use and:

•  The impairment in the cognitive domains of learning, memory, and atten-
tion (acute cannabis use) (11-1a)

There is limited evidence of a statistical association between cannabis use 
and:

• Impaired academic achievement and education outcomes (11-2)
• Increased rates of unemployment and/or low income (11-3)
•  Impaired social functioning or engagement in developmentally appropriate 

social roles (11-4)

There is limited evidence of a statistical association between sustained 
abstinence from cannabis use and:

•  Impairments in the cognitive domains of learning, memory, and attention 
(11-1b)

* Numbers in parenthesis correspond to chapter conclusion numbers.
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12

Mental Health

Chapter Highlights

•	 Cannabis use is likely to increase the risk of developing 
schizophrenia and other psychoses; the higher the use, the 
greater the risk.

•	 In individuals with schizophrenia and other psychoses, a his-
tory of cannabis use may be linked to better performance on 
learning and memory tasks.

•	 Cannabis use does not appear to increase the likelihood of 
developing depression, anxiety, and posttraumatic stress 
disorder.

•	 For individuals diagnosed with bipolar disorders, near daily 
cannabis use may be linked to greater symptoms of bipolar 
disorder than for nonusers.

•	 Heavy cannabis users are more likely to report thoughts of 
suicide than are nonusers.

•	 Regular cannabis use is likely to increase the risk for develop-
ing social anxiety disorder.

The relationship between substance use and mental health has been a 
long-standing and complex public health issue. In 2014, a national survey 
from the Substance Abuse and Mental Health Services Administration 
found that 20.2 million adults had a substance use disorder, and of these 
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individuals, 7.9 million had both a mental health disorder and a substance 
use disorder (SAMSHA, 2015). These statistics emphasize the importance 
of conducting cross-disciplinary research in order to appropriately inform 
public health decisions and ultimately improve population health. In this 
chapter, the committee reviews the current evidence on the association 
between cannabis use and prioritized mental health outcomes. 

The mental health outcomes selected for review in this report were 
derived from the committee’s statement of task and the sponsors’ 
expressed interest and based on committee consensus. Specifically, men-
tal health outcomes with high prevalence (e.g., depression and anxiety 
disorders) were included, as were outcomes with significant public health 
implications such as suicide. Studies on the association between cannabis 
use and schizophrenia and psychosis were included based on the large 
volume of literature on the subject, and in an effort to evaluate cannabis 
effects across the mental health diagnostic spectrum, studies on the asso-
ciation between cannabis use and bipolar disorder were reviewed as well. 

Concerning each disorder, the committee focused on two key ques-
tions: What is the effect of cannabis use on the risk of developing the dis-
order? And in patients with the disorder, what are the effects of cannabis 
use on the symptoms or course of the disorder? An initial search of the 
primary literature (see Appendix B) produced a substantial number of 
primary articles (e.g., cross-sectional studies, case-control studies, cohort 
studies, randomized controlled trials [RCTs], or nonsystematic literature 
reviews) for the committee to review. Due to the time constraints of the 
study, additional search constraints were added to zero in on the types of 
studies that would likely produce the clearest research conclusions. For 
example, for the health endpoints discussed below, literature searches 
were limited to articles that included the following search terms: longi-
tudinal, prospective, and case-control.1 The committee’s review of the lit-
erature focused on identifying studies relevant to answering these specific 
questions. In this chapter the committee will discuss the findings from 
14 of the most recent, good- to fair-quality systematic reviews and from 
31 primary literature articles that best address the committee’s research 
questions of interest. 

It is important to note that the present review does not include find-
ings from controlled laboratory studies. These studies have been used 
to assess the effect of cannabis on behavior, to understand how canna-
bis interacts with alcohol and other drugs to influence behavior, and to 
characterize the dose-dependent effects of cannabis as they relate to its 

1 The initial search of the primary literature produced a relatively small literature base 
for the posttraumatic stress disorder section, and as such, the additional search restrictions 
were not applied. 
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potential for addiction. Evidence from this body of research—though illu-
minating at the mechanistic level—does not provide information on the 
mental health effects of cannabis use in real-world conditions, and was 
excluded for this reason.

SCHIZOPHRENIA AND OTHER PSYCHOSES

Schizophrenia spectrum disorders and other psychotic disorders are 
mental health disorders characterized by three different classes of symp-
toms: positive symptoms (e.g., delusions, hallucinations, or disorganized 
or abnormal motor behavior), negative symptoms (e.g., diminished emo-
tional expression, lack of interest or motivation to engage in social set-
tings, speech disturbance, or anhedonia), and impaired cognition (APA, 
2013, p. 87; NIMH, 2015). Evidence suggests that the prevalence of canna-
bis use among people with schizophrenia is generally higher than among 
the general population (McLoughlin et al., 2014). In most of the studies 
reviewed below, schizophrenia, schizophreniform disorder, schizoaffec-
tive disorder, and psychotic disorders are used as aggregate endpoints. 
Therefore, conclusions regarding the association between cannabis use 
and psychosis are in general not diagnosis specific. 

Is There an Association Between Cannabis Use and the 
Development of Schizophrenia or Other Psychoses?

Systematic Reviews

Five systematic reviews of fair or higher quality were identified that 
addressed the committee’s research question (Large et al., 2011, Marconi 
et al., 2016, Moore et al., 2007, Myles et al., 2012, van der Meer et al., 
2012). While the systematic review by Marconi et al. was the most recent, 
it excluded studies that did not consider at least three levels of cannabis 
exposure because the researchers’ main purpose was to address dose–
response relationships. In addition to reporting on the systematic review 
by Marconi et al., the systematic review conducted by Moore et al. is also 
discussed.This study addressed the broad question of cannabis use and 
psychotic outcome and included meta-analysis results. The remaining 
systematic reviews, which are not reported on here, focused on the time 
to onset of psychosis (or the age of onset of psychosis), the role of con-
comitant tobacco use, and psychotic symptomatology in patients at high 
risk of psychosis. 

The systematic review by Marconi et al. (2016) included a search of the 
literature through December 31, 2013, and selected 10 studies for inclusion 
in the meta-analysis. A key feature of the researchers’ inclusion criteria 
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was the requirement that studies assess cannabis use with a dose criterion 
and classify cannabis use into at least three exposure groups. Thus, high-
quality studies with cannabis assessed as a dichotomous variable were 
excluded from the analysis. Studies that reported psychotic symptoms on 
a continuous, rather than categorical, scale were also excluded from the 
analysis. The 10 studies reviewed were conducted in Australia, Europe, 
New Zealand, and the United States and reported results for 66,816 indi-
viduals. The age and sex of the subjects were not reported. Cannabis use 
was classified based on lifetime frequency, the frequency of use at base-
line, the duration/frequency of current use, and frequency within the last 
year. The authors did not assess the quality of the papers included in the 
meta-analysis, but they did conduct analyses to assess publication bias 
and heterogeneity. They considered the publication bias to be low and 
acknowledged the existence of heterogeneity within their sample of stud-
ies. Marconi et al., (2016) found an association between cannabis use and 
psychosis (odds ratio [OR], 3.9; 95% confidence interval [CI] = 2.84–5.34) 
among the most severe cannabis users, as compared to the nonusers. The 
investigators also report a dose–response relationship with an OR of 1.97 
(95% CI = 1.68–2.31) for those at the median of any cannabis use and an 
OR of 3.40 (95% CI = 2.55–4.54) for those in the top 20 percent of canna-
bis use. In addition, they reported associations of cannabis use with the 
presence of psychotic symptoms (pooled odds ratio [pOR], 3.59: 95% CI = 
2.42–5.32), as well as with a diagnosis of schizophrenia or psychotic disor-
der (pOR, 5.07; 95% CI = 3.62–7.09). Subgroup analysis stratified by study 
design revealed a pOR of 3.99 (95% CI = 2.50–6.37) for cross-sectional 
studies and 3.83 (95% CI = 2.34–6.29) for cohort studies.

Moore et al. (2007) searched multiple databases from their inception 
through September 2006 and included only studies that were longitudi-
nal, population-based, or case-control studies nested within longitudinal 
designs. They assessed study quality by recording information on sam-
pling strategy, response rates, missing data, attrition, attempts to address 
reverse causation, intoxication effects, and other potential confounders. 
Their search identified 32 studies, with 11 studies reporting the incidence 
of psychosis from 7 cohort studies, 5 of which were adult population–
based cohorts and 2 of which were birth cohorts. They found no evi-
dence of the presence of publication bias using Egger’s test (p = 0.48). 
The authors noted that some individual studies adjusted for psychotic 
symptoms at previous assessments or baseline and excluded people with 
psychotic symptoms or diagnosis at baseline to help clarify the temporal 
order of events. The authors also noted that individual studies excluded 
psychotic symptoms that arose solely from drug use by using scales to 
measure drug intoxication. In addition, this group of studies collectively 
adjusted for approximately 60 different potential confounders, including 
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other substance use, personality traits, sociodemographic markers, intel-
lectual ability, and other mental health problems. In a pooled analysis, 
the authors found that in individuals who have ever used cannabis, there 
was an associated increased risk of a psychotic outcome (adjusted odds 
ratio [aOR], 1.41; 95% CI = 1.20–1.65). When the analysis was restricted to 
studies examining the effects of frequent cannabis use, the investigators 
found a stronger association (aOR, 2.09; 95% CI = 1.54–2.84), suggesting 
a dose–response relationship between cannabis use and the risk of a psy-
chotic outcome. 

Primary Literature

Auther et al. (2015) used the North American Prodrome Longitudinal 
Study2 phase 1 sample to examine the impact of the level of cannabis use 
on conversion to psychosis.3 From the subjects who contributed to the 
data, 370 were determined to be at a high risk for developing a psychotic 
disorder. After excluding subjects who were missing necessary outcome 
data—or who met criteria for attenuated positive symptom syndrome, 
brief intermittent psychotic syndrome, genetic high risk, and deterioration 
syndrome—a total of 283 subjects (mean age = 18.3 years) were included 
in the study’s analysis. Using the subjects’ reported level of lifetime use, 
subjects were divided into three subgroups: no use, use without impair-
ment, and abuse and dependence. The primary outcome, conversion 
to psychosis, was determined by meeting the full criteria for Presence 
of Psychotic Syndrome on the Structured Interview for Prodromal Syn-
drome. In a follow-up assessment (approximately 17 months after the 
initial baseline assessment), the researchers found that cannabis abuse/
dependence was associated with a greater risk of conversion to psychosis 
within the chronic high-risk population; however, when alcohol use was 
incorporated into the Cox regression model, cannabis abuse/dependence 
was no longer significantly related to conversion (hazard ratio [HR], 
1.875; 95% CI = 0.963–3.651). Similar research conclusions were reached 
in a longitudinal study by Valmaggia et al. (2014), where they examined 
the association between lifetime cannabis use and the development of 
psychosis. Valmaggia et al. (2014) followed 182 individuals at ultra-high 
risk for psychosis disorder for 2 years and found that varying degrees 
of cannabis use (i.e., frequent use, early-onset use, and continued use 

2 The North American Prodrome Longitudinal Study is a collaborative database formed 
in 2007. The database contains data on various clinical, cognitive, and functioning variables 
collected from eight independent research centers.

3 Auther et al. (2015) defined this outcome as having a psychotic level positive symptom 
that is either seriously disorganizing or dangerous, or that occurs for at least 1 hour per day 
for an average of 4 days in the past month.
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after presentation) among lifetime cannabis users is associated with an 
increased transition to psychosis. It is of note, however, that within this 
specific ultra-high risk population, cannabis users were no more likely to 
develop psychosis than were those who had never tried cannabis. 

Using a case-control design of 410 patients with first episode psycho-
sis and 370 population controls, Di Forti et al. (2015) showed that first-
episode psychosis patients were more likely to have lifetime cannabis use, 
more likely to use cannabis every day, and to mostly use high- potency 
cannabis as compared to the controls. The cases were also more likely to 
have used cannabis before the age of 15. Duration of use did not differ 
between patients and controls, nor did other drug use. After adjusting for 
a variety of confounders, including use of other drugs and alcohol, the 
researchers found an increased risk of developing psychosis in subjects 
who used cannabis daily (OR, 3.04; 95% CI = 1.91–7.76) and in subjects 
who used high-potency cannabis (OR, 2.91; 95% CI = 1.52–3.60). In a 
cross-sectional study of subjects with first-episode psychosis, Colizzi et al. 
(2015) examined the association between cannabis use, the risk of psycho-
sis, and the dopamine receptor type 2 (DRD2) polymorphism rs1076560. 
Researchers found, after adjusting for confounders (e.g., gender, age, eth-
nicity, polysubstance use), a significant interaction between lifetime fre-
quency of cannabis use and DRD2 polymorphism rs1076560 on psychosis 
risk. Moreover, a lifetime history of cannabis use was associated with an 
increased risk of having psychotic disorder in T-carrying subjects, relative 
to GG carrying subjects (OR, 3.07; 95% CI = 1.22–7.63).4

Discussion of Findings

The association between cannabis use and the development of a psy-
chotic disorder is supported by data synthesized in several good-quality 
systematic reviews. The magnitude of this association is moderate to large 
and appears to be dose-dependent, and it may be moderated by genetic 
factors. Factors contributing to the strength of the evidence derived from 
the cited systematic reviews include large sample sizes, the relative homo-
geneity of the findings, the presence of relationships between the dose/
exposure and the risk, the studies having been controlled for confound-
ers, and the systematic reviews having assessed for publication bias. The 
primary literature reviewed by the committee confirms the conclusions 
of the systematic reviews, including the association between cannabis use 

4 T-carrying subjects have at least one allele with the polymorphism. G-carrying subjects 
do not express the polymorphism. Genotype results of the subjects included homozygote 
G/G, heterozygote G/T, and homozygote T/T genotype classes. Due to the low number of 
TT subjects, GT and T/TT subjects were combined and compared to GG carriers. 
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and psychotic outcome and the dose-dependency of the effects, further 
bolstering the overall strength of evidence for our conclusions. 

The limitations of the summarized studies include their reliance of 
self-report for cannabis use, issues with study designs (e.g., a lack of 
randomization), a lack of information on the frequency of use, patterns of 
long-term use, and possible confounding polysubstance effects. In addi-
tion, for the primary studies cited, some are also limited in terms of their 
sample sizes and controlling for confounders. Overall, the accumulated 
evidence is suggestive that cannabis use is associated with an increase in 
psychosis-related outcomes, as made evident in the discussion of Auther 
et al. (2015) and Valmaggia et al. (2014) above.

As noted in Box 12-1, the relationship between cannabis use and can-
nabis use disorder, and psychoses may be multidirectional and complex. 
The committee found this to be consistent with their review of the sum-
marized data demonstrating a strong and consistent association between 
cannabis use and the subsequent development of psychosis and psychotic 
disorders. In addition, it is noteworthy to state that in certain societies, 
the incidence of schizophrenia has remained stable over the past 50 years 
despite the introduction of cannabis into those settings (Kirkbride et al., 
2012); however, the committee did not examine ecologic data (studies of 
concomitant time trends) to evaluate trends in cannabis consumption and 
diagnosis of psychosis over time. Multiple factors (including measure-
ment of dose and frequency of cannabis consumption over decades, and 
patterns of diagnosis of psychosis) limit our ability to draw conclusions 
from such findings. Of note, future analysis of rates of psychosis in states 
with increased access to cannabis could be tracked to provide valuable 
information regarding potential causal relationships between cannabis 
use and psychosis. 

CONCLUSION 12-1 There is substantial evidence of a statisti-
cal association between cannabis use and the development of 
schizophrenia or other psychoses, with the highest risk among 
the most frequent users.
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BOX 12-1 
Comorbidity in Substance Abuse and Mental Illness

National survey studies suggest that it is not uncommon for individuals with 
mental health disorders to use substances of abuse and, likewise, that it is not 
uncommon for individuals who abuse or are dependent on drug substances to 
also meet diagnostic criteria for a mental health disorder. In fact, in a 2014 na-
tional survey, almost 8 million adults in the United States reported co-occurring 
substance abuse and mental health disorders. This co-occurrence is also termed  
comorbidity.

There are a number of proposed explanations for why the comorbidity of sub-
stance abuse and mental health disorders exists. Three of the most commonly 
explored hypotheses are:

1.  Substance use may be a potential risk factor for developing mental health 
disorders. Given the overlap in associated neurochemical substrates (e.g., 
dopamine, serotonin), specific neurobiological alterations due to drug use  
may have resulting effects on the neural processes regulating mental 
health.

2.  Mental illness may be a potential risk factor for developing a substance 
abuse disorder. Research suggests that individuals who are at risk for a 
mental health disorder, or those who experience subclinical symptoms, 
may be more likely than others to use drugs as a form of self-medication.

3.  An overlap in predisposing risk factors (e.g., genetic vulnerability, environ-
ment) may contribute to the development of both substance abuse and a 
mental health disorder. Studies suggest that the development of mental 
health disorders and substance abuse disorders may be a symptomatic 
outcome of preexisting neurobiological abnormalities (e.g., receptor abnor-
malities, epigenetic modifications).

Although the precise explanation is still unclear, it is reasonable to assume 
that comorbidity between substance abuse and mental health disorders may oc-
cur due to a mixture of proposed scenarios. With this context in mind, however, 
it is important to note that the issue of comorbidity directly affects the ability to 
determine causality and/or directionality in associations between substance use 
and mental health outcomes. This is a complex issue, one that certainly warrants 
further investigation.

SOURCES: CBHSQ, 2015; EMCDDA, 2016; NIDA, 2011.
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Is There an Association Between Cannabis Use and the Course 
or Symptoms of Schizophrenia or Other Psychoses?

Systematic Reviews 

Positive Symptoms One systematic review was identified that assessed 
the effects of cannabis use on positive symptoms5 in patients with psy-
chotic disorders, but the researchers did not conduct a quantitative syn-
thesis of the findings (Zammit et al., 2008). An additional systematic 
review (Szoke et al., 2014) addressed the effects of cannabis on schizotypal 
symptom dimensions; however, the committee will report only on the 
conclusions reported by Zammit et al. (2008) because they provide infor-
mation about patients with psychotic disorders rather than schizotypy. 

After their assessment of the literature, Zammit et al. (2008) found 
mixed evidence for the effects of cannabis use on positive symptoms 
in patients with psychotic disorders, with studies reporting statistically 
significant but small associations between cannabis use and the severity 
of positive symptoms. The authors searched multiple databases through 
November 2006, screened 15,303 references, and identified 13 cohort stud-
ies (n = 1,413) for their review. Studies were included if they were lon-
gitudinal or were case-control studies nested in longitudinal designs to 
assure that cannabis use was measured before outcome ascertainment. 
The authors excluded cohorts of individuals with dual diagnoses (psy-
chosis and cannabis misuse or dependence) because of the limitations 
on comparisons to control groups. The authors assessed the quality of 
the studies by comparing the response rate at baseline, loss to follow-up, 
masking of outcome assessment, adjustment for baseline severity, adjust-
ment for alcohol and other substances, and adjustment for confounders. 
Their quality assessment is reported in a summary table, and the authors 
noted that the most likely source of confounding would be the lack of 
adjustment for baseline severity and a lack of adjustment for alcohol and 
other substances in several of the studies. The authors did not report 
sample sizes, the age or sex of the study participants, or the definitions 
of cannabis use. The authors noted that several of the reviewed studies 
varied in their consideration of confounders, such as the use of other 
substances and baseline symptom severity, and that the lack of an asso-
ciation may be explained by a random misclassification of exposure data, 
particularly self-reports of cannabis use.

5 Positive symptoms of schizophrenia may include delusions, hallucinations, or abnormal 
motor behavior.
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Negative Symptoms In the systematic review described above, Zammit 
et al. (2008) identified 4 studies (from the 13 cohort studies identified in 
the larger systematic review) that assessed the effects of cannabis use on 
negative symptoms6 in patients with psychotic disorders. Zammit et al. 
(2008) did not conduct a quantitative analysis of findings; in their review 
however, they found that cannabis use was not associated with nega-
tive symptom scores in three studies, but it was associated with reduced 
negative symptom scores in a fourth study. It should be noted that the 
fourth study did not control for confounders or baseline differences in 
symptoms. 

Cognition Three systematic reviews were identified that assessed the 
relationship between cannabis abuse and dependence and cognition 
effects (e.g., disorganized thinking) in patients with psychotic disorders 
(Donoghue and Doody, 2012; Rabin et al., 2011; Yucel et al., 2012). A dis-
tinctive feature of this group of studies is the varying approaches to sepa-
rating cannabis use from other substances. While the systematic review 
by Donoghue and Doody (2012) reported on all types of illegal substance 
abuse, it identified a subgroup of three studies focusing on cannabis 
use. This is in contrast to the work of Yucel and colleagues (2012) who 
included studies with patient groups who abused substances other than 
cannabis, and by Rabin et al. (2011), who considered cannabis use without 
other substance use but relied on cross-sectional studies only. 

Donoghue and Doody (2012) conducted a search for relevant studies 
published between 1980 and October 2010, and from an initial pool of 
7,075 studies, the authors selected 19 studies for further review. Three of 
the 19 studies focused on cannabis use. The three studies (n = 551) used 
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition 
(DSM-IV) criteria to define cannabis abuse or dependence, and DSM-IV 
criteria to define schizophrenia or schizoaffective disorders. All three 
studies included inpatients and outpatients, as well as patients with a 
dual diagnosis. In their review of these studies, the authors found that 
cannabis users performed better on various measures of cognition, includ-
ing verbal learning and memory, attention and psychomotor, and global 
cognitive factor tests, than did non-cannabis users. The authors conducted 
a meta-analysis of the three studies and reported statistically signifi-
cant associations between cannabis use and verbal learning and memory 
(Hedges g7 = 0.351, 95% CI = 0.179–0.523), attention and psychomotor 

6 Negative symptoms of schizophrenia may include diminished emotional expression, 
lack of interest or motivation to engage in social settings, speech disturbance, or anhedonia.

7 Hedges g reports the unbiased estimate of the effect size (the standardized difference 
between two means). It is commonly used for small sample sizes.
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speed (Hedges g = 0.316, 95% CI = 0.144–0.488), and global cognitive 
factor (Hedges g = 0.237, 95% CI = 0.083–0.390). Tests of association with 
working memory and executive function were not statistically significant. 

Rabin et al. (2011) conducted a meta-analysis on 8 cross-sectional 
studies, published between 2005 and 2010, with a total of 942 patients 
with schizophrenia. The 356 cannabis users among those patients had a 
mean age of 28.7 years, a mean education of 11.4 years, and 81.9 percent 
were male. Of the 942 patients, 586 were nonusers of cannabis and had a 
mean age of 32.4 years, a mean education of 12.2 years, and 65.8 percent 
were male. Limited information was provided about the statistical analy-
sis, and the authors reported moderate associations with cannabis users 
performing better on general cognitive ability and intelligence; selective, 
sustained and divided attention; and visual-spatial and constructional 
abilities. 

Yucel et al. (2012) searched the literature for the period between 1987 
and March 2010 and included studies where cannabis was the predomi-
nant substance used by patients. They identified 10 studies involving 
572 patients with schizophrenia; the studies were stratified by lifetime 
versus current or recent use. From their review, Yucel et al. (2012) found 
that patients with established schizophrenia and a history of cannabis use 
showed better performance on tests assessing cognitive abilities than did 
patients who did not use cannabis. For example, the meta-analysis con-
ducted on 10 studies to assess global cognition resulted in a Cohen’s d8 of 
0.35 (95% CI = 0.09–0.61; p = 0.009), showing small to moderate increases 
in performance in cannabis users compared to nonusers. Other small to 
moderate statistically significant effects were observed, again showing 
better performance by cannabis users compared to nonusers for process-
ing speed, visual memory, and planning, despite the smaller number of 
studies available for these comparisons. The authors stated that tests for 
publication bias or heterogeneity were conducted, but these were only 
partially reported. No differences were reported for assessments of atten-
tion, verbal memory, or working memory.

Primary Literature

Positive Symptoms In a 2004 case-control study with schizophrenic 
patients, Rehman and Farooq (2007) determined that patients with canna-
bis abuse had higher rates of positive symptoms than nonusers. Seddon et 
al. (2016), in a case-control study examining cannabis use in the first year 
following a first-episode psychosis, found that cannabis use at baseline 

8 Cohen’s d is an estimate of the effect size (the standardized difference between two 
means).
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or the 1-year assessment was associated with greater severity of positive 
symptoms (as measured by the Positive and Negative Syndrome Scale 
[PANSS], 2.14; 95% CI = 1.41–2.88) and a decrease in global functioning 
(as measured by the Global Assessment of Functioning symptom scale 
[–3.27; 95% CI = -–6.04 to –0.49]). In contrast, Barrowclough et al. (2013) 
found no association between cannabis use and positive symptoms in 
patients with non-affective psychotic disorders, as assessed by PANSS 
(adjusted coefficient = 0.07; 95% CI = –0.21–0.34). Moreover, using a lon-
gitudinal analysis over 24 months, the researchers found that changes 
in cannabis dose did not predict changes in positive symptoms severity, 
even when patients became abstinent. In their study, the researchers con-
ducted a cross sectional analysis of 160 patients with a clinical diagnosis 
of non-affective psychotic disorder and a DSM-IV diagnosis of drug and/
or alcohol dependence or abuse. Notable strengths of this study are its 
dose–response analysis and its detailed quantification of cannabis use, 
with mean use in the sample being 4 days per week and an average of 2.4 
grams per day. However, the results were not adjusted for confounders, 
including other drug use. 

Another study, Dubertret et al. (2006) conducted a cross-sectional anal-
ysis on 205 patients with schizophrenia (n = 121 with no substance abuse; 
n = 38 cannabis users) and found that after controlling for other substance 
use, no association between cannabis use and positive symptoms was 
evident. A cross-sectional analysis by Tosato et al. (2013) (n = 311 patients) 
found no association between cannabis use and the severity of positive 
symptoms in a population of first-episode psychosis patients. Similarly, 
in a prospective, longitudinal cross-sectional study by Barrowclough et 
al. (2015), the authors found no specific association between cannabis 
dose and positive symptoms (n = 102; adjusted coefficient, 0.01; 95% CI 
= −0.24–0.25), and reductions in cannabis use during follow-up (longitu-
dinal analysis up to 18 months) were not associated with improvements 
in positive PANSS symptoms in cannabis-using subjects after adjusting 
for confounders, including other drug use (n = 65; adjusted coefficient, 
–0.12; 95% CI = −0.45–0.22). After adjustment for confounders, absti-
nence from cannabis (90 days preceding the assessment) was found to 
be related to improved global functioning (adjusted coefficient, 4.95; 95% 
CI = 0.46–9.44). After controlling for confounders, van Dijk et al. (2012) 
found no difference between cannabis users (n = 68) and nonusers (n = 77) 
with schizophrenia with regard to the severity of baseline schizophrenia 
symptoms (p = 0.61; assessed by the Clinical Global Impression scale). The 
researchers also found no relationship between amount of cannabis used 
and the level of psychopathology (p = 0.676; as measured by PANSS). 
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Negative Symptoms Dubertret et al. (2006), using a cross-sectional analy-
sis, found that after controlling for other drug substances, cannabis use 
was strongly associated with fewer negative symptoms of avolition—
apathy (p = 0.0001)—as compared to non-cannabis users. Barrowclough 
et al. (2013), also using a cross-sectional analysis, found that previous 
90-day cannabis use was not significantly associated with the severity of 
negative symptoms (adjusted coefficient, 0.12; 95% CI = –0.05–0.29). The 
longitudinal analysis of data from this cohort (up to 24 months) revealed 
no association between cannabis dose and negative symptom severity 
(adjusted coefficient, 0.18; 95% CI = –0.14–0.51). Similarly, a prospective 
longitudinal study by Barrowclough et al. (2015) found no association 
between cannabis dose and negative symptoms after adjustment for con-
founders, including other drug use (adjusted coefficient, 0.28; 95% CI = 
–0.04–0.61). Seddon et al. (2016) found that cannabis use at baseline or 
the 1-year assessment was not associated with differences in negative 
symptoms relative to nonusers (as measured by PANSS; –0.07; 95% CI = 
–1.11–0.97).

Cognition Power et al. (2015) found no association between lifetime can-
nabis use or cannabis dependence and cognitive function after controlling 
for confounding variables, including the onset of illness and comorbid 
cognitive functioning in Australian patients with an established Interna-
tional Classification of Diseases-10 (ICD-10) diagnosis of psychotic disorder. 
Sanchez-Torres et al. (2013) used a longitudinal study to examine the 
impact of lifetime and current cannabis use on cognition in 42 patients 
with schizophrenia and found a negative effect of longitudinal cannabis 
use specifically in the social cognition domain (Pearson correlation, –0.34; 
p <0.05). van Winkle et al. (2011) found that cannabis use before the onset 
of psychosis interacted significantly with the rs2494732 single nucleotide 
polymorphism of the AKT1 gene to affect patient reaction time and accu-
racy as measured by the Continuous Performance Test. Cannabis-using 
patients with the a priori vulnerability (i.e., homozygous for the polymor-
phism) were slower and less accurate on the CPT than nonusers. 

Discussion of Findings

With regard to the effects of cannabis use on positive symptoms, the 
data are considered mixed. Studies report both worsening and no effect 
of cannabis use on positive symptoms in schizophrenia. The limitations 
observed in the reviewed studies included variable adjustment for other 
drug use and baseline symptom severity; issues with study design (obser-
vational); a reliance on self-reports; and variable analyses of cannabis use 
(i.e., dose/amount/frequency, current versus lifetime). However, these 
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studies, combined with human experimental studies demonstrating that 
cannabis can worsen positive symptoms in patients with schizophrenia, 
were also considered when determining the strength of evidence. With 
regard to negative symptoms, the data reviewed were generally more 
homogenous, with most studies reporting either an absence of association 
between cannabis use and negative symptoms or else reduced negative 
symptoms in cannabis users. Variable adjustments for other drug use and 
baseline symptom severity were noted as limitations in some studies. 
Overall, the data provide support for the conclusion that cannabis use 
does not worsen negative symptoms in patients with psychotic disorders. 
With regard to cognition in patients with psychotic disorders, the data 
reviewed in the systematic reviews suggest better cognitive performance 
in some cognitive domains in patients with psychotic disorders and can-
nabis use disorders, and in patients with a history of cannabis use, as 
compared to patients with psychotic disorders and no cannabis use dis-
order diagnosis. The limitations of two of the systematic reviews—Yucel 
et al. (2012) and Rabin et al. (2011) —include their study design (cross-
sectional only); variable adjustments made for confounders, including 
other drug use; and variable definitions and inclusion criteria for cannabis 
using and non-using control groups. This study found better cognitive 
performance only in subjects with a lifetime history of cannabis use, 
but not recent cannabis use. The systematic review by Donoghue and 
Doody (2012) focused on longitudinal studies in schizophrenic subjects 
with and without comorbid cannabis use and found that cannabis users 
performed better on some measures of cognition, including verbal learn-
ing and memory, attention and psychomotor speed, and global cognitive 
factor tests, than non-cannabis users. The three reviewed studies showed 
similar effects; however, the largest study was more precise and had nar-
rower confidence intervals. Estimates for the size of the effect are small 
to moderate. The primary articles reviewed indicate more mixed results 
than the systematic reviews. 

Overall, the totality of data favor the conclusion that a history of, but 
not recent, cannabis use is associated with statistically significant perfor-
mance improvement on measures of cognitive function in patients with 
psychotic disorders. It is not clear how the difference in scores might trans-
late with respect to overall improved outcomes in functioning beyond the 
test setting. Furthermore, other data do not support the notion that acute 
cannabis exposure improves cognitive performance in patients with psy-
chotic disorders, as acute intoxication is associated with impaired cogni-
tive performance in cognitive domains of memory, learning, and attention 
(see Chapter 11). Among the multiple potential explanations of the data 
indicating better performance on certain measures of cognition in patients 
using cannabis are that these patients represent a higher-functioning sub-
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group of psychotic patients or that cannabis users who achieve abstinence 
have better premorbid cognitive status. Additionally, it has been proposed 
that a history of cannabis use may have exerted neuroprotective effects in 
patients with psychotic disorders. Finally, we find insufficient data from 
which to draw conclusions regarding the effects of cannabis on risk for 
suicide in patients with psychotic disorders. 

CONCLUSION 12-2

12-2(a)  There is moderate evidence that, among individuals 
with psychotic disorders, there is a statistical associa-
tion between a history of cannabis use and better cogni-
tive performance.

12-2(b)  There is limited evidence of a statistical association 
between cannabis use and an increase in positive symp-
toms of schizophrenia (e.g., hallucinations) among indi-
viduals with psychotic disorders. 

12-2(c)  There is moderate evidence for no statistical associa-
tion between cannabis use and worsening of negative 
symptoms of schizophrenia (e.g., blunted affect) among 
individuals with psychotic disorders.

BIPOLAR DISORDER

Bipolar and related disorders are categorized by episodes and/or 
symptoms of mania, hypomania, and depression (APA, 2013). The risk 
factors for developing bipolar disorder are not clear; however, research 
suggests that brain structure, genetics, and family history may contribute 
to its onset (NIMH, 2016). Given that cannabis is reportedly the most com-
monly used illicit drug by individuals with bipolar disorders (Zorrilla et 
al., 2015), it is worthwhile for this report to explore the potential associa-
tion between cannabis use and the development and course of bipolar 
disorder.

Is There an Association Between Cannabis Use and 
the Development of Bipolar Disorder or Mania?

Systematic Reviews

The committee identified one systematic review, Gibbs et al. (2015), 
that assessed the association between cannabis use and bipolar disor-
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der or mania. The authors searched multiple databases for English lan-
guage studies published through 2014 and included studies that were 
experimental, prospective, cohort, or longitudinal. The overall search 
strategy yielded six studies with a total of 14,918 participants who met 
the inclusion criteria. Two of these studies, published in 2006 (n = 4815) 
and 2010 (n = 705), were used in the analysis. The meta-analysis showed 
an association between cannabis use and new onset of manic symptoms 
in individuals without preexisting bipolar disorder (OR, 2.97; 95% CI = 
1.80–4.90). However, the researchers did not report information about the 
patient characteristics, the total number of subjects, age, gender, cannabis 
form, the ascertainment of mania symptoms, or other features of the two 
studies. Furthermore, due to the low number of studies that contributed 
to their research findings, the authors describe their conclusions as pre-
limnary and tentative. 

Primary Literature

Data from the National Epidemiologic Survey on Alcohol and Related 
Conditions (NESARC)9 (Feingold et al., 2014) found that any past-year 
use of cannabis was associated with the onset of bipolar disorder (OR, 
2.24; 95% CI = 1.44–3.51) in unadjusted analyses. However, after adjusting 
for sociodemographic and clinical variables, the association was attenu-
ated and no longer statistically significant (aOR, 1.17; 95% CI = 0.65–2.11). 

Using the same NESARC dataset as Feingold, Cougle and colleagues 
(2015)10 found that the risk of a past-year bipolar disorder diagnosis was 
elevated in regular (e.g., weekly use) cannabis users at Wave 2 follow-up: 
(OR, 1.37; 95% CI = 1.11–1.69). Cougle and collaborators (2015) reminded 
readers about the correlational nature of the study design and noted 
that causality could not be inferred from their conclusions. They also 
cautioned that the increased risk in bipolar disorders might be due to 
augmenting the psychotic features in frequent cannabis users (i.e., manic 
symptoms) that need further investigation. Also, Cougle and collabora-
tors (2015) warned that in adjusting for other psychiatric comorbidities 
they only adjusted for those that fulfilled diagnostic thresholds, not other 
psychiatric symptoms that could explain the relationships of interest.

9 The NESARC is a longitudinal and nationally representative survey. Data on psychiatric 
disorders and quality of life were assessed from two waves of subjects. Wave 1: 2001–2002, 
n = 43,093; Wave 2: 2004–2005, n = 34,653.

10 Cougle et al. (2015) and Feingold et al. (2014) used the same dataset, but they chose 
to use different outcome variables: one analyzed past-year cannabis use, while the other 
examined past-year weekly cannabis use.

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


MENTAL HEALTH 305

Discussion of Findings

Overall there is some evidence to support the association between 
cannabis use and the increased incidence of bipolar disorders. Although 
there is support for this association, more information is needed on the 
potential mediators that could explain the relationship as well as whether 
the risk is likely to occur only in conjunction with the use of other sub-
stances such as alcohol or nicotine. For example, panel studies that have 
evaluated the relationship found the magnitude of the relationship to 
be similar, but once alcohol or other substances were adjusted for in the 
statistical models, the associations diminished or became insignificant. 
This suggests that the constellation of behaviors that includes the use of 
cannabis, alcohol, and other substances might all play roles in the risk 
for bipolar disorders, with those different roles being difficult to disen-
tangle. See Box 12-1 for additional discussion on the complex relationship 
between substance use and mental health disorders. 

CONCLUSION 12-3 There is limited evidence of a statistical 
association between cannabis use and the likelihood of devel-
oping bipolar disorder, particularly among regular or daily 
users.

Is There an Association Between Cannabis Use and 
the Course or Symptoms of Bipolar Disorder?

Systematic Reviews 

The committee identified Gibbs et al. (2015) as a systematic review 
that assessed the relationship between cannabis use and the course, symp-
toms, or other endpoints in individuals with bipolar disorder. Gibbs et al. 
(2015) concluded, based on their narratives of three studies, that cannabis 
use may worsen the course of bipolar disorder by increasing the likeli-
hood, severity, or duration of manic phases. Their narrative summarizes 
the findings of the three studies: the duration of active cannabis use 
was associated with duration of mania syndrome/symptoms; cannabis 
use within a quarter (3-month time period) was associated with manic 
symptoms or episodes; and a report of “any cannabis use” was associated 
with mania symptoms over 1 year in a sample of 3,426 inpatients and 
outpatients. The three studies were published in 2000, 2008, and 2009. The 
studies used clinical samples of 50 new-onset bipolar patients ages 16 to 
54, 166 first-episode DSM-IV bipolar I patients ages 18 to 72, and 3,426 
bipolar inpatients and outpatients (age not reported). No other informa-
tion (gender, country, etc.) about the study populations was reported.
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Primary Literature

Zorrilla and colleagues (2015), using the European Mania in Bipolar 
Longitudinal Evaluation of Medication study (n = 1,922 patients), showed 
that previous users of cannabis had similar outcomes to never users (all 
p >0.05) in terms of bipolar disorders, whereas current users had lower 
rates of recovery (p = 0.004) and remission (p = 0.014) and higher rates 
of recurrence of bipolar disorder (p = 0.014). They also demonstrated 
that the median time to remission was longer in the current cannabis use 
group (571 days, 95% CI = 539–588) compared with the other two groups 
(never users: 236 days, 95% CI = 209–345; previous users: 189 days, 95% 
CI = 1.5–357), while the times to relapse and recurrence were shorter in 
current use group. Using Cox regression models, Zorrilla and colleagues 
(2015) found that cannabis use (versus no use) was associated with time 
to recovery (HR, 0.53; 95% CI = 0.298–0.959), relapse (HR, 1.61; 95% CI = 
1.116–2.316), and recurrence (HR, 1.67; 95% CI = 1.206–2.320). However, 
when alcohol and other substance use variables were included in the 
model as confounders, only the time to recurrence remained significantly 
associated with cannabis use (HR, 1.47; 95% CI = 1.030–2.092). 

Using the NESARC data with two waves, Feingold et al. (2014) exam-
ined the relationship between weekly cannabis use and almost daily can-
nabis use and found a steady association with the incidence of mania/
hypomania symptoms in all adjusted models (OR, 2.47; 95% CI = 1.03–
5.92). In contrast, daily cannabis use was not associated with mania/
hypomania symptoms (OR, 0.52, 95% CI = 0.17–1.55).

Discussion of Findings

The evidence on the association between cannabis use and the course 
and symptoms in patients with bipolar disorder is modest, but it is sug-
gestive that cannabis use moderates the course of bipolar disorder by 
increasing the time to recovery, relapse, and recurrence of manic phases. 
As discussed in the section above, when adjustments for alcohol and 
other substance use variables are included in the model as confounders, 
only the time to recurrence remains as significantly associated to cannabis 
use. There is also moderate evidence that weekly cannabis use to almost 
daily cannabis use can lead to the onset of mania/hypomania symp-
toms in adjusted models, but there is less evidence of this association for 
daily users of cannabis. The authors report that, given the inconclusive 
nature of the relationship between very frequent cannabis use (daily/
almost daily) or less than weekly cannabis use and the onset of mania/
hypomania symptoms in adjusted models (i.e., dose–response), other 
factors that have not been identified might mediate the relationship. The 
authors suggest that part of the problem of being able to find a conclusive 
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relationship between the frequency of cannabis use and mania or hypo-
mania symptoms might be due to the resemblance of mania and hypoma-
nia symptoms to psychotic symptoms, making it difficult to discriminate 
between these types of symptoms. It should also be noted that in some 
of the studies reviewed above, the analyzed patient populations were 
undergoing treatment for bipolar disorder, adding an additional layer of 
limitations to the research findings. 

In reviewing the literature on the relationship between cannabis use 
and bipolar disorder, the committee identified various limitations in the 
studies discussed above, including a lack of biogenetic covariates that 
could relate to both cannabis use and bipolar disorders, as well as other 
psychological symptoms that are not adjusted in these studies. Many of 
these studies do not take into account the variance among the subtypes of 
cannabis or in the potency or route of administration, all of which could 
lead to difference in results. Also, the lack of precision in measuring the 
frequency of cannabis use at baseline and in measuring follow-up data 
remains a problem.

CONCLUSION 12-4 There is moderate evidence of a statistical 
association between regular cannabis use and increased symp-
toms of mania and hypomania in individuals diagnosed with 
bipolar disorders.

DEPRESSION

Depression is one of the nation’s most common mental health disor-
ders (ADAA, 2016). Across the many depressive disorders that exist (e.g., 
persistent depressive disorder, major depressive disorder, premenstrual 
dysphoric disorder) there are common symptomatic features of feelings of 
sadness, emptiness, or irritable mood, accompanied by somatic and cogni-
tive changes that affect the individual’s capacity to function (APA, 2013, 
p. 155). The endocannabinoid system is known to play a role in mood 
regulation (NIDA, 2015); therefore, the committee decided to explore the 
association between cannabis use and depressive disorders or symptoms. 

Is There an Association Between Cannabis Use and the 
Development of Depressive Disorders or Symptoms?

Systematic Reviews 

The committee identified two systematic reviews that assessed the 
association between cannabis use and the risk of developing depressive 
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disorders or symptoms: Lev-Ran et al. (2013) and Moore et al. (2007). The 
most recent systematic review is discussed. 

Lev-Ran et al. (2013) searched the published literature through 2012 
and included studies with: population-based data that were collected 
longitudinally and prospectively; an exposure variable referring spe-
cifically to cannabis use (not “substance use”); outcome measures that 
referred specifically to depression—and not, for example, mixed anxiety–
depressive symptoms; the outcome variable (depression) controlled for 
at baseline, or individuals with baseline depression being excluded; and 
data either presented as odds of developing depression following canna-
bis use or that allowed the OR to be calculated. When the authors identi-
fied multiple studies reporting on the same population cohort at different 
time points, only one study (the most recent) reporting on the respective 
cohort was included. The authors identified 14 studies published between 
1977 and 2012. Seven were conducted in the United States, and one each 
were conducted in Australia, Canada, Colombia, the Netherlands, New 
Zealand, Norway, and Sweden. Sample sizes ranged from 736 to 45,087, 
with 10 of the samples having 1,000 or more participants. The ages of 
patients at cannabis assessment included high school age, subjects ages 12 
to 17 or 12 to 16, and older groups ages 18 to 64. A wide range of measures 
were used to assess cannabis use: namely, any cannabis use in the previ-
ous 30 days; any previous cannabis use; cannabis use disorder; cannabis 
use one or more times per month; any cannabis use in the previous year 
or heavy use (at least once per week in the previous month); at least five 
previous occasions of cannabis use or heavy use (at least weekly); any use 
in the previous 6 months; or more than 4 occasions of use per month in a 
5-year period. Studies also varied in the definition of comparison groups, 
with some studies contrasting any cannabis use to no cannabis use, and 
other studies comparing “heavy cannabis use” to a group with some or 
no cannabis use. Thus, the comparison group (lower level of exposure to 
cannabis) in the latter studies included nonusers, as well as individuals 
using cannabis less than weekly, or individuals not having a cannabis 
use disorder. Studies varied in their approaches to adjust for confound-
ing factors, ranging from none to adjustment for more than 20 variables. 
One half of the studies accounted for other types of substance use and/or 
mental health issues as potential confounders. The analysis showed that 
cannabis use was associated with a small increase in risk for depressive 
outcome (pOR, 1.17; 95% CI = 1.05–1.30). The analysis further revealed a 
dose–response relationship, with a slightly higher OR observed in seven 
studies comparing heavy cannabis use to non-cannabis users (pOR, 1.62; 
95% CI = 1.21–2.16). 
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Primary Literature 

Although several primary research studies found a positive associa-
tion, the confounding factors of polydrug use or unspecified cannabis use 
made it difficult for the committee to make conclusions on the overall 
findings (Brook et al., 2016; Nkansah-Amankra and Minelli, 2016; Rasic 
et al., 2013). Additional studies reviewed provided mixed findings on the 
association between cannabis use and depression or depressive symptoms 
(Crane et al., 2015; Gage et al., 2015; Silins et al., 2014; Wilkinson et al., 
2016). A consideration of the confounding factors led to several of these 
mixed findings. For example, Sillins et al. (2014) published an analysis of 
interview data from three longitundal studies from Australia and New 
Zealand. The investigators sought to determine the association between 
the maximum frequency of cannabis use before age 17 and seven deve-
lopmental outcomes, including depression. The number of participants 
varied by the outcome assessed but ranged from n = 2,537 to 3,765. 
Because this was an integrated study, the outcomes of depression were 
assessed by different measures (i.e., Composite International Diagno-
stic Interview, Clinical Interview Schedule, and short-form Depression 
Anxiety Stress Scale) and at different ages across the three studies. The 
investigators of this study created a dichotomous measure of moderate 
or severe depression in the past week to the past month between ages 17 
and 25 years. Using combined data adjusted for study-specific effects, the 
investigators found a significant asssociation between adolescent canna-
bis use and the study’s measure of depression (less than monthly use, OR, 
1.12; 95% CI = 1.01–1.25; monthly or more, OR, 1.26; 95% CI = 1.02–1.56; 
weekly or more, OR, 1.42; 95% CI = 1.03–1.94; daily use OR, 1.59; 95% 
CI = 1.04–2.42), as well as an apparent potential dose–response relation-
ship. However, after adjusting for relevant covariates in the analysis, this 
association became insignificant and negligible in size (less than monthly 
use, aOR, 1.01; 95% CI = 0.85–1.19; monthly or more, aOR, 1.01; 95% CI = 
0.72–1.42; weekly or more, aOR, 1.02; 95% CI = 0.61–1.69; daily use, aOR, 
1.02; 95% CI = 0.52–2.01). The authors noted that the confounding factors 
spanning the individual’s background and functioning as well as parental 
and peer factors likely affected the change in the research findings. 

Discussion of Findings

The evidence reported suggests that cannabis use, and particularly 
heavy cannabis use, is associated with a small increase in the risk of 
developing depressive disorders. This evidence is supported by a good- 
quality recent systematic review that included 10 longitudinal studies 
with sample sizes between 700 and 45,000. Although the supplemental 
studies from the primary literature reported mixed findings, the commit-
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tee concludes that there is a strong enough evidence base to support the 
conclusion that there is an association between cannabis use and a small 
increased risk (pOR of 1.17; Lev-Ran et al., 2013) of developing depressive 
disorders, which increases with increased frequency of use (OR of 1.62; 
Lev-Ran et al., 2013). The possible relationship between heavy cannabis 
use and the development of depressive disorders or symptoms needs to 
be further explored.

Given that these relationships are associational and not necessarily 
causal, it is important to note possible alternative explanations for the 
mixed findings. For example, within the literature, a reverse associa-
tion between cannabis use and depressive disorders has been documen-
ted, and the relationship may be bidirectional (Horwood et al., 2012; 
Wilkinson et al., 2016). This complex scenario is consistent both with the 
known protective roles of the endocannabinoid system in the control of 
mood and affect and with the propensity of cannabinoid receptors to 
undergo desensitization following prolonged activation. See Box 12-1 for 
an additional discussion on this topic.

To review the research on the potential therapeutic effects of cannabis 
or cannabinoids on major depression disorder, please refer to Chapter 4 
(Therapeutic Effects of Cannabis and Cannabinoids). 

CONCLUSION 12-5 There is moderate evidence of a statistical 
association between cannabis use and a small increased risk for 
the development of depressive disorders.

Is There an Association Between Cannabis Use and the 
Course or Symptoms of Depressive Disorder?

Systematic Reviews 

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and the 
course, symptoms, or other endpoints in individuals with a depressive 
disorder.

Primary Literature 

The committee did not identify any good-quality primary literature 
that reported on the association between cannabis use and the course, 
symptoms, or other endpoints in individuals with a depressive disorder 
and that were published subsequent to the data collection period of the 
most recently published good- or fair-quality systematic review address-
ing the research question.
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CONCLUSION 12-6 There is no evidence to support or refute a 
statistical association between cannabis use and changes in the 
course or symptoms of depressive disorders.

SUICIDE

Suicide is the act of purposely taking one’s own life. It is the 10th 
most common cause of death in the United States, with an estimated 13 
suicidal deaths per 100,000 individuals; it is often related to mental ill-
ness, substance abuse, or a major stressful event (CDC, 2014; MedlinePlus, 
2016). Cannabis is widely used for both medical and recreational purposes 
(Azofeifa et al., 2016), and therefore, there is a public health interest to 
evaluate the possible association between cannabis use and suicide, sui-
cidal attempts, and suicide ideation. 

Is There an Association Between Cannabis Use and 
Suicidal Ideation, Suicide Attempts, and Suicide?

Systematic Reviews 

Two systematic reviews were identified that assessed the associa-
tion between cannabis use and suicidal ideation, attempts, and suicide 
(Borges et al., 2016; Moore et al., 2007). We report here on the most recent 
one. Borges et al. (2016) conducted a systematic review to address mul-
tiple questions concerning acute and chronic cannabis use, suicidal ide-
ation, suicide attempts, and suicide. The authors reported the databases 
searched and their search terms, but they did not report the number of 
citations screened or the reasons for exclusions. The term “any cannabis 
use” was defined as: life-time use, use before or at age 15, ever used, 
any use in past 30 days, or any use in the last year. “Chronic use” was 
referred to as: cannabis use patterns, symptoms of cannabis use disorder, 
and heavy cannabis use. “Heavy cannabis use” was defined as: used 40 or 
more times, DSM-IIIR abuse/dependence, >6 times per month, >11 times 
in past year, >10 times, or daily. 

The authors reviewed 12 studies that were relevant to the committee’s 
research question. Their meta-analysis of six studies showed that any can-
nabis use was associated with an increased risk of suicidal ideation (pOR, 
1.43; 95% CI = 1.13–1.83). Similarly, a review of five studies showed that 
heavy cannabis use was also associated with a larger increase of suicidal 
ideation (pOR, 2.53; 95% CI = 1.00–6.39). The six studies included in the 
meta-analysis of any cannabis use and suicide ideation were published 
between 1997 and 2014 and conducted in Canada, New Zealand, Nor-
way, and the United States (four studies) in populations of male and 
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female young adults or adolescents. The five studies included in the 
meta-analysis of heavy cannabis use and suicidal ideation were published 
between 1997 and 2013 and conducted in Canada, New Zealand, Norway, 
and the United States (two studies) in male and female populations of all 
age groups.

The authors also assessed another subset of six studies to determine 
the association between any cannabis use and suicide attempts, reporting 
a pOR of 2.23 (95% CI = 1.24–4.00). The studies used reported on male and 
female adolescents or young adults in Canada, Ireland, and the United 
States (four studies). A review of a third subset of six studies found a 
higher risk of suicide attempt associated with heavy cannabis use (pOR, 
3.20; 95% CI = 1.72–5.94). These six studies reported on male and female 
adolescents, young adults, or adults in Canada, New Zealand/Australia 
(two studies), Norway, and the United States (two studies). 

The researchers reported that any cannabis use was associated with an 
increased risk of death by suicide (pOR, 2.56; 95% CI = 1.25–5.27), based 
on a meta-analysis of four nonoverlapping studies. The studies included 
two case-control studies and two longitudinal studies published between 
2003 and 2012, which were conducted in Colombia, Denmark, Sweden, 
and the United States; the studies were carried out in young adults and 
in all age groups, in males and females, and in male-only study groups. 
Interestingly, the one study restricted to males only showed no association 
of cannabis with suicide, but the other studies that used mixed groups 
of males and females did show an association of cannabis with suicide.

Primary Literature 

The committee identified one recent primary article published in 2016 
(Shalit et al., 2016) that reported on the association between cannabis 
use and the risk of suicidality (suicidal ideation and suicide attempt). 
Shalit and collaborators presented their results using a general popula-
tion sample of the NESARC (n = 34,653; 963 cannabis users versus 30,586 
nonusers). They found that in the general population, any cannabis use 
in Wave 1 (baseline) was not statistically significantly associated with 
increased risk for developing suicidality in Wave 2 (follow-up) (aOR, 1.56; 
95% CI = 0.98–2.46). However, when the results were stratified by gender, 
the researchers found significant differences in risk for suicidality. Among 
men, any cannabis use was significantly associated with the incidence 
of suicidality in fully adjusted models (aOR, 1.91; 95% CI = 1.02–3.56), 
but not for women (aOR, 1.19; 95% CI = 0.64–2.20). The magnitude of 
the relationship with the 3-year incidence of suicide ideation is larger in 
men (aOR, 4.28; 95% CI = 1.32–13.82) who are daily cannabis users, but 
this pattern is not observed for women (aOR, 0.75; 95% CI = 0.28–2.05). 
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However, in adjusted models neither cannabis use (aOR, –1.91; 95% CI = 
0.85–4.28) nor daily cannabis use (aOR, 1.13; 95% CI = 0.42–3.05) was sta-
tistically significantly associated with the incidence of suicide attempts. 
Another finding of importance was that sex moderated the association 
between cannabis use, particularly daily use, and suicide attempts, with 
a significantly increased dose–response relationship in men (any can-
nabis use OR, 3.35; 95% CI = 1.07–10.47; daily cannabis use OR, 32.31; 
95% CI = 2.59–402.88). However, there are several limitations, including 
that suicidality was only assessed in participants who reported a 2-week 
period of depressed mood or anhedonia, so the results might underesti-
mate the effect for those that have suicidal ideation or suicide attempts 
without these symptoms. Other limitations include the use of dichoto-
mous response categories for suicidality when there is some evidence that 
additional changes to the measures are needed; the lack of adjustment for 
some early traumatic life events associated with suicidality; and the lack 
of adjustments for psychotic disorders.

Discussion of Findings

The evidence reported suggests that any cannabis use is related with 
increased suicidal ideation, augmented suicide attempts, and greater 
risk of death by suicide. The studies presented demonstrate evidence of 
a dose–response effect, with heavy cannabis use being associated with 
a higher risk of suicidal ideation and suicidal attempts. Additionally, 
sex differences emerged from the research findings related to suicidal-
ity (Shalit et al., 2016) and death by suicide (Borges et al., 2016). These 
sex differences may have occurred due to differences in where the study 
samples were recruited (e.g., Australia, Canada, Denmark, New Zealand, 
Norway, Sweden, United States, etc.) or how the data were assessed. This 
might suggest that sample composition, gender, and the type of assess-
ment could matter when examining these associations between cannabis 
use and suicidality and suicide completion. 

Although the evidence seems to support a relationship between can-
nabis use and suicidality, particularly heavy cannabis use and suicidality, 
the limitations of the literature temper such findings. Several limitations 
should be noted, including the lack of homogeneity in the measurement of 
cannabis exposure, the lack of systematic controls for known risk factors, 
the short period of observation for suicidality, the variability in the covari-
ates used to adjust for confounders, the differences in the dose–response 
analyses, and problems of small sample size. Additionally, as reported 
by the authors, some studies adjust for alcohol and other comorbidities, 
while in other studies there is no report of such adjustments. There is a 
strong need for new studies that discriminate between the acute and the 
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chronic use of cannabis and between suicidal ideation, suicide attempts, 
and completed suicides. 

CONCLUSION 12-7 

12-7(a)  There is moderate evidence of a statistical association 
between cannabis use and increased incidence of sui-
cidal ideation and suicide attempts, with a higher inci-
dence among heavier users.

12-7(b)  There is moderate evidence of a statistical association 
between cannabis use and increased incidence of sui-
cide completion. 

ANXIETY

Anxiety disorders share features of excessive fear and anxiety, which 
induce psychological and physical symptoms that can cause significant 
distress or interfere with social, occupational, and other areas of func-
tioning (APA, 2013). In a given year, an estimated 18 percent of the U.S. 
adult population will suffer from symptoms associated with an anxiety 
disorder (NIMH, n.d.). Given the role of the endocannabinoid system in 
mood regulation, it is worthwhile for this report to explore the relation-
ship between anxiety and cannabis. 

Is There an Association Between Cannabis Use and 
the Development of Anxiety Disorders?

Systematic Reviews

One systematic review was identified that assessed the relationship 
between cannabis use and anxiety disorders (Kedzior and Laeber, 2014). 
The authors searched two databases for articles published through 2013 
to identify studies that had been conducted in noninstitutionalized popu-
lations, with anxiety diagnoses based on DSM/ICD criteria, with odds 
ratios or data sufficient for the calculation of effects, and with comparison 
data from healthy nonusers. They then identified five studies that exam-
ined cannabis use at baseline and anxiety at follow-up. The five studies 
were all longitudinal, published between 1996 and 2013, and conducted 
in Australia, Colombia, the Netherlands, New Zealand, and the United 
States. Sample sizes were more than 2,000 or greater in four studies and 
more than 12,000 in the fifth study. Four studies were of adolescents and 
a fifth studied the general population (age unspecified). The five studies 
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adjusted for confounders such as demographics, prior anxiety disorder 
diagnosis, alcohol and tobacco use, and other mental health problems at 
age 15. In their review of the five studies, Kedzior and Laeber (2014) found 
that cannabis use at baseline was associated with the developmment of 
symptoms of anxiety at follow-up (OR, 1.28; 95% CI = 1.06–1.54) after 
adjusting for confounders (e.g., other substance use, psychiatric comor-
bidity, certain demographics).

Primary Literature

In a longitudinal U.S. study of a nationally representative sample of 
adults 18 years or older (NESARC; n = 34,653), Blanco and colleagues 
(2016) investigated the prospective associations of cannabis use in the past 
12 months (Wave 1; years 2001–2002); with anxiety disorders 3 years later 
(Wave 2; years 2004–2005); and adjusted for sociodemographic character-
istics, family history of substance use disorder, disturbed family environ-
ment, childhood parental loss, low self-esteem, social deviance, education, 
recent trauma, past and present psychiatric disorders, and respondent’s 
history of divorce. The researchers found that cannabis use in the 12 
months preceding the survey was not associated with an increased preva-
lence of anxiety disorders (OR, 1.0; 95% CI = 0.8–1.2) after adjustments 
for covariates. The researchers also reported no significant relationship of 
cannabis use (Wave 1) with the prevalence of panic disorder (OR, 0.8; 95% 
CI = 0.5–1.2), social anxiety disorder (OR, 1.2; 95% CI = 0.8–1.8), specific 
phobia (OR, 0.9; 95% CI = 0.7–1.2), or generalized anxiety disorder (OR, 
1.0; 95% CI = 0.7–1.4) assessed 3 years later (Wave 2). The researchers 
also found no significant relationship between cannabis use and incident 
anxiety disorders (aOR, 0.9; 95% CI = 0.7–1.1). However, they did find 
that an increased frequency of cannabis use was related with significantly 
increased odds of incident social anxiety disorder (OR, 1.8; 95% CI = 
1.1–2.8). Some of the limitations of this study are that cannabis use was 
ascertained by self-report, causality could not be established because of 
the possibility of residual confounding, and the follow-up period was 
limited to 3 years.

Feingold and colleagues (2016) used the same dataset as Blanco et al. 
(2016), NESARC, and also found no association of cannabis use with the 
increased incidence of any anxiety disorder (aOR, 1.12; 95% CI = 0.63–
0.98) after adjusting for covariates. However, they did find a statistically 
nonsignificant association between daily or almost daily use of cannabis 
at Wave 1 (baseline) with the incidence of social anxiety at follow-up 3 
years later (aOR, 1.98; 95% CI = 0.99–6.98). This relationship was found 
to be significant in older adults (aOR, 2.83; 95% CI = 1.26–6.35) but not 
for younger adults (aOR, 1.76; 95% CI = 0.44–6.98). They also found a 
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significant relationship between cannabis use disorder at baseline and 
incident social anxiety disorder among young adults (aOR, 2.45; 95% CI = 
1.19–5.06) but not older adults (aOR, 1.38; 95% CI = 0.58–3.25). No other 
associations between cannabis use disorder and other anxiety disorders 
proved to be significant after adjustment for covariates.

Cougle et al. (2015) also used the NESARC to examine past-year regu-
lar cannabis use (defined as at least weekly use) and current and prospec-
tive presence of anxiety disorders 3 years later. These authors found no 
association (OR, 1.09; 95% CI = 0.90–1.32) in the prospective analyses that 
adjusted for psychiatric comorbidity and sociodemographic factors. How-
ever, when looking at specific anxiety disorders, Cougle and colleagues 
(2015) report finding a relationship between regular cannabis use and an 
increased risk of developing panic disorder with agoraphobia (OR, 1.56; 
95% CI = 1.11–2.19) and social phobia (OR, 1.89; 95% CI = 1.54–2.32). As 
with other studies using the NESARC, the authors emphasize the non-
randomized nature of the study design, the possibility that the study was 
underpowered to find certain relationships, and the relatively short time 
period of observation.

Bechtold and colleagues (2015), using data from the oldest cohort of 
the Pittsburgh Youth Study, found that there were no differences among 
cannabis trajectory groups (categorized as low/nonusers, adolescence-
limited users, increasing users, and early onset chronic users) related 
to a lifetime diagnosis of anxiety disorders for black or white men after 
controlling for confounders (e.g., socioeconomic status, co-occurring use 
of other substances, physical and mental health problems that predated 
cannabis use, and access to medical care). In this study cannabis use was 
evaluated with the Substance Use Questionnaire, with respondents (who 
were ages 15 to 26) initially indicating the number of days they had used 
cannabis in the previous 6 months and then, in each of the subsequent 
10 annual follow-ups, reporting their use in the previous year. At age 36, 
respondents were assessed with the Diagnostic Interview Schedule to 
determine whether they had ever met the criteria for an anxiety disorder, 
and an analysis shows that the patterns of cannabis use from adolescence 
to young adulthood were not related to anxiety disorders. However, the 
authors mentioned several limitations, including the possibility of selec-
tion effects; the fact that cannabis use was determined by self-report; and 
the use of a limited sample that used cannabis from one geographic area 
and included only white and black men, implying that the results might 
not be generalizable to the general population. A recent study by Gage 
and colleagues (2015) found similar results. Using data from the Avon 
Longitudinal Study of Parents and Children (a UK birth cohort study), 
they found no evidence of an association between cannabis use at age 
16 and anxiety disorder at age 18 (aOR, 0.96; 95% CI = 0.75–1.24) after 
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adjusting for pre-birth and childhood confounders (family history of 
depression, maternal education, urban living, IQ, borderline personality 
traits, victimization, peer problems, conduct disorder, and other substance 
use). The authors cite as limitations of their study the use of self-reported 
data, poor follow-up rates, and a limited power to detect small effects. 

Brook and colleagues (2014), using the Harlem Longitudinal Devel-
opmental Study, assessed urban African American and Puerto Rican par-
ticipants (n = 816) with four waves of data. In this study, Brook et al. 
(2014) found that participants with joint chronic cannabis, tobacco, and 
alcohol use were at an increased risk for generalized anxiety disorder in 
adulthood when compared to those with occasional alcohol use and no 
smoking and no cannabis use (OR, 4.35; 95% CI = 1.63–11.63). Again, this 
study’s limitations, such as the use of self-reports, the use of proxies to 
determine earlier generalized anxiety disorder (depression in Time 1), and 
omitted variables (such as family substance use), could have explained 
such relationships.

Additional work by Brook and colleagues (2016) reported on a large 
community-based sample (the Children and Adults in Community study, 
n = 973 at Time 1), examining comorbid trajectories of substance use 
which included conjoint chronic cannabis with chronic alcohol and ciga-
rette use as predictors of generalized anxiety disorder. According to their 
multivariate logistic regression analyses, the Bayesian posterior prob-
ability (BPP) of members who were chronic or moderate to heavy users 
of cannabis, alcohol, and cigarettes—when compared to the patterns of 
those with occasional alcohol use and no smoking and no cannabis—had 
an aOR of 6.39 (95% CI = 2.62–15.56). This suggests that the conjoint use of 
cannabis with alcohol and cigarettes could have biological or psychosocial 
effects that increased the risk for generalized anxiety disorder. However, 
the study had several limitations in the present study, including having a 
mostly white sample from upstate New York and not including environ-
mental or social variables that could explain the relationship under study, 
such as family substance use or childhood psychiatric disorders. 

Discussion of Findings

Studies examining the relationship between cannabis use and anxiety 
disorder show mixed results depending on whether they assessed the 
development of anxiety symptoms or the incidence of anxiety disorders; 
whether the explanatory variable was any cannabis use or cannabis use 
disorder; and whether there were adjustments for psychiatric comorbidity 
and sociodemographic factors. For example, Kedzior and Laeber (2014) 
found that cannabis use at baseline was associated with the develop-
ment of symptoms of anxiety at follow-up. In contrast, the 2016 report 
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by Blanco and colleagues, the 2015 report by Cougle et al., and the 2015 
report by Gage and colleagues all found no association between cannabis 
use and an increased prevalence of anxiety disorders in adjusted models. 
However, both Feingold et al.’s and Blanco et al.’s studies did find an 
association of daily or almost daily use of cannabis at Wave 1 with the 
incidence of social anxiety disorder at follow-up 3 years later. Age seemed 
to moderate this relationship since it was found to be significant in older 
adults but not in younger adults. 

Some of the limitations of these studies are that cannabis use was 
ascertained by self-report; that causality cannot be established because of 
the possibility of residual confounding; that the follow-up period was lim-
ited to 3 years; and that there was a high loss in the follow-up and limited 
power to detect small effects. Further work needs to be done to examine 
why the outcomes differ depending on whether the assessment is done 
with anxiety symptoms or anxiety disorders and whether the explanatory 
variable is any cannabis use or cannabis use disorder. Morever, studies are 
needed to determine whether psychiatric comorbidity, sociodemographic 
factors, or the conjoint use of cannabis with alcohol and cigarettes have 
biological or psychosocial effects that increase the risk for generalized 
anxiety disorder. 

To review the research on the potential therapeutic effects of cannabis 
or cannabinoids on anxiety, please refer to Chapter 4 (Therapeutic Effects 
of Cannabis and Cannabinoids). 

CONCLUSION 12-8

12-8 (a)  There is limited evidence of a statistical association 
between cannabis use and the development of any type 
of anxiety disorder, except social anxiety disorder.

12-8 (b)  There is moderate evidence of a statistical association 
between regular cannabis use and increased incidence 
of social anxiety disorder.

Is There an Association Between Cannabis Use and 
the Course or Symptoms of Anxiety Disorders?

Systematic Reviews 

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and the 
course, symptoms, and other endpoints of anxiety disorders.
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Primary Literature

Recent work by Grunberg and collaborators (2015) conducted a pro-
spective study to examine whether cannabis use (i.e., use during the past 
30 days using the Time-Line Follow Back11) moderates the effects of tem-
perament on the level of anxiety symptoms (measured with Achenbach’s 
System of Empirically Based Assessment) within late adolescence and 
early adulthood (n = 338; 18- to 21-year-olds). While there was no associa-
tion between cannabis use groups and anxiety symptoms among the col-
lege students in this prospective study, the researchers conducted simple 
slope analyses investigating the relationship between harm avoidance 
(characterized by heightened apprehension, shyness, pessimism, and inhi-
bition of behaviors) and prospective anxiety symptoms for those subjects 
who rated low (zero days of use out of 30 days) and high (approximately 
26 days of use out of 30 days) on cannabis use. The researchers found that 
harm avoidance measured at baseline was associated with more symp-
toms of anxiety measured 1 year later—but only for those low in cannabis 
use (β = 0.15, t(329) = 2.69, p <0.01). When cannabis use was high, harm 
avoidance was unrelated to anxiety (β = − 0.14, t(329) = −1.40, p = 0.16). 
Study participants with higher cannabis use showed a positive association 
between novelty seeking and anxiety symptoms (β = 0.28, t(329) = 3.46, 
p = 0.001), while those lower in cannabis use showed no relation between 
novelty seeking and anxiety symptoms (β = −0.08, t(329) = −1.61, p = 0.11). 

Discussion of Findings

Grunberg and collaborators (2015) warned, however, that the find-
ings discussed above should be taken with caution since the mechanisms 
underlying these relations are still not clear. In addition, although this 
study uses a prospective design in which cannabis use and temperament 
are evalutated at baseline to predict anxiety symptoms 1 year later, it is 
limited to college students (ages 18–21) in only one assessment site. The 
authors emphasized that the reason the relationship between cannabis use 
and anxiety symptoms is inconsistent is that there was no consideration of 
cannabis effects on other factors that influence anxiety symptoms such as 
temperament (i.e., levels of harm avoidance and novelty seeking) within 
the sample. Some limitations of this study are the use of a college student 
sample, the use of self-report for all assessments, and the use of correla-
tional data—although cannabis use and temperament were measured 1 
year before anxiety symptoms. Given the limited evidence of studies that 

11 Authors describe this as a calendar-assisted structured interview that allows participants 
to indicate the amount of cannabis used on each day over the past month. 
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address the relationship between cannabis use and anxiety symptoms, 
these findings need to be replicated in larger samples with appropriate 
controls. 

CONCLUSION 12-9 There is limited evidence of a statisti-
cal association between near daily cannabis use and increased 
symptoms of anxiety.

POSTTRAUMATIC STRESS DISORDER 

Posttraumatic stress disorder (PTSD) falls within the broader trauma- 
and stressor-related disorders categorized by the DSM-V. The diagnostic 
criteria of PTSD include an exposure to a traumatic event (e.g., the threat 
of death, serious injury, or sexual violence) and exhibiting psychological 
distress symptoms that occur as a result of that exposure (e.g., intrusion 
symptoms, such as distressing memories; avoidance of stimuli that are 
associated with the traumatic event; negative alterations in mood and 
cognition; alterations in arousal and reactivity associated with the trau-
matic event; functional impairment) (APA, 2013, pp. 271–272). Given the 
known psychoactive effects of cannabis, the committee chose to explore 
the association between PTSD and cannabis use in this review. 

Is There an Association Between Cannabis 
Use and the Development of PTSD?

Systematic Reviews 

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and the risk 
of developing PTSD.

Primary Literature

The committee did not identify any good-quality primary literature 
that reported on the association between cannabis use and the develop-
ment of PTSD and that were published subsequent to the data collection 
period of the most recently published good- or fair-quality systematic 
review addressing the research question.

CONCLUSION 12-10 There is no evidence to support or refute 
a statistical association between cannabis use and the develop-
ment of posttraumatic stress disorder.
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Is There an Association Between Cannabis Use 
and the Course or Symptoms of PTSD?

Systematic Reviews 

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and the 
course, symptoms, and other endpoints in PTSD.

Primary Literature

Gentes et al. (2016) found that past 6-month cannabis use was associ-
ated with increased PTSD severity (Clinician Administered PTSD Scale; 
global severity score; aOR, 1.30; 95% CI = 1.01–1.66), depressive symptoms 
(Beck Depression Inventory; aOR, 9.25; 95% CI = 1.13–1.75), and suicidal-
ity (Beck Depression Inventory Item 9; aOR, 4.63; 95% CI = 1.02–1.54) in a 
population of treatment-seeking veterans (n = 719). In this study, the odds 
ratios were adjusted for age, race, service era, and combat exposure, but 
not co-occurring substance use. Conversely, Manhapra et al. (2015) found 
improvements in PTSD symptoms (Mississippi Scale for Combat-Related 
Posttraumatic Stress Disorder), violence, and suicidality after 4 months of 
abstinence from cannabis relative to symptoms upon entry to the study in 
a large population of veterans admitted for an intensive PTSD program 
(n = 22,948). Villagonzalo et al. (2011), in a small study of patients (n = 80; 
mean age 35 years) participating in a methadone maintenance program, 
found that the severity of cannabis use was associated with the occur-
rence of certain PTSD symptoms, as measured by the Posttraumatic Stress 
Disorder Checklist–Civilian Version. Significant findings were identified 
for measures of reexperiencing (i.e., repeated disturbing dreams, χ2(2) 
= 6.351; p <0.05; physical reaction at reminder of event χ2(2) = 7.053; p 
<0.05; hyperarousal (i.e., difficulty concentrating, χ2(2) = 7.517; p <0.05; 
“super alert” χ2(2) = 6.778; p <0.05; easily startled χ2(2) = 9.645, p <0.01); 
and overall PTSD symptoms (1-way ANOVA, F(2,65) = 3.705; p <0.05). 

Of interest, the committee also identified two large observational 
studies that compared the effects of cannabis to controls. Both studies 
enrolled predominately male veterans. A large cohort study (Wilkinson 
et al., 2015) examined outcomes for 2,276 veterans who received special-
ized intensive PTSD services between 1992 and 2011. Assessments for 
substance use and PTSD symptoms were taken at intake and at 4 months 
after discharge. Veterans who continued to use or started using cannabis 
after discharge had significantly worse PTSD symptoms and greater drug 
abuse than those who had never used or who had stopped cannabis use 
at 4 months after discharge (p <0.0001). Starters also had more violent 
behavior in the 4 months after enrollment compared to other groups 
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(p <0.0001). There were no significant differences among the groups on 
employment status. A second study (Johnson et al., 2016) was a matched, 
case-control cross-sectional study that was conducted in 700 veterans with 
probable PTSD, half of whom used cannabis and half who were nonusers. 
Cannabis users and nonusers did not differ on PTSD symptom severity (p 
= 0.91) or depression severity (p = 0.07) as measured by the PTSD Check-
list–Civilian Version and the Patient Health Questionnaire, respectively. 
However, cannabis users were more likely to experience suicidal ideation 
(p = 0.04) and reported more alcohol use (p <0.001) as measured by the 
Paykel questionnaire, an Alcohol Timeline Followback assessment, and 
the Alcohol, Smoking, and Substance Involvement Screening Test.

Discussion of Findings

Notable in this section relative to the others in this chapter is the 
lack of data addressing the key questions posed by the committee. For 
example, using the committee’s specified search strategy, we found no 
relevant studies that directly addressed the question of whether cannabis 
use is associated with an increased risk of PTSD. Of the relevant stud-
ies reviewed, cannabis use appears to be associated with more severe 
symptoms, but limited sample sizes were an issue in certain studies; 
that issue, combined with the lack of adjustment for baseline symptom 
severity and other drug use and the examination of specialized patient 
populations, limits the strength of the conclusions that can be drawn. 
Overall, there is limited evidence for an association between cannabis 
use and increased PTSD symptom severity. The direction of the associa-
tion is difficult to address, however. It has been argued that PTSD is a 
risk factor for cannabis use, and cannabis-using patients with PTSD often 
cite symptom-coping motives for cannabis use, which suggests that more 
severe PTSD may be driving patients to increase cannabis use in an effort 
to self-medicate.12 In contrast, one study (Manhapra et al., 2015) found 
overall improvements in several symptom domains after 4 months of 
abstinence from cannabis, suggesting that cannabis use may be causally 
related to more severe PTSD symptoms. See Box 12-2 for a discussion on 
why it is often difficult to conclude causality in the associations between 
substance use and mental health.

To review the research on the potential therapeutic effects of cannabis 
or cannabinoids on PTSD, please refer to Chapter 4 (Therapeutic Effects 
of Cannabis and Cannabinoids). 

12 Studies examining PTSD as a risk factor for cannabis use and cannabis use disorders 
were identified and are discussed in Chapter 13 of this report.
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CONCLUSION 12-11 There is limited evidence of a statisti-
cal association between cannabis use and increased severity 
of posttraumatic stress disorder symptoms among individuals 
with posttraumatic stress disorder.

RESEARCH GAPS

As noted above, we found a paucity of studies relevant to our key 
questions. To address the research gaps relevant to PTSD, the committee 
suggests the following:

•	 More longitudinal studies to determine whether cannabis use is 
associated with an increased incidence of PTSD. 

•	 In patients with PTSD, current data do not provide a very clear 
picture as to whether cannabis use affects PTSD symptoms. More 
longitudinal studies examining the effects of cannabis use on 
PTSD symptoms need to be conducted, with a specific emphasis 
placed on detailed measures of cannabis use (amounts, potency, 
routes of administration), controls for baseline symptom sever-
ity and the use of other substances, and temporality (excluding 
patients with cannabis use at study entry). 

•	 From a cannabis therapeutics perspective, blinded, randomized, 
placebo-controlled studies in patients with PTSD need to be con-
ducted to evaluate any potential therapeutic benefits of cannabis 
on PTSD symptoms and course.

•	 There is also a research need to investigate cannabis and cannabis 
constituents (tetrahydrocannabinol and cannabidiol) in animal 
models. 

SUMMARY 

This chapter outlines the committee’s efforts to review the current 
evidence base for the association of cannabis use with prioritized mental 
health conditions. The health conditions reviewed in this chapter include 
schizophrenia and other psychotic disorders, bipolar disorder, depression, 
suicide, anxiety, and PTSD. The committee formed a number of research 
conclusions related to these health endpoints; however, it is critically 
important that each of these conclusions be interpreted within the context 
of the limitations discussed in the Discussion of Findings sections. See Box 
12-3 for a summary list of the chapter’s conclusions.

A conclusion weighted as substantial was reached for the research 
question addressing the statistical association between cannabis use and 
the development of schizophrenia or other psychoses. As noted in the 
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BOX 12-2 
Special Considerations for Systematic 

Reviews of Observational Studies

The quality assessment of the systematic reviews in this chapter followed the 
research methods used throughout this report within the context of the mental 
health literature. Of note, the primary literature in mental health is mostly observa-
tional (in contrast to the literature base in other fields, such as therapeutics), and 
it was not possible to restrict systematic reviews and meta-analyses to those that 
synthesized evidence from randomized clinical trials (RCTs). Accordingly, the vast 
majority of the studies included in the systematic reviews and meta-analyses sum-
marized in this chapter were observational studies. In addition to receiving a lower-
quality grading in most systems, the methodologic science around the synthesis 
of observational data is less developed than it is for RCTs. The methodology used 
for systematic reviews and meta-analysis originates in the synthesis of data from 
RCTs, where methodology is highly standardized and structured. The synthesis 
of observational studies presents some challenges that have not been fully met, 
arising out of the greater variety in study design and conceptualization and the 
fact that there has been generally less experience in applying the methodology 
of systematic reviews and meta-analysis to observational literature. For example, 
none of the systematic reviews discussed in this chapter mentioned a protocol, 
an ethics review board, or a priori published research objectives—features that 
have become increasingly standard in systematic reviews of RCTs. Mallen and 
colleagues (2006, p. 765) noted: “Quality assessment does not routinely occur 
in systematic reviews of observational studies. Where it does occur, there is no 
clear consensus in the method used.” Brugha and colleagues (2012, p. 450), in 
their review of systematic reviews and meta-analyses of observational psychiatric 
epidemiology studies, found “a number of deficiencies in the conduct and reporting 
of systematic reviews and meta-analyses of observational psychiatric epidemiol-
ogy studies that could have serious implications for inferences drawn or decisions 
made on the basis of these reviews. There were frequent omissions of descriptions 
of method of abstraction, study quality, publication bias, bias and confounding.”

In assessing the body of evidence, it is tempting to correlate the number of 
systematic reviews with the strength of the evidence; however, a number of con-
cerns arise when synthesizing evidence across systematic reviews. When mul-
tiple systematic reviews address similar research questions or slight variations 
on similar research questions, it is likely that the reviews will include some of the 

chapter’s Discussion of Findings sections, there are common trends in 
the types of study limitations found in this evidence base. The most 
common are limitations in the study design (e.g., a lack of appropriate 
control groups, a lack of long-term follow-ups) variable analysis of can-
nabis use (i.e., dose/amount/frequency current versus. lifetime); small 
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same primary studies. For example, in the Schizophrenia section above, the three 
systematic reviews assessing the effects of cannabis on cognition—Donoghue and 
Doody (2012), Rabin et al. (2011), and Yucel et al. (2012)—each cite the primary 
study by Schnell et al. (2009). Another four studies were included in two of the 
systematic reviews on cognition. Given the use of some primary studies in more 
than one systematic review, the number of systematic reviews or meta-analyses 
may not, by themselves, indicate a stronger body of evidence.

While it is easy to understand how multiple reviews might identify similar stud-
ies, it is also of concern when reviews identify different studies. For example, the 
systematic review on cognition by Rabin et al. (2011) identified four studies that 
were not included in the reviews by Donoghue and Doody (2012) or by Yucel et 
al. (2012), and Yucel and colleagues (2012) also identified four studies that were 
not included in the other systematic reviews. This may be explained by a care-
ful examination of the search strategies and inclusion/exclusion criteria, but the 
reasons for such differences are not always transparent.

Exposure measurement is always of concern in observational studies, and 
assessment of cannabis exposure is particularly fraught because of its illegal 
status (in most settings) and the reliance on self-report. Inherent difficulties in 
accurately assessing the exposure in terms of dose, specific chemicals, mode of 
intake, duration, frequency, and other variables result in the variability in definitions 
used to operationalize cannabis exposure. For example, systematic reviews may 
include studies using greatly differing definitions such as nondependent canna-
bis use in past week, a history of 0.5 g cannabis/day, cannabis use in the last 6 
months, and >2g cannabis/week (Rabin et al., 2011). In addition, studies focusing 
on mental health may use medical records showing a diagnosis of cannabis use 
disorder as their exposure variable, either focusing on the disorder as a construct 
or as a proxy for cannabis exposure. This last approach allows researchers to 
consider the construct of cannabis use disorder, but it may result in exposure 
and non-exposure groups having similar intakes of cannabis. One can imagine a 
scenario where a person with a cannabis use disorder diagnosis has perhaps not 
consumed cannabis in the preceding week, month, or other time frame and where 
individuals without a diagnosis of cannabis use disorder had consumed cannabis 
in the same time frame. In this scenario, misclassification in both directions would 
result in biases toward the null, although differences between individuals with and 
without mental health diagnoses of cannabis use disorder could be expected to be 
associated with other differences observed in the study groups.

sample sizes; and research gaps in the studies of depression and PTSD. 
These limitations highlight the enormous amount of available opportu-
nity to advance the current research agenda, in the hopes of providing 
comprehensive and conclusive conclusions on the potential harms and 
therapeutic benefits of cannabis or cannabinoid use. 
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BOX 12-3  
Summary of Chapter Conclusions*

There is substantial evidence of a statistical association between cannabis 
use and:

•  The development of schizophrenia or other psychoses, with the highest 
risk among the most frequent users (12-1)

There is moderate evidence of a statistical association between cannabis 
use and:

•  Better cognitive performance among individuals with psychotic disorders 
and a history of cannabis use (12-2a)

•  Increased symptoms of mania and hypomania in individuals diagnosed 
with bipolar disorders (regular cannabis use) (12-4)

• A small increased risk for the development of depressive disorders (12-5)
•  Increased incidence of suicidal ideation and suicide attempts with a higher 

incidence among heavier users (12-7a)
• Increased incidence of suicide completion (12-7b)
•  Increased incidence of social anxiety disorder (regular cannabis use) 

(12-8b)

There is moderate evidence of no statistical association between cannabis 
use and:

•  Worsening of negative symptoms of schizophrenia (e.g., blunted affect) 
among individuals with psychotic disorders (12-2c)

There is limited evidence of a statistical association between cannabis use 
and:

•  An increase in positive symptoms of schizophrenia (e.g., hallucinations) 
among individuals with psychotic disorders (12-2b)

•  The likelihood of developing bipolar disorder, particularly among regular or 
daily users (12-3)

•  The development of any type of anxiety disorder, except social anxiety 
disorder (12-8a)

• Increased symptoms of anxiety (near daily cannabis use) (12-9)
•  Increased severity of posttraumatic stress disorder symptoms among indi-

viduals with posttraumatic stress disorder (12-11)

There is no evidence to support or refute a statistical association between 
cannabis use and:

• Changes in the course or symptoms of depressive disorders (12-6)
• The development of posttraumatic stress disorder (12-10)

* Numbers in parentheses correspond to chapter conclusion numbers.
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13

Problem Cannabis Use

Chapter Highlights

•	 Greater frequency of cannabis use increases the likelihood of 
developing problem cannabis use.

•	 Initiating cannabis use at a younger age increases the likeli-
hood of developing problem cannabis use.

A recent national survey reported that 22.2 million Americans (ages 12 
or older) identify as current users of cannabis (CBHSQ, 2015). A subgroup 
of these users, 4.2 million Americans, reported experiencing symptoms 
in the previous year that would qualify them for cannabis use disorder 
(CUD) (CBHSQ, 2015). Unfortunately, the literature remains unclear on 
the association or developmental link between varying levels of cannabis 
use and the development of “problem” cannabis use or cannabis use dis-
order, particularly at different age groups (e.g., 12 years or older).

In this chapter, the committee reviews the current research evidence 
that most directly addresses prioritized research questions related to the 
association between cannabis use and the development of problem canna-
bis use and to the risk and protective factors involved in the development 
or exacerbation of problem use. An initial search of the primary literature 
(see Appendix B) produced a substantial number of primary articles for 
the committee to review. Due to the time constraints of the study, addi-
tional search constraints were added to zero in on the types of studies 
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that would likely produce the clearest research conclusions. For example, 
literature searches were limited to articles that included the following 
search terms: longitudinal, prospective, and case-control. The primary 
literature was further limited to studies that included a sample size of 
>500 participants and to studies that investigated problem cannabis use 
as a function of the most relevant risk factors, including mental health, the 
age of initiation of cannabis use, risk factors during adolescence, biologi-
cal sex, and other drug use. Large population-based studies that explored 
multiple demographic variables were also included. 

It is of note, however, that due to the specific search restrictions 
outlined above, controlled laboratory studies with cannabis were not 
included in the committee’s set of articles to review. There do, in fact, exist 
controlled lab studies that assess the direct effects of cannabis on behav-
iors relevant to cannabis use disorder and the dose-dependent effects of 
cannabis and that are related to its abuse liability. Unfortunately, because 
of the constraints of this study, these findings are not incorporated in the 
chapter’s discussion. Furthermore, the committee’s prioritized research 
questions did not examine the association between low-level cannabis use 
or infrequent cannabis use and the development of problem cannabis use.

To inform their research conclusions, the committee reviewed two of 
the most recent good- to fair-quality systematic reviews and 26 primary 
literature articles.

PROBLEM CANNABIS USE 

As noted above, the literature is unclear on the association between 
cannabis use and the progression to the sort of cannabis use determined 
to be “problem” use. A major contributor to this issue is the lack of official 
distinction between “risky” or “problem” use of cannabis (Casajuana et 
al., 2016). In recent years, CUD1 has been termed an official psychiat-
ric disorder (APA, 2013; WHO, 2015). A current Diagnostic and Statisti-
cal Manual of Mental Disorders, Fifth Edition (DSM-V) diagnosis of CUD 
replaces the previous diagnoses of cannabis abuse and cannabis depen-
dence. Although some progress has been made in standardizing terminol-
ogy, explicit characterizations of cannabis use patterns that precede abuse 
or dependence still remain unclear (Casajuana et al., 2016). Given this 
context, for the purposes of this chapter the committee will use the broad 
term “problem cannabis use disorder” to encompass various levels of 

1 In brief, CUD is a diagnosable psychiatric disorder defined as a problematic pattern of 
cannabis use leading to clinically significant personal, social, physical, and/or psychological 
distress or impairment.
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hazardous or potentially harmful cannabis use patterns, including those 
related to CUD, dependence, and abuse. 

Which Characteristics of Cannabis Use Are Associated with 
the Progression to Developing Problem Cannabis Use?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic 
review that reported on the association between cannabis use and can-
nabis use disorder, dependence, abuse, or problem cannabis use.

Primary Literature

Several studies using large population-based surveys have explored 
the rates of cannabis use disorder and the variables that affect progression 
from the initiation of use to problem cannabis use. According to findings 
from Wave 1 (baseline; 2001–2002) and Wave 2 (follow-up; 2004–2005) of 
the National Epidemiologic Survey on Alcohol and Related Conditions 
(NESARC), a survey of a nationally representative sample of U.S. adults 
ages 18 years and older (n = 34,653 in Wave 2), cannabis use reported 
during the first wave was significantly associated with any cannabis use 
disorder during the second wave (adjusted odds ratio [aOR], 9.5; 95% 
confidence interval [CI] = 6.4–14.1); 14.1 percent of past-year cannabis 
users in Wave 1 met the criteria for cannabis abuse in Wave 2, and 5.1 
percent met criteria for dependence, as compared with 0.7 percent of 
participants who reported no past-year cannabis use during Wave 1 who 
met the criteria for cannabis abuse and 0.2 percent who met the criteria 
for cannabis dependence (Blanco et al., 2016). This study accounted for 
multiple sociodemographic factors that may have affected the outcome. 

The progression of cannabis use to developing cannabis use disorder 
as a function of the frequency of cannabis use was also explored using 
Waves 1 and 2 of the NESARC data (Cougle et al., 2016) Among the past-
year weekly nondependent cannabis users in Wave 1 (n = 435), 9.7 percent 
progressed to cannabis dependence in Wave 2; however, an increased 
frequency of cannabis use per day only weakly predicted progression of 
cannabis use to CUD (odds ratio [OR], 1.08; CI = 1.04–1.13) in a prospec-
tive analysis. A cross-sectional analysis of Wave 1 data found that 8.0 
percent of respondents who reported using cannabis at least once in the 
past year met the criteria for dependence, whereas among weekly and 
daily cannabis smokers, 17.0 percent and 18.8 percent, respectively, met 
the criteria for dependence. 

Using data obtained from the U.S. National Household Survey on 
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Drug Abuse (NHSDA) conducted in 2001 with a representative sample of 
U.S. residents 12 years of age and older (n = 114,241), Chen and colleagues 
(2005) explored the rates of developing cannabis dependence syndrome 
after onset of use. Of the recent onset users (individuals that used can-
nabis within 24 months prior to assessment), an estimated 3.9 percent 
developed dependence during the interval since first use (median time = 
1 year). Of those who initiated cannabis use more than 24 months before 
the assessment, and were also active cannabis users within the past year, 
9.9 percent developed dependence (Chen et al., 2005). 

Using data from two large U.S. surveys—the 1991 National Lon-
gitudinal Alcohol Epidemiologic Survey (NLAES) (n = 42,862) and the 
2002 NESARC (n = 43,093)—Compton and colleagues (2004) assessed the 
rates of cannabis use disorder as a function of biological sex, ethnicity, 
and frequency of cannabis use. They found that the overall prevalence 
of DSM-IV cannabis abuse and dependence increased significantly from 
1.2 percent to 1.5 percent between 1991 and 2001. The greatest increases 
in these rates were observed among young black men and women (p 
< 0.001), and young Hispanic men (p = 0.006). The increase in the rates of 
cannabis use disorder among cannabis users was observed in the absence 
of self-reported increases in frequency or quantity of use (p = 0.002); 
this suggests that the increases in cannabis use disorders may be due to 
the increased potency (percent tetrahydrocannabinol [THC]) of cannabis 
between 1991 and 2001. 

Discussion of Findings

The limitations of these studies include the reliance on self-reported 
cannabis use, the fact that data were restricted to two time points of 
assessment separated by 3 years, and that the findings are based on epi-
demiological data obtained more than 10 years ago. A significant issue 
with relying on self-report methodologies to ascertain problem cannabis 
use is that this requires that the respondent have insight into the fact that 
cannabis is actually causing problems in order to meet criteria for canna-
bis abuse/dependence (as per the DSM-IV) or CUD (as per the DSM-V). 
Furthermore, while the primary literature indicates a weak association 
between the frequency of use and a greater risk of developing cannabis 
use disorder, it should be noted that the frequency of use in these studies 
was assessed in the absence of determining the amount of cannabis used 
per occasion, which is a primary variable hypothesized to affect the rates 
of developing problem cannabis use. 

Cannabis use is increasing across the country and across age groups 
(Hasin et al., 2015); the strength of cannabis has increased (ElSohly et al., 
2016); and different routes of cannabis administration have become popu-
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lar, including vaping, dabs, and edibles (Daniulaityte et al., 2015; Kilmer 
et al., 2013; Pacula et al., 2016). These trends may reflect an increased 
vulnerability to developing problem cannabis use relative to what was 
estimated based on the Wave 1 and Wave 2 NESARC data collected in 
2001–2001 and 2004–2005. Therefore, the estimated risk of developing 
problem cannabis use based on these data may not accurately reflect the 
risk now, given the current trends.

CONCLUSION 13-1 There is substantial evidence for a statis-
tical association between increases in cannabis use frequency 
and the progression to developing problem cannabis use.

Are There Risk and Protective Factors for 
Developing Problem Cannabis Use?

Anxiety

Systematic Reviews Kedzior and Laeber (2014) searched two large 
databases for articles published from inception through 2013 to identify 
studies of cannabis use and anxiety. They included cross-sectional and 
longitudinal studies conducted in noninstitutionalized populations, with 
anxiety diagnoses based on DSM or International Classification of Diseases 
(ICD) criteria, odds ratios, or data sufficient for the calculation of a mea-
sure of effects, and they included comparison data from healthy nonusers. 
Their purpose was to examine both of the possible temporal relationships 
between cannabis use and anxiety (i.e., the effect of anxiety on cannabis 
use and the effect of cannabis use on anxiety). They identified 31 stud-
ies for their review. Five of these examined cannabis use at baseline and 
anxiety at follow-up, and the remainder considered the role of anxiety as 
a risk factor for cannabis use. Sample sizes were almost 2,000 or greater 
in four studies and more than 12,000 in a fifth study. After analyzing vari-
ous subsets of the selected articles, the authors concluded that there was 
a small positive association between anxiety and CUD (OR, 1.68; 95% CI 
= 1.23–2.31, n = 13 studies). One study included in the analysis assessed 
anxiety at baseline and cannabis use at follow-up and did not find an 
association (OR, 0.94; 95% CI = 0.86–1.03), but it  did not report on prob-
lem cannabis use at follow-up. The authors found little evidence of pub-
lication bias after their assessment, and they reported a moderate-high 
heterogeneity. They offered three possible explanations of this heterogene-
ity: differences in adjustment for confounding when calculating the OR, 
year of publication, and different methods for diagnosing anxiety. Based 
on this systematic review, it appears that while there is a small association 
between anxiety and CUD, anxiety does not seem to be a predisposing 
risk factor for developing CUD. 
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Primary Literature The committee did not identify any good-quality 
primary literature that reported on anxiety as a risk or a protective factor 
for developing problem cannabis use and that were published subsequent 
to the data collection period of the most recently published good- or fair-
quality systematic review addressing the research question.

Stimulant Medication in Children Diagnosed with Attention Deficit 
Hyperactivity Disorder

Systematic Reviews Humphreys et al. (2013) conducted a systematic 
literature review and meta-analysis to assess the association between 
childhood treatment with stimulant medication and later substance use, 
abuse, or dependence. They searched the literature published between 
1980 and 2012 and included published and unpublished studies with a 
longitudinal design, binary measures to identify children with attention 
deficit hyperactivity disorder (ADHD), binary substance use and abuse 
measures, and data allowing the calculation of odds ratios. Fifteen stud-
ies were included in the review; nine of these evaluated the association 
of stimulant medication with a lifetime history of ever using marijuana, 
and nine evaluated the association of stimulant medication with can-
nabis abuse or dependence. All study subjects were children at the time 
of enrollment, and the follow-up time ranged from 4 to 28 years in the 
group of 9 studies reviewed, with the mean age at follow-up ranging 
from 15 to 26 years. One of the studies in this systematic review included 
children as young as 4 years of age who would not be expected to develop 
CUD in the follow-up time period. The percentage of study subjects who 
were male ranged from 0 to 100, with the majority of the studies being 
more than 80 percent male. The researchers reported an OR of 1.01 (95% 
CI = 0.68–1.50) for the association between stimulant medication and 
marijuana abuse or dependence. Some suggestion of publication bias was 
noted, and heterogeneity was noted in the group of nine studies with 
data about marijuana abuse or dependence. These results suggest that 
medication for ADHD during childhood does not constitute a risk factor 
for developing problem cannabis use later in life. 

Primary Literature The committee did not identify any good-quality 
primary literature that reported stimulant medication in children diag-
nosed with ADHD as a risk or a protective factor for developing problem 
cannabis use and that were published subsequent to the data collection 
period of the most recently published good- or fair-quality systematic 
review addressing the research question.
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Psychopathology

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on psychopathology as a risk or 
a protective factor for developing problem cannabis use.

Primary Literature Data obtained from the 2001 and 2005 NESARC, a 
survey of a nationally representative sample of U.S. adults ages 18 years 
and older (n = 34,653 in Wave 2), explored anxiety as a risk factor for pro-
gression to cannabis use disorder. Using data from Wave 2 (comprised of 
34, 653 participants from Wave 1), Feingold and colleagues (2016) found 
that anxiety disorders were not associated with an increased incidence 
of cannabis use disorders (aOR, 0.68; 95% CI = 0.41–1.14). Similarly, a 
prospective analysis using Wave 1 and Wave 2 NESARC data also found 
that anxiety disorders failed to predict progression from cannabis use to 
cannabis dependence in weekly cannabis users (Cougle et al., 2016).

Another analysis used these data to determine the association between 
baseline major depressive disorder (MDD) as a risk factor for cannabis 
use disorders (Pacek et al., 2013). A positive relationship was observed 
between baseline MDD and cannabis use disorders (OR, 2.01, 95% CI = 
1.09–3.68); baseline MDD also increased the risk of co-occurring alcohol 
and cannabis use disorders (OR, 5.23; 95% CI = 1.28–21.34) when com-
pared to individuals without baseline MDD. When adjusting the model 
to account for potential confounding variables, the association between 
baseline MDD and the development of cannabis use disorders alone, and 
co-occurring with alcohol use disorders was retained (aOR, 2.28; 95% 
CI = 1.28–4.05 for cannabis use disorders alone and aOR, 4.51, 95% CI = 
1.31–15.60 for comorbid alcohol and cannabis use disorders). These find-
ings support a strong association between MDD and the development of 
cannabis use disorders. According to a later prospective analysis (Cougle 
et al., 2016), among weekly, nondependent cannabis users in Wave 1, 
depressive disorders did not significantly predict progression to cannabis 
dependence in Wave 2 (OR, 0.89; 95% CI = 0.58–1.38) (Cougle et al., 2016). 
The discrepancy between these two findings may be due to the former 
study assessing respondents who met the criteria for MDD. Also, the pool 
of respondents in the earlier study was not limited to those who reported 
weekly cannabis use during Wave 1, as was the case with the later study.

Another study assessing the impact of baseline depressive symp-
toms on developing cannabis abuse used data from a longitudinal study 
involving 1,980 participants (the 1980 Baltimore Epidemiologic Catch-
ment Area study). In this study, a subset of participants (n = 1,837) were 
assessed for cannabis use disorders 14 to 16 years after initial assessment 
(Bovasso, 2001). Depressive symptoms failed to predict cannabis abuse 
at follow-up assessments, which indicated that among the population 
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studied, depression was not a risk factor for later cannabis abuse. The 
long duration between the initial assessment and the follow-up and the 
presence of significant attrition were significant limitations to this study. 

In order to determine the effects of psychotic disorders on the risk for 
heavy cannabis use, data obtained from the Genomic Psychiatric Cohort —
a clinically assessed multiethnic sample of participants (n = 9,142) with a 
diagnosis of schizophrenia, bipolar disorder with psychotic features, or 
schizoaffective disorders—were compared to a control population (n = 
10,195) (Hartz et al., 2014). Relative to the control population, individuals 
with chronic psychotic disorders were found to have an increased risk 
for heavy cannabis use, defined by the researchers as cannabis use more 
than 21 times per year (OR, 3.5; 95% CI = 3.2–3.7). It is important to note, 
however, that it remains difficult to determine how heavy cannabis use 
translates to problem cannabis use, cannabis dependence, or CUD. 

A prospective analysis using data from Waves 1 and 2 of the NESARC 
found that personality disorders failed to predict a progression from 
past-year, weekly nondependent cannabis use in Wave 1 to cannabis 
dependence in Wave 2 (OR, 0.91; 95% CI = 0.62–1.34). This same analysis 
demonstrated that bipolar disorder was associated with a lower risk for 
developing CUD (OR, 0.43; 95% CI = 0.36–0.52) (Cougle et al., 2016). 

Biological Sex

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on biological sex as a risk or a 
protective factor for developing problem cannabis use.

Primary Literature Data from the NLAES (n = 42,862) were analyzed 
in effort to determine the effect of biological sex on the risk of develop-
ing cannabis use disorders (Grant et al., 2006). Of the participants that 
reported cannabis use at least 12 times, women were less likely to be 
categorized with cannabis “abuse/moderate dependence” relative to men 
(8 percent versus 14 percent) or “severe abuse/dependence” (3 percent 
versus 6 percent). While men were consistently more likely to report haz-
ardous cannabis use relative to women, women were more likely to report 
withdrawal and to have higher rates of four symptoms of dependence 
(i.e., emotional problems, giving up activities, using more cannabis than 
intended, withdrawal) in the “abuse/moderate dependence” category 
than men. These findings may suggest either that men and women dif-
fer in cannabis dependence symptomatology or that they differ in their 
willingness to self-report the symptoms. 

Using data obtained from Wave IV of the National Longitudinal 
Study of Adolescent Health—a nationally representative population-

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


PROBLEM CANNABIS USE 341

based survey of young adults ages 24 to 32 (n = 15,500; interviewed from 
2008–2009)—lifetime prevalence rates of cannabis dependence were deter-
mined to be 8.3 percent, and they were higher among males than among 
females (Haberstick et al., 2014). However, a prospective analysis using 
data from Wave 1 and Wave 2 of the NESARC failed to find that biological 
sex predicted a progression from cannabis use to cannabis dependence 
in weekly nondependent cannabis users (OR, 1.17; 95% CI = 0.75–1.81) 
(Cougle et al., 2016). 

Progression from the onset of cannabis use to the development of 
cannabis dependence as a function of biological sex was explored using 
data obtained from the NHSDA, which was conducted in 2001 with a 
representative sample of U.S. residents 12 years of age and older (n = 
114,241) (Chen et al., 2005). The rate for developing cannabis dependence 
24 months after onset of use was 3.9 percent for both men and women. 
However, it is not known if differences between men and women would 
have emerged if a shorter time frame from cannabis use onset had been 
explored. 

Other Drug Use

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on other drug use as a risk or a 
protective factor for developing problem cannabis use.

Primary Literature To explore the impact of other drug use as a risk fac-
tor for developing problem cannabis use, data obtained from the NHSDA 
conducted in 2001 with a representative sample of U.S. residents 12 years 
of age and older (n = 114,241) were analyzed. The rate of developing can-
nabis dependence within 24 months of first cannabis use was doubled 
among respondents who had experience with three or more other drugs 
(tobacco, alcohol, and other drugs) prior to cannabis use (adjusted risk 
ratio [aRR] = 2.2; 95% CI = 1.1–4.3; p = 0.03) (Chen et al., 2005). However, 
a prospective analysis using data from Waves 1 and 2 of the NESARC 
failed to find that alcohol or nicotine dependence predicted progression 
from cannabis use to cannabis dependence (OR, 0.88; 95% CI = 0.58–1.32 
and OR, 0.77; 95% CI = 0.52–1.13, respectively) (Cougle et al., 2016). 

Age—Older Population

Systematic Reviews The committee did not identify a good- or fair- 
quality systematic review that reported on older age as a risk or a protec-
tive factor for developing problem cannabis use.
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Primary Literature Based on the large population-based U.S. National 
Survey on Drug Use and Health, the prevalence of cannabis use in the 
United States was assessed in a population more than 50 years of age (n = 
10,953; data from 2005 and 2006). Only 0.12 percent of the population met 
the criteria for cannabis abuse and dependence demonstrating that, at the 
time of this survey, this is an age group that is at low risk for developing 
CUD (Blazer and Wu, 2009). 

Age of Initiation of Cannabis Use

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the age of initiation of cannabis 
use as a risk or a protective factor for developing problem cannabis use.

Primary Literature The age of initiation of cannabis use as a risk factor 
for developing cannabis dependence has been explored in many studies. 
Chen et al. (2005) used data obtained from the NHSDA conducted in 
2001 with a representative sample of U.S. residents 12 years of age and 
older (n = 114,241). Adolescent onset cannabis users were more likely to 
become dependent than respondents who had initiated cannabis use dur-
ing adulthood. Using data obtained from adult onset users of cannabis (21 
years of age and older) as a reference, Chen and colleagues found a strong 
association between an onset of cannabis use between 11 and 13 years of 
age and the relative risk of becoming dependent (aRR = 10.8; 95% CI = 
2.5–47.1). The estimated risk ratio of developing cannabis dependence 
when initiating cannabis use at 14 to 15 years of age was 12.0 (95% CI = 
2.9–50.3). 

Another study exploring early, frequent cannabis use as a risk factor 
for developing cannabis use disorder used data from three long-running 
surveys in Australia and New Zealand2 (Silins et al., 2014). Compared to 
individuals who had never used cannabis, those who were daily users 
before 17 years of age had significantly greater odds of later developing 
cannabis dependence (n = 2,675; aOR, 17.95; 95% CI = 9.44–34.12). This 
study controlled for 53 covariates, including socio-demographic factors 
and other potential antecedents to the development of problem cannabis 
use that may have affected the findings. 

A longitudinal study of a community-based sample of adolescents 
and young adults surveyed between 14 and 24 years of age in Munich, 
Germany, with four waves of assessments over a 10-year period (n = 
3,021 at baseline) ascertained the prevalence rates of DSM-IV cannabis 

2 These surveys include the Australian Temperament Project, the Christchurch Health and 
Development Study, and the Victorian Adolescent Health Cohort Study.
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dependence as a function of cannabis use (Perkonigg et al., 2008). Dur-
ing the first assessment (at baseline), 1.5 percent of the sample met the 
criteria for DSM-IV cannabis dependence. Among those who reported 
using cannabis at that time, 4.3 percent met the criteria for dependence. At 
the 10-year follow-up, 6.1 percent of those who reported using cannabis 
at baseline met the criteria for dependence. The authors concluded that 
the higher rates of cannabis dependence during the 10-year follow-up 
assessment suggested that cannabis use early in life may be indicative 
of increased vulnerability to developing CUD. However, there are other 
factors (as discussed below) that may explain why an increase in cannabis 
dependence was observed at the 10-year follow-up. 

A later study using these data evaluated the probability and speed 
of going from first cannabis use to developing cannabis dependence as 
a function of the age of first use. The conditional probability of transi-
tion from cannabis use to dependence was estimated to be 6.2 percent 
(Behrendt et al., 2009). The authors also compared the time of transition 
from first substance use (nicotine, alcohol, or cannabis) to the develop-
ment of the specific substance use disorder and found that the transition 
from first cannabis use to the development of CUD occurred at a faster 
rate than for those with alcohol or nicotine use disorders. 

Other Variables Specific to Adolescents

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on variables that protect against or 
increase the risk of developing cannabis use disorders among adolescents.

Primary Literature Longitudinal data from the above-described commu-
nity-based sample from Munich, Germany, were analyzed to determine 
whether the age of first alcohol and nicotine affects the risk of transition 
from cannabis use to cannabis dependence (Behrendt et al., 2012). This 
analysis took into account externalizing disorders (mental disorders char-
acterized by disruptive behaviors that are directed toward an individual’s 
external environment) and parental substance use disorders as potential 
factors that may affect the trajectory to cannabis dependence. Using mul-
tiple models, the authors found that (1) a younger age of cannabis use 
(hazard ratio [HR], 0.77), (2) paternal alcohol dependence (HR, 1.47), and 
(3) externalizing disorders (HR, 1.69) were all associated with a higher 
risk of developing cannabis dependence. Externalizing disorders were 
associated with a slower transition from initial cannabis use to cannabis 
dependence (HR main effect, 1.14; HR interaction effect, 1.17; 95% CI = 
1.03–1.33; p = 0.013). A younger age of first alcohol use was also associ-
ated with a higher risk for developing cannabis dependence (HR, 0.88). 
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In participants who used nicotine first, younger age of cannabis use and 
maternal alcohol dependence were associated with a higher risk of devel-
oping cannabis dependence. As such, the age of first alcohol and nicotine 
use interacted with other risk factors, including the age of first cannabis 
use, externalizing disorders, and parental alcohol use, in contributing to 
the risks of developing CUD. 

In a population-based longitudinal study of children between the ages 
of 6 and 12 with yearly assessments, CUD was assessed at ages 19 to 21 
(n = 1,803) to define the overall prevalence rates of the disorder (Pingault 
et al., 2013). The authors further determined whether childhood inat-
tention and hyperactivity symptoms of ADHD, including oppositional 
behaviors (e.g., hostile, disobedient, or defiant behaviors), and anxiety and 
depressive behaviors served as risk factors for developing CUD. Overall, 
cannabis abuse or dependence (high, moderate, or severe) affected 9.1 
percent of the participants during young adulthood. Only oppositional 
behaviors contributed to the risk of developing CUD (OR, 2.33; 95% CI = 
1.4–3.87), whereas anxiety and depressive disorders did not. 

To determine early life-course predictors of problem cannabis use 
in early adulthood, data obtained from a population-based birth cohort 
study of 2,493 young adults who had been included in the Mater Hos-
pital and University of Queensland Study of Pregnancy (MUSP) were 
assessed (Hayatbakhsh et al., 2009). In this population, 21 percent of those 
who ever used cannabis were classified as having a CUD at the 21-year 
follow-up assessment. Males were 2.5 times more likely to have a CUD 
than females; children living in a family with the mother reporting more 
frequent changes in marital status had an increased risk of CUD (OR, 2.9; 
95% CI = 1.7–5.0); aggressive and delinquent children were 5.4 times more 
likely to develop CUD; those with poor school performance at 14 years 
of age were more likely to have CUD (OR, 3.4; 95% CI = 2.3–4.9); and 
maternal smoking when the child was 14 years of age also increased risk 
of CUD (OR, 2.0; 95% CI = 1.6–2.5). Childhood anxiety and depression 
were not risk factors for developing CUD. 

In an effort to determine the association between cannabis use by 18 
years of age and risk for CUD at 24 years of age, the frequency of can-
nabis use was evaluated in a 10-year representative cohort study set in 
Australia (n = 1,520 participants included in the final assessment), which 
included six surveys during adolescence (15–17.5 years of age) and two 
follow-up assessments during young adulthood (at 21 and 24 years of 
age) (Swift et al., 2008). One-third of the population reported having used 
cannabis during adolescence, and 37 percent of the adolescent cannabis 
users were using at least weekly when interviewed at 24 years of age. 
After adjusting for potential confounding factors, problem cannabis use 
at 24 years of age was associated with adolescent cannabis use, tobacco 
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use, and persistent mental health problems. The frequency of cannabis use 
was evaluated in a follow-up analysis that sought to determine whether 
moderation of cannabis use among adolescent cannabis users protected 
against the risk of CUD in young adulthood (Swift et al., 2009). In this 
study, participants were grouped into one of six categories that reflected 
their maximum level of adolescent use (i.e., nonusers, occasional to absti-
nence, occasional persisting, weekly to abstinence, weekly to occasional, 
and weekly persisting). The study’s outcome measures were the level 
of cannabis use and DSM-IV cannabis dependence in youth adulthood. 
While 31 percent of the population reported having ever used cannabis, 71 
percent of occasional users and 28 percent of weekly users were abstinent 
in young adulthood. Adolescent weekly or daily users who persisted with 
regular use (rather than decreased use or becoming abstinent) were at 
the greatest risk for developing CUD in young adulthood. Therefore, this 
suggests that moderating adolescent cannabis use can protect against the 
later problem use that is observed in persistent users. However, regard-
less of whether the adolescent users moderated their intake, the risk for 
developing CUD in young adulthood was still significantly greater for 
adolescent users than for those who never used cannabis. 

The Christchurch Health and Development longitudinal birth cohort 
study (n = 1,265) from New Zealand assessed the probability of develop-
ing CUD by young adulthood as a function of various social and demo-
graphic factors (Boden et al., 2006). By 18 years of age, 4.7 percent of the 
population met criteria for cannabis dependence; that number increased 
to 12.5 percent by 25 years of age. The primary risk factors that predicted 
the development of CUD included being male and having poor academic 
performance. Respondents with four or more of the following risk fac-
tors had a 50 percent risk of developing cannabis dependence: (1) peer 
substance use, (2) parental history of a substance use disorder, (3) novelty 
seeking, (4) cigarette smoking, (5) childhood sexual abuse, and (6) conduct 
problems. 

A longitudinal study of probands from the Oregon Adolescent 
Depression Project (final n = 816) assessed the prevalence and age of onset 
of CUD over four assessments between the ages of 16 and 30 (Farmer 
et al., 2015). The weighted lifetime prevalence of CUD before the age of 
30 was estimated to be 19.1 percent; 81.8 of these participants achieved 
recovery from CUD, and the recurrence rate of CUD was 27.7 percent, 
which likely occurred within 36 months following the offset of the first 
CUD diagnosis. Males were more likely to have been diagnosed at some 
point during their lives than females. 

The association between psychopathology and problem cannabis use 
was also assessed in a longitudinal prospective study of adolescents (n = 
1,395) that were 14 to 17 years of age at baseline and who were assessed 

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


346 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

at three different time points over the course of 10 years (Wittchen et al., 
2007). A prospective analysis determined that mood disorders (OR, 2.5; 
95% CI = 1.3–4.7), including bipolar disorder (hypomania and mania) 
(OR, 2.7; 95% CI = 1.1–6.2), but not including dysthymia (chronic depres-
sion) (OR, 2.3; 95% CI = 0.7–6.7), predicted progression to CUD. General-
ized anxiety disorder and specific phobias were also associated with CUD 
(OR, 3.9; 95% CI = 1.1–13.8 and OR, 1.8; 95% CI = 1.1–3.0, respectively). Of 
note, ADHD, posttraumatic stress disorder (PTSD), and panic/anxiety all 
failed to predict the development of CUD. 

Data from a longitudinal survey of a representative sample (n = 
2,032) of secondary students in the Australian state of Victoria who were 
assessed for cannabis disorders six times between the ages of 14 and 17 
from 1992–1995 and again at 20 years of age were evaluated to determine 
the adolescent precursors of young adult cannabis dependence (Coffey et 
al., 2003). Variables that independently predicted cannabis dependence in 
young adulthood included being male (OR = 2.6; p <0.01), regular canna-
bis use during adolescence (weekly use: OR = 4.9; daily use: OR = 4.6; p = 
0.02), persistent antisocial behavior (linear effect p = 0.03), and persistent 
cigarette smoking (linear effect p = 0.02). Psychiatric comorbidity did not 
predict cannabis dependence (linear effect, p = 0.26). Regular cannabis 
use during adolescence only increased the risk for CUD in the absence of 
persistent problem alcohol use. 

Discussion of Findings

Overall findings suggest that both biological sex and the age of ini-
tiation of cannabis use are positively associated with the development of 
problem cannabis use. There is also evidence that being male and smok-
ing cigarettes are risk factors that contribute to the progression to problem 
cannabis use. Additional risk factors for the development of CUD during 
adolescence that are supported by moderate evidence include frequency 
of use, oppositional behaviors, younger age of first alcohol use, nicotine 
use, parental substance use, poor school performance, and childhood 
sexual abuse. The strength of association between the risk factors for 
developing problem cannabis use, including other drug use and psycho-
pathology, differs between adult and adolescent onset of cannabis use. It 
is important to highlight that the studies reviewed above vary in their age 
grouping and generally include populations that cross from late adoles-
cence into young adulthood. Therefore, the conclusions below pertain to a 
mixture of age subgroups, including older adolescents and young adults.

One significant limitation of any conclusions drawn from the cur-
rent literature is that the data on cannabis use, other drug use, and the 
symptoms of problem cannabis use are derived from self-reports. Another 
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concern is that the structured interviews used to assess baseline depen-
dent variables (i.e., mental health) and outcomes (i.e., problem cannabis 
use) vary between studies, and even for some longer longitudinal studies, 
within individual studies. Also, as mentioned in the first section, under-
standing the conclusions drawn from the currently available literature 
should take into account the fact that trends in cannabis use have evolved 
over the last 10 years and that the strength of cannabis has increased, 
which likely affects the strength of associations between risk factors and 
developing problem cannabis use. It is also important to note that there 
is biological plausibility for many of the risk factors noted above. Spe-
cifically, there is preclinical literature that speaks to the sex-dependent 
effects, exposure to nicotine as a risk factor for CUD, and the age of initia-
tion of use affecting CUD. 

CONCLUSION 13-2 

Anxiety and Depression 

13-2(a)  There is limited evidence that childhood anxiety and 
childhood depression are risk factors for the develop-
ment of problem cannabis use.

13-2(b)  There is moderate evidence that anxiety, personality 
disorders, and bipolar disorders are not risk factors for 
the development of problem cannabis use.

13-2(c)  There is moderate evidence that major depressive dis-
order is a risk factor for the development of problem 
cannabis use.

ADHD

13-2(d)  There is moderate evidence that adolescent attention 
deficit hyperactivity disorder (ADHD) is not a risk fac-
tor for the development of problem cannabis use.

13-2(e)  There is substantial evidence that stimulant treatment 
of ADHD during adolescence is not a risk factor for the 
development of problem cannabis use. 
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Biological Sex

13-2(f)  There is moderate evidence that being male is a risk fac-
tor for the development of problem cannabis use.

Other Drug Use

13-2(g)  There is moderate evidence that exposure to the com-
bined use of abused drugs is a risk factor for the devel-
opment of problem cannabis use.

13-2(h)  There is moderate evidence that neither alcohol nor 
nicotine dependence alone are risk factors for the pro-
gression from cannabis use to problem cannabis use.

13-2(i)  There is substantial evidence that being male and smok-
ing cigarettes are risk factors for the progression of can-
nabis use to problem cannabis use.

Age

13-2(j)  There is substantial evidence that initiating cannabis 
use at an earlier age is a risk factor for the development 
of problem cannabis use.

13-2(k)  There is moderate evidence that during adolescence 
the frequency of cannabis use, oppositional behaviors, 
a younger age of first alcohol use, nicotine use, paren-
tal substance use, poor school performance, antisocial 
behaviors, and childhood sexual abuse are risk factors 
for the development of problem cannabis use.

Are There Risk and Protective Factors for Severity 
or Persistence of Problem Cannabis Use?

Psychopathology

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on psychopathology as a risk or 
a protective factor for the severity or persistence of problem cannabis use.

Primary Literature A case-control study sought to determine the associa-
tion between a history of psychiatric treatment and persistent cannabis 

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


PROBLEM CANNABIS USE 349

use disorder (Arendt et al., 2007). Data from the Danish Psychiatric Case 
Register (n = 3,114; mean age at start of treatment = 25.7 years) were com-
pared to a representative control group that was randomly selected from 
the general population and matched to the patient population for age 
and biological sex (n = 15,570). The authors determined that a history of 
psychiatric treatment was associated with increased rates of reentry into 
substance abuse treatment for cannabis dependence (OR, 1.26; 95% CI = 
1.07–1.48) relative to the control population.

In an Israeli population (n = 1,317; ages ranged from 21–45 years 
and older), Walsh et al. (2014) conducted in-person structured interviews 
to examine the association between traumatic exposure and substance 
dependence (alcohol, nicotine, and marijuana) and to assess whether 
PTSD accounted for this association. After controlling for alcohol and 
nicotine dependence, investigators found that PTSD symptoms were 
associated with increased odds of marijuana dependence (OR, 1.1; 95% 
CI = 1.04–1.24) and concluded that the severity of PTSD symptoms may 
increase the risk for substance dependence. It should be noted, however, 
that these are cross-sectional data and that the directionality and causality 
of these associations cannot be determined.

A study by Boden et al. (2013) was outside the scope of our primary 
literature search due to its small sample size, but it was included because 
of its potential relevance to the committee’s prioritized research question. 
In this study, researchers found that in a small population of cannabis-
dependent military veterans (n = 37; mean age of starting sample = 51.3 
years), a diagnosis of PTSD was significantly associated with the use of 
cannabis to cope with PTSD symptoms, the severity of cannabis with-
drawal, and three factors of cannabis drug craving (i.e., compulsivity, 
emotionality, and anticipation) relative to a cannabis-dependent popula-
tion without a diagnosis of PTSD (n = 57). Furthermore, the severity of 
PTSD symptoms was associated with an increased severity of cannabis 
withdrawal and factors of cannabis craving (i.e., compulsivity, emotional-
ity, and anticipation).

Biological Sex

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on biological sex as a risk or a 
protective factor for the severity or persistence of problem cannabis use.

Primary Literature Data from the NLAES (n = 42,862) were analyzed in 
an effort to determine the effect of biological sex on the risk and sever-
ity of cannabis use disorders (Grant et al., 2006). Of the participants who 
reported cannabis use at least 12 times, women were less likely to be cat-
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egorized with cannabis “abuse/moderate dependence” than men (8 per-
cent versus 14 percent) or “severe abuse/dependence” (3 percent versus 6 
percent). While men were consistently more likely than women to report 
hazardous cannabis use, women were more likely to report withdrawal 
and to have higher rates of four symptoms of dependence in the “abuse/
moderate dependence” category. 

A longitudinal study of probands from the Oregon Adolescent Depres-
sion Project (final n = 816) assessed recovery from CUD as a function of 
biological sex (Farmer et al., 2015). Females achieved recovery from CUD 
at a significantly faster rate than males (females = 24.2 months, standard 
deviation [SD] = 24.8; males = 41.2 months, SD = 42.7; p = .006), although 
recurrence rates of CUD did not differ between males and females (30.0% 
of males, 25.4% of females, p = 0.564). 

Discussion of Findings

In addition to the limitations cited for the first two sections such 
as issues with self-reported cannabis use, the respondents’ reporting of 
symptoms of problem cannabis use, and data restricted to trends of can-
nabis use and cannabis strength that do not accurately reflect current 
trends, the current findings are additionally restricted to limited follow-
up with participants and to only a few of the risk factors highlighted in 
the second section, including biological sex. The impact of the primary 
risk factors for developing problem cannabis use identified in the second 
section of this chapter, including the age of initiation of use, biological 
sex, and other drug use, should be explored as risk factors for both the 
severity and the recurrence of problem cannabis use over extended peri-
ods of time.

CONCLUSION 13-3

13-3(a)  There is moderate evidence of a statistical association 
between the persistence of problem cannabis use and a 
history of psychiatric treatment. 

13-3(b)  There is substantial evidence of a statistical association 
between being male and the severity of problem can-
nabis use, but the recurrence of problem cannabis use 
does not differ between males and females.

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


PROBLEM CANNABIS USE 351

13-3(c)  There is moderate evidence of a statistical association 
between problem cannabis use and increased severity 
of posttraumatic stress disorder symptoms.

RESEARCH GAP

To address the research gaps relevant to problem cannabis use, the 
committee suggests the following:

•	 The impact of the primary risk factors for developing prob-
lem cannabis use needs to be explored as risk factors for both 
the severity and the recurrence of problem cannabis use over 
extended periods of time.

SUMMARY

This chapter outlines the committee’s efforts to review the current 
evidence base (1) to determine likelihood of developing problem cannabis 
use and (2) to identify the potential risk and protective factors involved 
in the development or exacerbation of problem use. The vast majority of 
the conclusions formed within this chapter were of moderate evidence; 
however, the conclusions that were determined to have substantial evi-
dence were formed by research that examined the impact of biological 
sex, cannabis use at an early age, and past use of cannabis on problem 
cannabis use. Many of the chapter conclusions pertain to a mixture of age 
groups, including older adolescents and young adults. See Box 13-1 for a 
summary list of the chapter’s conclusions.

These research conclusions may have important public health impli-
cations; however, it is important that the conclusions be interpreted within 
the context of the limitations discussed in the Discussion of Findings sec-
tions above. It is also important to understand that the conclusions drawn 
from the currently available literature should take into account the fact 
that trends of cannabis use have evolved over the past 10 years and note 
that the strength of cannabis has increased, which likely has affected 
strength of associations between risk factors and developing problem 
cannabis use. Greater attention to the research limitations (e.g., reliance on 
self-reported cannabis use, limited detail on the amount of cannabis used 
per occasion, polydrug use, limited follow-up, and so on) and improve-
ments to study design and methodological approach would bolster the 
evidence base and help ensure that substantial evidence concerning prob-
lem cannabis use is available.
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BOX 13-1 
Summary of Chapter Conclusions*

There is substantial evidence that:

•	 	Stimulant treatment of attention deficit hyperactivity disorder (ADHD) dur-
ing adolescence is not a risk factor for the development of problem can-
nabis use (13-2e)

•	 	Being male and smoking cigarettes are risk factors for the progression of 
cannabis use to problem cannabis use (13-2i)

•	 	Initiating cannabis use at an earlier age is a risk factor for the development 
of problem cannabis use (13-2j)

There is substantial evidence of a statistical association between:

•	 	Increases in cannabis use frequency and the progression to developing 
problem cannabis use (13-1)

•	 	Being male and the severity of problem cannabis use, but the recurrence of 
problem cannabis use does not differ between males and females (13-3b)

There is moderate evidence that:

•	 	Anxiety, personality disorders, and bipolar disorders are not risk factors for 
the development of problem cannabis use (13-2b)

•	 	Major depressive disorder is a risk factor for the development of problem 
cannabis use (13-2c)
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14

Cannabis Use and the Abuse 
of Other Substances

Chapter Highlight

•	 Cannabis use is likely to increase the risk for developing sub-
stance dependence (other than cannabis use disorder).

Since the 1970s, researchers have debated about the role that cannabis 
may play in the “gateway hypothesis,” which suggests that individuals 
rarely use certain substances, such as heroin or cocaine, without first having 
used “gateway” substances, such as alcohol, tobacco, or cannabis (Kandel, 
1975; Vanyukov et al., 2012). While some research has shown an associa-
tion between cannabis use and the subsequent use of other illicit drugs, the 
predictors of progression from cannabis use to other illicit drugs remain 
largely unknown (Secades-Villa et al., 2015). Emerging animal studies have 
begun to explore the hypothesis that cannabis exposure may enhance the 
susceptibility to the addictive effects of other drugs (Panlilio et al., 2012). 
Researchers have also begun to explore the “reverse gateway hypothesis.” 
This hypothesis posits that cannabis use is a reverse gateway to the initia-
tion of other addictive drugs such as nicotine and alcohol (Agrawal et al., 
2008). 

In the United States, the number of individuals 12 years and older 
using illicit drugs rose each year between 2002 and 2013. In 2014 alone, the 
National Survey on Drug Use and Health reported that in this age range 
27 million individuals—or almost 1 in every 10 Americans—were found 
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to have used illicit drugs within the past 30 days, 66.9 million were cur-
rent users of tobacco, and another 139.7 million were past-month alcohol 
drinkers (CBHSQ, 2015). With illicit drug use on the rise, the need for 
understanding and addressing when and how individuals start using 
illicit drugs is of the utmost importance. Of similar importance is under-
standing the role that cannabis might play in the use of other addictive 
substances such as tobacco and alcohol. 

The committee responsible for the 1999 Institute of Medicine (IOM)1 
report Marijuana and Medicine: Assessing the Science Base discussed the 
“gateway hypotheses” but did not make any specific conclusions about 
its relevance to cannabis use. That report questioned the designation of 
cannabis as a “gateway” drug because its use is often preceded by under-
age drinking and tobacco use, and no conclusive evidence supporting a 
causal link between cannabis use and the use of other illicit drugs was 
found at that time (IOM, 1999). 

In this chapter, the committee reviews the research evidence that 
most directly addresses the prioritized research questions related to the 
associations among cannabis use and (1) the initiation of use of other 
substances, (2) changes in the rates and use patterns of other substances 
and, (3) and the development of other substance dependence or substance 
abuse disorder. Due to the time constraints of the study, additional search 
constraints were added to prioritize the types of studies that would likely 
produce the clearest research conclusions. For example, literature searches 
were limited to articles that included the search terms “longitudinal,” 
“prospective,” and “case-control,” and the committee did not review con-
trolled laboratory studies with cannabis. Although the committee did not 
find any fair- or good-quality systematic reviews covering these issues, 12 
primary articles published since the 1999 IOM report were identified and 
are reviewed in this chapter. 

ABUSE OF OTHER SUBSTANCES

Is There an Association Between Cannabis Use and 
the Initiation of Use of Other Substances?

Tobacco/Nicotine

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis use and the initiation of tobacco/nicotine use.

1 As of March 2016, the Health and Medicine Division continues the consensus studies and 
convening activities previously carried out by the Institute of Medicine (IOM).
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Primary Literature Mayet and colleagues (2016) conducted a retrospec-
tive cohort study of the transitions between tobacco, cannabis, and other 
illicit drugs initiations. Data on 16,421 adults ages 18 to 34 were col-
lected from two French nationwide health and behavior studies con-
ducted in 2005 and 2010. The data used included the age of initiation 
of substance use (cannabis, tobacco, alcohol, other illicit drugs), current 
use, and a number of other variables (e.g., gender, socioeconomic level). 
A total of 436,206 observations based on yearly measures were provided 
by the study subjects, including 17,510 transitions from one state of use 
to another. A Markov multistate model was constructed to examine tran-
sitions from cannabis use to the use of other drugs. The model’s results 
show that the probability of initiating tobacco after cannabis use (10.39 
percent) was significantly greater (p <0.001) than the probability of initiat-
ing cannabis after tobacco use (3.47 percent). The primary study limita-
tions include potential recall bias on the age of initiation and the usual 
issues surrounding the self-reporting of substance use.

Mayet and colleagues (2011) analyzed data collected from a cross-
sectional survey of 29,393 17-year-old adolescents attending a compulsory 
military information session to assess transitions from cannabis use to the 
use of other substances. Data from study participants were captured via a 
self-administered questionnaire on substance use; thus, participants were 
considered followed from birth through 2011 by way of recall data. Sub-
stance use was categorized as “no lifetime use of tobacco and cannabis,” 
“tobacco initiation only,” “cannabis initiation only,” “daily use of tobacco 
only,” “daily use of cannabis only,” or “daily use of both tobacco and 
cannabis” (Mayet et al., 2011, p. 1102). A Markov multistate model was 
constructed to examine the transition states among the first-substance-use 
cohorts from no use/initial substance use to other substance use states. 

Study participants were more likely to use tobacco (72.2 percent) than 
cannabis (49.4 percent), and only 2 percent of those using both tobacco 
and cannabis reported having used cannabis before tobacco (Mayet et 
al., 2011). With respect to transitions from initial substance use, the risk 
of initiating tobacco use from no lifetime use was 17.6 times greater (95% 
confidence interval [CI] = 16.5–18.9) than first initiating cannabis use. 
Among individuals initiating use with cannabis, the transition to first 
tobacco use was 3.2 times greater (95% CI = 2.9–3.6) than the transition 
from no lifetime use of cannabis to first tobacco use (Mayet et al., 2011). 
However, the transition of first tobacco use to cannabis was 42.1 times 
greater (95% CI = 39.3–45.1) than the transition from no lifetime use of 
tobacco to first cannabis use. The transition from daily use of cannabis to 
daily use of both cannabis and tobacco was 3.0 times greater (95% CI = 
2.0–4.4) than the transition from daily tobacco use to daily use of both 
cannabis and tobacco (Mayet et al., 2011). The authors also found that 
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cannabis initiation did not increase the risk of a tobacco user transition-
ing to a daily cannabis smoker. The study’s limitations include potential 
problems with recall bias and self-reporting of substance use. 

Opioids

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis use and the initiation of use of opioids.

Primary Literature In the retrospective cohort study described earlier, 
Mayet and colleagues (2016) also explored the transition from cannabis 
use to the use of other illicit drugs. They found that the probability of 
initiating other illicit drugs after cannabis did not differ significantly from 
the probability of starting with other illicit drugs. 

Mixed Drug Use

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis use and the initiation of use of other substances.

Primary Literature Novins and Barón (2004) reported on risk factors 
for the initiation of substance use and transition to other substance use 
among American Indian adolescents living west of the Mississippi. Sur-
vey data collected as part of the Voices of Indian Teens longitudinal study 
from 1993 to 1996 were used to calculate the conditional probability that 
an adolescent who reported lifetime use of cannabis (Stage 1) would 
progress to report a lifetime use of stimulants, sedatives, cocaine, or other 
drugs such as hallucinogens, phencyclidine, or heroin (Stage 2).

For analysis purposes, the initial sample of 2,356 adolescents was 
reduced to 1,244 adolescents due to exclusions related to continued life-
time abstention or transition to Stage 2 before the study began and to 
inconsistent responses between the two waves of data collection, as well 
as those lost to follow-up (Novins and Barón, 2004). The hazard ratio 
(HR) for the progression of cannabis use (Stage 1) to a harder substance 
(Stage 2) was 2.737 (p <0.01). The authors noted that the study had a 
number of limitations, including generalizability to other populations, the 
self-reporting of substance use data, an inability to include tobacco use in 
the analysis because the survey did not differentiate between ceremonial 
and non-ceremonial tobacco use, and the potential for underestimating 
the results because of the potential bias created by individuals lost to 

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


CANNABIS USE AND THE ABUSE OF OTHER SUBSTANCES 361

follow-up who may have had different (higher) patterns of substance use 
than those remaining in the study. 

Discussion of Findings

The small number of studies reviewed provide limited evidence that 
cannabis use increases the rates of initiation of other drug use, mainly 
tobacco. Two studies had relatively large samples. The data do not pro-
vide compelling evidence that cannabis is associated with the initiation of 
other drugs of abuse, although this is one possibility. Other possibilities 
that could explain these findings include easier access to cannabis than 
to other illicit substances and common risk factors for both cannabis use 
and the use of other substances. Although cannabis use is associated with 
increased odds of transitioning to tobacco use relative to non-cannabis 
users, tobacco use was associated with far greater odds of transitioning to 
cannabis use relative to non-tobacco users. These data highlight tobacco 
use as a key risk factor for the initiation of cannabis use. 

CONCLUSION 14-1 There is limited evidence of a statistical 
association between cannabis use and the initiation of tobacco 
use.

Is There an Association Between Cannabis Use and 
the Rates and Use Patterns of Other Substances?

Alcohol

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis use and the rates and use patterns of drinking alcohol.

Primary Literature Buu and colleagues (2015) conducted a secondary 
data analysis of eight waves of data collected from 850 high-risk adoles-
cents participating in the longitudinal Flint Adolescent Study to assess 
risk and protective factors for substance use and other health risk behav-
iors through adulthood (i.e., ages 14–24 years). The impact of early or 
later onset (i.e., age at first use) and of the quantity and frequency of 
cannabis use on heavy drinking were specific research questions. A linear 
mixed model was used to determine the longitudinal effects of nicotine 
and marijuana on heavy drinking while controlling for the early onset of 
alcohol use. Model results indicate that both early onset cannabis users (β, 
0.2263; standard error [SE] = 0.0445; p <0.0001), late onset cannabis users 
(β, 0.1838; SE = 0.0461; p <0.0001), and those who used cannabis more 
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frequently (β, 0.2667; SE = 0.0119; p <0.0001) were all at a higher risk of 
heavy alcohol drinking than those who did not use cannabis at all (Buu 
et al., 2015). Among this population, about 80 percent of the study partici-
pants were black and had grade point averages of 3.0 or below and thus 
are not representative of the general youth population. Furthermore, the 
lifetime prevalence of substance use was higher in the study population 
than in the general population. The impact of cannabis use on nicotine 
use was not reported. 

Opioids

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis use and the rates and use patterns of opioids.

Primary Literature In a longitudinal study of a random sample of 120 
adolescents ages 12 to 18 years who were admitted to a level 1 trauma 
center or an emergency department for injury, Whiteside and colleagues 
(2016) found that preinjury cannabis use was an independent predictor 
of continued prescription opioid use up to 12 months after discharge 
(relative risk, 1.69; 95% CI = 1.09–2.6). Cannabis use was assessed via a 
single-item question regarding cannabis use (yes/no) in the year before 
the injury, and the use of a range of prescription opioids (codeine, hydro-
codone, oxycodone, etc.) was assessed and categorized as yes or no at 
months 2, 5, and 12. At 1 year post injury, 12.5 percent of adolescents 
were still using prescribed opioids. The study’s limitations include the 
use of self-reported data to determine preinjury cannabis use and opioid 
use, the reliance on a small study sample, and the fact that the sample 
was collected at an urban academic trauma center, which thus limited the 
generalizability of the findings. 

Tobacco/Nicotine

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between canna-
bis use and the rates and use patterns of tobacco and nicotine dependence.

Primary Literature Agrawal and colleagues (2008) studied women can-
nabis users and patterns of smoking and nicotine dependence. Data 
were collected as part of the Missouri Adolescent Female Twin Study 
(MOAFTS), a cohort study of 3,787 young adult twin females ages 18 to 
29 years, who were originally interviewed in 1994–1999 and subsequently 
reinterviewed in 2002–2005. Data collection included lifetime cannabis 
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use (ever used cannabis and other measures of frequency and use) and 
cannabis dependence (determined by a lifetime history of one or more 
of four Diagnostic and Statistical Manual of Mental Disorders, Fourth Edi-
tion [DSM-IV] abuse critera or one or more of six DSM-IV dependence 
criteria). Regular cigarette smoking among participants was determined 
by responding positively to having smoked 100 or more cigarettes life-
time and smoking 20–99 cigarettes at least once per week for a period of 
2 months or longer. Nicotine dependence was defined using the seven 
DSM-IV dependence criteria, with at least three symptoms clustering 
within the same 12-month period. Data on a number of covariates were 
also collected, including measures of behavioral disinhibition, negative 
affect regulation, and other measures of psychopathology. In this sample, 
44.2 percent of the participants were cannabis users, 34.7 percent were 
classified as regular cigarette smokers, and 17.4 percent were designated 
as nicotine dependent based on DSM-IV criteria. It is also important to 
note that only 6.8 percent of participants reported smoking their first 
cigarette before using cannabis for the first time. 

Survival analyses were used to examine whether women who smoked 
cannabis were at an increased risk of moving from experimenting with 
smoking (but not first time smoking) to becoming a regular smoker. After 
adjusting for covariates, the results indicate that women with a prior 
history of cannabis use were 4.4 times more likely (HR, 4.41; 95% CI = 
3.57–5.44) to transition from experimenting with smoking to becoming 
regular smokers. An additional analysis was conducted to assess spuri-
ous associations caused by the onset of cannabis use and regular smoking 
in the same year. The results of this analysis showed a diminished effect 
size; the effect size of the hazards of regular smoking in cannabis users 
was reduced to 1.8 (95% CI = 1.5–2.2) for those meeting this condition.

Mixed Drug Use

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between canna-
bis use and the rates and use patterns of substances other than cannabis.

Primary Literature To examine trajectories of adolescent cannabis and 
alcohol users Patton and colleagues (2007) analyzed data from a 10-year 
cohort study of health in 2,032 adolescents and young adults living in 
Victoria, Australia. Data were collected in eight waves over the study 
period from an initial study sample of adolescents who were in mid-
secondary school in 1992. About 95 percent of students from the initial 
study sample participated in Waves 1 through 6, and 75 percent of the 
students participated in Wave 8. The frequency of cannabis and alcohol 
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use was categorized in three categories: “any alcohol or cannabis use,” 
“at least moderate-risk alcohol or cannabis use,” and “high-risk alcohol 
or cannabis use” (Patton et al., 2007, p. 609). Logistic regression modeling 
was used to explore the associations between substance use in adoles-
cence (at about 15 years old in Wave 1) and later substance use in early 
adulthood (at about 25 years old in Wave 8). 

After adjusting for a number of social and behavioral factors and 
persistent substance use measures, the researchers found that adolescents 
with moderate-risk cannabis use were seven times as likely to develop 
high-risk cannabis use (odds ratio [OR], 7.4; 95% CI = 3.3–17) and twice 
as likely to develop high-risk alcohol use in early adulthood (OR, 2.2; 95% 
CI = 1.1–4.5) compared with students with no hazardous alcohol use or 
daily cannabis use (Patton et al., 2007). 

Among this population, the risk was also elevated for daily cigarette 
smoking (OR, 3.0; 95% CI = 1.7–5.4), for the use of amphetamines (OR, 
6.0; 95% CI = 3.6–10.0), for the use of ecstasy (OR, 7.2; 95% CI = 4.3–12.0), 
and for the use of cocaine (OR, 4.7; 95% CI = 2.3–9.7) within the past 12 
months, as reported in Wave 8 (Patton et al., 2007). The study’s limita-
tions include a 25 percent reduction in the initial sample between Wave 1 
and Wave 8 (imputation techniques were used to mitigate potential bias 
related to students missing waves of the survey), the use of self-reports to 
determine substance use, and questions about the generalizability of the 
study to other populations.

The use of cannabis and relapse after discharge from a substance 
abuse program were the focus of a study conducted by Aharonovich and 
colleagues (2005). This longitudinal study followed 349 patients who had 
undergone and successfully completed inpatient treatment for a DSM-IV 
diagnosis of alcohol, cocaine, or heroin dependence; patients had not 
experienced mania or non-affective psychosis. Patients were followed up 
after discharge at months 6, 12, and 18 to update the Psychiatric Research 
Interview for Substance and Mental Disorders. Responses were analyzed 
to assess cannabis use and return to substance abuse, sustained remission 
from substance abuse, and relapse to substance abuse after sustained 
remission. Of the 349 patients participating in the study, 250 contributed 
data through at least one follow-up interview; the study results are based 
on this subset of patients. Of the 250 patients dependent on alcohol, 
cocaine, or heroin at baseline who did not achieve sustained remission 
from using these substances, 41.4 percent used cannabis during follow-
up after hospital discharge compared to 15.4 percent of those who had 
achieved remission (p <0.0001) (Aharonovich et al., 2005). Among the 
patients dependent on alcohol at baseline who failed to achieve sustained 
remission, 38.7 percent used cannabis (p <0.004), and among patients 
dependent on cocaine at baseline who failed to achieve sustained remis-
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sion, 52.5 percent used cannabis during follow-up after hospital discharge 
(p <0.03). Relapse after sustained remission was also seen among patients 
who used cannabis during follow-up. 

A Cox proportional model that adjusted for sociodemographic vari-
ables and diagnoses of substance dependence and a number of psychi-
atric symptoms and disorders was developed to examine the effects of 
cannabis use on a number of outcomes, including the return to substance 
use (multiple substance use, alcohol only, cocaine only, and heroin only), 
sustained remission from substance use, and relapse to substance use. 
HRs were significant (p <0.0001) for cannabis use and a return to the use 
of multiple substances, alcohol only, and cocaine only. Cannabis use was 
associated with a statistically significant reduced hazard of achieving a 
sustained remission from multiple substance use and cocaine use specifi-
cally (p <0.05). In addition, cannabis use was found to increase the hazard 
of relapse to alcohol use (p <0.05). 

Discussion of Findings

The primary literature reviewed present limited evidence that can-
nabis use affects the rates and patterns of the use of other substances. 
With regard to alcohol use, cannabis users were found to be at a higher 
risk for heavy drinking than nonusers. With regard to opioids, cannabis 
use predicted continued opioid prescriptions 1 year after injury. Finally, 
cannabis use was associated with reduced odds of achieving abstinence 
from alcohol, cocaine, or polysubstance use after inpatient hospitaliza-
tion and treatment for substance use disorders. The limitations of these 
studies include their lack of generalizability due to their use of restricted 
study populations, their limited assessment of cannabis use, the lack of 
dose–response relationships, and the potential for self-report bias.

CONCLUSION 14-2 There is limited evidence of a statistical 
association between cannabis use and changes in the rates and 
use patterns of other licit and illicit substances.

Is There an Association Between Cannabis Use and the Development 
of Other Substance Dependence or Other Substance Abuse Disorder?

Alcohol

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis use and the development of alcohol dependence or alcohol use 
disorder.
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Primary Literature Buu and colleagues (2014) assessed the long-term 
effects of cannabis use on alcohol problems and alcohol use disorder 
(AUD) using data from the Michigan Longitudinal Study. The researchers 
followed a sample of 160 female–male sibling pairs from high-risk fami-
lies (sample total of 320 individuals) from ages 3–5 to 21–23 years, assess-
ing the participants every 3 years using the Drinking and Drug History 
Questionnaire, Diagnostic Interview Schedule, Diagnostic Interview 
Schedule for Children, and the Health and Daily Living Questionnaire. 
Data were collected on age at first use of alcohol, cannabis, and nicotine 
as well as the quantity and frequency of use and were analyzed using a 
linear mixed model. The authors concluded that a higher frequency of 
cannabis use was related to greater odds of developing drinking problems 
(β,	0.55; SE = 0.08; p <0.05) and to meeting an AUD diagnosis (β, 0.59; SE 
= 0.09; p <0.05) (Buu et al., 2014). However, the odds were not as high as 
those associated with the frequency of alcohol consumption on the odds 
of developing drinking problems (β, 1.90; SE = 0.10; p <0.05) and the odds 
of meeting an AUD diagnosis (β, 1.75; SE = 0.31; p <0.05) (Buu et al., 2014). 
Furthermore, an early onset of cannabis use was not found to contribute 
to AUD. A major limitation of this study is that the participant population 
included children who had intact families in early childhood, families that 
were at high risk for developing AUD, and families of minority race/
ethnicity, thus limiting the generalizability of the study results.

Tobacco/Nicotine

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between canna-
bis use and the development of tobacco or nicotine dependence or tobacco 
or nicotine abuse disorder.

Primary Literature Timberlake and colleagues (2007) conducted a study 
to examine the role of cannabis use in adolescence and the likelihood of 
developing nicotine dependence and initiating daily tobacco smoking at 
an earlier age. Survey data were collected from 90,118 students participat-
ing in the National Longitudinal Study of Adolescent Health conducted 
in 132 U.S. schools (public and private) between September 1994 and 
April 1995. A subsample of participants was followed up at three points 
with more in-depth surveys, a baseline survey (Wave I), and two subse-
quent surveys (Wave II, 1 year after the baseline survey, and Wave III, 6 
years later). Of these, 5,963 unrelated participants formed the primary 
sample and included individuals who had not smoked cigarettes by the 
baseline survey (Wave I) but smoked at least one cigarette by Wave III. 
Participants ranged in age from 18.3 to 27.7 years. Data on lifetime use of 
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cannabis and prior-month use at Wave I, age at daily cigarette smoking, 
and lifetime and current nicotine dependence at Wave III were available 
for these participants. A smaller sample of 1,447 participants who had 
tried cannabis by Wave I and for which data on the age of first use was 
available was used to examine lifetime and current nicotine dependence 
6 years later. Cannabis use was classified as no lifetime use, experimental 
use (1–10 times), and regular use (greater than 10 times). Age at first use 
was also collected from adolescents who had experimented with can-
nabis by Wave I of the survey. Nicotine dependence was defined using 
the Fagerstrom Test for Nicotine Dependence. Demographic risk factor 
data were also collected. Survey-based logistic regression analysis and 
censored regression techniques were used to predict outcomes.

Results from this study indicate that regular lifetime users of can-
nabis at Wave I were 1.89 times more likely to develop lifetime nicotine 
dependence (t = 2.3 p <0.05, adjusted odds ratio [aOR], 1.89; 95% CI = 
1.09–3.30) than nonusers. Past-month users (both experimental and regu-
lar) at Wave I were 1.83 times more likely to develop lifetime nicotine 
dependence (t = 2.3 p <0.05, aOR, 1.83; 95% CI = 1.08–3.11) than nonusers. 
Furthermore, lifetime users who began using at later ages (23–27) were 
less likely to develop nicotine dependence at Wave III compared to those 
who began using at earlier ages (t = −3.3 p <0.01, aOR, 0.82; 95% CI = 
0.73−0.93). Limitations associated with this study include self-reported 
data on substance use, and recall bias.

Agrawal and colleagues (2008), as described in the above section, 
studied women cannabis users and patterns of smoking and nicotine 
dependence. Survival analyses were used to examine whether women 
who smoked cannabis were at an increased risk of moving from regular 
smoker to nicotine dependent. After adjusting for covariates, the results 
indicate that women with a prior history of cannabis use were 2.8 times 
more likely (HR, 2.80; 95% CI = 1.84–4.26) to transition from regular smok-
ing to nicotine dependence. Limitations associated with this study include 
the lack of generalizability to men, self-reported data on substance use, 
and recall bias.

Mixed Drug Use

Systematic Reviews The committee did not identify a good- or fair-
quality systematic review that reported on the association between can-
nabis use and the development of substance dependence or substance 
abuse disorder.

Primary Literature In a longitudinal U.S. study of a nationally represen-
tative sample of 34,653 adults 18 years or older, Blanco and colleagues 
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(2016) examined the association between cannabis use and the risk of 
developing substance abuse and other mental health disorders. This study 
investigated the potential association between cannabis use in the past 
year (Wave 1) with incident substance use disorders, alcohol abuse and 
dependence, other drug abuse and dependence, and nicotine dependence 
3 years later (Wave 2). Both Wave 1 and Wave 2 adjusted for sociode-
mographic characteristics, a family history of substance use disorder, a 
disturbed family environment, childhood parental loss, low self-esteem, 
social deviance, education, recent trauma, past and present psychiatric 
disorders, and the respondent’s history of divorce. The researchers found 
that, after adjusting for covariates, cannabis use in the 12 months preced-
ing the interview was associated with an increased risk of developing 
any substance use disorders, including Cannabis Use Disorder (OR, 6.2; 
95% CI = 4.1−9.4) (Blanco et al., 2016). The adjusted ORs for all incident 
psychiatric disorders in Wave 2 are presented in Table 14-1.

The frequency of cannabis use in Wave 1 was also associated with 
an incidence of any substance use disorder in Wave 2 (aOR, 1.9; 95% 
CI = 1.7−2.1), indicating a dose−response association between cannabis 
use and substance use disorder.2 Some of the limitations of this study 
included the fact that substance use was ascertained by self-report, that 
there was a possibility of residual confounding, and that the follow-up 
period was limited to 3 years (Blanco et al., 2016).

Palmer and colleagues (2009) analyzed the substance use experiences 

2 Frequency of cannabis use was measured as “no use,” “some use but less than one use 
per month,” and “one or more uses per month.”

TABLE 14-1 Cannabis Use in the Past 12 Months and Incident 
Psychiatric Disorders in Wave 2 

Incident Psychiatric Disorders in Wave 2 Adjusted OR (95% CI)

Any substance use disorder (includes cannabis use disorder) 6.2 (4.1–9.4)

Any alcohol use disorder 2.7 (1.9–3.8)

Alcohol abuse 1.5 (1.1–2.0)

Alcohol dependence 1.9 (1.4–2.7)

Other drug use disorder 2.6 (1.6–4.4)

Other drug abuse 3.4 (2.5–5.4)

Other drug dependence 2.7 (1.6–4.5)

Nicotine dependence 1.7 (1.2–2.4)

NOTE: CI = confidence interval; OR = odds ratio.
SOURCE: Adapted from Blanco et al., 2016.
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of 1,733 individuals (ages 12–25) who participated in the Colorado Com-
munity Twin Study. Data on substance use experimentation and repeated 
use were collected via self-reported questionnaires and psychiatric inter-
views in two waves about 5 years apart. Substance abuse and dependence 
were assessed using the Composite International Diagnostic Interview–
Substance Abuse Module (CIDI–SAM) structured interview. With respect 
to substance use, experimentation was defined as “having used a sub-
stance one or more times in a person’s lifetime”; repeated marijuana use 
was defined as having used cannabis “six or more times in a respondent’s 
lifetime”; and cannabis abuse and dependence were defined based on the 
DSM-IV as having compulsive use without generally developing physi-
ological dependence (APA, 1994, p. 216; Palmer et al., 2009, pp. 79–80). 

Results show that the risks of alcohol abuse/dependence (OR, 3.44; 
95% CI = 1.93–6.12) and tobacco dependence (OR, 4.12; 95% CI = 2.26–
7.51) were greater in individuals who used cannabis more than once in 
their lifetime (without meeting a diagnosis of cannabis substance use 
disorder) compared to those who did not use cannabis (Palmer et al., 
2009). Individuals diagnosed with cannabis use disorder had higher odds 
of being diagnosed with alcohol abuse/dependence (OR, 8.78; 95% CI = 
3.15–24.53) and tobacco dependence (OR, 8.61; 95% CI = 3.15–23.56) than 
those who did not use cannabis. However, once the logistic regression 
models were adjusted for the individuals’ involvement with alcohol and 
tobacco, the ORs no longer reached significance (Palmer et al., 2009). 

The researchers found that individuals with cannabis use disorder 
were not at higher risk for alcohol abuse/dependence (OR, 1.77; 95% CI = 
0.54–5.78) or tobacco dependence (OR, 2.61; 95% CI = 0.78–8.72) compared 
with those who had used cannabis more than once in their lifetime but did 
not have cannabis use disorder (Palmer et al., 2009). They note that the 
cannabis and other substance use results indicate “a model of generalized 
risk since substance use disorders on any substance in young adulthood 
could be predicted by involvement with any of the three substances in 
adolescence” (Palmer et al., 2009, p. 78). Study limitations include the 
difficulty capturing the more severe cases in the cohort, as they are gener-
ally not reported; questions about the reliability of self-reporting; of the 
fact that covariates of substance abuse were not included in the logistic 
regression models; and the failure of the authors to impose clustering cri-
teria or to distinguish between dependence with or without physiological 
symptoms (Palmer et al., 2009).

Using data from 1,265 participants of the Christchurch Health and 
Development longitudinal birth cohort study, Fergusson and colleagues 
(2008) explored factors associated with illicit drug use, abuse, or depen-
dence among study participants at ages 16 to 25. Cannabis use data were 
collected for each year and were classified into four levels of frequency: 

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


370 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

“did not use cannabis,” “used less than monthly on average (1–11 times),” 
“used at least monthly on average (12-50 times),” and “used at least 
weekly (>50 times)” (Fergusson et al., 2008, p. 169). Annual frequency of 
cannabis use was the strongest predictor of illicit drug use (β,	1.58; SE = 
0.06, p <0.0001) and drug abuse or dependence (β, 1.73; SE = 12, p <0.0001) 
across age groups (Fergusson et al., 2008). The interaction between can-
nabis use and age was also explored and the association was found to 
diminish with increasing age. The adjusted odds ratios for the risk of illicit 
drug use and abuse/dependence for participants who used cannabis at 
least weekly are presented in Table 14-2 below. Study limitations include 
questions about the generalizability of the study and the fact that the 
assessments were based on self-reported data. The confidence intervals 
for some results are wide. 

Discussion of Findings

Most of the studies reviewed indicate an association between can-
nabis use and use of or dependence on other substances, with some data 
indicating this effect is more pronounced in younger individuals and is 
dependent on the dose or frequency of cannabis use. The strengths of 
some studies cited include the study designs (longitudinal cohort stud-

TABLE 14-2 Adjusted Odds Ratios (and 95% Confidence Intervals) 
for at Least Weekly Cannabis Use and Risk Factors for Cannabis 
Use and Illicit Drug Abuse/Dependence, at Ages 16–17, 20–21, and 
24–25

Adjusted Odds Ratios for at Least Weekly Frequency of Use of Cannabis and the Risk 
of Illicit Drug Use at Specific Ages

Age aOR 95% CI

16–17 92.20 46.53–182.72

20–21 26.31 17.50–39.69

24–25 7.53 4.48–12.43

Adjusted Odds Ratios for at Least Weekly Frequency of Use of Cannabis and Risk of 
Illicit Drug Abuse/Dependence

16–17 117.92 26.31–523.74

20–21  27.61 11.24–67.90

24–25  6.49 2.19–19.20

NOTE: CI = confidence interval; aOR = adjusted odds ratio.
SOURCE: Adapted from Fergusson et al., 2008.
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ies), the existence of large sample sizes, and the fact that adjustments were 
made for a variety of confounders. The magnitude of the associations 
appears in the moderate range. The limitations of the studies include, in 
most cases, the use of self-report for cannabis use, recall bias, and, in some 
cases, the limited duration of follow-up. 

CONCLUSION 14-3 There is moderate evidence of a statisti-
cal association between cannabis use and the development of 
substance dependence and/or a substance abuse disorder for 
substances, including alcohol, tobacco, and other illicit drugs. 
The development of problem cannabis use is described in 
Chapter 13 of this report.

RESEARCH GAPS

To address the research gaps relevant to cannabis use and the abuse 
of other substances, the committee suggests the following:

•	 Additional studies are needed to determine whether cannabis use 
is an independent risk factor for, or causally contributes to, the 
initiation or use of and dependence on other drugs of abuse later 
in life.

•	 In states with legalized recreational cannabis, there need to be 
longitudinal studies that examine whether the prevalence of use 
of other drugs parallels the increase in prevalence of cannabis use.

SUMMARY

This chapter summarizes current research evidence on the association 
between cannabis use and the potential for abusing other substances. Sev-
eral important research conclusions were reached (see Box 14-1); however, 
it is important that these conclusions be interpreted within the context of 
the limitations discussed in the Discussion of Findings sections above. 
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BOX 14-1 
Summary of Chapter Conclusions*

There is moderate evidence of a statistical association between cannabis 
use and:

•	 	The development of substance dependence and/or a substance abuse 
disorder for substances, including alcohol, tobacco, and other illicit drugs 
(14-3)

There is limited evidence of a statistical association between cannabis use 
and:

•	 The initiation of tobacco use (14-1)
•	 	Changes in the rates and use patterns of other licit and illicit substances 

(14-2)

* Numbers in parentheses correspond to chapter conclusion numbers.
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Challenges and Barriers in 
Conducting Cannabis Research

Several states have legalized cannabis for medical or recreational use 
since the release of the 1999 Institute of Medicine (IOM)1 report Marijuana 
and Medicine: Assessing the Science Base (IOM, 1999). As of October 2016, 25 
states and the District of Columbia had legalized the medical use of can-
nabis, while 4 states and the District of Columbia had also legalized rec-
reational cannabis use (NCSL, 2016; NORML, 2016a).2 In November 2016, 
voters in California, Maine, Massachusetts, and Nevada approved ballot 
initiatives to legalize recreational cannabis, while voters in Arkansas, 
Florida, Montana, and North Dakota approved ballot initiatives to permit 
or expand the use of cannabis for medical purposes (NORML, 2016b). 

Policy changes are associated with marked changes in patterns of can-
nabis use. In recent years, the number of U.S. adolescents and adults ages 
12 and older who reported using cannabis increased by 35.0 percent and 
20.0 percent for use in the past month and in the past year, respectively 
(Azofeifa et al., 2016). Revenue from the sale and taxation of cannabis can 
serve as a proxy measure for cannabis use and suggests that the scope of 
cannabis use in the United States is considerable. For example, the total 
estimated value of legal cannabis sales in the United States was $5.7 bil-

1 As of March 2016, the Health and Medicine Division continues the task of producing 
consensus studies and convening activities previously undertaken by the Institute of Medi-
cine (IOM).

2 The count of states where cannabis is legalized for medical use includes Ohio and Penn-
sylvania, where medical cannabis laws were not operational as of October 2016 (NCSL, 
2016).
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lion in 2015 and $7.1 billion in 2016 (Arcview Market Research and New 
Frontier Data, 2016). At the state level, the Colorado Department of Rev-
enue reported that sales and excise taxes on recreational and medical can-
nabis sales totaled $88,239,323 in fiscal year 2015 (CDOR, 2016a, p. 29),3 
and in Washington, state and local sales taxes and state business and 
occupation taxes on recreational and medical cannabis totaled $53,410,661 
in fiscal year 2016 (WDOR, 2016a,b).4

Despite these changes in state policy and the increasing prevalence of 
cannabis use and its implications for population health, the federal gov-
ernment has not legalized cannabis and continues to enforce restrictive 
policies and regulations on research into the health harms or benefits of 
cannabis products that are available to consumers in a majority of states. 
As a result, research on the health effects of cannabis and cannabinoids 
has been limited in the United States, leaving patients, health care pro-
fessionals, and policy makers without the evidence they need to make 
sound decisions regarding the use of cannabis and cannabinoids. This 
lack of evidence-based information on the health effects of cannabis and 
cannabinoids poses a public health risk. 

In order to promote research on cannabis and cannabinoids, the barri-
ers to such research must first be identified and addressed. The committee 
identified several barriers to conducting basic, clinical, and population 
health research on cannabis and cannabinoids, including regulations and 
policies that restrict access to the cannabis products that are used by an 
increasing number of consumers and patients in state-regulated markets, 
funding limitations, and numerous methodological challenges. The fol-
lowing sections discuss these barriers in detail.

REGULATORY AND SUPPLY BARRIERS

Regulatory Barriers

Investigators seeking to conduct research on cannabis or cannabinoids 
must navigate a series of review processes that may involve the National 
Institute on Drug Abuse (NIDA), the U.S. Food and Drug Administration 
(FDA), the U.S. Drug Enforcement Administration (DEA), institutional 
review boards, offices or departments in state government, state boards 

3 $22,225,750 (Marijuana Sales Tax [2.9%]) + $42,017,798 (Retail Marijuana Sales Tax [10%]) 
+ $23,995,775 (Retail Marijuana Excise Tax [15%]) = $88,239,323. 

4 Medical Cannabis: $5,236,536 (State Retail Sales Tax) + $792,906 (State Business and 
Occupation Tax) + $ 2,084,323 (Local Retail Sales Tax) = $8,113,765. Recreational Canna-
bis: $30,017,823 (State Retail Sales Tax) + $4,050,212 (State Business & Occupation Tax) + 
$11,228,861 (Local Retail Sales Tax) = $45,296,896. $8,113,765 (Total Medical Cannabis Taxes) 
+ $45,296,896 (Total Recreational Cannabis Taxes) = $53,410,661. 
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of medical examiners, the researcher’s home institution, and potential 
funders. A brief overview of some of these review processes is discussed. 

Researchers conducting clinical research on biological products such 
as cannabis must submit an investigational new drug (IND) application 
to the FDA. As a next step, the investigator may contact NIDA, an impor-
tant source of research-grade cannabis, to obtain an administrative letter 
of authorization (LOA). An LOA describes the manufacturer’s facilities, 
as well as the availability and pertinent characteristics of the desired can-
nabis product (e.g., strains, quality, strength, pharmacology, toxicology). 
To safeguard against the acquisition of cannabis or cannabinoids for non-
research purposes, investigators must also apply for a DEA registration 
and site licensure before conducting studies involving cannabis or any of 
its cannabinoid constituents, irrespective of their pharmacologic activity.5 
The investigator must submit the IND and LOA to the FDA and the DEA 
for review (FDA, 2015).

After submitting an IND application, researchers must wait at least 
30 days before initiating research, during which period the FDA reviews 
the application to ensure that research participants will not be exposed to 
unreasonable risk (FDA, 2016a). If the FDA determines that the proposed 
research would expose study participants to unreasonable risk or that the 
IND application is in some other way deficient, a clinical hold postpon-
ing the research may be imposed. This hold is not lifted until and unless 
the sponsoring researchers have resolved the deficiencies (FDA, 2016b). 

It is important to note that the Controlled Substances Act of 1970 clas-
sified cannabis as a Schedule I substance, the highest level of drug restric-
tion.6 As defined by the Act, Schedule I substances are those that (1) have 
a high potential for abuse; (2) have no currently accepted medical use 
in treatment in the United States; and (3) have a lack of accepted safety 
for their use under medical supervision.7 Other substances classified in 
Schedule I include heroin, LSD, mescaline, hallucinogenic amphetamine 
derivatives, fentanyl derivatives (synthetic opioid analgesics), and gam-
mahydroxybutyrate (GHB).8 By contrast, Schedule II substances  —though 
they also have a high potential for abuse and may lead to severe psy-
chological or physical dependence—are defined as having a currently 

5 Code of Federal Regulations, Registration of Manufacturers, Distributors, and Dispensers 
of Controlled Substances, Title 21, § 1301.11 and Code of Federal Regulations, Schedules of 
Controlled Substances, Title 21, § 1308.11.

6 Code of Federal Regulations, Schedules of Controlled Substances, Title 21, § 1308.11; 
United States Code, Schedules of Controlled Substances, Title 21, § 812. 

7 United States Code, Schedules of Controlled Substances, Title 21, § 812(b)(1).
8 Code of Federal Regulations, Schedules of Controlled Substances, Title 21, § 1308.11.
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accepted medical use and can be prescribed with a controlled substance 
prescription (DEA, 2006).9 

In some states, researchers conducting clinical research on cannabis 
or cannabinoid products must also apply for and receive a controlled 
substance certificate from a state board of medical examiners or a con-
trolled substance registration from a department of the state government 
in order to conduct clinical trials or any other activity involving Sched-
ule I substances (Alabama Board of Medical Examiners, 2013; MDHSS, 
n.d.). Some state governments require additional approvals. For example, 
California requires that all trials involving Schedule I or II controlled 
substances be registered with and approved by the Research Advisory 
Panel of California (CADOJ/OAG, 2016). When the necessary approvals 
are secured, only then can the investigator apply for a DEA registration 
and site licensure to conduct research on a Schedule I controlled substance 
(see Box 15-1 for examples of research barriers). 

Researchers conducting trials of Schedule I substances must addition-
ally submit a research protocol to the DEA that includes details regard-
ing the security provisions for storing and dispensing the substance.10 
Previously, nonfederally funded studies on cannabis were also required 
to undergo an additional review process conducted by the Public Health 

9 United States Code, Schedules of Controlled Substances, Title 21, § 812(b)(2).
10 Code of Federal Regulations, Registration of Manufacturers, Distributors, and Dispens-

ers of Controlled Substances, Title 21, § 1301.18.

BOX 15-1 
Illustrative Examples of the Current Research 

Barriers to Colorado Researchers

As a concrete example of the impact of the divide between federal and state 
policy, cannabis concentrate sales doubled in Colorado from 2015 to 2016, reach-
ing $60.5 million in the first quarter of 2016 (Marijuana Business Daily Staff, 2016), 
and yet current federal law prevents chemists from examining the composition of 
those products as it may relate to safety, neuroscientists from testing the effects of 
those products on the brain or physiology in animal models, and clinical scientists 
from conducting research on how these products may help or harm patients. And 
while between 498,170 and 721,599 units of medical and recreational cannabis 
edibles were sold per month in Colorado in 2015 (CDOR, 2016b, p. 12), federal 
law also prohibits scientists from testing those products for contaminants, under-
standing the effects of these products in animal models, or investigating the effects 
in patient populations.
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Service. This review process was determined to unnecessarily duplicate 
the FDA’s IND application process in several ways and, as of June 2015, 
is no longer required.11 

To ensure that controlled substances obtained for research purposes 
will be stored and accessed in accordance with DEA security require-
ments, local DEA officials may perform a preregistration inspection of 
the facility where the proposed research will take place (University of 
Colorado, 2016). DEA security requirements include storing cannabis in 
a safe, a steel cabinet, or a vault, and limiting access to the storage facility 
to “an absolute minimum number of specifically authorized employees.12 
The extent of the security measures required by DEA varies with the 
amount of cannabis being stored,13 and among local DEA jurisdictions 
(Woodworth, 2011). Funders must bear the costs of meeting the necessary 
security requirements.

Additionally, as with any human clinical trial, approval from an insti-
tutional review board must be sought.14 Obtaining this approval confirms 
that an appropriate plan to protect the rights and welfare of human 
research subjects has been outlined in the proposed research efforts. If a 
study is being conducted in a clinical research center, a separate review 
may be required by this entity’s medical or research advisory committee. 

In summary, basic and clinical researchers seeking to obtain can-
nabis or cannabinoids from NIDA for research purposes—including 
efforts to determine the value of cannabis or cannabinoids for treating 
a medical condition or achieving a therapeutic end need—must obtain 
a number of approvals from a range of federal, state, or local agencies, 
institutions, or organizations. This process can be a daunting experience 
for researchers. The substantial layers of bureaucracy that emerge from 
cannabis’s Schedule I categorization is reported to have discouraged a 
number of cannabis researchers from applying for grant funding or pur-
suing additional research efforts (Nutt et al., 2013). Given the many gaps 
in the research of the health effects of cannabis and cannabinoids, there 
is a need to address these regulatory barriers so that researchers will be 

11 Office of the Secretary, Office of the Assistant Secretary for Health, U.S. Department 
of Health and Human Services. Notice. “Announcement of Revision to the Department of 
Health and Human Services Guidance on Procedures for the Provision of Marijuana for 
Medical Research as Published on May 21, 1999,” Federal Register, 80, no. 120 (June 23, 2015): 
35960, https://www.gpo.gov/fdsys/pkg/FR-2015-06-23/pdf/2015-15479.pdf (accessed No-
vember 25, 2016). 

12 Code of Federal Regulations, Registration of Manufacturers, Distributors, and Dispens-
ers of Controlled Substances, Title 21, § 1301.72 (a) and (d).

13 Code of Federal Regulations, Registration of Manufacturers, Distributors, and Dispens-
ers of Controlled Substances, Title 21, § 1301.71 (c).

14 Code of Federal Regulations, Institutional Review Boards, Title 21, § 56.103.
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better able to address key public health questions about the therapeutic 
and adverse effects of cannabis and cannabinoid use. 

CONCLUSION 15-1 There are specific regulatory barriers, 
including the classification of cannabis as a Schedule I sub-
stance, that impede the advancement of cannabis and cannabi-
noid research.15

Barriers to Cannabis Supply 

In the United States, cannabis for research purposes is available only 
through the NIDA Drug Supply Program (NIDA, 2016a). The mission 
of NIDA is to “advance science on the causes and consequences of drug 
use and addiction and to apply that knowledge to improve individual 
and public health,” rather than to pursue or support research into the 
potential therapeutic uses of cannabis or any other drugs (NIDA, 2016b). 
As a result of this emphasis, less than one-fifth of cannabinoid research 
funded by NIDA in fiscal year 2015 concerns the therapeutic properties of 
cannabinoids (NIDA, 2016c).16 Because NIDA funded the majority of all 
the National Institutes of Health (NIH)-sponsored cannabinoid research 
in fiscal year 2015 (NIDA, 2016c),17 its focus on the consequences of drug 
use and addiction constitutes an impediment to research on the potential 
beneficial health effects of cannabis and cannabinoids.

All of the cannabis that NIDA provides to investigators is sourced 
from the University of Mississippi, which is currently the sole cultivator 
of the plant material and has been since 1968 (NIDA, 1998, 2016a).18 In the 
past, the varieties of cannabis that were available to investigators through 
NIDA were limited in scope and were not of comparable potency to what 
patients could obtain at their dispensaries (Stith and Vigil, 2016). Because 

15 The committee was specifically directed in its statement of task not to comment on 
cannabis policy issues, such as regulatory options for legalization, taxation, or distribution. 
While the committee has identified the Schedule 1 classification of cannabis as posing a 
significant barrier to the conduct of scientific research on the health effects of cannabis, the 
committee is aware that any decision on the regulation of cannabis involves many factors 
far outside the committee’s remit and expertise. Specifically, the committee did not comment 
on the abuse or dependency liability or accepted medical use of cannabis compared to other 
scheduled drugs.

16 In fiscal year 2015, NIDA’s investment in cannabinoid research totaled $66,078,314, of 
which $10,923,472 was allocated for therapeutic cannabinoid research (NIDA, 2016c). 

17 In fiscal year 2015, NIH’s investment in cannabinoid research totaled $ $111,275,219, of 
which $66,078,314 was allocated to NIDA (NIDA, 2016c). 

18 NIDA contracts with the University of Mississippi through an open solicitation process. 
Although the University of Mississippi is currently NIDA’s only supplier of research-grade 
cannabis, other groups can compete for the contract (NIDA, 2015, 2016a).
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of restrictions on production and vicissitudes in supply and demand, 
federally produced cannabis may have been harvested years earlier, is 
stored in a freezer (a process that may affect the quality of the product) 
(Taschwer and Schmid, 2015; Thomas and Pollard, 2016), and often has 
a lower potency than cannabis sold in state-regulated markets (Reardon, 
2015; Stith and Vigil, 2016). In addition, many products available in state-
regulated markets (e.g., edibles, concentrates, oils, wax, topicals) are not 
commonly available through federal sources (NIDA, 2016d). Since the 
products available through the federal system do not sufficiently reflect 
the variety of products used by consumers, research conducted using can-
nabis provided by NIDA may lack external validity. In July 2016, NIDA 
posted a formal request for information on the varieties of cannabis and 
cannabis products of interest to researchers (NIDA, 2016e). Reflecting 
the perceived shortcomings of cannabis and cannabis products currently 
provided by NIDA, a summary of the comments received in response to 
this request states that “the most consistent recommendation was to pro-
vide marijuana strains and products that reflect the diversity of products 
available in state dispensaries” (NIDA, 2016e). 

Naturally, it is difficult for a single facility at the University of Missis-
sippi to replicate the array and potency of products available in dispensa-
ries across the country. It is worth noting, however, that NIDA has been 
increasingly responsive to the needs of clinical investigators. For exam-
ple, NIDA has contracted with the University of Mississippi to produce 
cannabis strains with varying concentrations of D9-tetrahydrocannabinol 
(THC) and cannabidiol (CBD) (NIDA, 2016d), and NIDA has previously 
authorized development of cannabis extracts, tinctures, and other dos-
age formulations for research purposes (Thomas and Pollard, 2016). As 
mentioned above, NIDA has sought public comment on the needs of can-
nabis researchers in order to inform efforts to “expand access to diverse 
marijuana strains and products for research purposes” (NIDA, 2016e). 
In addition, cannabis is made available to research investigators funded 
by NIH at no cost.19 Finally, the DEA has adopted a new policy that 
increases the number of entities that may be registered under the Con-
trolled Substances Act (CSA) to grow (manufacture) marijuana to supply 
legitimate researchers in the United States.20 Under this new policy, the 
DEA will facilitate cannabis research by increasing the number of private 

19 In December 2016, cannabis provided by NIDA was generally free for NIH-sponsored 
research. For research not funded by the federal government, the cost of non-placebo can-
nabis was $10.96 per cigarette and $1,133 per pound ($2,497 per kilogram) (NIDA, 2016d).

20 DEA, U.S. Department of Justice. Policy Statement. “Applications to Become Registered 
Under the Controlled Substances Act to Manufacture Marijuana to Supply Researchers in 
the United States,” Federal Register, 81, no. 156 (August 12, 2016): 53846, https://www.gpo.
gov/fdsys/pkg/FR-2016-08-12/pdf/2016-17955.pdf (accessed January 7, 2017).
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entities allowed to cultivate and distribute research-grade cannabis. As of 
December 2016, the University of Mississippi remains the sole cultivator 
of cannabis provided to researchers by NIDA (NIDA, 2016a).

Although new plans are being made to provide a wider array of more 
clinically relevant cannabis products for research, at present this issue is 
still a significant barrier for conducting comprehensive research on the 
health effects of cannabis use. How the proposed changes will affect can-
nabis research in the future remains to be seen. 

CONCLUSION 15-2 It is often difficult for researchers to gain 
access to the quantity, quality, and type of cannabis product 
necessary to address specific research questions on the health 
effects of cannabis use.

Funding Limitations

Funding for research is another key barrier; without adequate finan-
cial support, cannabis research will be unable to inform health care or 
public health practice or to keep pace with changes in cannabis policy and 
patterns of cannabis use. NIH is responsible for funding research across 
a number of health domains. In 2015, NIH spending on all cannabinoid 
research totaled $111,275,219 (NIDA, 2016c). NIDA, a member institute 
of NIH, has as its mission to study factors related to substance abuse 
and dependence and conducts research on the negative health effects 
and behavioral consequences associated with the abuse of cannabis and 
other drugs (NIDA, 2016b). Because cannabis was historically perceived 
to have only negative effects, the majority of cannabis research has been 
conducted under the auspices of NIDA.

In fiscal year 2015, studies supported by NIDA accounted for 59.3 
percent ($66,078,314) of all NIH spending on cannabinoid research; how-
ever, only 16.5 percent ($10,923,472) of NIDA’s spending on cannabinoid 
research supported studies investigating therapeutic properties of canna-
binoids (NIDA, 2016c).21,22 As demonstrated in Chapter 4 of this report, a 
growing body of evidence suggests that cannabis and cannabinoids also 
have therapeutic health effects. In light of these findings, a comprehen-

21 $66,078,314 (Total NIDA spending on cannabinoid research in fiscal year 2015)/ 
$111,275,219 (Total NIH spending on cannabinoid research in fiscal year 2015) = 0.593. 
$10,923,472 (Total NIDA spending on therapeutic cannabinoid research in fiscal year 2015)/ 
$66,078,314 (Total NIDA spending on cannabinoid research in fiscal year 2015) = 0.165.

22 By contrast, NIH spending on tobacco research totaled $300 million in 2015, and spend-
ing on research related to the harms and benefits of alcohol use totaled $473 million in 2015 
(NIH, 2016).
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sive research agenda that investigates both the potential adverse and the 
potential therapeutic health effects of cannabis use is needed. 

However, it may be unrealistic to expect NIDA to have the resources 
or interest to fund this broader research agenda, which could involve 
investigating the health effects of cannabis use on a diverse range of con-
ditions (e.g., metabolic syndrome, cardiovascular disease, cancer, obesity 
and sedentary behavior, Alzheimer’s disease) that are targeted by other 
institutes and centers of NIH. While it is not clear how these studies might 
be funded, almost assuredly the changing norms and the changing legal 
status of cannabis will have an impact on conditions that are targeted 
by institutes other than NIDA, and it will become increasingly impor-
tant to have a funding mechanism to better understand the comprehen-
sive health effects of cannabis so that consumers and policy makers can 
respond to changing trends accordingly.

CONCLUSION 15-3 A diverse network of funders is needed 
to support cannabis and cannabinoid research that explores the 
harmful and beneficial health effects of cannabis use.

METHODOLOGICAL CHALLENGES

Drug Delivery Challenges

Another challenge in investigating the potential health effects of can-
nabis and cannabinoids is the identification of a method of administering 
the drug that is accepted by study participants, that can be performed 
at most research sites, and that ensures standardized dosing. Smoking 
as a route of administration is particularly challenging, as some study 
participants may not view it as an acceptable method of drug adminis-
tration, and academic medical centers or other locations where cannabis 
or cannabinoid research takes place may lack facilities where study par-
ticipants can smoke under controlled conditions. Furthermore, variations 
among individuals in terms of their cannabis smoking techniques make 
it difficult to ensure that study participants reliably receive the targeted 
dose of the drug. Devices for providing a metered dose of cannabis via 
inhalation exist (Eisenberg et al., 2014), but the FDA has not approved 
such devices for use. Standardized smoking techniques have also been 
developed (Foltin et al., 1988) but can be difficult to perform correctly. 
These difficulties are due, in part, to differences among individuals in 
their tolerance of the potential psychoactive effects of the drug (D’Souza 
et al., 2008; Ramaekers et al., 2009), which may prevent the receipt of 
equal doses by all study participants.

Researchers have also explored vaporization as a method for adminis-
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tering cannabis (Abrams et al., 2007). Cannabinoids vaporize at lower tem-
peratures than the temperature at which pyrolytic toxic compounds are 
created through combustion; as a result, levels of some carcinogenic com-
pounds are lower in cannabis vapor than in cannabis smoke (Eisenberg et 
al., 2014). However, there is a paucity of research on the effectiveness of 
these devices as a mode of drug administration. For example, data on the 
plasma concentrations of cannabinoids achieved through use of vaporiz-
ers exists, but they are limited (Abrams et al., 2007; Zuurman et al., 2008). 
In addition, even less is known about the long-term pulmonary effects of 
inhaling a vaporized liquid than about the effect of inhaling plant mate-
rial. As vaporizing devices proliferate and evolve, researchers may benefit 
from advances in their portability and usability, but they will also have 
to account for clinically relevant differences in the functioning and the 
effectiveness of an increasingly wide range of models.

To circumvent the practical and methodological challenges involved 
in administration of cannabis through smoking or vaporization, inves-
tigators may choose to study the health effects of orally administered 
dronabinol or nabilone, which offer a more controlled method of drug 
delivery. However, the effects generated by these isolated cannabinoids 
might, at least in part, be different from those produced by the use of the 
whole cannabis plant, which also contains CBD and other cannabinoids, 
as well as terpenoids and flavonoids. As a result, extrapolating from the 
observed health effects associated with use of an isolated cannabinoid 
such as dronabinol or nabilone in order to predict the health effects associ-
ated with the use of cannabis may lead to erroneous conclusions.

The Placebo Issue

The gold standard of drug development is the prospective, random-
ized, double-blind, placebo-controlled clinical trial. Placebo cannabis pro-
duced by solvent extraction is available from NIDA and has a potency of 
0.002 percent THC by weight and 0.001 percent CBD by weight (NIDA, 
2016d).23 The extraction process seems to retain the terpenoids and flavo-
noids so that the combusted placebo material smells similar to the true 
cannabis, thus helping to preserve the blinding to some extent. However, 
the psychoactive and vasoactive effects of cannabis pose a considerable 
challenge for effective blinding, since study participants who feel such 

23 In December 2016, placebo cannabis provided by NIDA was generally free for NIH-
sponsored research. For research not funded by the federal government, the cost of placebo 
cannabis was $13.94 per cigarette and $1,133 per pound ($2,497 per kilogram) (NIDA, 
2016d).
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effects will surmise that they are receiving cannabis or cannabinoids, and 
not a placebo. 

Strategies to promote the effectiveness of blinding exist. For exam-
ple, if the cannabis being studied has a very low THC content, study 
participants—especially those who, through regular use of more potent 
cannabis strains, are inured to the psychoactive effects of cannabis with 
low THC content—may not notice the psychoactive effects of the cannabis 
and therefore be unable to reliably determine whether they are using can-
nabis or a placebo. There is also a possibility that cannabis products with a 
lower ratio of the concentration of THC to the concentration of CBD may 
have less psychoactivity than products with a comparatively higher ratio 
of the concentration of THC to the concentration of CBD (Hindocha et al., 
2015; Jacobs et al., 2016). Using these strains with diminished psychoac-
tive effects could promote more effective blinding. Researchers may also 
try treating both study arms in a placebo-controlled cannabis trial with 
a mildly psychoactive or sedating drug, the effects of which may help to 
ensure that study participants are unable to determine whether they are 
receiving a placebo or cannabis. However, by introducing another active 
agent, the investigators risk obfuscating the results of their study.

A potential method for assessing the effectiveness of blinding in a 
cannabis trial is to ask study participants to guess whether they are receiv-
ing true cannabis or a placebo. If most or all of the participants correctly 
guess their assignment, it can be inferred that the blinding was ineffective. 
Whether or not such methods are employed, investigators risk undermin-
ing their study results. On the one hand, conducting the test carries the 
risk of discovering that attempts at blinding were ineffective, thereby 
rendering the study results invalid. On the other hand, not conducting 
the test may lead journal reviewers aware of the challenges of blinding 
in cannabis trials to assume that blinding was ineffective and to discount 
the study results accordingly. Thus, research to address the challenge 
of achieving reliably effective blinding in a cannabis trial is of marked 
importance.

Exposure Assessment

In order to arrive at valid and meaningful results, population stud-
ies on the health effects of cannabis require as detailed an ascertainment 
of exposure to cannabis as possible. However, obtaining such a detailed 
exposure history can be difficult. This is especially true for recreational 
cannabis use due to the lack of a standardized dose and the existence of 
diverse routes of administration, including multiple modes of inhalation 
(Schauer et al., 2016). In addition, known pharmacological biomarkers of 
cannabis use may be unreliable in some circumstances, while population 
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studies to identify novel pharmacological biomarkers of cannabis expo-
sure are limited (Hartman et al., 2016; Schwope et al., 2011). Furthermore, 
the wide variety of different cannabis strains developed through a long 
and ongoing process of cultivation and the associated variation in the con-
centration of active substances in cannabis further complicate the char-
acterization of cannabis exposure (ElSohly and Gul, 2014; Elsohly et al., 
2016; Mehmedic et al., 2010). Finally, recreational cannabis may contain 
chemical contaminants or adulterants (Busse et al., 2008). Cannabis users 
may be unaware of the presence of these chemicals, making it unlikely 
that such chemicals would be identified through toxicological evaluation 
unless the user became involved in a forensic investigation.

Most observational studies, particularly case-control and cohort stud-
ies, depend on self-report in order to assess cannabis exposure. These 
reports may be incomplete, inaccurate, or imprecise due to failure on the 
part of investigators to ask cannabis users detailed questions about their 
cannabis exposure history, including the source of their cannabis exposure 
(e.g., smoking, edibles, vaping), or because users themselves may have 
limited knowledge of some aspects of their exposure or may be resistant 
to reporting some information. Personal recall of substance use may also 
be affected by other factors. For example, memory problems have been 
identified as a cause of inaccuracies in reporting drug use (Johnson and 
Fendrich, 2005; Pedersen, 1990). In other cases, study participants may not 
report illicit substance use in an attempt to conform to perceived social 
norms (Johnson and Fendrich, 2005). Similarly, individuals with substance 
dependency syndromes may have psychiatric comorbidity that affects the 
accuracy of reporting.

Finally, important information often missing from cannabis exposure 
histories is the extent of other substance use. As noted in Chapter 14, there 
is limited evidence that cannabis use is associated with the use of other 
licit or illicit substances. Despite this association and the confounding 
effect of polysubstance use on evaluations of the health effects of canna-
bis use, surveys used to characterize cannabis exposure histories do not 
always assess for the presence of other substance use. Since secondhand 
exposure to cannabis smoke can have minor health effects, there may also 
be value in assessing for such exposure as part of larger assessments of 
cannabis exposure (Herrmann et al., 2015). 

Cannabis-Related Study Designs

In researching the health outcomes of cannabis use, the committee 
identified a number of studies, particularly cohort studies, of general 
health outcomes such as all-cause mortality or important chronic ill-
nesses such as cancers or cardiovascular diseases. For both cohort and 
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case-control studies, a better assessment of cannabis use would offer more 
valuable information, such as years of use and age at first use. Particularly 
for cohort studies, this would offer better ascertainment of the duration 
and net burden of use as well as more insight into period and age effects. 
As discussed in the proceeding health outcomes chapters of the report, in 
many of the existing cohort studies cannabis use was often queried only at 
baseline, and thus there was little information on interval use over time or 
on the variation or cessation in that use. There was also very limited infor-
mation on interval health events as the cohorts progressed, impeding a 
summarization of long-term use and the consequent health effects. Atten-
tion to these issues will likely improve the precision of study findings. 

CONCLUSION 15-4 To develop conclusive evidence for the 
effects of cannabis use on short- and long-term health out-
comes, improvements and standardization in research method-
ology (including those used in controlled trials and observa-
tional studies) are needed.

BOX 15-2 
Summary of Chapter Conclusions*

There are several challenges and barriers in conducting cannabis and can-
nabinoid research, including

•	 	There are specific regulatory barriers, including the classification of canna-
bis as a Schedule I substance, that impede the advancement of cannabis 
and cannabinoid research (15-1)

•	 	It is often difficult for researchers to gain access to the quantity, quality, and 
type of cannabis product necessary to address specific research questions 
on the health effects of cannabis use (15-2)

•	 	A diverse network of funders is needed to support cannabis and canna-
binoid research that explores the harmful and beneficial health effects of 
cannabis use (15-3)

•	 	To develop conclusive evidence for the effects of cannabis use on short- 
and long-term health outcomes, improvements and standardization in re-
search methodology (including those used in controlled trials and obser-
vational studies) are needed (15-4)

* Numbers in parentheses correspond to chapter conclusion numbers.
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SUMMARY

The methodological challenges and the regulatory, financial, and 
access barriers described above markedly affect the ability to conduct 
comprehensive basic, clinical, and public health research on the health 
effects of cannabis use, with further consequences for the many potential 
beneficiaries of such research. In the absence of an appropriately funded 
and supported cannabis research agenda, patients may be unaware of 
viable treatment options, providers may be unable to prescribe effective 
treatments, policy makers may be hindered from developing evidence-
based policies, and health care organizations and insurance providers lack 
a basis on which to revise their care and coverage policies. In short, such 
barriers represent a public health problem. See Box 15-2 for a summary 
of the chapter conclusions.
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Recommendations to Support 
and Improve the Cannabis 

Research Agenda

This is a pivotal time in the world of cannabis policy and research. 
Shifting public sentiment, conflicting and impeded scientific research, 
and legislative battles have fueled the debate about what, if any, harms 
or benefits can be attributed to the use of cannabis or its derivatives. 
The committee has put forth a substantial number of research conclu-
sions on the health effects of cannabis or cannabinoids. Based on their 
research conclusions, the members of the committee formulated four spe-
cific recommendations to address research gaps, improve research quality, 
improve surveillance capacity, and address research barriers. The report’s 
full recommendations are described below. 

ADDRESS RESEARCH GAPS

To address the research gaps outlined throughout this report, a com-
prehensive national research agenda will be required. The aspirational 
goal and organizing principle of this agenda should be to maximize 
the population-health impact of cannabis research. Achieving this objec-
tive will require coordination and collaboration among researchers and 
research groups; support from stakeholders at the local, state, and national 
levels; and the concurrent pursuit of several distinct research streams, 
including clinical and observational research and research in the areas of 
health policy, health economics, public health, and public safety. 

The research agenda should include basic science studies to help 
inform efforts to minimize harms and maximize benefits associated with 
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the acute and chronic use of cannabis and cannabinoids, as well as health 
policy and public health research to examine the health effects of broader 
social and behavioral changes associated with the legalization of recre-
ational and/or medical cannabis and other changes in cannabis policy. To 
support the statistical associations identified in epidemiological research, 
the research agenda should also include basic science research that iden-
tifies plausible mechanisms by which cannabis affects specific health 
endpoints. Furthermore, translational research should be embedded in 
each of these research streams to ensure that research findings will be of 
practical use to help inform health care practices, public health priorities, 
national and state policy, and public safety standards.

Recommendation 1: To develop a comprehensive evidence base 
on the short- and long-term health effects of cannabis use (both 
harmful and beneficial effects), public agencies,1 philanthropic 
and professional organizations, private companies, and clinical 
and public health research groups should provide funding and 
support for a national cannabis research agenda that addresses 
key gaps in the evidence base. Prioritized research streams and 
objectives should include, but need not be limited to:

Clinical and Observational Research

• Examine the health effects of cannabis use in at-risk or under-
researched populations, such as children and youths (often 
described as less than 18 years of age) and older populations 
(generally over 50 years of age), pregnant and breastfeeding 
women, and heavy cannabis users.

• Investigate the pharmacokinetic and pharmacodynamic proper-
ties of cannabis, modes of delivery, different concentrations, in 
various populations, including the dose–response relationships of 
cannabis and tetrahydrocannabinol (THC) or other cannabinoids.

• Determine the harms and benefits associated with understudied 
cannabis products, such as edibles, concentrates, and topicals. 

• Conduct well-controlled trials on the potential harmful and ben-
eficial health effects of using different forms of cannabis, such as 
inhaled (smoked or vaporized) whole cannabis plant and oral 
cannabis. 

1 Agencies may include the Centers for Disease Control and Prevention (CDC), relevant 
agencies of the National Institutes of Health (NIH), and the U.S. Food and Drug Adminis-
tration (FDA).
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• Characterize the health effects of cannabis on unstudied and 
understudied health endpoints, such as epilepsy in pediatric pop-
ulations; symptoms of posttraumatic stress disorder; childhood 
and adult cancers; cannabis-related overdoses and poisonings; 
and other high-priority health endpoints.

Health Policy and Health Economics Research

• Identify models, including existing state cannabis policy models, 
for sustainable funding of national, state, and local public health 
surveillance systems.

• Investigate the economic impact of recreational and medical can-
nabis use on national and state public health and health care 
systems, health insurance providers, and patients.

Public Health and Public Safety Research

• Identify gaps in the cannabis-related knowledge and skills of 
health care and public health professionals, and assess the need 
for, and performance of, continuing education programs that 
address these gaps.

• Characterize public safety concerns related to recreational can-
nabis use and evaluate existing quality assurance, safety, and 
packaging standards for recreational cannabis products.

IMPROVE RESEARCH QUALITY

In order to effectively guide health care decisions and inform public 
policy, the proposed cannabis research agenda must produce conclusive, 
actionable evidence. This will require research studies to be carefully 
designed and rigorously conducted and to have their data results accu-
rately and comprehensively reported.

Ensuring that cannabis research is of uniformly high quality will 
require the development of guidelines for data collection, standards for 
research design and reporting, standardized terminology, and a minimum 
dataset for clinical and epidemiological studies. 

Data collection guidelines could prioritize alternate methods for 
assessing cannabis use, such as whole blood or urine analysis, over those 
based on self-report or prescriptions. Standards for research design and 
methodology could require that researchers attempt to account for the 
confounding effects of alcohol, tobacco, or other relevant substances of 
abuse. Standards for research reporting could require that authors of sys-
tematic reviews report the key demographic characteristics of the study 
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population, as well as information related to cannabis dose, frequency of 
use, and route of administration. A universal, standardized terminology 
would help to create standard units for describing cannabis use. Because 
much of the existing epidemiological research on cannabis use fails to 
distinguish between cannabis that is smoked and cannabis that is admin-
istered orally, topically, or via other routes, health effects associated with 
cannabis use may be conflated with those associated with smoking per 
se. To correct this, future research will need to employ data collection 
methods that distinguish between different types of cannabis and differ-
ent routes of cannabis administration. 

Wherever possible, these efforts should adapt existing tools to the 
particular needs and constraints of cannabis research. For example, 
workshop participants could build on commonly used guidelines and 
standards for conducting and reporting research, including Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), 
Consolidated Standards of Reporting Trials (CONSORT), Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE), and 
Cochrane guidelines for systematic reviews. 

Adequately addressing these topics will require input from numer-
ous stakeholders, including clinical and public health cannabis research-
ers; research methodologists; representatives from working groups that 
have developed research reporting guidelines; organizations engaged in 
standards development; representatives from scientific publications; and 
representatives from government agencies directly or indirectly involved 
in the research process, including the U.S. Department of Health and 
Human Services (HHS), including CDC and NIH, and FDA.

Recommendation 2: To promote the development of conclusive 
evidence on the short- and long-term health effects of canna-
bis use (both harmful and beneficial effects), agencies of the 
U.S. Department of Health and Human Services, including the 
National Institutes of Health and the Centers for Disease Control 
and Prevention, should jointly fund a workshop to develop a set 
of research standards and benchmarks to guide and ensure the 
production of high-quality cannabis research. Workshop objec-
tives should include, but need not be limited to:

• The development of a minimum dataset for observational and 
clinical studies, standards for research methods and design, and 
guidelines for data collection methods.

• Adaptation of existing research-reporting standards to the needs 
of cannabis research.
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• The development of uniform terminology for clinical and epide-
miological cannabis research.

• The development of standardized and evidence-based question 
banks for clinical research and public health surveillance tools.

IMPROVE SURVEILLANCE CAPACITY

The development of a comprehensive and conclusive evidence base 
on the health effects of cannabis must begin with data collection. In turn, 
data collection on a scale sufficient to guide state and national policy will 
require a diverse array of powerful surveillance tools and technologies. 

In many cases, existing surveillance tools can be adapted to further 
the cannabis research agenda. For example, a recurrent and comprehen-
sive set of cannabis-related questions could be added to existing national 
health surveys. Researchers could use the Behavioral Risk Factor Surveil-
lance System to track changes in the prevalence of medical and recre-
ational cannabis use; the Medical Expenditure Panel Survey to assess the 
impact of medical cannabis laws on health care treatments and costs; and 
the National Vital Statistics System to monitor changes in the incidence 
rate of cannabis-related overdose deaths. 

In other cases, novel diagnostic technologies will need to be devel-
oped to aid data collection efforts. For example, the growing incidence 
of cannabis poisonings among children and the demonstrated risks 
associated with driving under the influence of cannabis underscore the 
need for rapid and noninvasive methods of assessing for acute cannabis 
intoxication. 

Multiple stakeholders can contribute to these efforts. CDC’s Center 
for Surveillance, Epidemiology and Laboratory Services, the Question-
naire Design Research Laboratory at the National Center for Health Sta-
tistics, and the Center for Behavioral Health Statistics and Quality at the 
Substance Abuse and Mental Health Services Administration (SAMHSA) 
can aid in the design and evaluation of survey questions that accurately 
capture key data points relating to cannabis use. State public health 
departments can collaborate with Association of Public Health Laborato-
ries to use existing public health laboratories to provide diagnostic tools 
and other laboratory resources to meet the needs of clinical and public 
health professionals engaged in cannabis research. Because of differences 
in cannabis product type, availability, access, and regulation,  such sur-
veillance efforts need to be state based, for the time being. 

In their potential role as conveners, the National Association of 
County and City Health Officials (NACCHO) and the Association of 
State and Territorial Health Officials (ASTHO) can aid federal agencies 
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and state and local health departments in assessing the capacity to expand 
the resources of public health surveillance systems, as well as in articulat-
ing strategies and prioritizing the actions necessary to meet the needs of 
a comprehensive cannabis research agenda. 

Recommendation 3: To ensure that sufficient data are available 
to inform research on the short- and long-term health effects 
of cannabis use (both harmful and beneficial effects), the Cen-
ters for Disease Control and Prevention, the Substance Abuse 
and Mental Health Services Administration, the Association of 
State and Territorial Health Officials, the National Association 
of County and City Health Officials, the Association of Public 
Health Laboratories, and state and local public health depart-
ments should fund and support improvements to federal pub-
lic health surveillance systems and state-based public health 
surveillance efforts. Potential efforts should include, but need 
not be limited to:

• The development of question banks on the harmful and beneficial 
health effects of therapeutic and recreational cannabis use and 
their incorporation into major public health surveys, including 
the National Health and Nutrition Examination Survey, National 
Health Interview Survey, Behavioral Risk Factor Surveillance 
System, National Survey on Drug Use and Health, Youth Risk 
Behavior Surveillance System, National Vital Statistics System, 
Medical Expenditure Panel Survey, and National Survey of Fam-
ily Growth.

• Determining the capacity to collect and reliably interpret data 
from diagnostic classification codes in administrative data (e.g., 
International Classification of Diseases-10).

• The establishment and utilization of state-based testing facilities 
to analyze the chemical composition of cannabis and products 
containing cannabis, cannabinoids, or THC.

• The development of novel diagnostic technologies that allow for 
rapid, accurate, and noninvasive assessment of cannabis exposure 
and impairment.

• Strategies for surveillance of harmful effects of cannabis for thera-
peutic use. 

ADDRESS RESEARCH BARRIERS

The designation of cannabis as a Schedule I substance imposes 
numerous regulatory barriers that limit access to the funding and material 
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resources necessary to conduct cannabis research. Unless these barriers 
are directly addressed, or creative solutions are developed to circumvent 
the challenges they pose, a comprehensive national cannabis research 
agenda will remain an elusive goal.

The evidence discussed in this report suggests that cannabis has 
both therapeutic value and public health risks. The public health case for 
pursuing cannabis research, which is premised on this potential for both 
harm and benefit, is sharpened by the increased prevalence of cannabis 
use in states where medical and recreational cannabis has been legalized.

To ensure that policy makers are better informed to make decisions 
on cannabis research and policy, and to explore and characterize the full 
scope of political and nonpolitical strategies for resolving regulatory bar-
riers to cannabis research, an objective and evidence-based analysis of 
cannabis policy is necessary.

Recommendation 4: The Centers for Disease Control and Pre-
vention, National Institutes of Health, U.S. Food and Drug 
Administration, industry groups, and nongovernmental orga-
nizations should fund the convening of a committee of experts 
tasked to produce an objective and evidence-based report that 
fully characterizes the impacts of regulatory barriers to canna-
bis research and that proposes strategies for supporting devel-
opment of the resources and infrastructure necessary to conduct 
a comprehensive cannabis research agenda. Committee objec-
tives should include, but need not be limited to:

• Proposing strategies for expanding access to research-grade mari-
juana, through the creation and approval of new facilities for 
growing and storing cannabis.

• Identifying nontraditional funding sources and mechanisms to 
support a comprehensive national cannabis research agenda.

• Investigating strategies for improving the quality, diversity, and 
external validity of research-grade cannabis products.
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Appendix A

Glossary

D9-tetrahydrocannabinol (THC)—the main psychoactive constituent of 
cannabis.

adjusted odds ratio (aOR)—an odds ratio that controls for confounding 
variables.

Ashworth scale—a clinical measure of muscle spasticity based on an 
assessment of a patient’s muscle tone in different muscle groups.

association—the statistical relation between two or more events, charac-
teristics, or other variables.

cannabidiol (CBD)—a constituent of cannabis that has been traditionally 
considered non-psychoactive.

cannabinoid—one of a class of chemical compounds that act on cannabi-
noid receptors, cannabinoids can be naturally derived from the cannabis 
plant or manufactured.

cannabis—a broad term that can be used to describe the various products 
and chemical compounds derived from the Cannabis sativa or Cannabis 
indica species.
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cannabis use disorder (CUD)—according to the Diagnostic and Statisti-
cal Manual of Mental Disorders, Fifth Edition, a problem-causing pattern 
of cannabis use leading to clinically significant impairment or distress, 
as manifested by at least two distinguishing symptoms (e.g., cannabis is 
taken in larger amounts or for longer periods than intended; experience of 
craving; continued cannabis use despite the experience of physical, social, 
or interpersonal problems caused by cannabis use) occurring within a 
12-month period.

case series—an analysis of a series of people with the disease (there is 
no comparison group in case series). Case series studies provide weaker 
evidence than case-control studies.

case-control study—an observational analytic study that enrolls one 
group of persons with a certain disease, chronic condition, or type of 
injury (case-patients) and a group of persons without the health problem 
(control subjects) and compares differences in exposures, behaviors, and 
other characteristics to identify and quantify associations, test hypotheses, 
and identify causes.

cohort study—an observational analytic study in which enrollment is 
based on one’s status of exposure to a certain factor or membership in 
a certain group. Populations are followed, and disease, death, or other 
health-related outcomes are documented and compared. Cohort studies 
can be either prospective or retrospective.

comparator—the agent to which the experimental arm of a study is com-
pared (e.g., placebo, usual care, active control).

control—comparator against which the study treatment is evaluated (e.g., 
concurrent [placebo, no treatment, dose–response, active], and external 
[historical, published literature]).

cross-sectional study—a study in which a sample of persons from a 
population are enrolled and their exposures and health outcomes are 
measured simultaneously; a survey.

cultivar—a plant variety that has been produced in cultivation by selec-
tive breeding.

dose—the quantity of a drug that is used at one time or in fractional 
amounts during a given period of time. 
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dronabinol—a synthetic cannabinoid for oral administration, similar to 
tetrahydrocannabinol (THC). It is the active ingredient in Marinol®.

evidence—information on which a conclusion about a cause-effect rela-
tionship is based. The most direct evidence for health effects in humans 
is usually based on studies of health endpoints that are conducted in 
humans, including randomized trials and nonrandomized epidemiologic 
studies. Additional evidence can be provided by studies of intermediate 
endpoints or markers in humans as well as by nonhuman studies. The 
committee has developed a strength-of-evidence table so that the level 
of evidence is expressed in uniform terms and calibrated throughout the 
report (see Appendix B).

exclusion criteria—a list of characteristics in a protocol, any one of which 
may exclude a potential subject from participation in a study.

hazard ratio (HR)—the weighted relative risk of an outcome (e.g., death) 
during the entire study period; often reported in the context of survival 
analysis.

health effects—the positive and negative health outcomes resulting from 
exposure to cannabis or cannabis-derived products.

incidence—the number of new cases of a condition, symptom, death, or 
injury that develop during a specified period of time.

inclusion criteria—the criteria in a protocol that prospective subjects 
must meet to be eligible for participation in a study.

marijuana—a Cannabis sativa plant-derived product typically composed 
from the plant’s dried leaves, stems, seeds, and buds.

meta-analysis—a statistical technique for combining (pooling) the results 
of a number of studies that address the same question and report on the 
same outcomes to produce a more precise summary estimate of the effect 
on a particular outcome. Meta-analyses are frequently used in systematic 
reviews.

morbidity—any departure, subjective or objective, from a state of phys-
iological or psychological health and well-being (e.g., disease, injury, 
disability).
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mortality—death or loss of life.

nabilone—a synthetic cannabinoid for oral administration, similar to 
tetrahydrocannabinol (THC). It is the active ingredient in Cesemet®.

narrative review—narrative reviews tend to be mainly descriptive, do 
not involve a systematic search of the literature, and thereby often focus 
on a subset of studies in an area chosen based on availability or author 
selection. Generally, narrative reviews offer lower-quality evidence than 
systematic reviews. For this reason, and for the purpose of the report, 
narrative reviews are classified as primary literature.

observational study—a study in which the investigator observes rather 
than influences exposure and disease among participants. Case-control 
and cohort studies are examples of observational studies.

odds ratio (OR)—one measure of treatment effectiveness. It is the odds of 
an event happening in the experimental group expressed as a proportion 
of the odds of an event happening in the control group. The closer the 
OR is to 1, the smaller the difference in effect is between the experimental 
intervention and the control intervention. If the OR is greater (or less) than 
1, then the effects of the treatment are more (or less) than those of the con-
trol treatment. Note that the effects being measured may be adverse (e.g., 
death or disability) or desirable (e.g., survival). When events are rare, the 
OR is analogous to the relative risk (RR), but as event rates increase, the 
OR and RR diverge.

outcome—events or experiences that clinicians or investigators exam-
ining the impact of an intervention or exposure measure because they 
believe such events or experiences may be influenced by the intervention 
or exposure.

pooled estimate—an average derived from multiple studies with vary-
ing data but with a common measurement. Typically found in systematic 
reviews and meta-analyses.

potency—the amount of drug required to produce a specific level of 
effect.

preclinical—research studies that use cell culture or animal models to test 
scientific hypotheses. These studies are performed prior to clinical studies 
that use human subjects.
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prevalence—the number or proportion of individuals within a given 
population who share a specific characteristic.

primary literature—peer-reviewed accounts of original research that con-
tribute new evidence to science. By comparison, systematic reviews and 
literature reviews analyze existing evidence. Examples of the types of pri-
mary literature used in the report are randomized controlled trials, cohort 
studies, cross-sectional studies, case-control studies, and case series.

problem cannabis use—a symptom of cannabis use disorder. Problem 
cannabis use includes the experience of persistent or recurrent social, 
interpersonal, occupational, academic, recreational, psychological, or 
physical problems caused or exacerbated by cannabis use.

randomized controlled trial (RCT)—a trial in which participants are 
randomly assigned to one of two or more groups, at least one of which 
(the experimental group) receives an intervention that is being tested and 
another (the comparison or control group) receives an alternative treat-
ment or placebo. This design allows assessment of the relative effects of 
interventions.

relative risk (RR)—a ratio of the risk of an event among an exposed 
population to the risk among the unexposed.

route of administration—the path by which a drug is taken into the body.

systematic review—research that summarizes the evidence on a clearly 
formulated question according to a predefined protocol. Systematic and 
explicit methods to identify, select, and appraise relevant studies and to 
extract, collate, and report their findings are used. Statistical meta-analysis 
may or may not be used. Systematic reviews were the optimal data source 
for identifying associations between cannabis exposure and all of the 
health endpoints discussed in this report.
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Appendix B

Study Approach

In response to its charge, the committee developed a process defined 
by discrete actions building toward an evidence base that would even-
tually inform the committee’s findings and conclusions. This process is 
depicted in Figure B-1. 

The following sections detail the process by which the committee 
came to their conclusions about the weight of evidence regarding the asso-
ciation between cannabis and specific health endpoints. The steps include 
the literature search, the refinement of the specific health endpoints of 
medical and public health importance to be assessed, the identification 
and assessment of relevant literature (including published systematic 
reviews and primary literature), and the development of consistent and 
specific language to describe the integration of the literature to reflect the 
weight of evidence. 

LITERATURE SEARCH

A professional research librarian worked with the committee to con-
duct the literature searches used to identify relevant research. Six searches 
were conducted. An initial search (Search 1) of Medline, Embase, and 
the Cochrane Database of Systematic Reviews found 19,189 total articles 
reporting on associations between cannabis exposure and health end-
points. Search 1 included articles that were published between January 
1999 and June 2016 and that included a cannabis search term and search 
terms relevant to health effects of interest in at least one of several search 
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fields (e.g., title, abstract, subject heading). A partial review of the search 
results found a large number of irrelevant documents. For this reason, a 
second and more limited search strategy was developed. 

Search 2 involved the same databases as Search 1 but used different 
search terms to identify articles associated with specific health endpoints, 
and it excluded articles with specific terms (e.g., “animal,” “spice”) in the 
title or abstract. Search 2 produced 2,092 articles between 1999 and the 
2016. The substantial reduction in articles indicated that the more limited 
search strategy caused relevant research to be excluded; consequently, a 
third and broader search strategy was developed.

Search 3 of the same databases produced 7,198 total articles report-
ing on associations between cannabis exposure and any health endpoint. 
This search included articles published between 1999 and 2016, excluded 
articles with specific terms (e.g., “mice,” “spice”) in the title or abstract, 
and limited articles by study design (e.g., clinical trial, observational 
study, systematic review). 

The results of Search 2 and Search 3 were combined, and three addi-
tional searches were conducted in order to address potential gaps in the 
overall search results. Search 4 identified 1,396 articles in the PsycINFO 
database, filling gaps in the committee’s collection of literature on the 
effects of cannabis exposure on mental health and psychosocial endpoints. 
Using the search term “Nabilone” (a synthetic cannabinoid), Search 5 
identified 33 articles in Medline, Embase, and the Cochrane Database of 
Systematic Reviews that previous searches had not included. Search 6 
identified 389 articles and brought the literature up to date by extending 
the date of publication parameter to August 2, 2016, and including articles 
published electronically ahead of print. The terms and strategies used in 
these searches are provided on page 419 of this appendix. In addition 
to these six searches, committee members also reviewed their personal 
libraries, and added potentially relevant articles from these collections to 
the combined search results.

The results from searches 2 through 6 were combined to create a 
master library containing 10,759 unique articles, including 1,488 articles 
initially categorized as systematic reviews. These articles were then sorted 
into seven major health endpoint topic areas: injury and mortality; car-

FIGURE B-1 Summary of the committee’s process.
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diovascular and respiratory symptoms and conditions; cancer, immune 
function, and infections; mental health symptoms and conditions; pre-
natal, perinatal, and postnatal health effects; psychosocial health effects; 
and therapeutic health effects.1 Upon further reflection and review of the 
available literature, the committee decided to separate the original cardio-
vascular and respiratory topic area into two individual research topics, as 
well as to separate out two additional research topics—problem cannabis 
use, and cannabis use and abuse of other substances—from the original 
mental health topic area. This final list of topic areas was subsequently 
divided into the 11 health endpoint topic areas covered in the chapters 
that comprise parts II and III of the report. Within each of these topic areas 
the committee identified specific research questions relating to health 
endpoints of medical and public health importance that would be the 
focus of the report. They based this list on their public health and medical 
expertise, their knowledge of the cannabis literature, input from the spon-
sors at the first meeting, and other key reviews about the health effects of 
cannabis. This process, which reduced the total number of articles to be 
reviewed by the committee, was necessary to make the scope of the report 
manageable, but it may have resulted in the exclusion of certain health 
outcomes of interest to health professionals, researchers, policy makers, or 
the public. Below, Box B-1 lists the health topic areas and specific health 
endpoints selected for review by the committee.

After filtering the original search results for articles relevant to the 
health endpoints of interest, 6,540 primary literature articles and 288 
systematic reviews were left to be reviewed by the committee. Given the 
large number of potentially relevant articles, the committee decided to 
begin by reviewing the identified systematic reviews. To accomplish this, 
the committee modified previously developed approaches for evaluat-
ing the quality of the systematic reviews and primary literature. These 
approaches are described in the systematic review: identification and 
quality review, “Primary Literature: Identification and Quality Review,” 
and “Data Synthesis and Strength of Evidence Assessment” sections 
below. 

The committee identified articles as possibly being systematic reviews 
based on abstracts or keyword searches, and then they evaluated each of 
the identified articles for the presence of the key elements of a systematic 
review by asking the following questions: 

1 The organization of Search 2 results involved different search terms and tools than the 
organization of Search 3 results. Search 2 topic groups were developed using unique search 
terms, online databases (Medline, Embase, Cochrane Database of Systematic Reviews), and 
Ovid search functions. Search 3 topics groups were developed using unique search terms, 
the Search 3 EndNote library, and the EndNote full-text keyword search function.
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1. Does the article describe a search involving at least two databases?
2. Does the article describe a search involving appropriate search 

terms? 
3. Does the article describe a search involving prespecified eligibility 

criteria?
4. Does the article include a risk-of-bias discussion and/or quality 

assessment? 
5. Does the article include a meta-analysis or qualitative synthesis 

of findings? 
6. Does the article report on one or more health effects of cannabis 

on humans?

BOX B-1 
Health Topics and Prioritized Health Endpoints 

(listed in the order in which they appear in the report)

Therapeutic effects

•	 	Chronic pain; cancer, chemotherapy-induced nausea/vomiting; anorexia 
and weight loss; irritable bowel syndrome; epilepsy; spasticity related to 
multiple sclerosis or spinal cord injury; Tourette syndrome; amyotrophic 
lateral sclerosis; Huntington’s disease; Parkinson’s disease; dystonia; de-
mentia; glaucoma; traumatic brain injury; addiction; anxiety; depression; 
sleep disorders; posttraumatic stress disorder; schizophrenia and other 
psychoses

Cancer 

•  Lung cancer; head and neck cancer; testicular cancer; esophageal cancer; 
other cancer

Cardiometabolic risk

•	 	Acute myocardial infarction; stroke; metabolic dysregulation, metabolic 
syndrome, prediabetes, and diabetes mellitus

Respiratory disease

•	 	Pulmonary function; chronic obstructive pulmonary disorder; respiratory 
symptoms (including chronic bronchitis); asthma

Immunity

•	 Immune function; infectious disease
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Articles that were deemed true systematic reviews using the above 
questions as a guideline were then assessed for quality based on five 
attributes adapted from other sources (Higgins et al., 2011). In their assess-
ment of the quality of a systematic review, committee members con-
sidered the study eligibility criteria, how studies were identified and 
considered for inclusion, how data were collected and appraised by the 
authors, the methods by which study findings were selected and synthe-
sized, and whether any conflict of interests were addressed. Box B-2 lists 
the specific questions committee members were asked to consider in the 
quality assessment.

Based on the responses to these questions, the overall quality of the 
systematic review was rated as good, fair, or poor. To ensure the accuracy 

Injury and death

•	 	All-cause mortality; occupational injury; motor vehicle crash; overdose 
injury and death

Prenatal, perinatal, and postnatal exposure to cannabis

•	 	Pregnancy complications for the mother; fetal growth and development; 
neonatal conditions; later outcomes for the infant

Psychosocial 

•	 	Cognition (learning, memory, attention, intelligence); academic achieve-
ment and educational outcomes; employment and income; social relation-
ships and other social roles

Mental health 

•	 	Schizophrenia and other psychoses; bipolar disorders, depression; sui-
cide; anxiety; posttraumatic stress disorder

Problem cannabis use 

•	 Cannabis use disorder

Cannabis use and abuse of other substances

• Abuse of other substances
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BOX B-2 
Quality Assessment Questions

QUESTION
Rate your level of concern (high or low) regarding study eligibility criteria. 

Your response should be informed by the following questions:

Study eligibility criteria

• Was an “a priori” design provided?
• Were study eligibility criteria clearly specified?
• Were restrictions in eligibility criteria appropriate?

Identification and collection of studies

• Was a comprehensive literature search performed?
•  Were the terms and structure of the search strategy likely to retrieve as 

many eligible studies as possible?
•  Were restrictions based on date, publication format, or language 

appropriate?
•  Was selection bias avoided?

Data collection and study appraisal 

•  Were at least two individuals involved in study selection and data 
extraction?

• Were the characteristics of the included studies provided?
• Was the scientific quality of the included studies assessed and documented?

Synthesis and findings 

•  Was the scientific quality of the included studies used appropriately in 
formulating conclusions?

• Were the methods used to combine the findings of studies appropriate?
•  Was between-study variation (heterogeneity) minimal or addressed in the 

synthesis?
• Was the likelihood of publication bias assessed?
• Are the stated conclusions supported by the data presented?

Conflict of interest

• Was the conflict of interest for the systematic review stated?

Overall quality

• Rate the overall quality of the systematic review
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of quality assessments, all systematic reviews were rated independently 
by at least two committee members. Disagreements among commit-
tee members regarding the overall quality of a systematic review were 
resolved through deliberation or by the assessment of a third committee 
member. Only those systematic reviews rated as good or fair quality were 
used to inform the report’s findings, conclusions, and recommendations.

PRIMARY LITERATURE: IDENTIFICATION 
AND QUALITY REVIEW 

For those health endpoints addressed by more than one good- or 
fair-quality systematic review, the committee gave primacy to the most 
recently published systematic reviews (since 2011). Any deviations in 
this process are detailed in the chapter text. For every health endpoint 
with an associated good- or fair-quality systematic review, the committee 
also reviewed relevant primary literature published after the cutoff date 
of the literature search used in that systematic review. For endpoints not 
addressed by at least one good- or fair-quality systematic review, the 
committee reviewed all relevant primary literature published between 
January 1, 1999, and August 2, 2016. 

Committee members first reviewed article abstracts to identify and 
remove editorials, opinion pieces, grey literature, and other documents 
that were not peer-reviewed cross-sectional studies, case-control studies, 
cohort studies, randomized controlled trials (RCTs), or nonsystematic 
literature reviews. During this preliminary review, committee members 
also assessed the relevance of the article to the health endpoint question. 

In their in-depth review of the primary literature, committee members 
were guided by the Cochrane Quality Assessment for randomized con-
trolled trials and the Newcastle–Ottawa Scale for cohort and case-control 
studies.2 For a depiction of the flow of articles through the search and 
selection process, see Figure B-2.

DATA SYNTHESIS AND STRENGTH OF EVIDENCE ASSESSMENT

After completing the identification and quality-assessment process 
described above, the committee formulated its findings and conclusions. 

2 The Cochrane Risk Assessment Tool was designed to assess for a risk of bias consequent 
to flaws in the design, conduct, analysis, and reporting of randomized trials (Higgins, 2011). 
The Newcastle–Ottawa Scale (NOS) was designed to assess the quality of nonrandomized 
trials to be included in a systematic review. The NOS assesses studies along three dimen-
sions: selection of study groups, comparability of study groups, and determination of end-
points and exposures (Wells et al., 2011).
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The committee employed two strategies to ensure that report conclusions 
and recommendations were based on the best available evidence and 
that the strength of the evidence informing the conclusions was explicitly 
articulated. First, the committee privileged evidence drawn from RCTs, 
followed by nonrandomized controlled trials, prospective controlled 
studies, and case-control studies. Case series and case studies were refer-
enced only in the absence of higher-quality studies. Second, the commit-
tee developed a set of standardized terms to describe the strength of the 
evidence informing every conclusion. Informed by the reports of previous 
Institute of Medicine (IOM)3 committees, the committee developed stan-
dard language to categorize the weight of evidence regarding whether 
cannabis or cannabinoid use (for therapeutic purposes) is an effective 
or ineffective treatment for the prioritized health endpoints of interest, 
or whether cannabis or cannabinoid use (primarily for recreational pur-
poses) is statistically associated with the prioritized health endpoints 
of interest. The weight of the evidence was determined during private 
deliberations of subgroups of the committee. This hierarchy of evidence 
does not imply the magnitude of the observed effect or the importance 
of the health effect from an individual or population standpoint. Instead, 
these terms reflect the quality, quantity, and consistency of the evidence 
supporting a conclusion. See Box B-3 for the terms and their descriptions. 

DISCUSSION

The search strategies and processes described above were developed 
and adopted by the committee in order to adequately address a broad 
statement of task in a limited time frame, while adhering to the National 
Academies of Sciences, Engineering, and Medicine’s high standards for 
the quality and rigor of committee reports. Some limitations to these 
strategies and processes are discussed below.

First, the committee was not tasked to conduct a systematic review, 
which would have required a lengthy and robust series of processes. The 
committee did, however, adopt key features of that process: a compre-
hensive literature search, assessments by more than one person of the 
quality (risk of bias) of key literature and the conclusions, prespecification 
of the questions of interest before conclusions were formulated, standard 
language to allow comparisons between conclusions, and declarations of 
conflict of interest via the National Academies conflict of interest policies. 
Second, there is a possibility that some literature was missed because of 
the practical steps taken to narrow a very large literature to one that was 

3 As of March 2016, the Health and Medicine Division continues the consensus studies and 
convening activities previously carried out by the Institute of Medicine (IOM).
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BOX B-3  
Weight-of-Evidence Categories

CONCLUSIVE EVIDENCE

For therapeutic effects: There is strong evidence from randomized controlled 
trials to support the conclusion that cannabis or cannabinoids are an effective or 
ineffective treatment for the health endpoint of interest. 

For other health effects: There is strong evidence from randomized controlled 
trials to support or refute a statistical association between cannabis or cannabinoid 
use and the health endpoint of interest. 

For this level of evidence, there are many supportive findings from good-quality 
studies with no credible opposing findings. A firm conclusion can be made, and the 
limitations to the evidence, including chance, bias, and confounding factors, can 
be ruled out with reasonable confidence.

SUBSTANTIAL EVIDENCE

For therapeutic effects: There is strong evidence to support the conclusion that 
cannabis or cannabinoids are an effective or ineffective treatment for the health 
endpoint of interest. 

For other health effects: There is strong evidence to support or refute a statisti-
cal association between cannabis or cannabinoid use and the health endpoint of 
interest.

For this level of evidence, there are several supportive findings from good-
quality studies with very few or no credible opposing findings. A firm conclusion can 
be made, but minor limitations, including chance, bias, and confounding factors, 
cannot be ruled out with reasonable confidence.

MODERATE EVIDENCE

For therapeutic effects: There is some evidence to support the conclusion that 
cannabis or cannabinoids are an effective or ineffective treatment for the health 
endpoint of interest. 

manageable within the time frame available to the committee. Further-
more, very good research may not be reflected in this report because it 
did not directly address the health endpoint questions that the committee 
formulated. 
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For other health effects: There is some evidence to support or refute a statisti-
cal association between cannabis or cannabinoid use and the health endpoint of 
interest. 

For this level of evidence, there are several supportive findings from good- to 
fair-quality studies with very few or no credible opposing findings. A general conclu-
sion can be made, but limitations, including chance, bias, and confounding factors, 
cannot be ruled out with reasonable confidence.

LIMITED EVIDENCE

For therapeutic effects: There is weak evidence to support the conclusion that 
cannabis or cannabinoids are an effective or ineffective treatment for the health 
endpoint of interest. 

For other health effects: There is weak evidence to support or refute a statisti-
cal association between cannabis or cannabinoid use and the health endpoint of 
interest.

For this level of evidence, there are supportive findings from fair-quality studies 
or mixed findings with most favoring one conclusion. A conclusion can be made, 
but there is significant uncertainty due to chance, bias, and confounding factors.

NO OR INSUFFICIENT EVIDENCE TO SUPPORT THE ASSOCIATION

For therapeutic effects: There is no or insufficient evidence to support the 
conclusion that cannabis or cannabinoids are an effective or ineffective treatment 
for the health endpoint of interest. 

For other health effects: There is no or insufficient evidence to support or re-
fute a statistical association between cannabis or cannabinoid use and the health 
endpoint of interest. 

For this level of evidence, there are mixed findings, a single poor study, or 
health endpoint has not been studied at all. No conclusion can be made because 
of substantial uncertainty due to chance, bias, and confounding factors.

SEARCH STRATEGIES

Search 2 
Date: June 27, 2016

Total citations:
Systematic reviews: 541
Primary literature: 1,551
Total: 2,092
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Databases (search engine): Medline (Ovid); Embase (Ovid); Cochrane 
(Ovid)

Note: Ovid command-line syntax is provided below. Terms immediately 
followed by a forward slash (/) are Medical Subject Headings (MESH 
headings from MEDLINE) or EMTREE terms (from the EMBASE con-
trolled vocabulary). The fields searched by a .mp in Embase and Med-
line include title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept 
word, rare disease supplementary concept word, and unique identifier. 
The fields searched by a .mp in Cochrane include title, short title, abstract, 
full text, keywords, caption text.

Search No. Search Syntax

Beneficial

 1 marijuana.mp. or cannabis/
 2 cannabis.mp.
 3 cannabinoids.mp. or cannabinoid/
 4 tetrahydrocannabinol.mp. or tetrahydrocannabinol/
 5 dronabinol.mp. or dronabinol/
 6 cannabidiol.mp. or cannabidiol/
 7 cannabinol.mp. or cannabinol/
 8 THC.mp.
 9 marinol.mp.
10 or/1–9
11 spice.ti,ab.
12 K2.ti,ab.
13 or/11–12
14 10 not 13
15 Rats/ or rats.ti,ab.
16 Mice/ or mice.ti,ab.
17 animals/ or animals.ti,ab.
18 or/15–17
19 14 not 18
20 Therapeutics/
21 “therapeutic use”.mp.
22 benefits.mp.
23 treatment.mp.
24 therapy.mp.
25 Palliative Care/ or palliation.mp.
26 “Quality of Life”/
27 or/20–26
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Search No. Search Syntax

28 19 and 27
29 Nausea/ or nausea.mp.
30 Vomiting/
31 vomiting.mp.
32 or/28–30
33 28 and 31
34 limit 32 to (abstracts and English language and humans and 

yr=“1999–Current”)
35 Analgesia/ or Analgesia.mp.
36 28 and 35
37 limit 36 to (English language and humans and yr=“1999–Current”)
38 Anxiety/ or anxiety relief.mp. or Anxiety Disorders/
39 28 and 38
40 limit 39 to (English language and humans and yr=“1999–Current”)
41 irritable bowel syndrome.mp. or Irritable Bowel Syndrome/
42 28 and 41
43 limit 42 to (English language and humans and yr=“1999–Current”)
44 improved sexual function.mp. or Sexual Behavior/
45 sexual function.mp.
46 or/44–45
47 28 and 46
48 limit 47 to (English language and humans and yr=“1999–Current”)
49 Interpersonal Relations/ or social relationships.mp.
50 28 and 57
51 limit 50 to (English language and humans and yr=“1999–Current”)
52 increased appetite.mp. or Appetite/ or Eating/
53 wasting.mp. or Wasting Syndrome/
54 or/52–53

28 and 54
55 limit 54 to (English language and humans and yr=“1999–Current”)
56 Substance-Related Disorders/ or addiction.mp.
57 28 and 56
58 limit 57 to (English language and humans and yr=“1999–Current”)
59 intraocular pressure.mp. or Intraocular Pressure/
60 28 and 59
61 limit 60 to (English language and humans and yr=“1999–Current”)
62 PTSD.mp. or Stress Disorders, posttraumatic/
63 trauma.mp.
64 or/62–63
65 28 and 64
66 limit 65 to (English language and humans and yr=“1999–Current”)
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Search No. Search Syntax

67 Premenstrual Syndrome/ or Premenstrual Dysphoric Disorder/ or 
premenstrual.mp.

68 28 and 67
69 limit 68 to (English language and humans and yr=“1999–Current”)
70 Epilepsy/ or seizure control.mp. or Seizures/
71 28 and 70
72 limit 71 to (English language and humans and yr=“1999–Current”)
73 sleep disorders.mp. or Sleep Wake Disorders/
74 insomnia.mp. or “Sleep Initiation and Maintenance Disorders”/
75 or/73–74
76 28 and 75
77 limit 76 to (English language and humans and yr=“1999–Current”)
78 Muscle Spasticity/ or Spasticity.mp.
79 Pain/
80 Multiple Sclerosis/
81 or/78–80
82 28 and 81
83 limit 82 to (English language and humans and yr=“1999–Current”)
84 cancer treatment.mp.
85 cancer prevention.mp.
86 or/84–85
87 28 and 86
88 limit 87 to (English language and humans and yr=“1999–Current”)
89 brain injury.mp. or Brain Injuries/
90 28 and 89
91 limit 90 to (English language and humans and yr=“1999–Current”)
92 34 or 37 or 40 or 43 or 48 or 51 or 55 or 58 or 61 or 66 or 69 or 72 or 

77 or 83 or 88 or 91
93 limit 92 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

94 34 or 37 or 40 or 43 or 48 or 51 or 55 or 58 or 61 or 66 or 69 or 72 or 
77 or 83 or 88 or 91

95 limit 94 to (meta-analysis or systematic reviews)

Search No. Search Syntax

Cancer

 1 marijuana.mp. or cannabis/
 2 cannabis.mp.
 3 cannabinoids.mp. or cannabinoid/
 4 tetrahydrocannabinol.mp. or tetrahydrocannabinol/
 5 dronabinol.mp. or dronabinol/
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Search No. Search Syntax

 6 cannabidiol.mp. or cannabidiol/
 7 cannabinol.mp. or cannabinol/
 8 THC.mp.
 9 marinol.mp.
10 or/1–9
11 spice.ti,ab.
12 K2.ti,ab.
13 or/11–12
14 Rats/ or rats.ti,ab.
15 Mice/ or mice.ti,ab.
16 animals/ or animals.ti,ab.
17 or/14–16
18 10 not 13
19 cancer.mp. or Neoplasms/
20 lung cancer.mp. or Lung Neoplasms/
21 Esophageal Neoplasms/ or Pharyngeal Neoplasms/ or Laryngeal 

Neoplasms/ or “Head and Neck Neoplasms”/ or upper 
aerodigestive tract cancer.mp. or Mouth Neoplasms/

22 testicular cancer.mp. or Testicular Neoplasms/
23 childhood cancer.mp.
24 immune system.mp. or Immune System/
25 Immunity/
26 immunity.mp.
27 or/19–26
28 18 and 27
29 28 not 17
30 limit 29 to (human and English language and yr=“1999–Current”)
31 limit 30 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

32 limit 30 to (meta analysis or systematic reviews)

Search No. Search Syntax

Cardiovascular

 1 marijuana.mp. or cannabis/
 2 cannabis.mp.
 3 cannabinoids.mp. or cannabinoid/
 4 tetrahydrocannabinol.mp. or tetrahydrocannabinol/
 5 dronabinol.mp. or dronabinol/
 6 cannabidiol.mp. or cannabidiol/
 7 cannabinol.mp. or cannabinol/
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Search No. Search Syntax

 8 THC.mp.
 9 marinol.mp.
10 or/1–9
11 Cardiovascular Abnormalities/ or Cardiovascular Diseases/ or 

cardiovascular.mp.
12 cerebrovascular.mp. or Cerebrovascular Disorders/
13 Peripheral Vascular Diseases/ or peripheral vascular.mp.
14 heart attack.mp. or Myocardial Infarction/
15 Stroke/ or stroke risk.mp.
16 thromboangiitis obliterans.mp. or Thromboangiitis Obliterans/
17 spice.ti,ab.
18 K2.ti,ab.
19 or/17–18
20 10 not 19
21 Rats/ or rats.ti,ab.
22 Mice/ or mice.ti,ab.
23 animals/ or animals.ti,ab.
24 or/21–23
25 or/11–16
26 20 and 25
27 26 not 24
28 27
29 limit 28 to (English language and humans and yr=“1999–Current”)
30 limit 29 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

31 limit 29 to (meta analysis or systematic reviews)

Search No. Search Syntax

Injury

 1 marijuana.mp. or cannabis/
 2 cannabis.mp.
 3 cannabinoids.mp. or cannabinoid/
 4 tetrahydrocannabinol.mp. or tetrahydrocannabinol/
 5 dronabinol.mp. or dronabinol/
 6 cannabidiol.mp. or cannabidiol/
 7 cannabinol.mp. or cannabinol/
 8 THC.mp.
 9 marinol.mp.
10 or/1–9
11 spice.ti,ab.
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Search No. Search Syntax

12 K2.ti,ab.
13 or/11–12
14 Rats/ or rats.ti,ab.
15 Mice/ or mice.ti,ab.
16 animals/ or animals.ti,ab.
17 or/14–16
18 injury.mp. or “Wounds and Injuries”/
19 10 and 18
20 19 not 13
21 20 not 17
22 21
23 limit 22 to (English language and humans and yr=“1999–Current”)
24 Accidents, Traffic/ or motor vehicle accident.mp.
25 motor vehicle crash.mp.
26 or/24–25
27 10 and 26
28 27 not 13
29 28 not 17
30 29
31 limit 30 to (English language and humans and yr=“1999–Current”)
32 all-cause death.mp.
33 Death/
34 or/32–33
35 10 and 34
36 35 not 13
37 36 not 17
38 37
39 limit 38 to (English language and humans and yr=“1999–Current”)
40 Drug Overdose/
41 overdose death.mp.
42 or/40–41
43 10 and 42
44 43 not 13
45 44 not 17
46 45
47 limit 46 to (English language and humans and yr=“1999–Current”)
48 limit 23 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)
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Search No. Search Syntax

49 limit 31 to (clinical study or clinical trial, all or clinical trial, phase 
I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

50 limit 39 to (clinical study or clinical trial, all or clinical trial, phase 
I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

51 limit 47 to (clinical study or clinical trial, all or clinical trial, phase 
I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

52 limit 23 to (meta analysis or systematic reviews)
53 limit 31 to (meta analysis or systematic reviews)
54 limit 39 to (meta analysis or systematic reviews)
55 limit 47 to (meta analysis or systematic reviews)

Search No. Search Syntax

Mental Health

 1 marijuana.mp. or cannabis/
 2 cannabis.mp.
 3 cannabinoids.mp. or cannabinoid/
 4 tetrahydrocannabinol.mp. or tetrahydrocannabinol/
 5 dronabinol.mp. or dronabinol/
 6 cannabidiol.mp. or cannabidiol/
 7 cannabinol.mp. or cannabinol/
 8 THC.mp.
 9 marinol.mp.
10 or/1–9
11 spice.ti,ab.
12 K2.ti,ab.
13 or/11–12
14 Rats/ or rats.ti,ab.
15 Mice/ or mice.ti,ab.
16 animals/ or animals.ti,ab.
17 or/14–16
18 10 not 13
19 mental disease/ or mental health/
20 18 and 19
21 20 not 17
22 21
23 limit 22 to (human and English language and yr=“1999–Current”)
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Search No. Search Syntax

24 limit 23 to (clinical trial or randomized controlled trial or controlled 
clinical trial or multicenter study or phase 1 clinical trial or phase 2 
clinical trial or phase 3 clinical trial or phase 4 clinical trial)

25 limit 24 to (journal and article)
26 limit 24 to (meta analysis or “systematic review”)
27 limit 26 to (journal and (article or review))
28 cannabis addiction/
29 drug abuse/ or drug misuse/
30 cannabis dependence.mp.
31 or/28–30
32 18 and 31
33 32 not 17
34 33
35 limit 34 to (human and english language and yr=“1999–Current”)
36 limit 35 to (clinical trial or randomized controlled trial or controlled 

clinical trial or multicenter study or phase 1 clinical trial or phase 2 
clinical trial or phase 3 clinical trial or phase 4 clinical trial)

37 limit 36 to (journal and article)
38 limit 35 to (meta analysis or “systematic review”)
39 limit 38 to (journal and (article or review))
40 alcohol abuse/
41 tobacco dependence/ or tobacco consumption/
42 “tobacco use”/
43 drug abuse/
44 drug dependence/
45 or/40–44
46 18 and 45
47 46 not 17
48 47
49 limit 48 to (human and English language and yr=“1999–Current”)
50 limit 49 to (clinical trial or randomized controlled trial or controlled 

clinical trial or multicenter study or phase 1 clinical trial or phase 2 
clinical trial or phase 3 clinical trial or phase 4 clinical trial)

51 limit 50 to (journal and article)
52 limit 49 to (meta analysis or “systematic review”)
53 limit 52 to (journal and (article or review))
54 schizophrenia/
55 psychosis/
56 psychotic disorder.mp.
57 or/54–56
58 18 and 57
59 58 not 17
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Search No. Search Syntax

60 59
61 limit 60 to (human and English language and yr=“1999–Current”)
62 limit 61 to (clinical trial or randomized controlled trial or controlled 

clinical trial or multicenter study or phase 1 clinical trial or phase 2 
clinical trial or phase 3 clinical trial or phase 4 clinical trial)

63 limit 62 to (journal and article)
64 limit 61 to (meta analysis or “systematic review”)
65 limit 64 to (journal and (article or review))
66 depression/
67 18 and 66
68 67 not 17
69 68
70 limit 69 to (human and English language and yr=“1999–Current”)
71 limit 70 to (clinical trial or randomized controlled trial or controlled 

clinical trial or multicenter study or phase 1 clinical trial or phase 2 
clinical trial or phase 3 clinical trial or phase 4 clinical trial)

72 limit 71 to (journal and article)
73 limit 70 to (meta analysis or “systematic review”)
74 limit 73 to (journal and (article or review))
75 suicide/
76 18 and 75
77 76 not 17
78 77
79 limit 78 to (human and English language and yr=“1999–Current”)
80 limit 78 to (clinical trial or randomized controlled trial or controlled 

clinical trial or multicenter study or phase 1 clinical trial or phase 2 
clinical trial or phase 3 clinical trial or phase 4 clinical trial)

81 limit 80 to (journal and article)
82 limit 79 to (meta analysis or “systematic review”)
83 limit 82 to (journal and (article or review))
84 anxiety/
85 18 and 84
86 85 not 17
87 86
88 limit 87 to (human and English language and yr=“1999–Current”)
89 limit 88 to (clinical trial or randomized controlled trial or controlled 

clinical trial or multicenter study or phase 1 clinical trial or phase 2 
clinical trial or phase 3 clinical trial or phase 4 clinical trial)

90 limit 89 to (journal and article)
91 limit 88 to (meta analysis or “systematic review”)
92 limit 91 to (journal and (article or review))
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Search No. Search Syntax

Pregnancy

 1 marijuana.mp. or cannabis/
 2 cannabis.mp.
 3 cannabinoids.mp. or cannabinoid/
 4 tetrahydrocannabinol.mp. or tetrahydrocannabinol/
 5 dronabinol.mp. or dronabinol/
 6 cannabidiol.mp. or cannabidiol/
 7 cannabinol.mp. or cannabinol/
 8 THC.mp.
 9 marinol.mp.
10 or/1–9
11 spice.ti,ab.
12 K2.ti,ab.
13 or/11–12
14 Rats/ or rats.ti,ab.
15 Mice/ or mice.ti,ab.
16 animals/ or animals.ti,ab.
17 or/14–16
18 10 not 13
19 pregnancy outcomes.mp. or pregnancy outcome/
20 low birthweight.mp. or low birth weight/
21 premature labor/ or pre term delivery.mp.
22 birth defects.mp.
23 stillbirth/
24 miscarriage.mp. or spontaneous abortion/
25 neonatal mortality.mp. or newborn mortality/
26 physical growth.mp. or growth/
27 18 and 19
28 27 not 17
29 28
30 limit 29 to (human and english language)
31 18 and 20
32 31 not 17
33 32
34 limit 33 to (human and English language and yr=“1999–Current”)
35 18 and 21
36 35 not 17
37 36
38 limit 37 to (human and English language and yr=“1999–Current”)
39 18 and 22
40 39 not 17
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Search No. Search Syntax

41 40
42 limit 41 to (human and English language and yr=“1999–Current”)
43 or/23–25
44 18 and 43
45 18 and 43
46 45 not 17
47 46
48 46
49 limit 48 to (human and English language and yr=“1999–Current”)
50 18 and 26
51 50 not 17
52 51
53 limit 52 to (human and English language and yr=“1999–Current”)
54 limit 30 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

55 limit 30 to (meta analysis or systematic reviews)
56 limit 34 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

57 limit 34 to (meta analysis or systematic reviews)
58 limit 38 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

59 limit 38 to (meta analysis or systematic reviews)
60 limit 42 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

61 limit 42 to (meta analysis or systematic reviews)
62 limit 49 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

63 limit 49 to (meta analysis or systematic reviews)
64 limit 53 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

65 limit 53 to (meta analysis or systematic reviews)
66 breast feeding.mp. or Breast Feeding/
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Search No. Search Syntax

67 18 and 66
68 67 not 17
69 68
70 limit 69 to (English language and humans and yr=“1999–Current”)
71 Pregnancy/
72 71 and 18
73 72 not 17
74 73
75 limit 74 to (English language and humans and yr=“1999–Current”)
76 limit 70 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

78 limit 70 to (meta analysis or systematic reviews)
80 limit 75 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

82 limit 75 to (meta analysis or systematic reviews)

Search No. Search Syntax

Psychosocial

 1 marijuana.mp. or cannabis/
 2 cannabis.mp.
 3 cannabinoids.mp. or cannabinoid/
 4 tetrahydrocannabinol.mp. or tetrahydrocannabinol/
 5 dronabinol.mp. or dronabinol/
 6 cannabidiol.mp. or cannabidiol/
 7 cannabinol.mp. or cannabinol/
 8 THC.mp.
 9 marinol.mp.
10 or/1–9
11 spice.ti,ab.
12 K2.ti,ab.
13 or/11–12
14 Rats/ or rats.ti,ab.
15 Mice/ or mice.ti,ab.
16 animals/ or animals.ti,ab.
17 or/14–16
18 10 not 13
19 psychosocial.mp. or Social Adjustment/
20 psychosocial effects.mp.
21 or/19–20
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Search No. Search Syntax

22 21 and 18
23 22 not 17
24 limit 23 to (English language and humans and yr=“1999–Current”)
25 cognitive development.mp.
26 Cognition/
27 Achievement/ or academic achievement.mp.
28 or/25–27
29 28 and 18
30 29 not 17
31 30
32 limit 31 to (English language and humans and yr=“1999–Current”)
33 cognitive impairment.mp. or Cognition Disorders/
34 33 and 18
35 34 not 17
36 limit 35 to (English language and humans and yr=“1999–Current”)
37 Employment/
38 Income/
39 or/37–38
40 39 and 18
41 40 not 17
42 limit 41 to (English language and humans and yr=“1999–Current”)
43 Interpersonal Relations/ or social relationships.mp.
44 43 and 18
45 44 not 17
46 45
47 limit 46 to (English language and humans and yr=“1999–Current”)
48 Social Behavior/ or social roles.mp.
49 48 and 18
50 49 not 17
51 limit 50 to (English language and humans and yr=“1999–Current”)
52 24 or 32 or 36 or 42 or 47 or 51
53 limit 52 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

54 24 or 32 or 36 or 42 or 47 or 51
55 limit 54 to (meta analysis or systematic reviews)

Search No. Search Syntax

Respiratory

 1 marijuana.mp. or cannabis/
 2 cannabis.mp.
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Search No. Search Syntax

 3 cannabinoids.mp. or cannabinoid/
 4 tetrahydrocannabinol.mp. or tetrahydrocannabinol/
 5 dronabinol.mp. or dronabinol/
 6 cannabidiol.mp. or cannabidiol/
 7 cannabinol.mp. or cannabinol/
 8 THC.mp.
 9 marinol.mp.
10 or/1–9
11 spice.ti,ab.
12 K2.ti,ab.
13 or/11–12
14 10 not 13
15 Rats/ or rats.ti,ab.
16 Mice/ or mice.ti,ab.
17 animals/ or animals.ti,ab.
18 or/15–17
19 pulmonary.mp. or Pulmonary Disease, Chronic Obstructive/
20 lung disease.mp. or Lung Diseases/ or Respiratory Tract Diseases/ or 

respiratory disease.mp. or COPD.mp.
21 or/19–20
22 21 and 14
23 22 not 18
24 23
25 limit 24 to (human and English language and yr=“1999–Current”)
26 limit 25 to (meta analysis or systematic reviews)
27 limit 25 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

Search 3 
Date: July 6, 2016

Total citations:
Systematic Reviews: 912
Primary Literature: 6,286
Total: 7,198

Databases (search engine): Medline (Ovid); Embase (Ovid); Cochrane 
(Ovid)
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Note: Ovid command-line syntax is provided below. Terms immediately 
followed by a forward slash (/) are Medical Subject Headings (MESH 
headings from MEDLINE) or EMTREE terms (from the EMBASE con-
trolled vocabulary). The fields searched by a .mp in Embase and Med-
line include title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept 
word, rare disease supplementary concept word, and unique identifier. 
The fields searched by a .mp in Cochrane include title, short title, abstract, 
full text, keywords, caption text.

Search No. Search Syntax

 1 Cannabis/
 2 Marijuana Smoking/
 3 Marijuana Abuse/
 4 Medical Marijuana/
 5 Cannabinoids/
 6 Dronabinol/
 7 (cannabis or marijuana or cannabinoid or dronabinol or marinol).

ti,ab.
 8 THC.ti,ab
 9 or/1–8
10 k2.ti,ab.
11 spice.ti,ab.
12 or/10–11
13 9 not 12
14 Mice/ or mice.ti,ab.
15 Rats/ or rats.ti,ab.
16 or/14–15
17 13 not 16
18 17
19 limit 18 to (English language and humans)
20 limit 19 to (classical article or clinical study or clinical trial, all or 

clinical trial, phase I or clinical trial, phase II or clinical trial, phase 
III or clinical trial, phase IV or clinical trial or comparative study or 
controlled clinical trial or evaluation studies or guideline or journal 
article or multicenter study or observational study or practice 
guideline or pragmatic clinical trial or randomized controlled trial or 
validation studies)
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Search No. Search Syntax

21 limit 19 to (addresses or autobiography or bibliography or biography 
or case reports or clinical conference or comment or congresses 
or consensus development conference or consensus development 
conference, NIH or “corrected and republished article” or dataset 
or dictionary or directory or duplicate publication or editorial 
or english abstract or festschrift or government publications or 
historical article or in vitro or interactive tutorial or interview or 
introductory journal article or lectures or legal cases or legislation 
or letter or meta analysis or news or newspaper article or overall or 
patient education handout or periodical index or personal narratives 
or portraits or published erratum or research support, non us gov’t 
or retracted publication or “retraction of publication” or “review” or 
“scientific integrity review” or systematic reviews or technical report 
or video-audio media or webcasts)

22 20 not 21
23 limit 22 to yr=1999-current
24 limit 19 to (meta analysis or “review” or systematic reviews)
25 limit 19 to (addresses or autobiography or bibliography or biography 

or case reports or clinical conference or comment or congresses 
or consensus development conference or consensus development 
conference, NIH or “corrected and republished article” or dataset or 
dictionary or directory or duplicate publication or editorial or english 
abstract or festschrift or government publications or historical 
article or in vitro or interactive tutorial or interview or introductory 
journal article or lectures or legal cases or legislation or letter or 
news or newspaper article or overall or patient education handout 
or periodical index or personal narratives or portraits or published 
erratum or research support, non us gov’t or retracted publication 
or “retraction of publication” or “scientific integrity review” or 
technical report or video-audio media or webcasts)

26 24 not 25
27 limit 26 to yr=1999-current

Search 4 
Date: July 8, 2016

Total citations:
Systematic Reviews: 20
Primary Literature: 1,376
Total: 1,396

Database (search engine): PsycINFO (ProQuest)

Note: Terms with SU in front of them are Subject Headings taken from the 
Thesaurus of Psychological Index Terms.
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Search Search Syntax

Systematic 
Reviews 
+ Meta 
Analysis

((SU(“Cannabinoids” OR “Cannabis” OR “Marijuana Usage” OR 
“Marijuana”) OR TI,AB(cannabis OR marijuana OR cannabinoid 
OR dronabinol) NOT TI,AB(“K-2” OR spice)) AND peer(yes) 
AND (la.exact(“ENG”))) AND (me.exact((“Systematic Review” 
OR “Meta Analysis”) NOT (“Empirical Study” OR “Quantitative 
Study” OR “Interview” OR “Longitudinal Study” OR “Followup 
Study” OR “Prospective Study” OR “Literature Review” OR 
“Treatment Outcome/Clinical Trial” OR “Qualitative Study” OR 
“Brain Imaging” OR “Clinical Case Study” OR “Retrospective 
Study” OR “Mathematical Model” OR “Twin Study” OR “Focus 
Group” OR “Field Study” OR “Experimental Replication” OR 
“Scientific Simulation” OR “Nonclinical Case Study”)) AND rtype.
exact((“Journal” OR “Peer-reviewed Journal” OR “Journal Article”) 
NOT (“Comment/reply” OR “Editorial” OR “Letter” OR “Erratum/
correction” OR “Review-book” OR “Column/opinion” OR “Abstract 
Collection” OR “Reprint” OR “Review-media” OR “Obituary”)) 
AND po.exact((“Male” OR “Human” OR “Female” OR “Outpatient” 
OR “Inpatient”) NOT “Animal”) AND pd(19990101-20161231) AND 
PEER(yes))

Peer-
reviewed 
Literature

(SU(“Cannabinoids” OR “Cannabis” OR “Marijuana Usage” OR 
“Marijuana”) OR TI(cannabis OR marijuana OR cannabinoid OR 
dronabinol) NOT TI,AB(“K-2” OR spice)) AND peer(yes) AND (la.
exact(“ENG”) AND me.exact((“Empirical Study” OR “Quantitative 
Study” OR “Longitudinal Study” OR “Followup Study” OR 
“Prospective Study” OR “Treatment Outcome/Clinical Trial” OR 
“Clinical Case Study” OR “Twin Study”) NOT (“Interview” OR 
“Literature Review” OR “Qualitative Study” OR “Brain Imaging” OR 
“Mathematical Model” OR “Systematic Review” OR “Meta Analysis” 
OR “Field Study” OR “Focus Group”)) AND rtype.exact((“Journal” 
OR “Peer-reviewed Journal” OR “Journal Article”) NOT (“Comment/
reply” OR “Editorial” OR “Letter” OR “Erratum/correction” OR 
“Review-book” OR “Column/opinion” OR “Abstract Collection” OR 
“Reprint” OR “Review-media” OR “Obituary”))) AND pd(19990101-
20160601)

Search 5 
Date: July 15, 2016

Total citations:
Systematic Reviews: 10
Primary Literature: 23
Total: 33

Database (search engine): Medline (Ovid); Embase (Ovid); Cochrane 
(Ovid)

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


APPENDIX B 437

Note: Ovid command-line syntax is provided below. Terms immediately 
followed by a forward slash (/) are Medical Subject Headings (MESH 
headings from MEDLINE) or EMTREE terms (from the EMBASE con-
trolled vocabulary). The fields searched by a .mp in Embase and Med-
line include title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept 
word, rare disease supplementary concept word, and unique identifier. 
The fields searched by a .mp in Cochrane include title, short title, abstract, 
full text, keywords, caption text.

Search No. Search Syntax

 1 nabilone.mp
 2 spice.ti,ab.
 3 K2.ti,ab.
 4 or/2–3
 5 1 not 4
 6 Rats/ or rats.ti,ab.
 7 Mice/ or mice.ti,ab.
 8 animals/ or animals.ti,ab.
 9 or/6–8
10 5 not 9
11 limit 10 to (English language and yr=“1999-Current”)
12 limit 11 to (clinical study or clinical trial, all or clinical trial, phase 

I or clinical trial, phase II or clinical trial, phase III or clinical trial, 
phase IV or clinical trial or observational study or randomized 
controlled trial)

13 limit 11 to (meta-analysis or systematic reviews)

Search 6 
Date: August 2, 2016

Search Parameters: Published June 30, 2016–August 2, 2016

Total citations:
Systematic Reviews: 32
Primary Literature: 357
Total: 389

Database (search engine): Embase (Ovid)

Note: The Medline search was duplicated in PubMed to ensure that all 
e-pub and non-indexed / in-process citations were captured.
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Epub Ahead of Print, In-Process, and Other Non-Indexed Citations, Ovid 
MEDLINE(R) Daily, and Ovid MEDLINE(R), 1946 to Present

Search No. Search Syntax

 1 Cannabis/
 2 Marijuana Smoking/
 3 Marijuana Abuse/
 4 Medical Marijuana/
 5 Cannabinoids/
 6 Dronabinol/
 7 (cannabis or marijuana or cannabinoid or dronabinol or marinol).

ti,ab.
 8 nabilone.ti,ab.
 9 or/1–8
10 k2.ti,ab.
11 spice.ti,ab.
12 or/10–11
13 9 not 12
14 Mice/ or mice.ti,ab.
15 Rats/ or rats.ti,ab.
16 or/14–15
17 13 not 16
18 17
19 limit 18 to (English language and humans)
20 limit 19 to (classical article or clinical study or clinical trial, all or 

clinical trial, phase I or clinical trial, phase II or clinical trial, phase 
III or clinical trial, phase IV or clinical trial or comparative study or 
controlled clinical trial or evaluation studies or guideline or journal 
article or multicenter study or observational study or practice 
guideline or pragmatic clinical trial or randomized controlled trial or 
validation studies)

21 limit 19 to (addresses or autobiography or bibliography or biography 
or case reports or clinical conference or comment or congresses 
or consensus development conference or consensus development 
conference, NIH or “corrected and republished article” or dataset 
or dictionary or directory or duplicate publication or editorial 
or Dnglish abstract or festschrift or government publications or 
historical article or in vitro or interactive tutorial or interview or 
introductory journal article or lectures or legal cases or legislation 
or letter or meta analysis or news or newspaper article or overall or 
patient education handout or periodical index or personal narratives 
or portraits or published erratum or research support, non us gov’t 
or retracted publication or “retraction of publication” or “review” or 
“scientific integrity review” or systematic reviews or technical report 
or video-audio media or webcasts)

22 20 not 21
23 limit 22 to ed=20160630-20160901
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Search No. Search Syntax

24 limit 19 to (meta-analysis or “review” or systematic reviews)
25 limit 19 to (addresses or autobiography or bibliography or biography 

or case reports or clinical conference or comment or congresses 
or consensus development conference or consensus development 
conference, NIH or “corrected and republished article” or dataset 
or dictionary or directory or duplicate publication or editorial 
or English abstract or festschrift or government publications or 
historical article or in vitro or interactive tutorial or interview or 
introductory journal article or lectures or legal cases or legislation or 
letter or news or newspaper article or overall or patient education 
handout or periodical index or personal narratives or portraits or 
published erratum or research support, non us gov’t or retracted 
publication or “retraction of publication” or “scientific integrity 
review” or technical report or video-audio media or webcasts)

26 24 not 25
27 limit 26 to ed=20160630-20160901

Embase (Ovid)

Search No. Search Syntax 

 1 major clinical study/
 2 clinical article/
 3 case report/
 4 clinical trial/
 5 controlled clinical trial/
 6 phase 1 clinical trial/
 7 phase 2 clinical trial/
 8 phase 3 clinical trial/
 9 phase 4 clinical trial/
10 randomized controlled trial/
11 double blind procedure/
12 single blind procedure/
13 crossover procedure/
14 multicenter study/
15 controlled study/
16 “clinical trial (topic)”/
17 “controlled clinical trial (topic)”/
18 “phase 1 clinical trial (topic)”/
19 “phase 2 clinical trial (topic)”/
20 “phase 3 clinical trial (topic)”/
21 “phase 4 clinical trial (topic)”/
22 “randomized controlled trial (topic)”/
23 “multicenter study (topic)”/
24 cannabis/
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Search No. Search Syntax

25 cannabis addiction/ or medical cannabis/ or “cannabis use”/ or 
cannabis smoking/ or cannabis derivative/

26 cannabinoid/
27 dronabinol/
28 nabilone/
29 (Cannabis or marijuana or cannabinoid or dronabinol or nabilone or 

marinol).ti,ab.
30 or/24–29
31 k2.ti,ab.
32 spice.ti,ab.
33 or/31–32
34 30 not 33
35 Mice/ or mice.ti,ab.
36 Rats/ or rats.ti,ab.
37 or/35–36
38 34 not 37
39 or/1–23
40 38 and 39
41 limit 40 to (journal and article)
42 limit 40 to (book or book series or chapter or conference abstract or 

conference paper or conference proceeding or “conference review” or 
editorial or erratum or letter or note or “review” or short survey or 
trade journal)

43 41 not 42
44 case report/
45 43 not 44
46 45
47 limit 46 to (human and English language)
48 limit 47 to yr=“2016–Current”
49 limit 48 to dd=20160630-20161231
50 meta analysis/
51 “meta analysis (topic)”/
52 “meta analysis (topic)”/
53 “systematic review (topic)”/
54 or/50–53
55 38 and 54
56 limit 55 to (journal and (article or review))
57 56
58 limit 57 to (human and English language)
59 58
60 limit 59 to yr=“2016–Current”
61 limit 60 to dd=20160630-20161231
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Systematic Reviews

THERAPEUTIC EFFECTS OF CANNABIS AND CANNABINOIDS

Chronic Pain
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in gliomas. Journal of Neuro-Oncology 116(1):11–24.
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Chemotherapy-Induced Nausea and Vomiting

Phillips, R. S., A. J. Friend, F. Gibson, E. Houghton, S. Gopaul, J. V. Craig, and B. Pizer. 2016. 
Antiemetic medication for prevention and treatment of chemotherapy-induced nausea 
and vomiting in childhood. Cochrane Database of Systematic Reviews 2:CD007786.

Smith, L. A., F. Azariah, T. C. V. Lavender, N. S. Stoner, and S. Bettiol. 2015. Cannabinoids for 
nausea and vomiting in adults with cancer receiving chemotherapy. Cochrane Database 
of Systematic Reviews 11:CD009464.

Whiting, P. F., R. F. Wolff, S. Deshpande, M. Di Nisio, S. Duffy, A. V. Hernandez, J. C. 
Keurentjes, S. Lang, K. Misso, S. Ryder, S. Schmidlkofer, M. Westwood, and J. Kleijnen. 
2015. Cannabinoids for medical use: A systematic review and meta-analysis. JAMA 
313(24):2456–2473.

Anorexia and Weight Loss

Lutge, E. E., A. Gray, and N. Siegfried. 2013. The medical use of cannabis for reducing 
morbidity and mortality in patients with HIV/AIDS. Cochrane Database of Systematic 
Reviews 4:CD005175.

Whiting, P. F., R. F. Wolff, S. Deshpande, M. Di Nisio, S. Duffy, A. V. Hernandez, J. C. 
Keurentjes, S. Lang, K. Misso, S. Ryder, S. Schmidlkofer, M. Westwood, and J. Kleijnen. 
2015. Cannabinoids for medical use: A systematic review and meta-analysis. JAMA 
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Irritable Bowel Syndrome (IBS)

The committee did not identify any good- or fair-quality systematic 
reviews that reported on IBS.

Epilepsy

Gloss, D., and B. Vickrey. 2014. Cannabinoids for epilepsy. Cochrane Database of Systematic 
Reviews 3:CD009270.

Koppel, B. S., J. C. Brust, T. Fife, J. Bronstein, S. Youssof, G. Gronseth, and D. Gloss. 2014. 
Systematic review: Efficacy and safety of medical marijuana in selected neurologic dis-
orders: Report of the Guideline Development Subcommittee of the American Academy 
of Neurology. Neurology 82(17):1556–1563.

Spasticity Associated with Multiple Sclerosis and 
Paraplegia Caused by Spinal Cord Injury
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The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


APPENDIX C 445

Tourette Syndrome

Koppel, B. S., J. C. Brust, T. Fife, J. Bronstein, S. Youssof, G. Gronseth, and D. Gloss. 2014. 
Systematic review: Efficacy and safety of medical marijuana in selected neurologic dis-
orders: Report of the Guideline Development Subcommittee of the American Academy 
of Neurology. Neurology 82(17):1556–1563.
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Keurentjes, S. Lang, K. Misso, S. Ryder, S. Schmidlkofer, M. Westwood, and J. Kleijnen. 
2015. Cannabinoids for medical use: A systematic review and meta-analysis. JAMA 
313(24):2456–2473.

Amyotrophic Lateral Sclerosis (ALS)

The committee did not identify any good- or fair-quality systematic 
reviews that reported on ALS.

Huntington’s Disease

Koppel, B. S., J. C. Brust, T. Fife, J. Bronstein, S. Youssof, G. Gronseth, and D. Gloss. 2014. 
Systematic review: Efficacy and safety of medical marijuana in selected neurologic dis-
orders: Report of the Guideline Development Subcommittee of the American Academy 
of Neurology. Neurology 82(17):1556–1563.

Parkinson’s Disease

Koppel, B. S., J. C. Brust, T. Fife, J. Bronstein, S. Youssof, G. Gronseth, and D. Gloss. 2014. 
Systematic review: Efficacy and safety of medical marijuana in selected neurologic dis-
orders: Report of the Guideline Development Subcommittee of the American Academy 
of Neurology. Neurology 82(17):1556–1563.

Dystonia

Koppel, B. S., J. C. Brust, T. Fife, J. Bronstein, S. Youssof, G. Gronseth, and D. Gloss. 2014. 
Systematic review: Efficacy and safety of medical marijuana in selected neurologic dis-
orders: Report of the Guideline Development Subcommittee of the American Academy 
of Neurology. Neurology 82(17):1556–1563.

Dementia

Krishnan, S., R. Cairns, and R. Howard. 2009. Cannabinoids for the treatment of dementia. 
Cochrane Database of Systematic Reviews 2:CD007204.

van den Elsen, G. A. H., A. I. A. Ahmed, M. Lammers, C. Kramers, R. J. Verkes, M. A. 
van der Marck, and M. G. M. O. Rikkert. 2014. Efficacy and safety of medical can-
nabinoids in older subjects: A systematic review. Ageing Research Reviews 14(1):56–64.
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Glaucoma

Whiting, P. F., R. F. Wolff, S. Deshpande, M. Di Nisio, S. Duffy, A. V. Hernandez, J. C. 
Keurentjes, S. Lang, K. Misso, S. Ryder, S. Schmidlkofer, M. Westwood, and J. Kleijnen. 
2015. Cannabinoids for medical use: A systematic review and meta-analysis. JAMA 
313(24):2456–2473.

Traumatic Brain Injury/Intracranial Hemorrhage

The committee did not identify any good- or fair-quality systematic 
reviews that reported on traumatic brain injury/intracranial hemorrhage.

Addiction

Marshall, K., L. Gowing, R. Ali, and B. Le Foll. 2014. Pharmacotherapies for cannabis depen-
dence. Cochrane Database of Systematic Reviews 12:CD008940.

Prud’Homme, M., R. Cata, and D. Jutras-Aswad. 2015. Cannabidiol as an intervention for 
addictive behaviors: A systematic review of the evidence. Substance Abuse: Research and 
Treatment 9:33–38.

Anxiety

Whiting, P. F., R. F. Wolff, S. Deshpande, M. Di Nisio, S. Duffy, A. V. Hernandez, J. C. 
Keurentjes, S. Lang, K. Misso, S. Ryder, S. Schmidlkofer, M. Westwood, and J. Kleijnen. 
2015. Cannabinoids for medical use: A systematic review and meta-analysis. JAMA 
313(24):2456–2473.

Depression

Whiting, P. F., R. F. Wolff, S. Deshpande, M. Di Nisio, S. Duffy, A. V. Hernandez, J. C. 
Keurentjes, S. Lang, K. Misso, S. Ryder, S. Schmidlkofer, M. Westwood, and J. Kleijnen. 
2015. Cannabinoids for medical use: A systematic review and meta-analysis. JAMA 
313(24):2456–2473.

Sleep Disorders

Whiting, P. F., R. F. Wolff, S. Deshpande, M. Di Nisio, S. Duffy, A. V. Hernandez, J. C. 
Keurentjes, S. Lang, K. Misso, S. Ryder, S. Schmidlkofer, M. Westwood, and J. Kleijnen. 
2015. Cannabinoids for medical use: A systematic review and meta-analysis. JAMA 
313(24):2456–2473.

Posttraumatic Stress Disorder (PTSD)

The committee did not identify any good- or fair-quality systematic 
reviews that reported on PTSD.
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Schizophrenia and Other Psychoses

McLoughlin, B. C., J. A. Pushpa-Rajah, D. Gillies, J. Rathbone, H. Variend, E. Kalakouti, 
and K. Kyprianou. 2014. Cannabis and schizophrenia. Cochrane Database of Systematic 
Reviews 10:CD004837.

Whiting, P. F., R. F. Wolff, S. Deshpande, M. Di Nisio, S. Duffy, A. V. Hernandez, J. C. 
Keurentjes, S. Lang, K. Misso, S. Ryder, S. Schmidlkofer, M. Westwood, and J. Kleijnen. 
2015. Cannabinoids for medical use: A systematic review and meta-analysis. JAMA 
313(24):2456–2473. 

CANCER INCIDENCE

Lung Cancer

Zhang, L. R., H. Morgenstern, S. Greenland, S.-C. Chang, P. Lazarus, M. D. Teare, P. J. Woll, 
I. Orlow, and B. Cox, on behalf of the Cannabis and Respiratory Disease Group of New 
Zealand, Y. Brhane, G. Liu, and R. J. Hung. 2015. Cannabis smoking and lung cancer 
risk: Pooled analysis in the International Lung Cancer Consortium. International Journal 
of Cancer 136(4):894–903.

Head and Neck Cancers

de Carvalho, M. F., M. R. Dourado, I. B. Fernandes, C. T. Araujo, A. T. Mesquita, and M. L. 
Ramos-Jorge. 2015. Head and neck cancer among marijuana users: A meta-analysis of 
matched case-control studies. Archives of Oral Biology 60(12):1750–1755.

Testicular Cancer

Gurney, J., C. Shaw, J. Stanley, V. Signal, and D. Sarfati. 2015. Cannabis exposure and risk of 
testicular cancer: A systematic review and meta-analysis. BMC Cancer 15:897.

Esophageal Cancer

The committee did not identify any good- or fair-quality systematic 
reviews that reported on esophageal cancer.

Other Cancers in Adults

The committee did not identify any good- or fair-quality systematic 
reviews that reported on other cancers in adults.

Childhood Cancers

The committee did not identify any good- or fair-quality systematic 
reviews that reported on childhood cancers.
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CARDIOMETABOLIC RISK

The committee did not identify any good- or fair-quality systematic 
reviews that reported on the health endpoints addressed in this chapter.

RESPIRATORY DISEASE

Pulmonary Function

Tetrault, J. M., K. Crothers, B. A. Moore, R. Mehra, J. Concato, and D. A. Fiellin. 2007. Ef-
fects of marijuana smoking on pulmonary function and respiratory complications: A 
systematic review. Archives of Internal Medicine 167:221–228.

Chronic Obstructive Pulmonary Disease

The committee did not identify any good- or fair-quality systematic 
reviews that reported on chronic obstructive pulmonary disease.

Respiratory Symptoms, Including Chronic Bronchitis

Tetrault, J. M., K. Crothers, B. A. Moore, R. Mehra, J. Concato, and D. A. Fiellin. 2007. Ef-
fects of marijuana smoking on pulmonary function and respiratory complications: A 
systematic review. Archives of Internal Medicine 167:221–228.

Asthma

Tetrault, J. M., K. Crothers, B. A. Moore, R. Mehra, J. Concato, and D. A. Fiellin. 2007. Ef-
fects of marijuana smoking on pulmonary function and respiratory complications: A 
systematic review. Archives of Internal Medicine 167:221–228.

IMMUNITY

The committee did not identify any good- or fair-quality systematic 
reviews that reported on the health endpoints addressed in this chapter.

INJURY AND DEATH

All-Cause Mortality

Calabria, B., L. Degenhardt, W. Hall, and M. Lynskey. 2010. Does cannabis use increase the 
risk of death? Systematic review of epidemiological evidence on adverse effects of can-
nabis use. Drug and Alcohol Review 29(3):318–330.
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Occupational Injury

The committee did not identify any good- or fair-quality systematic 
reviews that reported on occupational injury.

Motor Vehicle Crashes

Asbridge, M., J. A. Hayden, and J. L. Cartwright. 2012. Acute cannabis consumption and 
motor vehicle collision risk: Systematic review of observational studies and meta-
analysis. BMJ 344:e536.

Calabria, B., L. Degenhardt, W. Hall, and M. Lynskey. 2010. Does cannabis use increase the 
risk of death? Systematic review of epidemiological evidence on adverse effects of can-
nabis use. Drug and Alcohol Review 29(3):318–330.

Elvik, R. 2013. Risk of road accident associated with the use of drugs: A systematic review 
and meta-analysis of evidence from epidemiological studies. Accident Analysis & Pre-
vention 60:254–267.

Hartman, R. L., and M. A. Huestis. 2013. Cannabis effects on driving skills. Clinical Chemistry 
59(3):478-492.

Li, M. C., J. E. Brady, C. J. DiMaggio, A. R. Lusardi, K. Y. Tzong, and G. Li. 2012. Marijuana 
use and motor vehicle crashes. Epidemiologic Reviews 34:65–72.

Rogeberg, O., and R. Elvik. 2016. The effects of cannabis intoxication on motor vehicle col-
lision revisited and revised. Addiction 111:1348–1359.

Overdose Injuries and Death

The committee did not identify any good- or fair-quality systematic 
reviews that reported on overdose injuries and death.

PRENATAL, PERINATAL, AND NEONATAL 
EXPOSURE TO CANNABIS

Pregnancy Complications for the Mother

Gunn, J. K. L., C. B. Rosales, K. E. Center, A. Nunez, S. J. Gibson, C. Christ, and J. E. Ehiri. 
2016. Prenatal exposure to cannabis and maternal and child health outcomes: A sys-
tematic review and meta-analysis. BMJ Open 6(4):e009986.

Fetal Growth and Development

Gunn, J. K. L., C. B. Rosales, K. E. Center, A. Nunez, S. J. Gibson, C. Christ, and J. E. Ehiri. 
2016. Prenatal exposure to cannabis and maternal and child health outcomes: A sys-
tematic review and meta-analysis. BMJ Open 6(4):e009986.

Neonatal Conditions

Gunn, J. K. L., C. B. Rosales, K. E. Center, A. Nunez, S. J. Gibson, C. Christ, and J. E. Ehiri. 
2016. Prenatal exposure to cannabis and maternal and child health outcomes: A sys-
tematic review and meta-analysis. BMJ Open 6(4):e009986.
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Later Outcomes

The committee did not identify any good- or fair-quality systematic 
reviews that reported on later outcomes.

PSYCHOSOCIAL

Cognition

Batalla, A., S. Bhattacharyya, M. Yucel, P. Fusar-Poli, J. A. Crippa, S. Nogue, M. Torrens, J. 
Pujol, M. Farre, and R. Martin-Santos. 2013. Structural and functional imaging studies 
in chronic cannabis users: A systematic review of adolescent and adult findings. PLOS 
ONE 8(2):e55821.

Broyd, S. J., H. H. Van Hell, C. Beale, M. Yucel, and N. Solowij. 2016. Acute and chronic ef-
fects of cannabinoids on human cognition—A systematic review. Biological Psychiatry 
79(7):557–567.

Grant, I., R. Gonzalez, C. L. Carey, L. Natarajan, and T. Wolfson. 2003. Non-acute (residual) 
neurocognitive effects of cannabis use: A meta-analytic study. Journal of the International 
Neuropsychological Society 9:679–689.

Martin-Santos, R., A. B. Fagundo, J. A. Crippa, Z. Atakan, S. Bhattacharyya, P. Allen, P. Fusar-
Poli, S. Borgwardt, M. Seal, G. F. Busatto, and P. McGuire. 2010. Neuroimaging in Can-
nabis Use: A Systematic Review of the Literature. Psychological Medicine 40(3):383–398.

Schreiner, A. M., and M. E. Dunn. 2012. Residual effects of cannabis use on neurocognitive 
performance after prolonged abstinence: A meta-analysis. Experimental and Clinical 
Psychopharmacology 20(5):420–429.

Academic Achievement

Macleod, J., R. Oakes,A. Copello, I. Crome, M. Egger, M. Hickman, T. Oppenkowski, H. 
Stokes-Lampard, and G. Davey Smith. 2004. Psychological and social sequelae of can-
nabis and other illicit drug use by young people: A systematic review of longitudinal, 
general population studies. Lancet 363(9421):1579–1588.

Employment and Income

The committee did not identify any good- or fair-quality systematic 
reviews that reported on employment and income.

Social Relationships and Other Social Roles

Macleod, J., R. Oakes, A. Copello, I. Crome, M. Egger, M. Hickman, T. Oppenkowski, H. 
Stokes-Lampard, and G. Davey Smith. 2004. Psychological and social sequelae of can-
nabis and other illicit drug use by young people: A systematic review of longitudinal, 
general population studies. Lancet 363(9421):1579–1588.
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MENTAL HEALTH

Schizophrenia and Other Psychoses

Donoghue, K., and G. A. Doody. 2012. Effect of illegal substance use on cognitive function 
in individuals with a psychotic disorder: A review and meta-analysis. Neuropsychology 
26(6):785–801.

Large, M., S. Sharma, M. T. Compton, T. Slade, and O. Nielssen. 2011. Cannabis use and 
earlier onset of psychosis: A systematic meta-analysis. Archives of General Psychiatry 
68(6):555–561.

Marconi, A., M. Di Forti, C. M. Lewis, R. M. Murray, and E. Vassos. 2016. Meta-analysis of 
the association between the level of cannabis use and risk of psychosis. Schizophrenia 
Bulletin 42(5):1262–1269.

Moore, T. H., S. Zammit, A. Lingford-Hughes, T. R. Barnes, P. B. Jones, M. Burke, and G. 
Lewis. 2007. Cannabis use and risk of psychotic or affective mental health outcomes: A 
systematic review. Lancet 370(9584):319–328.

Myles, N., H. Newall, O. Nielssen, and M. Large. 2012. The association between cannabis use 
and earlier age at onset of schizophrenia and other psychoses: Meta-analysis of possible 
confounding factors. Current Pharmaceutical Design 18(32):5055–5069.

Rabin, R. A., K. K. Zakzanis, and T. P. George. 2011. The effects of cannabis use on neuro-
cognition in schizophrenia: A meta-analysis. Schizophrenia Research 128(1–3):111–116.

Szoke, A., A. M. Galliot, J. R. Richard, A. Ferchiou, G. Baudin, M. Leboyer, and F. Schurhoff. 
2014. Association between cannabis use and schizotypal dimensions—A meta-analysis 
of cross-sectional studies. Psychiatry Research 219(1):58–66.

van der Meer, F. J., E. Velthorst, C. J. Meijer, M. W. Machielsen, and L. de Haan. 2012. Can-
nabis use in patients at clinical high risk of psychosis: Impact on prodromal symptoms 
and transition to psychosis. Current Pharmaceutical Design 18(32):5036–5044.

Yucel, M., E. Bora, D. I. Lubman, N. Solowij, W. J. Brewer, S. M. Cotton, P. Conus, M. J. 
Takagi, A. Fornito, S. J. Wood, P. D. McGorry, and C. Pantelis. 2012. The impact of 
cannabis use on cognitive functioning in patients with schizophrenia: A meta-analysis 
of existing findings and new data in a first-episode sample. Schizophrenia Bulletin 
38(2):316–330.

Zammit, S., T. H. Moore, A. Lingford-Hughes, T. R. Barnes, P. B. Jones, M., Burke, and G. 
Lewis. 2008. Effects of cannabis use on outcomes of psychotic disorders: Systematic 
review. British Journal of Psychiatry 193(5):357–363.

Bipolar Disorder

Gibbs, M., C. Winsper, S. Marwaha, E. Gilbert, M. Broome, and S. P. Singh. 2015. Cannabis 
use and mania symptoms: A systematic review and meta-analysis. Journal of Affective 
Disorders 171:39–47.

Depression

Lev-Ran, S., B. Le Foll, K. McKenzie, T. P. George, and J. Rehm. 2013. Bipolar disorder and 
co-occurring cannabis use disorders: Characteristics, co-morbidities and clinical cor-
relates. Psychiatry Research 209(3):459–465.

Moore, T. H., S. Zammit, A. Lingford-Hughes, T. R. Barnes, P. B. Jones, M. Burke, and G. 
Lewis. 2007. Cannabis use and risk of psychotic or affective mental health outcomes: A 
systematic review. Lancet 370(9584):319–328.
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Suicide

Borges, G., C. L. Bagge, and R. Orozco. 2016. A literature review and meta-analyses of can-
nabis use and suicidality. Journal of Affective Disorders 195:63–74.

Moore, T. H., S. Zammit, A. Lingford-Hughes, T. R. Barnes, P. B. Jones, M. Burke, and G. 
Lewis. 2007. Cannabis use and risk of psychotic or affective mental health outcomes: A 
systematic review. Lancet 370(9584):319–328.

Anxiety

Kedzior, K. K., and L. T. Laeber. 2014. A positive association between anxiety disorders and 
cannabis use or cannabis use disorders in the general population—A meta-analysis of 
31 studies. BMC Psychiatry 14:136.

Posttraumatic Stress Disorder (PTSD)

The committee did not identify any good- or fair-quality systematic 
reviews that reported on PTSD.

PROBLEM CANNABIS USE

Development of Problem Cannabis Use

The committee did not identify any good- or fair-quality systematic 
reviews that reported on the development of problem cannabis use.

Risk and Protective Factors for Developing Problem Cannabis Use

Humphreys, K. L., T. Eng, and S. S. Lee. 2013. Stimulant medication and substance use 
outcomes: A meta-analysis. JAMA Psychiatry 70(7):740–749.

Kedzior, K. K., and L. T. Laeber. 2014. A positive association between anxiety disorders and 
cannabis use or cannabis use disorders in the general population—A meta-analysis of 
31 studies. BMC Psychiatry 14:136.

Risk and Protective Factors for Severity and 
Persistence of Problem Cannabis Use

The committee did not identify any good- or fair-quality systematic 
reviews that reported on the risk and protective factors for severity and 
persistence of problem cannabis use.

ABUSE OF OTHER SUBSTANCES

The committee did not identify any good- or fair-quality systematic 
reviews that reported on abuse of other substances.
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Public Session Agendas

COMMITTEE MEETING  
June 23–24, 2016

Meeting Location
The National Academies’ Keck Center

Room 106
500 Fifth Street, NW

Washington, DC 20001

OPEN SESSION AGENDA

The National Academies of Sciences, Engineering, and Medicine has 
been charged to appoint an ad hoc committee of experts to develop a 
comprehensive, in-depth review of existing evidence regarding the health 
effects of using marijuana and/or its constituents, as well as to identify 
both a short- and long-term research agenda focused on improving our 
understanding of the association of marijuana uses relevant to health 
outcomes.

Thank you for joining us at this meeting. If you have a continued interest in 
the progress of this study, please feel free to subscribe to our listserv, which 
can be accessed through our study’s website: http://nationalacademies.
org/hmd/activities/publichealth/marijuanahealtheffects.aspx.

1:15 p.m. Welcome, Introductions, and Opening Remarks
 Marie McCormick, Committee Chair

1:30 p.m.  Sponsor Briefing on the Statement of Task
	 	 •	 Remarks from Sponsor Organizations
   o Steve Gust, Ph.D.
    National Institute on Drug Abuse
   o Debbie Winn, Ph.D.
    National Cancer Institute
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   o Amy Cohn, Ph.D. (via WebEx)
    Truth Initiative
	 	 •	 	Question and Answer Session with Committee and 

Sponsors

2:30 p.m.  Adjourn Open Session

COMMITTEE MEETING  
August 18, 2016 

1:00–4:00pm (EDT)

Meeting Location
The National Academies’ Keck Center

Room 106
500 Fifth Street, NW

Washington, DC
20001

Registration for in-person or webcast attendance:
http://www.surveygizmo.com/s3/2943914/

Open-Session-Health-Effects-of-Marijuana
Please note that in-person seating is limited

OPEN SESSION AGENDA

The National Academies of Sciences, Engineering, and Medicine has 
been charged to appoint an ad hoc committee of experts to develop a 
comprehensive, in-depth review of existing evidence regarding the health 
effects of using marijuana and/or its constituents, as well as to identify 
both a short- and long-term research agenda focused on improving our 
understanding of the association of marijuana uses relevant to health 
outcomes.

Thank you for joining us at this meeting. If you have a continued interest in 
the progress of this study, please feel free to subscribe to our listserv, which 
can be accessed through our study’s website: http://nationalacademies.
org/hmd/activities/publichealth/marijuanahealtheffects.aspx.

1:00 p.m. Welcome, Introductions, and Opening Remarks
 Marie McCormick, Committee Chair

1:15 p.m. Panel Discussions:
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Health Effects of Cannabis

 Speakers:
	 	 •	 	Dr. Leslie R. Walker-Harding (Chair, Department 

of Pediatrics, Penn State Health Milton S. Hershey 
Medical Center; Medical Director, Penn State 
Children’s Hospital)

	 	 •	 	Dr. Sheryl Ryan (Professor of Pediatrics, Yale School 
of Medicine; Chief, Section of Adolescent Medicine, 
Yale School of Medicine)

	 	 •	 	Dr. Michael Van Dyke (Section Chief, Environmental 
Epidemiology and Occupational Health, Colorado 
Department of Public Health and Environment)

	 	 •	 	Dr. Peggy van der Pol (Senior Researcher, The 
Trimbos Institute, Netherlands Institute for Mental 
Health and Addiction)

Health Impact of Interest: The Role of Cannabis Use in Motor Vehicle 
Accidents

 Speaker:
	 	 •	 	Dr. Richard Compton (Director, National Highway 

Traffic Safety Administration, Office of Behavioral 
Safety Research)

Therapeutic Effects of Cannabis

 Speakers:
	 	 •	 	Dr. Igor Grant (Professor and Chair of the 

Department of Psychiatry at the University of 
California, San Diego School of Medicine; Director, 
HIV Neurobehavioral Research Program)

	 	 •	 	Dr. Sheryl Ryan (Professor of Pediatrics, Yale School 
of Medicine; Chief, Section of Adolescent Medicine, 
Yale School of Medicine)

3:45 p.m. Question and Answer Session

4:00 p.m. Adjourn Open Session
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Appendix E

Biographical Sketches for 
Committee Members, Staff, 

Fellow, and Advisor

COMMITTEE MEMBERS

Marie C. McCormick, M.D., Sc.D. (Chair), is currently the Sumner and 
Esther Feldberg Professor of Maternal and Child Health in the Depart-
ment of Social and Behavioral Sciences at the Harvard T.H. Chan School of 
Public Health and a professor of pediatrics at the Harvard Medical School, 
and she is also a senior associate for academic affairs in the Department of 
Neonatology at the Beth Israel Deaconess Medical Center. Dr. McCormick 
is a pediatrician with a second doctorate in health services research, with 
all of her postgraduate training done at Johns Hopkins. In 1987 she joined 
the faculty of the Department of Pediatrics at Harvard Medical School, 
and in 1991 she became a professor and the chair of the Department of 
Maternal and Child Health at the Harvard School of Public Health and 
a professor of pediatrics. Her research has focused on the effectiveness 
of perinatal and neonatal health services on the health of women and 
children with a particular concern in the outcomes of very premature 
infants. She has been a senior investigator on the evaluations of two 
national demonstration programs (the Robert Wood Johnson Foundation 
National Perinatal Regionalization Program and, currently, the federal 
Healthy Start Program). In addition, she has provided significant scientific 
input, in a variety of roles, to the design and conduct of Infant Health 
and Development Project, the largest multisite, randomized trial of early 
childhood educational intervention, in particular, serving as the principal 
investigator of the follow-up done at 18 years of age. She is a member of 
the National Academy of Medicine, among other organizations. Her work 
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on several committees, most notably the Immunization Safety Review 
Committee, has earned her the David Rall Medal for exceptional service.

Donald I. Abrams, M.D., is chief of the Hematology-Oncology Division 
at Zuckerberg San Francisco General Hospital and a professor of clinical 
medicine at the University of California, San Francisco (UCSF). He was 
one the original clinician/investigators to recognize and define many 
early AIDS-related conditions. He has long been interested in clinical 
trials of complementary medicine interventions for human immunodefi-
ciency virus infection and acquired immune deficiency syndrome (HIV/
AIDS) and cancer, including evaluations of medicinal cannabis. In 1997 he 
received funding from the National Institute on Drug Abuse to conduct 
a clinical trial of the short-term safety of cannabinoids in HIV infection. 
Subsequently he was granted funds by the University of California Center 
for Medicinal Cannabis Research to conduct studies of the effectiveness 
of cannabis in a number of clinical conditions. He completed a placebo-
controlled study of smoked cannabis in patients with painful HIV-related 
peripheral neuropathy as well as a study evaluating vaporization as a 
smokeless delivery system for medicinal cannabis. His last National Insti-
tute on Drug Abuse–funded trial investigated the safety and pharma-
cokinetic interaction between vaporized cannabis and sustained-release 
opioid analgesics in patients with chronic pain. He is currently conduct-
ing a translational National Heart, Lung, and Blood Institute–funded 
trial investigating vaporized cannabis in patients with sickle cell disease. 
He received an A.B. in molecular biology from Brown University in 1972 
and graduated from the Stanford University School of Medicine in 1977. 
After completing an internal medicine residency at the Kaiser Foundation 
Hospital in San Francisco, he became a fellow in hematology-oncology at 
UCSF, before joining the faculty. In 2004, he completed a distance learning 
fellowship in integrative medicine from the University of Arizona and 
has since been providing integrative oncology consultations at the UCSF 
Osher Center for Integrative Medicine.

Margarita Alegría, Ph.D., is the chief of the Disparities Research Unit at 
Massachusetts General Hospital and a professor in the Departments of 
Medicine and Psychiatry at Harvard Medical School. Dr. Alegría is cur-
rently the principal investigator (PI) of four National Institutes of Health 
(NIH)-funded research studies: International Latino Research Partner-
ship; Effects of Social Context, Culture and Minority Status on Depression 
and Anxiety; Building Community Capacity for Disability Prevention for 
Minority Elders; and Mechanisms Underlying Racial/Ethnic Disparities 
in Mental Disorders. She is also the co-PI of a William T. Grant Foundation 
project titled Understanding the Experience of Majority and Minority Sta-
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tus through Photovoice. Dr. Alegría has published more than 200 papers, 
editorials, intervention training manuals, and several book chapters on 
topics such as improvement of health care services delivery for diverse 
racial and ethnic populations, conceptual and methodological issues with 
multicultural populations, and ways to bring the community’s perspec-
tive into the design and implementation of health services. In 2011, she 
was elected as a member of the National Academy of Medicine. The recip-
ient of several awards, Dr. Alegría was recently selected as El Planeta’s 
(Massachusetts’s largest circulating Spanish-language newspaper) 2013’s 
Powermeter 100 most influential people for the Hispanic community in 
Massachusetts. Dr. Alegría also received the 2016 Cynthia Lucero Latino 
Mental Health Award by William James College.

William Checkley, M.D., Ph.D., is an associate professor of medicine at 
the Johns Hopkins University School of Medicine and has a joint appoint-
ment in the Department of International Health at the Bloomberg School 
of Public Health. His areas of clinical expertise include epidemiology, 
pulmonary disease, and critical care medicine. Dr. Checkley also serves as 
the medical director for Johns Hopkins International. Dr. Checkley earned 
his M.D. from Northwestern University and received his Ph.D. from Johns 
Hopkins University. He completed his internal medicine residency train-
ing at Emory University and his fellowship training in pulmonary and 
critical care medicine at Johns Hopkins School of Medicine. His research 
interests include international lung health, epidemiology, mechanical 
ventilation, and acute lung injury. Dr. Checkley has been recognized by 
the National Institutes of Health with the 2007 Postdoctoral National 
Research Service Award and the 2009 Pathway to Independence Career 
Award. He is certified in pulmonary disease and internal medicine by the 
American Board of Internal Medicine.

R. Lorraine Collins, Ph.D., is a psychologist and professor of community 
health and health behavior and the associate dean for research at the 
State University of New York at Buffalo (UB) School of Public Health and 
Health Professions (SPHHP). For two decades she conducted research as 
a senior scientist at UB’s Research Institute on Addictions before joining 
the SPHHP as associate dean for research in 2008. Dr. Collins’s research 
interests include cognitive and behavioral approaches to the conceptu-
alization, prevention, and treatment of addictive behaviors, particularly 
among emerging and young adults. Examples of her projects funded by 
the National Institutes of Health include a study to examine the combined 
use of alcohol and marijuana and a study of the use of technology in 
interventions to reduce marijuana use. 

The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/24625


460 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

Ziva D. Cooper, Ph.D., is an associate professor of clinical neurobiology in 
the Department of Psychiatry at Columbia University Medical Center. Dr. 
Cooper’s primary research focus is translational studies investigating 
the effects of abused drugs and how these effects differ between males 
and females. For nearly a decade, she has been building on her training 
in preclinical models of drug dependence and developing an expertise 
in human laboratory studies on cannabis, cannabinoids, opioids, and 
cocaine while maintaining research projects in animal models of sub-
stance use. Her current research investigates the direct neurobiological 
effects of emerging drugs of abuse, including synthetic cannabinoids 
(i.e., K2, Spice) in laboratory animals and the direct physiological and 
behavioral effects of cannabis and cannabinoids as they pertain to both 
their abuse potential and potential therapeutic effects in double-blind, 
placebo-controlled human laboratory studies.

Adre J. du Plessis, M.B.Ch.B., M.P.H., is the director of the Fetal Medicine 
Institute, the division chief of fetal and transitional medicine, and direc-
tor of the Fetal Brain Program at Children’s National Health System. In 
addition, Dr. Du Plessis is a professor of pediatrics and neurology at the 
George Washington University School of Medicine. Dr. Du Plessis is a 
leading international expert in the normal and abnormal development of 
the brain as well as the mechanisms of injury to the immature brain. His 
career-long research focus has been on the nervous system of the fetus 
and newborn, the hazards and mechanisms of injury, and the potential 
prevention of insult to the brain. Under his leadership, the Fetal Medicine 
Institute provides individualized and specialized care to patients during 
and after the baby’s birth. Dr. Du Plessis received his M.B.Ch.B. from the 
University of Cape Town, South Africa. He trained in pediatrics at the 
University of Cape Town, South Africa, and at Penn State University. In 
addition, he trained in child neurology at the St. Louis and Boston Chil-
dren’s Hospitals.

Sarah Feldstein Ewing, Ph.D., is a professor at the Oregon Health and 
Science University. Dr. Feldstein Ewing is a licensed clinical child psychol-
ogist with more than a decade of experience using a variety of evidence-
based approaches to prevent and intervene with adolescent health risk 
behavior, including alcohol use, cannabis use, and human immunodefi-
ciency virus (HIV) and acquired immune deficiency syndrome (AIDS) risk 
behavior. At this time, her lab has enrolled more than 1,000 youth within 
large-scale clinical trials to evaluate the developmental fit and treatment 
outcomes for motivational interviewing, behavioral skills training, cogni-
tive behavioral approaches, mindfulness, and contingency management. 
She has published widely regarding the developmental fit, neurocognitive 
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mechanisms, gender differences, and cross-cultural adaptation of these 
prevention and intervention approaches for this developmental stage. 
She has also developed a highly innovative National Institutes of Health–
funded line of translational research, evaluating the connection between 
basic biological mechanisms (e.g., functional brain activation, brain struc-
ture, genetic factors) and youth health risk behavior (e.g., clinical symp-
toms, HIV risk behaviors, treatment outcomes). She has conducted this 
work with alcohol-abusing adolescents, cannabis-abusing adolescents, 
adolescents engaged in risky sex, and youths with a high body mass 
index. Ultimately, the goal of her laboratory is to employ translational 
studies to (1) determine the driving factors underlying successful treat-
ment outcomes, (2) develop more efficacious interventions, and (3) evalu-
ate the efficacy of interventions in order to improve health outcomes and 
reduce the current disparities for high-risk adolescents of all backgrounds. 

Sean Hennessy, Pharm.D., Ph.D., is a professor of epidemiology and a 
professor of systems pharmacology and translational therapeutics at the 
University of Pennsylvania Perelman School of Medicine. His primary 
field of interest is pharmacoepidemiology, which is the study of the health 
effects of medications in populations. 

Kent Hutchison, Ph.D., is a professor of psychology and neuroscience 
and the director of clinical training at the University of Colorado Boul-
der. He completed his Ph.D. in clinical psychology at Oklahoma State 
University and then subsequently completed an internship at Brown 
University, where he stayed as a postdoctoral fellow specializing in 
research on addiction from 1995 to 1998. After leaving Brown University, 
Dr. Hutchison accepted a faculty position at the University of Colorado 
Boulder. He was promoted to associate professor in 2002 and full pro-
fessor in 2007. Dr. Hutchison moved to the Mind Research Network 
(MRN) in Albuquerque, New Mexico, to pursue a program of research 
combining neuroimaging, clinical outcomes, and genetics in 2007, where 
he served as the chief science officer for 2 years. In 2011 he returned to 
the University of Colorado to help set up the Intermountain Neuroimag-
ing Consortium, which involves the operation of two identical magnetic 
resonance scanners, one in Albuquerque at MRN and one in Boulder at 
the University of Colorado. He continues to serve as a liaison between the 
two organizations. Dr. Hutchison has a long track record of funding from 
the National Institutes of Health and publications. His research combines 
neuroimaging, epigenetic, pharmacological, and clinical perspectives. 
Recently he has focused on how inflammatory processes that result from 
alcohol abuse may damage important executive control circuits in the 
brain, ultimately contributing to loss of control over alcohol use. In large 
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part because of the change in Colorado law legalizing cannabis, he has 
also become very interested in cannabinoids and has launched several 
studies to gather data about the effects of cannabis with different ratios of 
tetrahydrocannabinol to cannabidiol on a variety of measures, including 
measures related to cognitive function and immune system inflammation.

Norbert E. Kaminski, Ph.D., is the director of the Institute for Integrative 
Toxicology and a professor of pharmacology and toxicology in the Cell 
and Molecular Biology Program at Michigan State University. Research 
being conducted in his laboratory is in the general areas of immuno-
pharmacology and immunotoxicology and encompasses a number of 
extramurally funded projects. A major emphasis of all of these projects is 
the elucidation of the molecular mechanisms for the impairment of signal 
transduction cascades and gene expression during lymphocyte activation 
by drugs and chemicals. One major research focus is to characterize the 
mechanism for immune modulation by cannabinoid compounds. This 
effort has led to the first characterization of cannabinoid receptors within 
the immune system. Current goals include elucidation of signal trans-
duction events initiated through—as well as independently of—cannabi-
noid receptors, including the peroxisome proliferator activated receptor 
(PPARy), leading to aberrant cytokine gene expression by T lymphocytes. 
A second major research focus is the characterization of the molecular 
mechanism responsible for altered B cell function produced by halo-
genated aromatic hydrocarbons, including dioxins and polychlorinated 
biphenols. This research, which resulted in the first characterization of the 
aryl hydrocarbon (AH) receptor and aryl hydrocarbon receptor nuclear 
translocator in B cells, has led to testing of the hypothesis that dioxin and 
dioxin-like compounds suppress antibody responses by impairing B cell 
differentiation in an AH receptor-dependent manner. A third area of his 
research concerns studies aimed at characterizing the role of cytokine 
expression patterns in airway remodeling induced by chemical and pro-
tein respiratory allergens as well as by respiratory pathogens.

Sachin Patel, M.D., Ph.D., is an associate professor of psychiatry and 
behavioral sciences and of molecular physiology and biophysics and 
director of the Division of Addiction Psychiatry at Vanderbilt University 
Medical Center. Dr. Patel’s overall research goal is to understand the role 
of neuronal cannabinoid signaling in brain function relevant to psychi-
atric disorders. His lab has recently focused specifically on the role of 
the cannabinoid system in the regulation of stress response physiology 
and the subsequent development of anxiety and depressive phenotypes 
relevant to affective disorders. The lab is using animal models to examine 
the effects of adolescent stress exposure on the cannabinoid system and 
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cannabinoid-mediated synaptic plasticity in the amygdala, a key brain 
region implicated in affective disorders and developmental disorders, 
including autism. His lab is also interested in the role of cannabinoid sig-
naling in modulating behavioral and synaptic alterations induced by very 
early life stress. Given that stress, especially early life stress, is associated 
with significantly higher rates of psychiatric disorders, including depres-
sion and posttraumatic stress disorder, understanding the cellular and 
molecular adaptations induced by stress exposure could provide oppor-
tunities for the development of novel therapeutic interventions for stress-
related psychiatric disorders in children and adults. Another major focus 
of Dr. Patel’s research is understanding the fundamental mechanisms of 
cannabinoid-mediated synaptic plasticity in the amygdala and how these 
forms of plasticity change during development. Understanding how the 
cannabinoid system modulates synaptic efficacy within emotional centers 
of the brain could provide mechanistic insight into developmental altera-
tions induced by cannabis use during adolescence, which has been shown 
to be a risk factor for the development of psychiatric disorders, including 
schizophrenia. His lab is interested in understanding the mechanisms by 
which cannabis exposure early in life leads to an increased risk for the 
development of psychiatric disorders during adulthood.

Daniele Piomelli, Ph.D., is a professor of anatomy and neurobiology, 
has joint appointments in biological chemistry and pharmacology, and 
holds the Louise Turner Arnold Chair in Neurosciences at the University 
of California, Irvine (UCI), School of Medicine. Dr. Piomelli was trained 
in neuroscience and pharmacology. Research in his lab is focused on 
the function of lipid-derived messengers, with particular emphasis on 
the endogenous cannabinoids anandamide and 2-arachidonoylglycerol. 
Current research efforts converge on three areas: the formation and 
deactivation of anandamide and 2-arachidonoylglycerol; physiologi-
cal roles of the endogenous cannabinoid system; and development of 
therapeutic agents that target anandamide and 2-arachidonoylglycerol 
metabolism. Primary neural cell cultures and state-of-the-art analyti-
cal techniques such as liquid chromatography/mass-spectrometry are 
used to investigate the formation and deactivation of anandamide and 
2-arachidonoylglycerol in brain cells. Protein purification and cloning 
approaches are employed to characterize the molecular mechanisms 
underlying these processes. Cellular pharmacology and medicinal 
chemistry, in collaboration with leading international labs, are used to 
identify pharmacological agents that interfere with various aspects of 
endogenous cannabinoid function, and their therapeutic potential is 
explored in vitro and in vivo. 
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Stephen Sidney, M.D., M.P.H., is the director of research clinics at the 
Division of Research, Kaiser Permanente Northern California, where he 
has been conducting epidemiological studies since 1982. He is certified by 
the American Board of Internal Medicine and is a fellow of the American 
Heart Association Council on Epidemiology and Prevention. Dr. Sidney’s 
research interests include cardiovascular diseases, including stroke, phys-
ical activity and fitness, cognitive function, and obesity, with an emphasis 
on health disparities. He conducted a National Institute on Drug Abuse–
funded study from 1991 to 1994 on health outcomes associated with 
marijuana use utilizing survey and health outcome data from Kaiser Per-
manente Northern California, a large integrated health care system. He is 
the principal investigator of the Oakland field center of National Heart, 
Lung, and Blood Institute–funded Cardiovascular Risk Development in 
Young Adults (CARDIA) study, an ongoing 30-year longitudinal study 
of cardiovascular risk and disease development in individuals who were 
18–30 years old at baseline, which includes marijuana use data collected 
throughout the study period. Dr. Sidney has authored or co-authored 
more than 360 peer-reviewed scientific publications covering a diverse 
range of topics, primarily in the area of cardiovascular epidemiology and 
also including more than 20 articles regarding epidemiological aspects 
of cannabis use and health outcomes. He received a B.A. in mathemat-
ics from Yale University, an M.D. from the Stanford University School of 
Medicine, and an M.P.H. in epidemiology from the University of Califor-
nia, Berkeley, School of Public Health. 

Robert B. Wallace, M.D., M.Sc., is the Irene Ensminger Stecher professor 
of epidemiology and internal medicine at the University of Iowa Colleges 
of Public Health and Medicine. He has a variety of public health experi-
ences. He was an Epidemic Intelligence Service Officer with the Centers 
for Disease Control and Prevention. He has conducted many popula-
tion health studies as well as clinical trials, focusing on the prevention 
and control of chronic illnesses and other disabling conditions of older 
persons. These have included neurological conditions, fracture, cancers, 
coronary disease, mental illnesses, and the health of older women. He 
has continuing experience with community interventions related to the 
prevention of falls and motor vehicle injuries in older persons. He was 
a member of the U.S. Preventive Services Task Force and the National 
Advisory Council on Aging of the National Institute on Aging (National 
Institutes of Health [NIH]). He is an elected member of the National 
Academy of Medicine and has been a past chair of National Academies 
of Sciences, Engineering, and Medicine’s Board on Population Health 
and Public Health Practice and Board on the Health of Select Populations 
and he has had substantial experience with National Academies studies 
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and panels. He is currently involved in several actively funded research 
projects by NIH, including several related to nutritional issues.

John Wiley Williams, M.D., M.H.S., is a professor of medicine at Duke 
University Medical Center and a past recipient of the Veterans Affairs 
(VA) Health Services Career Development Award and a Robert Wood 
Johnson Foundation Generalist Faculty Scholar Award. He received his 
bachelor and M.D. degrees from the University of North Carolina. Dr. 
Williams completed residency training at the University of Iowa and a 
research fellowship at Duke University. He is a primary care internist 
who is trained in epidemiology, biostatistics, and literature synthesis. Dr. 
Williams’s topical interests include depression, mental health services, 
dementia, and the implementation of best practices. He is scientific edi-
tor for the NC Medical Journal and a medical editor for the Foundation for 
Informed Medical Decision Making. Dr. Williams directs the Durham VA 
Evidence Synthesis Program and has led numerous systematic reviews, 
many focusing on mental health services. Dr. Williams is board certified 
in internal medicine and active in clinical practice and resident physician 
education at the Durham VA Medical Center.

STUDY STAFF, FELLOW, AND ADVISOR

Jennifer A. Cohen, M.P.H., is a program officer in the Health and Medi-
cine Division of the National Academies of Sciences, Engineering, and 
Medicine on the Board on Population Health and Public Health Practice. 
She received her undergraduate degree and her M.P.H. from the Uni-
versity of Maryland. Ms. Cohen has been involved with the National 
Academies committees that produced Organ Procurement and Transplanta-
tion; Clearing the Air: Asthma and Indoor Air Exposures; Veterans and Agent 
Orange: Herbicide/Dioxin Exposure and Type 2 Diabetes; Veterans and Agent 
Orange: Update 2000; Veterans and Agent Orange: Herbicide/Dioxin Exposure 
and Acute Myelogenous Leukemia in the Children of Vietnam Veterans; Veterans 
and Agent Orange: Update 2004; Veterans and Agent Orange: Update 2006; 
Veterans and Agent Orange: Update 2008; Veterans and Agent Orange: Update 
2010; Veterans and Agent Orange: Update 2012; Post-Vietnam Dioxin Expo-
sure in Agent Orange-Contaminated C-123 Aircraft; and Veterans and Agent 
Orange: Update 2014. She was also rapporteur for Challenges and Successes 
in Reducing Health Disparities.

Brownsyne Tucker Edmonds, M.D., M.S., M.P.H. (Norman F. Grant/
American Board of Obstetrics and Gynecology Fellow) is an assistant profes-
sor in the Department of Obstetrics and Gynecology at the Indiana Uni-
versity School of Medicine. Originally from Atlanta, Georgia, she received 
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her undergraduate degree in Community Health and African American 
Studies at Brown University. She went on to receive her medical degree 
from Brown Medical School, and, concurrently, completed a master’s in 
public health at the Harvard School of Public Health with a concentra-
tion in quantitative methods. Dr. Tucker Edmonds trained in obstetrics 
and gynecology at Duke University Medical Center, where she served 
as an administrative chief resident in her final year. She then entered the 
Robert Wood Johnson Foundation Clinical Scholars Program fellowship 
at the University of Pennsylvania, where she received health services 
research training and a master’s in health policy research. Most recently, 
she completed a clinical ethics fellowship through the Indiana University 
Health Fairbanks Center for Medical Ethics. Her work currently focuses 
on communication and decision making in the management of periviable 
deliveries—when end-of-life decisions are made at the very beginning of 
life.

Kelsey Geiser, M.A., is a research associate with the Health and Medi-
cine Division’s Board on Population Health and Public Health Practice. 
Previously, she worked in the Division of Behavioral and Social Sciences 
and Education with the Board on Children, Youth, and Families on two 
consensus studies: Parenting Matters: Supporting Parents of Children Ages 
0–8 and Preventing Bullying Through Science, Policy, and Practice. Prior to 
her work at the National Academies, Ms. Geiser wrote for the Stanford 
News Service and worked in the Palo Alto district office of Congress-
woman Anna Eshoo. She has a B.A. and an M.A. in history from Stanford 
University with a focus on the historical treatment of women’s and family 
health issues.

Hope R. Hare, M.F.A., is the administrative assistant for the Board on 
Population Health and Public Health Practice. She keeps the board infor-
mation updated, administers the twice-yearly board meeting, and pro-
vides support for the board director and staff. Ms. Hare has worked for 
the National Academies of Sciences, Engineering, and Medicine since 
2001. She holds an M.F.A. from Cornell University.

Leigh Miles Jackson, Ph.D. (Study Director), is a senior program officer in 
the Health and Medicine Division of the National Academies of Sciences, 
Engineering, and Medicine’s Board on Population Health and Public 
Health Practice. Previously, she worked in the Division of Behavioral 
and Social Sciences and Education with the Board on Children, Youth, 
and Families. She has served as the study director for the Committee 
on the Use of Economic Evidence to Inform Investments in Children, 
Youth, and Families and as the program officer for the Roundtable on the 
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Communication and Use of Social and Behavioral Sciences. Prior to join-
ing the National Academies, she was a developmental psychopathology 
and neurogenomics research fellow at Vanderbilt University, where she 
investigated the role of chronic sleep disturbance and specific epigenetic 
modifications on the health outcomes of adolescents. She has a bachelor’s 
degree in chemistry from Wake Forest University and a Ph.D. in molecu-
lar and systems pharmacology from Emory University.

Rose Marie Martinez, Sc.D. (Senior Board Director), has been the director 
of the Health and Medicine Division’s Board on Population Health and 
Public Health Practice since 1999. Prior to joining the National Acad-
emies of Sciences, Engineering, and Medicine, Dr. Martinez was a senior 
health researcher at Mathematica Policy Research (1995–1999), where she 
conducted research on the impact of health system change on the public 
health infrastructure, access to care for vulnerable populations, managed 
care, and the health care workforce. She is a former assistant director 
for health financing and policy with the U.S. General Accounting Office 
and served for 6 years directing research studies for the Regional Health 
Ministry of Madrid, Spain.

Matthew Masiello, is a research assistant for the Health and Medicine 
Division’s Board on Population Health and Public Health Practice. He 
recently graduated from American University with a B.A. in international 
studies and a minor in public health. Prior to the working at the National 
Academies of Sciences, Engineering, and Medicine, he worked within sev-
eral health-focused organizations, including the American Cancer Society 
and the Windber Research Institute. 

Marjorie Pichon, is a senior program assistant for the Health and Medi-
cine Division’s Board on Population Health and Public Health Practice. 
While at the National Academies of Sciences, Engineering, and Medicine 
she has contributed to projects such as a National Strategy for the Elimi-
nation of Hepatitis B and C, Public Health Approaches to Reduce Vision 
Impairment and Promote Eye Health, and a workshop on Strategies to 
Improve Cardiac Arrest Survival. Prior to joining the National Academies, 
Ms. Pinchon served as a Community Health Corps volunteer for Med-
Star PromptCare, assisting underserved members of the community gain 
access to medical care. She graduated from Lewis & Clark College in May 
2014 with a B.A. in psychology and a minor in rhetoric and media stud-
ies. During this time she collaborated on research in the college’s Human 
Computer Interaction Lab studying how the structure of play influences 
creativity in children.
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Kathleen Stratton, Ph.D. (Advisor), began her career at the National Acad-
emies of Sciences, Engineering and Medicine in 1990 in what was known 
at the time as the Institute of Medicine (IOM). She has spent most of her 
time with the Board on Population Health and Public Health Practice. 
She has staffed committees addressing vaccine safety and development, 
pandemic preparedness, environmental and occupational health, drug 
safety, Medicare payment programs, and tobacco control. She was given 
the IOM Cecil Research Award in 2002 for sustained contributions to 
vaccine safety and was made a staff scholar in 2005. After 2 years at The 
Pew Charitable Trusts working on U.S. Food and Drug Administration 
reform, she returned to the National Academies in Fall 2013. She received 
a B.A. in natural sciences from Johns Hopkins University and a Ph.D. in 
pharmacology and toxicology at the University of Maryland at Baltimore. 
She conducted postdoctoral research in the Department of Neuroscience 
at the Johns Hopkins School of Medicine.

Sara Tharakan, was a research associate for the Health and Medicine 
Division’s Board on Population Health and Public Health Practice. While 
at the National Academies of Sciences, Engineering, and Medicine, she 
worked on a number of projects, including Comprehensive Cancer Care for 
Children and Their Families: Summary of a Joint Workshop; Policy Issues in 
the Development and Adoption of Biomarkers for Molecularly Targeted Cancer 
Therapies: Workshop Summary; and Speech and Language Disorders in Chil-
dren: Implications for the Social Security Administration’s Supplemental Secu-
rity Income Program. Prior to joining the National Academies, she worked 
as an assistant researcher for the EKAM Foundation. Ms. Tharakan has 
a B.A. in political science and government from the University of North 
Carolina at Chapel Hill and is pursuing an M.Sc. at the London School of 
Economics and Political Science.

R. Brian Woodbury, is a research associate for the National Academies 
of Sciences, Engineering, and Medicine’s Health and Medicine Division. 
Here he has contributed to projects on nurse credentialing research, health 
standards for long-duration and exploration spaceflight, public health 
approaches to reduce vision impairment and promote eye health, and 
treatment of cardiac arrest. Prior to his work at the National Academies, 
Mr. Woodbury served in the U.S. Army as a combat medic and licensed 
practical nurse, and he later co-founded and managed a public health–
oriented developmental aid project in Nepal. Mr. Woodbury’s academic 
background is in philosophy, classics, and the history and philosophy of 
mathematics and science at St. John’s College, as well as premedical stud-
ies at Johns Hopkins University. 
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“Knowing is not enough; we must apply. 
Willing is not enough; we must do.” 

—Goethe

Advising the Nation. Improving Health.

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


The National Academy of Sciences  is a private, nonprofit, self-perpetuating society
of distinguished scholars engaged in scientific and engineering research, dedicated to
the furtherance of science and technology and to their use for the general welfare.
Upon the authority of the charter granted to it by the Congress in 1863, the Acad-
emy has a mandate that requires it to advise the federal government on scientific and
technical matters. Dr. Ralph J. Cicerone is president of the National Academy of
Sciences.

The National Academy of Engineering  was established in 1964, under the charter of
the National Academy of Sciences, as a parallel organization of outstanding engi-
neers. It is autonomous in its administration and in the selection of its members,
sharing with the National Academy of Sciences the responsibility for advising the
federal government. The National Academy of Engineering also sponsors engineer-
ing programs aimed at meeting national needs, encourages education and research,
and recognizes the superior achievements of engineers. Dr. Wm. A. Wulf is president
of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sci-
ences to secure the services of eminent members of appropriate professions in the
examination of policy matters pertaining to the health of the public. The Institute
acts under the responsibility given to the National Academy of Sciences by its con-
gressional charter to be an adviser to the federal government and, upon its own
initiative, to identify issues of medical care, research, and education. Dr. Harvey V.
Fineberg is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences
in 1916 to associate the broad community of science and technology with the
Academy’s purposes of furthering knowledge and advising the federal government.
Functioning in accordance with general policies determined by the Academy, the
Council has become the principal operating agency of both the National Academy of
Sciences and the National Academy of Engineering in providing services to the gov-
ernment, the public, and the scientific and engineering communities. The Council is
administered jointly by both Academies and the Institute of Medicine. Dr. Ralph J.
Cicerone and Dr. Wm. A. Wulf are chair and vice chair, respectively, of the National
Research Council.

www.national-academies.org

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


COMMITTEE ON SLEEP MEDICINE AND RESEARCH

HARVEY R. COLTEN (Chair), Columbia University, Health Sciences and
College of Physicians and Surgeons, New York

FRANCOIS M. ABBOUD, University of Iowa
GENE D. BLOCK, University of Virginia
THOMAS F. BOAT, University of Cincinnati, Ohio
IRIS F. LITT, Stanford University School of Medicine, California
EMMANUEL MIGNOT, Stanford University, California
ROBERT H. MILLER, American Board of Otolaryngology, Texas
F. JAVIER NIETO, University of Wisconsin School of Medicine and

Public Health
ALLAN I. PACK, University of Pennsylvania Medical Center
KATHY P. PARKER, Emory University, Georgia
SAMUEL J. POTOLICCHIO, The George Washington University Medical

Center, Washington, DC
SUSAN REDLINE, Case Western Reserve University School of Medicine, Ohio
CHARLES F. REYNOLDS III, University of Pittsburgh, Pennsylvania
CLIFFORD B. SAPER, Harvard Medical School, Massachusetts

Study Staff

BRUCE M. ALTEVOGT, Study Director
SARAH L. HANSON, Research Associate
DAVID CODREA, Financial Associate
AMY HAAS, Administrative Assistant
ELEANORE EDSON, Research Fellow
CATHARYN T. LIVERMAN, Senior Program Officer
ANDREW M. POPE, Board Director
LORA K. TAYLOR, Senior Project Assistant

Consultant

MIRIAM DAVIS, School of Public Health and Health Services, George
Washington University, Washington, DC

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


BOARD ON HEALTH SCIENCES POLICY

FRED H. GAGE (Chair), The Salk Institute for Biological Studies,
La Jolla, California

GAIL H. CASSELL, Eli Lilly and Company, Indianapolis, Indiana
JAMES F. CHILDRESS, University of Virginia, Charlottesville
ELLEN WRIGHT CLAYTON, Vanderbilt University Medical School,

Nashville, Tennessee
DAVID R. COX, Perlegen Sciences, Mountain View, California
LYNN R. GOLDMAN, Johns Hopkins Bloomberg School of Public

Health, Baltimore, Maryland
BERNARD D. GOLDSTEIN, University of Pittsburgh, Pittsburgh,

Pennsylvania
MARTHA N. HILL, Johns Hopkins University School of Nursing,

Baltimore, Maryland
ALAN LESHNER, American Association for the Advancement of Science,

Washington, D.C.
DANIEL MASYS, Vanderbilt University Medical Center, Nashville,

Tennessee
JONATHAN D. MORENO, University of Virginia, Charlottesville
E. ALBERT REECE, University of Arkansas, Little Rock
MYRL WEINBERG, National Health Council, Washington, D.C.
MICHAEL J. WELCH, Washington University School of Medicine,

St. Louis, Missouri
OWEN N. WITTE, University of California, Los Angeles
MARY WOOLLEY, Research!America, Alexandria, Virginia

IOM Staff

ANDREW M. POPE, Director
AMY HAAS, Board Assistant
DAVID CODREA, Financial Associate

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


vii

This report has been reviewed in draft form by individuals chosen for
their diverse perspectives and technical expertise, in accordance with proce-
dures approved by the National Research Council’s Report Review Com-
mittee. The purpose of this independent review is to provide candid and
critical comments that will assist the institution in making its published re-
port as sound as possible and to ensure that the report meets institutional
standards for objectivity, evidence, and responsiveness to the study charge.
The review comments and draft manuscript remain confidential to protect
the integrity of the deliberative process. We wish to thank the following
individuals for their review of this report:

Ruth Benca, Department of Psychiatry, University of Wisconsin, Madison
Mary A. Carskadon, Sleep Research Laboratory, Brown University
Norman H. Edelman, Health Sciences Center, SUNY Stony Brook

University
Stephen L. Hauser, Department of Neurology, University of California,

San Francisco
Meir H. Kryger, Sleep Disorders Center, St. Boniface General Hospital

Winnipeg, Manitoba, Canada
Lawrence S. Lewin, Executive Consultant, Chevy Chase, Maryland
Thomas Roth, Sleep Center, Henry Ford Hospital, Detroit, Michigan
Joan L. Shaver, College of Nursing, University of Illinois at Chicago
Joseph S. Takahashi, Department of Neurobiology & Physiology,

Northwestern University

Independent Report Reviewers

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


viii REVIEWERS

Terry B. Young, Department of Population Health Sciences, University of
Wisconsin

Although the reviewers listed above have provided many constructive
comments and suggestions, they were not asked to endorse the conclusions
or recommendations, nor did they see the final draft of the report before its
release. The review of this report was overseen by David J. Kupfer, Univer-
sity of Pittsburgh School of Medicine, and Floyd E. Bloom, Professor Emeri-
tus Department of Neuropharmacology, The Scripps Research Institute. Ap-
pointed by the National Research Council and Institute of Medicine, they
were responsible for making certain that an independent examination of
this report was carried out in accordance with institutional procedures and
that all review comments were carefully considered. Responsibility for the
final content of this report rests entirely with the authoring committee and
the institution.

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


ix

Sleep has been a subject of intense interest to poets and mystics and is
found in folklore since antiquity. Only in the last half a century have scien-
tists and physicians attempted a systematic study of the biology and disor-
ders of sleep. Within the past four decades remarkable advances in the neu-
rophysiology of normal sleep and in circadian biology and the discovery of
the genes that regulate these biological rhythms have provided a scientific
framework for the elucidation of the etiology, pathogenesis, and potential
treatment of sleep disorders. These scientific advances and input from many
clinical disciplines such as internal medicine, neurology, nursing, oto-
laryngology, pediatrics, psychiatry, psychology, and pulmonology have
enriched the study and management of sleep pathology. However, the broad
intellectual and service requirements for dealing with sleep has created diffi-
culties in coordination and planning of research and clinical services. Recog-
nition of around 90 distinct clinical disorders of sleep has created a platform
and need for specialization in the study of sleep (somnology) and sleep pa-
thology. Accordingly, professional societies such as the American Academy
of Sleep Medicine, the American Sleep Apnea Association, the National Sleep
Foundation, and the Sleep Research Society have been established and the
discipline has been recognized by the American Board of Medical Special-
ties. Moreover, the National Institutes of Health (NIH) formed the National
Center on Sleep Disorders Research (NCSDR) to coordinate research in
sleep. Although these developments are positive, they do not yet fully ad-
dress the scope and depth of the public and individual health consequences
of sleep deprivation and sleep disorders. For example, more than 50 million
Americans suffer a chronic sleep disorder and many others experience dis-

Preface
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x PREFACE

ruption of normal daytime activities owing to sleep deprivation. Sadly, the
majority of individuals with substantial sleep disorders are not diagnosed
and appropriately treated.

In recognition of the limited appreciation of the importance of sleep
disorders and sleep deprivation for individuals and the public health, the
American Academy of Sleep Medicine, the NCSDR at the NIH, the Na-
tional Sleep Foundation, and the Sleep Research Society requested that the
Institute of Medicine (IOM) do the following:

1. Review and quantify the public health significance of sleep health,
sleep loss, and sleep disorders, including assessments of the contribution of
sleep disorders to poor health, reduced quality of life, and early mortality, as
well as the economic consequences of sleep loss and sleep disorders.

2. Identify gaps in the public health system relating to the understand-
ing, management, and treatment of sleep loss and sleep disorders and assess
the adequacy of the current resources and infrastructure for addressing the
gaps.

3. Identify barriers to and opportunities for improving and stimulating
multi- and interdisciplinary research and education in sleep medicine and
biology. Delineate organizational models that will promote and facilitate
sleep research in the basic sciences, collaborative research between basic
scientists, clinicians, and population scientists in relevant specialties, and
education of practitioners and scientists in sleep health, sleep disorders, and
sleep research.

4. Develop a comprehensive plan for enhancing sleep medicine and sleep
research for improving the public’s health.

In response, the IOM appointed a 14-member committee with expertise
in pulmonology, cardiology, nursing, neurology, pediatrics, adolescent medi-
cine, psychiatry, epidemiology, public health, otolaryngology, academic and
medical administration, and health sciences research. The committee met
five times during the course of its work and held two workshops. In addi-
tion, the committee received input from relevant federal, private, and non-
profit organizations.

Our findings confirmed the enormous public health burden of sleep
disorders and sleep deprivation and the strikingly limited capacity of the
health care enterprise to identify and treat the majority of individuals suffer-
ing sleep problems.

The direct effects of sleep disorders as well as the comorbidity with
other substantial public health problems such as obesity, diabetes, stroke,
and depression have a profound economic and social impact. Only minimal
estimates of the economic impact of sleep disorders and their derivative
consequences are possible because of underrecognition and underreporting.
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At a minimum, however, the total direct and indirect cost of sleep disorders
and sleep deprivation in the United States is hundreds of billions of dollars.
The magnitude of the effect of sleep pathology is shocking even to experts in
the field of somnology and sleep medicine. We found that there are too few
professionals dedicated to sleep problems to meet the size and importance of
the problem and there are too few educational programs that have the po-
tential to increase the workforce of health care practitioners and scientists to
meet even current demands. In addition, research that will advance our un-
derstanding of sleep pathology and its treatment has been underfunded. We
therefore have outlined recommendations to address these shortcomings, in
the hope that the burden of sleep disorders and sleep deprivation can be
minimized. These recommendations fall into four broad categories: educa-
tion (public, professional); technology; coordination of research initiatives
at the NIH; and organization of research, clinical care, and education in
academic health centers.

EDUCATION

The lack of public awareness should prompt a multimedia public edu-
cation campaign that also targets elementary, middle, and high school stu-
dents as well as undergraduate college health education programs about the
impact of inadequate sleep.

Professional education will be enhanced by integrating the teaching of
sleep medicine and biology into medical, nursing, and pharmacology cur-
ricula and into residency and specialty fellowships. Strategies to facilitate
careers in somnology will be needed to meet the demand for sound science
and expert clinical capacity to take care of the health problems related to
sleep disorders.

TECHNOLOGY

The cumbersome nature and cost of diagnosis and treatment of sleep
disorders and sleep loss will require research to develop and validate the
efficacy of advances in diagnostic technologies, including ambulatory moni-
toring and imaging as well as the development of new therapeutic options
for specific sleep disorders.

NATIONAL INSTITUTES OF HEALTH

The NCSDR at the NIH should take a more proactive role in promoting
integration of research disciplines pertinent to somnology and sleep dis-
orders, and it should promote training programs that increase the pipeline
of highly qualified investigators. Together with other federal agencies, the
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NCSDR can support increased public awareness and generation of more
reliable prevalence data.

ORGANIZATION OF ACADEMIC HEALTH CENTERS

Within academic health centers new and existing sleep programs should
be organized as Interdisciplinary Sleep Programs that encompass the rel-
evant basic and clinical disciplines. The complexity of these programs will
vary in accord with the capacity and goals of each center; therefore, we have
proposed several different models. Networking among the most complex of
these programs will facilitate research progress and accelerate implementa-
tion of new clinical strategies with help from the NCSDR.

The committee has been fortunate in having superb support from IOM
staff and willing consultants in related fields. Without their help this report
could not have been completed. We are most grateful.

Harvey R. Colten, M.D., Chair
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1

Summary

ABSTRACT It is estimated that 50 to 70 million Americans chronically
suffer from a disorder of sleep and wakefulness, hindering daily functioning
and adversely affecting health and longevity. The cumulative long-term
effects of sleep deprivation and sleep disorders have been associated with a
wide range of deleterious health consequences including an increased risk
of hypertension, diabetes, obesity, depression, heart attack, and stroke. The
Institute of Medicine (IOM) Committee on Sleep Medicine and Research
concluded that although clinical activities and scientific opportunities in the
field are expanding, awareness among the general public and health care
professionals is low, given the magnitude of the burden. The available
human resources and capacity are insufficient to further develop the science
and to diagnose and treat individuals with sleep disorders. Therefore, the
current situation necessitates a larger and more interdisciplinary workforce.
Traditional scientific and medical disciplines need to be attracted into the
somnology and sleep medicine field. Renewed and revitalized commitments
to the field from the National Institutes of Health (NIH), academic health
centers, private foundations, and professional societies are essential to
ensure appropriate public and professional awareness, education and train-
ing, basic and clinical research, and patient care. Finally, the fragmentation
of research and clinical care currently present in most academic institutions
requires the creation of accredited interdisciplinary sleep programs in aca-
demic institutions.
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2 SLEEP DISORDERS AND SLEEP DEPRIVATION

Fitful sleep, restless nights, and hitting the alarm clock button for an
additional 10 minutes of sleep are all too familiar manifestations of the
interactions of life with one of the frontiers of science and clinical prac-
tice—somnology1 and sleep medicine. It is estimated that 50 to 70 million
Americans suffer from a chronic disorder of sleep and wakefulness, hinder-
ing daily functioning and adversely affecting health. Hundreds of billions of
dollars a year are spent on direct medical costs associated with doctor visits,
hospital services, prescriptions, and over-the-counter medications. Almost
20 percent of all serious car crash injuries in the general population are
associated with driver sleepiness, independent of alcohol effects. However,
given this burden, awareness among the general public and health care pro-
fessionals is low. In addition, the current clinical and scientific workforce is
not sufficient to diagnose and treat individuals with sleep disorders.

Six million individuals suffer moderate to severe obstructive sleep ap-
nea, a disorder characterized by brief periods of recurrent cessation of
breathing caused by airway obstruction. Chronic insomnia, which hampers
a person’s ability to fall or stay asleep, occurs in approximately 30 million
Americans. Restless legs syndrome and periodic limb movement disorder
are neurological conditions characterized by an irresistible urge to move the
legs and nocturnal limb movements; they affect approximately 6 million
individuals, making it one of the most common movement disorders.

The cumulative effects of sleep loss and sleep disorders have been asso-
ciated with a wide range of deleterious health consequences including an
increased risk of hypertension, diabetes, obesity, depression, heart attack,
and stroke. At the same time, the majority of people with sleep disorders
are yet to be diagnosed. Compared to healthy individuals, those suffering
from sleep loss and sleep disorders are less productive, have an increased
health care utilization, and have an increased likelihood of injury.

In 2003 the NIH National Center on Sleep Disorders Research (NCSDR)
published a research plan, which contained a set of research priorities for
the field. However, recognizing that continued scientific and clinical advances
will require a new coordinated strategy to improve public awareness and
strengthen the field of Somnology and Sleep Medicine, the American Acad-
emy of Sleep Medicine, the NCSDR at the NIH, the National Sleep Founda-
tion, and the Sleep Research Society requested that the IOM conduct a
study that would examine: (1) the public health significance of sleep, sleep
loss, and sleep disorders, (2) gaps in the public health system and adequacy

1Somnology is the branch of science devoted to the study of the physiology of sleep, the
behavioral dimensions of sleep, and the consequences of sleep loss and sleep disorders on an
individual’s and the general population’s health, performance, safety, and quality of life. Sleep
medicine is the branch of clinical medicine devoted to the diagnosis and treatment of individu-
als suffering from chronic sleep loss or sleep disorders.
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of the current resources and infrastructures for addressing the gaps, (3)
barriers and opportunities for improving interdisciplinary research and
medical education and training in the area of sleep and sleep medicine, and
(4) develop a comprehensive plan for enhancing sleep medicine and sleep
research.

In response to the request the IOM appointed a 14-member committee
with expertise in academic and medical administration, adolescent medi-
cine, cardiology, epidemiology, geriatrics, health sciences research, neurol-
ogy, nursing, otolaryngology, pediatrics, psychiatry, and pulmonology. The
committee met five times during the course of its work and held two work-
shops that provided input on: (1) the current public health burden of sleep
loss and chronic sleep disorders, and (2) the organization and operation of
various types of academic sleep programs.

This committee recognizes that with the continued leadership of the
NCSDR and its advisory board a coordinated strategy, described below, is
needed to ensure continued advances (Box ES-1). This strategy requires
concurrent commitment to the following activities:

• Establish the workforce required to meet the clinical and scientific
demands of the field.

• Increase awareness of the burden of sleep loss and sleep disorders
among the general public.

• Improve surveillance and monitoring of the public health burden of
sleep loss and sleep disorders.

• Expand awareness among health care professionals through educa-
tion and training.

• Develop and validate new and existing diagnostic and therapeutic
technologies.

• Expand accreditation criteria to emphasize treatment, long-term pa-
tient care, and chronic disease management strategies.

• Strengthen the national research infrastructure to connect individual
investigators, research programs, and research centers.

• Increase the investment in interdisciplinary sleep programs in aca-
demic health centers that emphasize long-term clinical care, training, and
research.

THE NATIONAL INSTITUTES OF HEALTH LEADERSHIP
IN RESEARCH AND TRAINING

To a greater extent than most scientific and medical disciplines, the
field of somnology and sleep medicine cuts across many clinical and basic
research disciplines, including but not limited to cardiology, dentistry,
endocrinology, epidemiology, geriatrics, molecular biology, neurology,
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neuroscience, nursing, otolaryngology, pediatrics, pharmacology, psychiatry,
psychology, and pulmonology. In 2004, there were 331 sleep-related
research project grants sponsored by 17 institutes at the NIH. The NIH has
two entities to coordinate its sleep-related activities, the Trans-NIH Sleep
Research Coordinating Committee and the NCSDR. However, major chal-
lenges remain in involving all relevant NIH institutes, centers, and offices;
developing a coordinated research and training program; and integrating
the efforts of the NCSDR, its advisory board, and the Trans-NIH Sleep
Research Coordinating Committee.

Investment in sleep-related research has grown dramatically over the
past 10 years; however, the growth in research and training programs have
not kept up with the rapid pace of scientific advances. At the same time that
the science and magnitude of the problem requires greater investment, NIH
funding to sleep-related activities is reaching a plateau. This has partially
overlapped the period when the overall NIH budget has plateaued. Conse-
quently, the future outlook for somnology and sleep medicine is unclear. In
2004, for the first time since the NCSRD was established in 1993, there was
a decrease in annual NIH expenditures for sleep-related programs, fewer
research project grants were funded, and the number of new grants awarded
decreased. Over the last three years the NCSDR has only sponsored two
programs—one request for applications and one program announcement—
a marked reduction since the inception of the NCSDR. This presents an
even greater challenge for a field that requires growth in scientific work-
force and technology. Thus, there must be incremental growth in this field
to meet the public health and economic burden caused by sleep loss and
sleep disorders. It is important that research priorities continue to be de-
fined for both short- and long-term goals. To address this problem the com-
mittee makes the following recommendation.

Recommendation 8.1 The National Center on Sleep Disorders Re-
search and its advisory board should play a more proactive role in
stimulating and coordinating the field.

The National Center on Sleep Disorders and Research (NCSDR)
should have adequate staff and resources to ensure its ability to
fulfill its mission of coordinating and stimulating training, research,
and health information dissemination relevant to somnology and
sleep disorders. All relevant institutes with significant sleep portfo-
lios should become members of the Trans-NIH Sleep Research
Coordinating Committee. Further, the NCSDR Advisory Board
should take a more proactive role in advising the director of the
NCSDR. On an annual basis, the NCSDR and its advisory board
should:
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• Identify specific objectives that address each of the three NCSDR
missions and evaluate specific actions taken to accomplish each
objective. This assessment should be reported in an annual meet-
ing to the NIH-Trans Sleep Coordinating Committee, the insti-
tute directors of its members, and to the director of the NIH.

• Directors of the other federal agencies that fund significant sleep-
related activities, such as Department of Defense, Department of
Commerce, Department of Education, Department of Labor,
and Department of Transportation should report annually on
their activities to the NCSDR Advisory Board.

• The NCSDR Advisory Board should annually review the cur-
rent NIH portfolio of sleep-related grants, as well as requests for
applications, and program announcements, assess them for re-
sponsiveness to the program plan and identify gaps in research
and training.

• The NCSDR Advisory Board should annually recommend new,
or modify existing, requests for applications that can be pre-
sented to appropriate NIH institutes and other federal agencies
including the Centers for Disease Control and Prevention and
Department of Defense. Multiple members of the Trans-NIH
Sleep Coordinating Committee are encouraged to continue to
cosponsor sleep-related grants.

ESTABLISHING A SUFFICIENT WORKFORCE

One of the most pressing needs recognized by this committee is to
create an infrastructure capable of developing the workforce required to
meet the clinical and scientific demands of the field. This will entail in-
creased investment by the NIH, academia, professional societies, private
foundations, and industry. In 2004 there were only 151 researchers who
had a clinical sleep-related research project grant (R01), and only 126 in-
vestigators focused primarily on basic sleep-related research projects, a de-
crease from the number of R01 awards in 2003. Further, of the top aca-
demic institutions that received the greatest number of grants from the
NIH, less then half had career development or training grants in somnology
or sleep medicine. Only 54 doctorates were awarded with a focus on som-
nology or sleep medicine in 2004. This workforce is insufficient given the
burden of sleep loss and sleep disorders.

The NIH support of career development awards has decreased. Over
the period encompassing 2000 to 2004 there was a decrease in the number
of career development awards. Further, since 1997 there have been no new
requests for application (RFAs) or program announcements (PAs) for sleep-
related fellowship (F), training (T), or career development (K) programs. Given
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these statistics, creating an infrastructure to develop a workforce capable of
meeting the clinical and scientific demand is a challenge for the field.

Compared to other fields the current number of clinicians and scientists
in the field is not sufficient, given the public health burden of sleep loss and
sleep disorders. Further, NIH, academia, and private foundations have not
sufficiently supported the development of an adequate workforce. To
strengthen the interdisciplinary aspect of the field it is not only important to
attract new investigators to the field, but also to expand the number of
trained scientists in other relevant disciplines electing to focus on sleep-
related research. Therefore, the committee makes the following recommen-
dation designed to improve training and mentoring activities.

Recommendation 7.1: The National Institutes of Health and private
foundations should increase investment in interdisciplinary somnology
and sleep medicine research training and mentoring activities.

The National Institutes of Health, foundations, and professional
societies should utilize and develop further funding mechanisms to
attract young investigators into the field of somnology and sleep
medicine. As a reflection of the interdisciplinary nature of som-
nology and sleep medicine, members of the Trans-NIH Sleep Re-
search Coordinating Committee should be encouraged to combine
resources to sponsor grants for disciplinary and cross-disciplinary
training and mentoring activities (T, F, and K funding mechanisms)
of medical students, graduate students, postdoctoral fellows, clini-
cal fellows, and junior faculty.

To implement this recommendation the following should be considered:
• The Trans-NIH Sleep Research Coordinating Committee should

establish a somnology and sleep medicine career development
program. This program should support trainees for a significant
number of years, spanning research training in fellowship and
research career development as a faculty member. It should also
facilitate midcareer training opportunities (e.g., K21, K24), the
Academic Career Award for Education and Curriculum Devel-
opment program (K07), and research education grants (R25).

• Existing training grants or large research programs in disciplines
related to somnology or sleep medicine (e.g., internal medicine,
neurology, psychiatry, psychology, otolaryngology, nursing, epi-
demiology, neuroscience, health services research) should allow
for the addition of a sleep medicine trainee. Where pertinent
expertise is not available on-site, remote mentoring at other in-
stitutions should be encouraged.
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PUBLIC AND PROFESSIONAL AWARENESS

A well-coordinated strategy to improve sleep-related health care is re-
quired, owing to the public health burden of sleep loss and sleep disorders
coupled with the low awareness among the general population, health care
professionals, professional societies, and policy makers. Increasing the
awareness and improving the diagnosis and treatment of sleep disorders
requires a multipronged effort that includes three key components: public
education, surveillance and monitoring of the burden of sleep loss and sleep
disorders, and training for health professionals. The preeminent goal of
these activities is to create and sustain a broad societal commitment to
adopting proper sleep habits as a primary tenet of health. Such a commit-
ment will require participation by those individuals and organizations in a
position to educate the public at national, state, local, and community
levels—including K–12 education, colleges and universities, medical schools,
nursing schools, hospitals, community clinics, local health departments,
private industry, and entertainment media. This will necessitate simulta-
neous investment in public education campaigns for all age groups and a
sustained effort to integrate sleep-related content into curricula of under-
graduate education.

Recommendation 5.1: The National Center on Sleep Disorders
Research and the Centers for Disease Control and Prevention
should establish a multimedia public education campaign.

The National Center on Sleep Disorders Research—working with
the Centers for Disease Control and Prevention, the proposed Na-
tional Somnology and Sleep Medicine Research Network, private
organizations and foundations, entertainment and news media, and
private industry—should develop, implement, and evaluate a long-
term national multimedia and public awareness campaign directed
to targeted segments of the population (e.g., children, their parents,
and teachers in preschool and elementary school; adolescents; col-
lege students and young adults; middle-aged adults; and elderly
people) and specific high-risk populations (e.g., minorities).

Improve Surveillance and Monitoring
of the Public Health Burden

Adequate public health education not only requires informing public
and health care practitioners, but also adequate monitoring of the pub-
lic health burden. The development of adequate surveillance and monitor-
ing systems is important for informing policy makers, health care providers,
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researchers, and the public about the effectiveness of health care services,
programs, rules and regulations, and policies. However, there is currently
very little ongoing nationwide surveillance. Thus existing national and state-
wide databases should be amended to allow for improved surveillance and
monitoring of the burden of sleep loss and sleep disorders in the United
States population.

Recommendation 5.3: The Centers for Disease Control and Pre-
vention and National Center on Sleep Disorders Research should
support additional surveillance and monitoring of sleep patterns
and sleep disorders.

The Centers for Disease Control and Prevention, working with the
National Center on Sleep Disorders Research, should support the
development and expansion of adequate surveillance and monitor-
ing instruments designed to examine the American population’s
sleep patterns and the prevalence and health outcomes associated
with sleep disorders.

Increasing Awareness Among Health Professionals

Increasing education and training of health care professionals in som-
nology and sleep medicine will improve the awareness of the associated
public health burden and attract a new pool of clinicians and scientists
interested in the field. Time devoted to sleep-related material in health and
life sciences curricula is inadequate given the magnitude of the morbid ef-
fects that sleep disorders have on the most common diseases (e.g. obesity,
hypertension, heart attack, and diabetes) and accidents. Focused training
about sleep can positively influence the performance of health care provid-
ers. In particular, medical, nursing, dentistry, and pharmacy students re-
quire greater exposure to the public health burden of sleep loss and sleep
disorders. Thus the committee makes the following recommendation to in-
crease sleep-related content in health sciences curricula.

Recommendation 5.2: Academic health centers should integrate the
teaching of somnology and sleep medicine into baccalaureate and
doctoral health sciences programs, as well as residency and fellow-
ship training and continuing professional development programs.

The subjects of sleep loss and sleep disorders should be included in
the curricula of relevant baccalaureate and graduate educational
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and research programs of all the health sciences. Similarly, post-
graduate, residency, and fellowship training programs, as well as
continuing professional development programs, must include this
content. The curriculum should expose students in the fields of
medicine and allied health fields to the etiology, pathophysiology,
diagnosis, treatment, prevention, and public health burden of sleep
loss and sleep disorders. Relevant accrediting bodies and licensing
boards ought to define sleep-related curriculum requirements and
expectations for knowledge and competency (e.g., Liaison Com-
mittee on Medical Education, Accreditation Council for Graduate
Medical Education, American Board of Medical Specialties, the
National League for Nursing, the Commission on Collegiate Nurs-
ing Education, and the Council on Education for Public Health).
Further, a means for credentialing nonphysicians should be main-
tained by the American Board of Sleep Medicine, or new mecha-
nisms should be developed by relevant organizations.

TECHNOLOGY DEVELOPMENT AND ACCREDITATION

As awareness increases, greater investment in the development and vali-
dation of new and existing diagnostic and therapeutic technologies is required
to meet the anticipated demand. Today, the capacity needed to serve the
population seeking diagnosis and treatment is inadequate. The wait time for
a polysomnogram, the procedure used to diagnose sleep disorders, can be up
to 10 weeks. Most American communities do not have adequate health care
resources to meet the clinical demand; therefore, millions of individuals
suffering from sleep disorders remain undiagnosed and untreated. It has been
estimated that sleep apnea alone, a diagnosis that necessitates polysomnography
to meet current criteria set out by third-party payers, annually requires at
least 2,300 polysomnograms per 100,000 population. However, on average,
only 425 polysomnograms per 100,000 population are performed each year
in the United States, a level far below the need. In fact, 33 states perform
fewer than 500 polysomnograms per 100,000 people annually. This shortfall
will exacerbate as awareness of the clinical consequences and public health
burden of sleep loss and disorders increases, particularly with the aging of the
United States population. Given the cumbersome nature and cost of the diag-
nosis and treatment of sleep disorders and sleep loss and the resultant
inequities with regard to access, in order to ensure future quality care the
committee recommends greater investment in the development of new and
validation of existing diagnostic and therapeutic technologies.
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Recommendation 6.1: The National Institutes of Health and the
Agency for Healthcare Research and Quality should support the
validation and development of existing and new diagnostic and
therapeutic technologies.

The National Center on Sleep Disorders Research—working with
the Trans-NIH Sleep Research Coordinating Committee, the
Agency for Health Care Policy and Research, other federal agen-
cies, and private industry—should support the evaluation and vali-
dation of existing diagnostic and therapeutic technologies. Further,
development of new technologies such as ambulatory monitoring,
biological markers, and imaging techniques should be vigorously
supported.

Establish Sleep Laboratories in the
NIH Clinical Research Program

The intramural clinical research program at the NIH does not have a
sleep laboratory. Consequently, many experimental sleep therapies and the
relationship between sleep processes and disease development are not being
examined. If there is adequate investment in extramural sleep-related pro-
grams, the field can continue to make great strides; therefore, the commit-
tee does not support use of limited resources to invest in an intramural
somnology and sleep disorders research program. However, because appro-
priateness of sleep patterns is one of the basic tenets of health, the committee
strongly urges the NIH intramural clinical research program to ascertain
the need for establishing a sleep study laboratory so that evaluation of sleep
may be integrated into ongoing relevant clinical research protocols at NIH.

Recommendation 8.3: The National Institutes of Health should
ascertain the need for a transdisciplinary sleep laboratory that
would serve as a core resource in its intramural clinical research
program.

The Director of the National Institutes of Health Intramural Re-
search Program should ascertain the need for a transdisciplinary
sleep laboratory within the intramural clinical research program
that would serve as a core resource for the community of intramu-
ral clinical investigators across all institutes.
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Improved Accreditation Standards Are Required

Sleep disorders are chronic conditions frequently associated with other
comorbidities (e.g., cardiovascular disease, depression, diabetes), which often
require complex treatments. Despite the importance of early recognition and
treatment, the primary focus of most existing sleep centers appears to be on
diagnosis, rather than on comprehensive care of sleep loss and sleep disorders
as chronic conditions. This narrow focus may largely be the unintended result
of compliance with criteria for accreditation of sleep laboratories, which em-
phasize diagnostic standards and reimbursement, for diagnostic testing. To
address this it is recommended that accreditation criteria for sleep centers, in
which are imbedded sleep laboratories, be expanded to emphasize treatment,
long-term patient care, and management strategies.

Recommendation 9.2: Sleep laboratories should be part of accred-
ited sleep centers, the latter to include long-term strategies for
patient care and chronic disease management.

All private and academic sleep laboratories should be under the
auspices of accredited sleep centers and include adequate mecha-
nisms to ensure long-term patient care and chronic disease manage-
ment. Accreditation criteria should expand beyond a primary focus
on diagnostic testing to emphasize treatment, long-term patient
care, and chronic disease management strategies.

INTERDISCIPLINARY SLEEP PROGRAMS IN
ACADEMIC HEALTH CENTERS

Accelerating Scientific Advances

A coordinated and integrated strategy requires bolstering clinical and
basic research efforts, catalyzing collaborative research efforts, and at-
tracting the breadth of talented researchers who can provide leadership to
advance research and clinical care in sleep loss and sleep disorders. Key to
accelerating progress in the treatment of chronic sleep loss and sleep dis-
orders is the development of a coordinated, focused, and centralized net-
work that connects individual investigators, research programs, and re-
search centers; facilitates collaborative projects; encompasses relevant
research from diverse fields; and builds on the unique strengths of each
research effort to move toward effective therapy, prevention, and treat-
ment. Somnology and Sleep Medicine Research Centers of Excellence
would spearhead these translational research efforts and promote collabo-
rations among all sites conducting research relevant to somnology and
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sleep medicine. Similar to cancer centers, the Somnology and Sleep Medi-
cine Centers of Excellence would act as local, regional, and national re-
sources for the scientific community and the community at large. These
centers would provide the interdisciplinary environment that is essential
to accelerate the development of therapies for chronic sleep loss and sleep
disorders. In addition, these centers would facilitate interactions among
basic, clinical, and population-focused scientists. These would not only be
research centers, but somnology and sleep medicine centers that empha-
size the close association among research, clinical care, and education.
The committee further envisions a sustained network for somnology and
sleep medicine in the United States that would facilitate public education,
career development opportunities, translational research, and implemen-
tation of multicenter clinical trials. Although in aggregate, sleep loss
and sleep disorders are prevalent, among these are many rare conditions
that would benefit from a national data collection system and clinical
network.

Despite the limited size of the field, the committee believes that the
somnology and sleep medicine field is now sufficiently mature for the estab-
lishment of a national somnology and sleep medicine research network.
Scientific advances and a number of large academic interdisciplinary sleep
programs place the proposed network in position to successfully compete
for funding from the National Heart, Lung, and Blood Institute and other
members of the Trans-NIH Sleep Research Coordinating Committee.

Recommendation 8.2: The National Institutes of Health should
establish a National Somnology and Sleep Medicine Research
Network.

The National Center on Sleep Disorders Research in collaboration
with the Trans-NIH Sleep Research Coordination Committee
should establish a National Somnology and Sleep Medicine Re-
search Network. Type III regional interdisciplinary sleep programs
designated by the National Institutes of Health would act as re-
gional centers working with basic research laboratories and sleep
cores at NIH-designated clinical translational research centers. It is
envisioned that the networks would do the following:
• Coordinate and support the current and future cadre of basic

and clinical researchers.
• Train new investigators and fellows.
• Provide core capabilities for basic, clinical, and translational

research.
• Support multisite clinical research in children, adolescents, adults,

and elderly.
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• Create and support virtual networking centers to facilitate the
standardization and sharing of data and resources online and
enhance collaborations with researchers not working in research
centers.

• Create a data coordinating center that includes an Internet-based
clearing house for the publication of all data produced in coop-
eration with the research and clinical network.

• Together with the Agency for Healthcare Research and Quality
develop standards for research, outcomes, and clinical practice.

• Work with the Center for Disease Control and Prevention
to integrate and support surveillance and population-based
research.

Criteria for Interdisciplinary Sleep Programs
in Academic Health Centers

Somnology and sleep medicine is an emerging interdisciplinary field
that is being forged from several disciplines and clinical specialties. How-
ever, the limited investment and organization of sleep programs in aca-
demic health centers do not favor interdisciplinary research efforts and con-
tinued advances in clinical care. Consequently, the committee recommends
a three-tier model for interdisciplinary sleep programs, which lays down the
guiding principles for their organization in all academic health centers—
progressing from programs that emphasize clinical care and education to
programs with a considerable capacity for research, advanced training, and
public education (Table S-1). It is the belief of the committee that, if these
components and guiding principles are followed, interdisciplinary sleep pro-
grams can thrive, whether as free-standing departments or as programs
within an existing department, division, or unit.

Status as a Type I interdisciplinary sleep program is achievable by many
academic health centers nationwide; it primarily focuses on clinical care.
This type should highlight the importance of increasing awareness among
health care professionals by offering educational programs for medical
students and residents in primary care. The Type I interdisciplinary sleep
program is a single accredited center that emphasizes a comprehensive diag-
nosis and treatment program.

A Type II interdisciplinary sleep program includes the characteristics of
a Type I program but in addition is designed to provide optimal education,
training, and research in somnology and sleep medicine for scientists and
physicians, including an accredited sleep fellowship program for physicians.
A Type III regional interdisciplinary sleep program includes the characteris-
tics of Type I and II programs; however, this type of program would act as
a regional coordinator for the proposed National Somnology and Sleep
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Medicine Research Network for education, training, mentoring, clinical
care, research, and clinical trials.

Recommendation 9.1: New and existing sleep programs in aca-
demic health centers should meet the criteria of a Type I, II, or III
interdisciplinary sleep program.

New and existing sleep programs should at a minimum conform to
the criteria of a Type I clinical interdisciplinary sleep program. Aca-
demic medical centers with a commitment to interdisciplinary train-
ing are encouraged to train sleep scientists and fellows in sleep medi-
cine, which would require at least a Type II training and research
interdisciplinary sleep program. Research-intensive medical centers
should aspire to become Type III regional interdisciplinary sleep pro-
grams and coordinators of the National Somnology and Sleep Medi-
cine Research Network. The American Academy of Sleep Medicine
should develop accreditation criteria for sleep programs specific to
academic health centers.

PRIORITIES TO ADVANCE SOMNOLOGY
AND SLEEP MEDICINE

The field is particularly well suited to interdisciplinary and translational
strategies. NIH’s Roadmap identified a number of initiatives that aim to
foster the development of interdisciplinary research and training. The
growth of this field fits in with the framework of the Roadmap and thus
could serve as a prototypical program for these new cross-institute initiatives.

Recognizing the current fiscal restraints at the NIH and the prerequisite
requirements for the field, the committee recommends the following priori-
tized strategy. Of primary importance is

• improving awareness among the general public and health care
professionals,

• increasing investment in interdisciplinary somnology and sleep medi-
cine research training and mentoring activities,

• validating and developing new and existing technologies for diagno-
sis and treatment.

Transforming academic health centers is also an important part of the
strategy. Although many health centers have the components to establish
interdisciplinary sleep programs, many do not, and it will take time and
energy to develop successful programs. Therefore, it is important that
academia and accrediting bodies begin facilitating this transformation.
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TABLE S-1 Guidelines for Interdisciplinary Type I, II, and III Academic
Sleep Programs

Type II Type III
(clinical, (regionalized

Type I training, comprehensive
Attribute (clinical) research) centers)

Structure and Composition
Clinical specialties represented:a

Internal medicine and relevant x x x
subspecialties

Neurology x x x
Psychiatry and subdisciplines x x x
Otolaryngology x x x
Pediatrics and subspecialties (as x x x

necessary may be separate program)
Nursing x x x
Psychology x x
Dentistry x

Medical director certification in sleep x x x
medicine (American Board of Medical
Specialties or American Board of Sleep
Medicine)b

Consultant services from specialties x x x
not represented

Sleep specialists provide consultant services x x x
Single accredited clinical sleep center x x x
Comprehensive program for diagnosis x x x

and treatment of individuals

Finally, although there are only a limited number of academic institu-
tions that currently have the capacity to be a Type III regional interdiscipli-
nary sleep program, this should not delay the establishment of the research
network. Initially the network could consist of a limited number of pro-
grams. The network would benefit greatly from cultural, ethnic, and envi-
ronmental diversity. Therefore, a long-range goal should be to have 8 to 10
geographically distributed Type III regional interdisciplinary sleep pro-
grams. In this report the committee does not recommend any research pri-
orities. It is the committee’s belief that the strategies outlined in the report
will generate the appropriate mechanisms for generating a research agenda
for the future of somnology and sleep medicine.

continued
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TABLE S-1 continued

Type II Type III
(clinical, (regionalized

Type I training, comprehensive
Attribute (clinical) research) centers)

Training Program
Training program for health care x x x

professionals and/or researchers
Medical school training and education x x x
Education for residents in primary care x x x
Residents in neurology, psychiatry, x x

otolaryngology, and fellows in pulmonary
medicine rotate through sleep program

Accredited fellowship program for physicians x x
Research training for clinical fellows x x
NIH-sponsored training grants for graduate x x

and postgraduate researchers

Research Program
Research areas of emphasis:c

Neuroscience x x
Epidemiology/public health x x
Pharmacology x

Basic or clinical research program x
Basic and clinical research program x
Member of proposed national somnology xd x x

and sleep medicine research and clinical
network

Regional coordinator for:
Core facilities for basic research x
Multisite clinical trials x
Core facilities for clinical research x
Mentoring of sleep fellows x
Public education x
Data coordinating site x

aThis list is not meant to be exclusive or exhaustive and should be modified as relevant special-
ties and training programs emerge.
bCurrently this is American Board of Sleep Medicine. It is anticipated that in 2007 the exami-
nation would be supplanted by the American Board of Medical Specialties.
cThis list is not meant to be exclusive or exhaustive. Other research areas could be involved
(e.g., genetics, systems neurobiology, and bioengineering).
dType I programs would be responsible for generating and submitting data to the national data
registry established by the proposed National Somnology and Sleep Medicine Research and
Clinical Network.
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BOX S-1
Summary of Committee’s Recommendations to Address

and Remedy the Unmet Public Health Need

The following is a summary of the committee’s recommendations. Com-
plete text of each recommendation can be found in the corresponding
chapters.

NATIONAL INSTITUTES OF HEALTH LEADERSHIP IN RESEARCH
AND TRAINING

The National Center on Sleep Disorders Research and its advi-
sory board should play a more proactive role in stimulating and
coordinating the field. (Recommendation 8.1)

The National Institutes of Health and private foundations must
increase investment in interdisciplinary somnology and sleep
medicine research training and mentoring activities. (Recommen-
dation 7.1)

The National Institutes of Health should ascertain the need for a
transdisciplinary sleep laboratory that would serve as a core re-
source in its intramural clinical research program. (Recommen-
dation 8.3)

PUBLIC AND PROFESSIONAL AWARENESS

The National Center on Sleep Disorders Research and the Cen-
ters for Disease Control and Prevention should establish a multi-
media public education campaign. (Recommendation 5.1)

Academic health centers should integrate the teaching of som-
nology and sleep medicine into baccalaureate and doctoral
health sciences programs, as well as residency and fellowship
training and continuing professional development programs.
(Recommendation 5.2)

SURVIELLANCE AND MONITORING

The Centers for Disease Control and Prevention and National Cen-
ter on Sleep Disorders Research should support additional sur-
veillance and monitoring of sleep patterns and sleep disorders.
(Recommendation 5.3)

continued
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BOX S-1 continued

TECHNOLOGY DEVELOPMENT

The National Institutes of Health and the Agency for Healthcare
Research and Quality should support the validation and devel-
opment of existing and new diagnostic and therapeutic tech-
nologies. (Recommendation 6.1)

INTERDISCIPLINARY SLEEP PROGRAMS IN ACADEMIC HEALTH
CENTERS

New and existing sleep programs in academic health centers
should conform to meet the criteria of a type I, II, or III interdisci-
plinary sleep program. (Recommendation 9.1)

Type I clinical interdisciplinary sleep program
Type II clinical, research, and training interdisciplinary sleep program
Type III regional comprehensive sleep program

It is recommended that the National Institutes of Health establish
a national somnology and sleep medicine research network.
(Recommendation 8.2)

Sleep laboratories should be part of accredited sleep centers,
which include long-term strategies for patient care and chronic
disease management. (Recommendation 9.2)

NOTE: For ease of reference, the committee’s recommendations are numbered
according to the chapter of the main text in which they appear followed by the
order in which they appear in the chapter.
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1

Introduction

“Sleep that knits up the ravelled sleave of care, The death of each
day’s life, sore labour’s bath, Balm of hurt minds, great Nature’s

second course, Chief nourisher in life’s feast.”
Shakespeare, Macbeth

CHAPTER SUMMARY The public health burden of chronic
sleep loss and sleep disorders is immense. Although clinical activi-
ties and scientific opportunities in the field are expanding, aware-
ness among the general public and health care professionals is low,
given the burden. The available workforce of health care providers
is not sufficient to diagnose and treat individuals with sleep disor-
ders. Therefore, the current situation necessitates a larger and more
interdisciplinary workforce to meet health care demands as well as
advance the field’s knowledge base. Further, there is a need to de-
velop and reorganize public health and academic sleep programs to
facilitate and improve the efficiency and effectiveness in public
awareness, training, research, diagnosis, and treatment of sleep loss
and sleep disorders. Finally, the fragmentation of research and clini-
cal care currently present in most academic institutions requires the
creation of accredited interdisciplinary sleep programs in academic
institutions. The success of existing comprehensive academic Som-
nology and Sleep Medicine Programs offers evidence of the value of
interdisciplinary approaches to patient care, education, research
training, faculty development, and science. An interdisciplinary
approach requires the coordinated and integrated effort of not only
the major medical fields involved in sleep clinical care (internal
medicine and its relevant subspecialties, pediatrics, neurology, psy-
chiatry, psychology, and otolaryngology) but also other disciplines
such as neuroscience, dentistry, nursing, and pharmacology.
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MAGNITUDE AND COST OF THE PROBLEM

Fitful sleep, restless nights, hitting the alarm clock button for an addi-
tional 10 minutes of sleep—all are all too familiar manifestations of
the interactions of life with one of the frontiers of science and clinical
practice—somnology1 and sleep medicine. It is estimated that 50 to 70 mil-
lion Americans suffer from a chronic disorder of sleep and wakefulness
(NHLBI, 2003), hindering daily functioning and adversely affecting health.
The current capacity of America’s health system is not sufficient to diag-
nose and treat all individuals with sleep disorders. Further, awareness
among health care professionals and the general public is low considering
the size of the problem. Among those individuals with sleep disorders are 3
to 4 million individuals with moderate to severe obstructive sleep apnea
(Young et al., 1993), a disorder characterized by brief periods of recurrent
cessation of breathing caused by airway obstruction with morbid or fatal
consequences. Chronic insomnia, which hampers a person’s ability to fall
asleep, is observed in approximately 10 percent of the American population
(Ford and Kamerow, 1989; Simon and VonKorff, 1997; Roth and Ancoli-
Israel, 1999). Restless legs syndrome and periodic limb movement disorder
are neurological conditions characterized by nocturnal limb movements and
an irresistible urge to move the legs. These conditions affect approximately
5 percent of the general population (Lavigne and Montplaisir, 1994;
Rothdach et al., 2000; NSF, 2000; Montplaisir et al., 2005), making it one
of the most common movement disorders (Montplaisir et al., 2005).

The negative public health consequences of sleep loss and sleep-related
disorders are enormous. Some of the most devastating human and environ-
mental health disasters have been partially attributed to fatigue-related per-
formance failures,2 sleep loss, and night shift work-related performance fail-
ures, including the tragedy at the Union Carbide chemical plant in Bhopal,
India; the nuclear reactor meltdowns at Three Mile Island and Chernobyl;
and the grounding of the Exxon Valdez oil tanker (NCSDR, 1994; Moss
and Sills, 1981; United States Senate Committee on Energy and National
Resources, 1986; USNRC, 1987; Dinges et al., 1989). Each of these inci-
dents not only cost millions of dollars but also had a disastrous impact on
the environment and the health of local communities.

1Somnology is the branch of science devoted to the study of the physiology of sleep, the
behavioral dimensions of sleep, and the consequences of sleep loss and sleep disorders on an
individual’s and the general population’s health, performance, safety, and quality of life. Sleep
medicine is the branch of clinical medicine devoted to the diagnosis and treatment of individu-
als suffering from chronic sleep loss or sleep disorders.

2A significant portion of fatigue, but not all, is caused by chronic sleep loss and/or sleep
disorders.
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Over the past century, the average amount of time that Americans sleep
has decreased by around 20 percent (NCSDR, 1994). Further, 1 out of
every 5 workers in industrialized countries (well over 20 million Americans
[OTA, 1991]) perform shift-work, which requires them to work at night
and attempt to sleep during the daytime hours (AASM, 2005). These
reversed sleep patterns cause maladjustment of circadian rhythms that often
lead to sleep disruption. Americans are working more hours or multiple
jobs and spending more time watching television and using the Internet,
resulting in later sleep times and less sleep.

The cumulative long-term effects of sleep loss and sleep disorders have
been associated with a wide range of deleterious health consequences,
including an increased risk of hypertension, diabetes, obesity, heart attack,
and stroke. In addition, sleep loss and sleep disorders have a significant
economic impact. Billions of dollars a year are spent on direct medical costs
associated with doctor visits, hospital services, prescriptions, and over-the-
counter medications (NCSDR, 1994). Compared to healthy individuals,
individuals with chronic sleep loss are less productive, have health care
needs greater than the norm, and have an increased likelihood of injury; for
example, it is estimated that there are 110,000 sleep-related injuries and
5,000 fatalities each year in motor vehicle crashes involving commercial
trucks (CNTS, 1996).

HISTORICAL BACKGROUND

For centuries, sleep and dreams have long been topics of immense inter-
est; however, the modern scientific study of sleep began relatively recently.
In 1937 an electroencephalograph was used for the first time to observe the
electrical activity in the brain during nonrapid eye movement sleep (Loomis
et al., 1937). This opened the field to further advances. Rapid eye move-
ment (REM) was discovered in 1953 by Kleitman and colleagues, and its
correlation with dreams was a major step forward in understanding sleep
physiology (Aserinsky and Kleitman, 1953). The culmination of this work
came in 1957 when Dement and Kleitman defined the stages of sleep (see
Chapter 2 of this report) (Dement and Kleitman, 1957). Since the 1950s a
convergence of findings from many fields (e.g., neurology, pulmonology,
neuroscience, psychiatry, otolaryngology, anatomy, and physiology) have
led to a greater understanding of sleep as a basic universal biological pro-
cess that affects the functioning of many organ systems (Shepard et al.,
2005). In 1989, a seminal study demonstrated that rats that were subjected
to total sleep deprivation developed skin lesions, experienced weight loss in
spite of increased food intake, developed bacterial infections, and died
within 2 to 3 weeks (Rechtschaffen et al., 1989). Researchers in sleep and
circadian biology continue to work toward a greater understanding of the
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etiology and pathophysiology of sleep disorders. The field is maturing into
an interdisciplinary field in which integration and coordination across the
traditional medical specialties, other health care providers (e.g. nurses, den-
tists), and between basic and clinical science is vital.

GROWTH OF SOMNOLOGY AND SLEEP MEDICINE

The maturation of the study of sleep and the field of Somnology and
Sleep Medicine (Box 1-1) has seen the establishment of many organizations
devoted to promoting public awareness, ensuring quality care for individuals
who suffer from chronic sleep loss and sleep disorders, and supporting
education and research endeavors. In addition to the National Center on
Sleep Disorders Research (NCSDR) at the National Institutes of Health
(NIH), professional societies and foundations have been established,
including the American Academy of Sleep Medicine, the Sleep Research
Society, the American Sleep Apnea Association, the Restless Legs Syndrome
Foundation, and the National Sleep Foundation

The field of somnology and sleep medicine has been marked by a num-
ber of milestones over the last 35 years. Sleep laboratories dedicated to the
evaluation and management of sleep disorders have been established. In
1970, sleep disorders were evaluated at only a handful of sleep laboratories
in the world. In 2001, there were close to 1,300 sleep laboratories in the
United States (Tachibana et al., 2005). Membership in the American Acad-
emy of Sleep Medicine and the Sleep Research Society and participation at
the annual meeting of the American Professional Sleep Societies has contin-
ued to increase. In 2005 sleep medicine was recognized as a medical subspe-
cialty by the Accreditation Council for Graduate Medical Education and
the American Board of Medical Specialties.

CHALLENGES IN ADVANCING THE STUDY
OF SLEEP DISORDERS

Coordinating Research and Research Funding

Integrating and coordinating the efforts of the many relevant institutes
and centers at the NIH presents many challenges related to funding and
advancing somnology research. For example, it has recently been recog-
nized that restless legs syndrome (National Institute of Neurological Disor-
ders and Stroke) and sleep apnea (National Heart, Lung, and Blood Insti-
tute) may be a major cause of attention deficit hyperactivity disorder
(National Institute of Child Health and Human Development, National
Institute of Mental Health) and other behavioral problems (Chervin et al.,
2002). The National Institute on Aging is interested in the increase in sleep
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and wake disruption during senescence. Insomnia is typically treated using
behavioral therapy techniques (Office of Behavioral and Social Sciences Re-
search) and is often comorbid with depression, eating disorders, and other
mental disorders (National Institute of Mental Health). Drugs of abuse,
including alcohol and stimulants (National Institute on Drug Abuse, Na-
tional Institute on Alcohol Abuse and Alcoholism), have major effects on
sleep and are often used to treat underlying sleep problems such as insom-
nia or narcolepsy. Sleep apnea research and therapy cuts across a number of
disciplines, including nursing (National Institute of Nursing Research), den-
tistry and otolaryngology (National Institute of Dental and Craniofacial
Research), surgery, neurology (National Institute of Neurological Disor-
ders and Stroke), cardiology, and pulmonary medicine (National Heart,
Lung, and Blood Institute). At the basic research level, somnology research
often involves multiple disciplines such as genetics (National Human Ge-
nome Research Institute), environmental sciences (National Institute of En-
vironmental Health Sciences), epidemiology, immunology (National Insti-
tute of Allergy and Infectious Diseases), endocrinology (National Institute
of Diabetes and Digestive and Kidney Diseases), neurosciences (National

BOX 1-1
Defining Somnology and Sleep Medicine

Throughout information gathering workshops and discussions the Com-
mittee on Sleep Medicine and Research heard the field and practice of
somnology and sleep medicine referred to in many different terms:
sleep, sleep medicine, sleep disorders research, sleep research and
medicine, and the study of sleep. These terms and others fail to de-
scribe the full extent of the study and practice of somnology and sleep
medicine. In response to this and the emergence of the clinical and
research field, this committee believes that an enhanced vocabulary
would be helpful to describe the study of sleep and circadian rhythms.
Therefore, throughout this report the committee will use the terms
somnology and sleep medicine.

Somnology: Somnology is the branch of science devoted to the study of
the physiology of sleep, the behavioral dimensions of sleep, and the con-
sequences of sleep loss and sleep disorders on an individual’s and the
general population’s health, performance, safety, and quality of life.

Sleep medicine: Sleep medicine is a branch of clinical medicine de-
voted to the diagnosis and treatment of individuals suffering from chronic
sleep loss or sleep disorders.
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Institute of Neurological Disorders and Stroke, National Institute of Men-
tal Health, National Eye Institute), and otolaryngology (National Institute
on Deafness and Other Communication Disorders).

Trans-NIH Sleep Research Coordinating Committee

To facilitate an interchange of information on somnology research the
Trans-NIH Sleep Research Coordinating Committee was formed in 1986.
The coordinating committee consists of representatives from 13 NIH
institutes and centers and meets quarterly to discuss current sleep-related
activities in the NIH and to develop new programs.

National Center on Sleep Disorders Research

In 1993 the National Heart, Lung, and Blood Institute established the
NCSDR. As described in the congressional language, the mission of the
NCSDR is the “conduct and support of biomedical and related research
and research training, the dissemination of health information, and the con-
duct of other programs with respect to various sleep disorders, the basic
understanding of sleep, biological and circadian rhythm research, chrono-
biology, and other sleep related research”3 (see Appendix D).

The function of the NCSDR and the Trans-NIH Sleep Research Coor-
dinating Committee are intertwined. The director of the NCSDR serves as
Chair of the Coordinating Committee. Further, the NCSDR is responsible
for coordinating the information collected by individual institutions for the
Coordinating Committee’s annual report; including sleep related activities,
initiatives, and funding of sleep-related activities.

NIH funding for somnology research has increased by more than 150
percent since the NCSDR became fully operational in 1996, reaching a
total of $196.2 million (0.07 percent of the NIH budget) in fiscal year 2004
(NHLBI, 2003). However, this growth occurred during the same period
that the overall budget to the NIH doubled, and currently NIH funding for
sleep-related activities is reaching a plateau. In 2004, for the first time since
the NCSDR was established, there was a decrease in annual NIH expendi-
tures for sleep-related projects; there were fewer research project grants
funded in 2004, and the number of new grants awarded also decreased (see
Appendix G). Consequently, the future outlook for somnology and sleep
medicine is unclear. This presents an even greater challenge for a field that
requires growth in its scientific workforce and technology.

3National Institutes of Health Revitalization Act of 1993. Pub. L. No. 103-43 (1993).
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Increasing the Numbers of Trained Researchers and Clinicians

New investigators and clinicians knowledgeable about sleep-related
research and clinical care are needed. The growth of the discipline in terms
of clinical volume has not been reflected in a corresponding increase in the
number of clinical and basic sleep researchers. In the spring of 2005 there
were 781 American members of the Sleep Research Society, a number
representing the majority of individuals performing sleep-related research.
There are only 253 principal investigators who work on sleep-related re-
search. There are 151 researchers involved primarily in clinical sleep
research, and 126 focus primarily on basic research projects. In 2004, of
the top 30 academic institutions that received the greatest number of
grants from the NIH, less than half had career development and training
awards in somnology and sleep medicine, and only 17 had NIH-spon-
sored fellowships that were sleep related. Between the years 2000 and
2004, the NIH increased its support of sleep-related training and fellow-
ship grants; however, during this same period there was a decrease in the
number of career development awards. Over the same period, the number
of academic institutions receiving sleep-related career development awards
also decreased. Therefore, creating an infrastructure to develop a
workforce capable of meeting the clinical and scientific demand remains a
major challenge.

Time devoted in medical school curriculum to sleep medicine is limited.
The percentage of medical schools that include sleep disorders in their cur-
riculums has risen modestly from 54 percent in 1978 (Orr et al., 1980) to
63 percent in 1993, but the time devoted averages only 2.11 hours (Rosen
et al., 1998). Similar analysis has not recently been performed, but there is
no evidence to suggest that medical schools are placing increased emphasis
on sleep-related content in their curriculums. Clearly, the educational effort
is still inadequate given the magnitude of the morbid effects that sleep loss
and sleep disorders have on the most common diseases (e.g., obesity, hyper-
tension, heart attack, and diabetes). In response to this perceived shortcom-
ing in sleep education, the National Heart, Lung, and Blood Institute sup-
ported a series of grants (K07 funding mechanism) to develop model medical
school curricula. This resulted in the establishment of MEDSleep, a collec-
tion of over 75 sleep education tools and products (AASM, 2005). Although
this program generated a large number of resources, it is unclear how many
of them have been used and implemented. Despite these advances, physician
education regarding the recognition, diagnosis, management, and treatment
of sleep disorders is still inadequate (Strohl et al., 2003; Owens, 2005).

To strengthen the interdisciplinary aspects of the field it is important to
attract new investigators to the field and expand the number of trained
somnology scientists in other relevant and related disciplines. These areas
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include, but are not limited to, biology and health informatics, health ser-
vice research, nursing, epidemiology and genetic epidemiology, clinical tri-
als, functional imaging, genetics, pathology, neurosciences, and molecular
biology.

Distribution of Resources and Technology Development

Today, the capacity needed to serve the population seeking diagnosis
and treatment is inadequate. Analysis commissioned on behalf of the com-
mittee indicated that in many health care systems and communities, the
waiting time for a polysomnogram, the procedure used to diagnose many
sleep disorders, may be as much as 10 weeks (see Chapter 9). This shortfall
will worsen as awareness of the clinical consequences and public health
burden of sleep disorders increases. A substantial investment is needed to
enlarge the clinical and research workforce and improve the technology for
diagnosis and treatment. Ambulatory diagnostic technologies currently
available need to be validated. Further, there is a need for improved treat-
ments for individuals with chronic sleep loss and sleep disorders. For ex-
ample, the most common treatment for sleep apnea, continuous positive
airway pressure therapy, which requires an individual to wear a mask over
the face while sleeping, has a low rate of compliance, between 45 to 70
percent (Kribbs et al., 1993).

There are approximately 1,300 sleep laboratories in the United States,
39 percent of which are accredited by the American Academy of Sleep Medi-
cine (Tachibana et al., 2005). However, millions of individuals suffering
from sleep disorders remain undiagnosed and untreated (Young et al., 1997;
Kapur et al., 2002). The utilization and capacity of sleep laboratories is not
distributed based on the prevalence of sleep disorders (Tachibana et al.,
2005). Apart from creating new sleep centers and laboratories, developing
and validating reliable portable diagnostic technologies is required to meet
the demand that will arise from greater awareness among the general public
(see Chapter 6).

SOMNOLOGY AND SLEEP MEDICINE RESEARCH
IN ACADEMIC INSTITUTIONS

The division of a university and medical school into academic depart-
ments is based upon distinct clinical and graduate training programs. Many
of the most promising new lines of academic research and the most effective
clinical services depend on strong, interdisciplinary programs that emerge
from the knowledge base of the more traditional disciplines (CFAT, 2001).
Unfortunately, the organization of academic disciplines among the schools
and colleges does not effectively support existing interdisciplinary programs
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or those that could be created (Ehrenberg and Epifantseva, 2001; Thursby
and Thursby, 2002).

Somnology and Sleep Medicine Is an Interdisciplinary Field

The field of Somnology and Sleep Medicine is an emerging interdiscipli-
nary field that is being forged from several existing sciences and medical
specialties. However, the current organization of academic health centers
houses clinicians and scientists in discrete departments that do not favor
interdisciplinary research efforts. Although the scientific enterprise of the
field requires interdisciplinary strategies, the clinical service of patients is
multidisciplinary and requires linkages to other medical specialties.

As described in the National Academy of Sciences (2004) report Facili-
tating Interdisciplinary Research:

Interdisciplinary research is a mode of research performed by teams or indi-
viduals that integrates information, data, techniques, tools, perspectives, con-
cepts, and/or theories from two or more disciplines or bodies of specialized
knowledge to advance fundamental understanding or to solve problems whose
solutions are beyond the scope of a single discipline or field of research practice
(Figure 1-1A).

Multidisciplinary research is taken to mean research that involves more than a
single discipline in which each discipline makes a separate contribution. Inves-
tigators may share facilities and research approaches while working separately
on distinct aspects of a problem (Figure 1-1B) (NAS, 2004).

There are a wide range of programs in Somnology and Sleep Medicine.
Some are solely clinical in nature; others are clinical programs that include
training of physicians and some research. There are also a limited number
of comprehensive programs that emphasize clinical care education and train-
ing, as well as basic and clinical research. With few exceptions most pro-
grams continue to be not integrated and embedded in medical departments.
This organization has many adverse implications for the field; including:

• Clinical training in sleep loss and sleep disorders is often limited to
those in the department where the program is housed to the exclusion of
others.

• The absence of interdisciplinary clinical teams hinders patient care.
• A limited sense of identity with, or focus on the field, and an absence

of an established career path for faculty makes it difficult to attract new
students, researchers, and clinicians into the field.
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• Research or clinical funds generated from sleep-related activities are
not generally reinvested to enhance sleep programs.

• Collaboration can be more difficult because researchers and clini-
cians are geographically dispersed.

Sleep Loss and Sleep Disorders Require Long-Term Patient Care
and Chronic Disease Management

Sleep disorders are chronic conditions necessitating complex treatments.
They are frequently comorbid with other sleep disorders and other condi-
tions (e.g., cardiovascular disease, depression, or diabetes), which, by them-
selves, are complex to treat. Despite the importance of early recognition
and treatment, the primary focus of most existing sleep centers is on diag-
nosis, rather than on comprehensive care of sleep loss and sleep disorders as
chronic conditions. The narrow focus of sleep centers may largely be the
unintended result of accreditation criteria, which emphasize diagnostic stan-
dards and reimbursement for the diagnostic testing (see Chapter 9).

A) Interdisciplinary

A

B

C

B) Multidisciplinary

A

B

A′

B′

Joined together to work on a common question or 
problem. Interaction may forge a new research field 
or discipline.

Disciplines joined together to work on a common question 
or problem, split apart when work is complete, having 
likely gained new knowledge, insight, strategies from 
other disciplines.

FIGURE 1-1 Interdisciplinary and multidisciplinary research.
SOURCE: National Academy of Sciences, 2004.
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SCOPE AND ORGANIZATION OF THIS REPORT

Increased public education and greater awareness of the burden of sleep
loss and sleep disorders as well as scientific advances have poised the field
of somnology and sleep medicine for great strides. In 2003 the NCSDR
published a set of research priorities for the field. However, advances will
require an organized strategy to increase and coordinate efforts in training
and educating the public, researchers, and clinicians, as well as improved
infrastructure and funding for this endeavor.

Recognizing the need to develop a new coordinated strategy to improve
public awareness and strengthen the field of Somnology and Sleep Medi-
cine, the NCSDR at the NIH, along with the American Academy of Sleep
Medicine, the National Sleep Foundation, and the Sleep Research Society,
requested that the Institute of Medicine (IOM) conduct a study that would
examine: (1) the public health significance of sleep, sleep loss, and sleep
disorders, (2) gaps in the public health system and adequacy of the current
resources and infrastructures for addressing the gaps, (3) barriers and oppor-
tunities for improving interdisciplinary research and medical education and
training in the area of sleep and sleep medicine, and (4) develop a compre-
hensive plan for enhancing sleep medicine and sleep research (Box 1-2).

The IOM appointed a 14-member committee with expertise in aca-
demic and medical administration, adolescent medicine, cardiology, epide-
miology, geriatrics, health sciences research, neurology, nursing, otolaryn-
gology, pediatrics, psychiatry, and pulmonology. The committee met five
times during the course of its work and held two workshops that provided
input on the current public health burden of sleep loss and chronic sleep
disorders and the organization and operation of various types of academic
sleep programs.

Chapter 2 of this report describes the basic biology and physiology of
sleep and circadian rhythms. Chapter 3 introduces the primary sleep disor-
ders and their associated health burdens, and Chapter 4 describes their im-
pact on an individual’s performance and associated economic impact. Chap-
ter 5 provides an overview of the barriers to providing optimal patient care,
including the lack of public and professional education. Chapter 6 high-
lights the need for greater capacity to diagnose and treat individuals with
sleep loss and sleep disorders. In Chapter 7, the committee examines the
education and training programs for students, scientists, and health care
professionals. Chapter 8 discusses the current investment by the NIH and
the NCSDR and the potential role of a national somnology and sleep medi-
cine research network for advancing therapeutic interventions for sleep loss
and sleep disorders. Chapter 9 highlights the infrastructure of the field and
proposes recommendations for developing academic programs in somnol-
ogy and sleep medicine.
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BOX 1-2
Statement of Task

The Institute of Medicine will convene an ad hoc committee of experts in
public health, academic and medical administration, and health sciences
research to identify (1) the public health significance of sleep, sleep loss,
and sleep disorders; (2) barriers and opportunities for improving interdis-
ciplinary research and medical education and training in the area of sleep
and sleep medicine; and (3) strategies for developing increased support
for sleep medicine and sleep research in academic health centers.

The committee will:

1. Review and quantify the public health significance of sleep health,
sleep loss, and sleep disorders based on current knowledge. This task
will include assessments of (a) the contribution of sleep disorders to poor
health, reduced quality of life, and early mortality; and (b) the economic
consequences of sleep loss and sleep disorders, including lost wages
and productivity. Target populations will be segmented as children,
adults, and the elderly.

2. Identify gaps in the public health system relating to the understand-
ing, management, and treatment of sleep loss and sleep disorders, and
assess the adequacy of the current resources and infrastructures for
addressing the gaps. The committee, however, will not be responsible
for making any budgetary recommendations.

3. Identify barriers to and opportunities for improving and stimulating
multidisciplinary research, education, and training in sleep medicine.
Delineate fiscal and academic organizational models that promote and
facilitate (a) sleep research in the basic sciences; (b) cooperative
research efforts between basic science disciplines and clinical practice
specialties; and (c) multidisciplinary efforts in education and training of
practitioners in sleep health, sleep disorders, and sleep research.

4. Develop a comprehensive plan for enhancing sleep medicine and
sleep research, as appropriate, for improving the public’s health. This will
include interdisciplinary initiatives for research, medical education, train-
ing, clinical practice, and health policy.
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2

Sleep Physiology

CHAPTER SUMMARY This chapter provides a brief overview
of sleep physiology and how sleep patterns change over an in-
dividual’s life span. Humans spend about one-third of their lives
asleep. There are two types of sleep, non-rapid eye movement
(NREM) sleep and rapid eye movement (REM) sleep. NREM sleep
is divided into stages 1, 2, 3, and 4, representing a continuum of
relative depth. Each has unique characteristics including variations
in brain wave patterns, eye movements, and muscle tone. Circadian
rhythms, the daily rhythms in physiology and behavior, regulate
the sleep-wake cycle. In addition, the sleep-wake system is thought
to be regulated by the interplay of two major processes, one that
promotes sleep and one that maintains wakefulness.
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Humans spend about one-third of their lives asleep, yet most individu-
als know little about sleep. Although its function remains to be fully eluci-
dated, sleep is a universal need of all higher life forms including humans,
absence of which has serious physiological consequences. This chapter pro-
vides an overview of basic sleep physiology and describes the characteristics
of REM and NREM sleep. Sleep and circadian-generating systems are also
reviewed. The chapter ends with a discussion about how sleep patterns
change over an individual’s life span.

SLEEP ARCHITECTURE

Sleep architecture refers to the basic structural organization of normal
sleep. There are two types of sleep, non-rapid eye-movement (NREM) sleep
and rapid eye-movement (REM) sleep. NREM sleep is divided into stages 1,
2, 3, and 4, representing a continuum of relative depth. Each has unique
characteristics including variations in brain wave patterns, eye movements,
and muscle tone. Sleep cycles and stages were uncovered with the use of
electroencephalographic (EEG) recordings that trace the electrical patterns
of brain activity (Loomis et al., 1937; Dement and Kleitman, 1957a).

Two Types of Sleep

Over the course of a period of sleep, NREM and REM sleep alternate
cyclically (Figure 2-1). The function of alternations between these two types
of sleep is not yet understood, but irregular cycling and/or absent sleep
stages are associated with sleep disorders (Zepelin et al., 2005). For ex-
ample, instead of entering sleep through NREM, as is typical, individuals

Stage 1

Wake

Stage 2

Stage 3

Stage 4

REM
Body

movement 12:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00
Time (a.m.)

FIGURE 2-1 Progression of sleep states across a single night in young adult.
SOURCE: Carskadon and Dement (2005).
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with narcolepsy enter sleep directly into REM sleep (Carskadon and
Rechtschaffen, 2005).

NREM and REM Sleep Cycles

A sleep episode begins with a short period of NREM stage 1 progressing
through stage 2, followed by stages 3 and 4 and finally to REM. However,
individuals do not remain in REM sleep the remainder of the night but, rather,
cycle between stages of NREM and REM throughout the night (Figure 2-1).
NREM sleep constitutes about 75 to 80 percent of total time spent in sleep,
and REM sleep constitutes the remaining 20 to 25 percent. The average length
of the first NREM-REM sleep cycle is 70 to 100 minutes. The second, and
later, cycles are longer lasting—approximately 90 to 120 minutes (Carskadon
and Dement, 2005). In normal adults, REM sleep increases as the night
progresses and is longest in the last one-third of the sleep episode. As the sleep
episode progresses, stage 2 begins to account for the majority of NREM sleep,
and stages 3 and 4 may sometimes altogether disappear.

Four Stages of NREM Sleep

The four stages of NREM sleep are each associated with distinct brain
activity and physiology. Figure 2-2 shows the EEG patterns characteristic
of the four NREM stages. Other instruments are used to track characteris-
tic changes in eye movement and muscle tone.

Stage 1 Sleep

NREM stage 1 sleep serves a transitional role in sleep-stage cycling.
Aside from newborns and those with narcolepsy and other specific neuro-
logical disorders, the average individual’s sleep episode begins in NREM
stage 1. This stage usually lasts 1 to 7 minutes in the initial cycle, constitut-
ing 2 to 5 percent of total sleep, and is easily interrupted by a disruptive
noise. Brain activity on the EEG in stage 1 transitions from wakefulness
(marked by rhythmic alpha waves) to low-voltage, mixed-frequency waves.
Alpha waves are associated with a wakeful relaxation state and are charac-
terized by a frequency of 8 to 13 cycles per second (Carskadon and Dement,
2005).

Stage 2 Sleep

Stage 2 sleep lasts approximately 10 to 25 minutes in the initial cycle
and lengthens with each successive cycle, eventually constituting between
45 to 55 percent of the total sleep episode. An individual in stage 2 sleep
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requires more intense stimuli than in stage 1 to awaken. Brain activity on an
EEG shows relatively low-voltage, mixed-frequency activity characterized
by the presence of sleep spindles and K-complexes (Figure 2-2). It is hypoth-
esized that sleep spindles are important for memory consolidation. Indi-
viduals who learn a new task have a significantly higher density of sleep
spindles than those in a control group (Gais et al., 2002).

Stages 3 and 4, Slow-Wave Sleep

Sleep stages 3 and 4 are collectively referred to as slow-wave sleep
(SWS), most of which occurs during the first third of the night. Each has
distinguishing characteristics. Stage 3 lasts only a few minutes and consti-
tutes about 3 to 8 percent of sleep. The EEG shows increased high-voltage,
slow-wave activity (Figure 2-2).

The last NREM stage is stage 4, which lasts approximately 20 to 40
minutes in the first cycle and makes up about 10 to 15 percent of sleep. The
arousal threshold is highest for all NREM stages in stage 4. This stage is

Stage 1

Stage 2

Stage 3

Stage 4

10µV

5 sec

FIGURE 2-2 Characteristic EEG activity of each of the four stages of NREM sleep.
NOTE: In stage 2, the arrow indicates a K-complex, and the underlining shows two
sleep spindles.
SOURCE: Carskadon and Dement (2005).
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characterized by increased amounts of high-voltage, slow-wave activity on
the EEG (Carskadon and Dement, 2005).

REM Sleep

REM sleep is defined by the presence of desynchronized (low-voltage,
mixed-frequency) brain wave activity, muscle atonia, and bursts of rapid
eye movements (Carskadon and Dement, 2005). “Sawtooth” wave forms,
theta activity (3 to 7 counts per second), and slow alpha activity also char-
acterize REM sleep. During the initial cycle, the REM period may last only
1 to 5 minutes; however, it becomes progressively prolonged as the sleep
episode progresses (Carskadon and Dement, 2005). There are numerous
physiological differences between NREM and REM sleep (Table 2-1).

TABLE 2-1 Physiological Changes During NREM and REM Sleep

Physiological Process NREM REM

Brain activity Decreases from wakefulness Increases in motor and sensory areas,
while other areas are similar to NREM

Heart rate Slows from wakefulness Increases and varies compared to
NREM

Blood pressure Decreases from wakefulness Increases (up to 30 percent) and
varies from NREM

Sympathetic nerve Decreases from wakefulness Increases significantly from wakeful-
activity ness

Muscle tone Similar to wakefulness Absent

Blood flow to brain Decreases from wakefulness Increases from NREM, depending
on brain region

Respiration Decreases from wakefulness Increases and varies from NREM,
but may show brief stoppages;
coughing suppressed

Airway resistance Increases from wakefulness Increases and varies from wakefulness

Body temperature Is regulated at lower set Is not regulated; no shivering or
point than wakefulness; sweating; temperature drifts toward
shivering initiated at lower that of the local environment
temperature than during
wakefulness

Sexual arousal Occurs infrequently Greater than NREM

SOURCES: NHLBI (2003), Somers et al. (1993), Madsen et al. (1991b).
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Dreaming is most often associated with REM sleep. Loss of muscle
tone and reflexes likely serves an important function because it prevents an
individual from “acting out” their dreams or nightmares while sleeping (see
Chapter 3) (Bader et al., 2003). Approximately 80 percent of vivid dream
recall results after arousal from this stage of sleep (Dement and Kleitman,
1957b). REM sleep may also be important for memory consolidation (Crick
and Mitchison, 1983; Smith and Lapp, 1991).

Physiology During Sleep

In addition to the physiological changes listed in Table 2-1, there are
other body system changes that occur during sleep. Generally, these changes
are well tolerated in healthy individuals, but they may compromise the
sometimes fragile balance of individuals with vulnerable systems, such as
those with cardiovascular diseases (Parker and Dunbar, 2005). Physiologi-
cal changes also occur in the following systems:

• Cardiovascular: Changes in blood pressure and heart rate occur
during sleep and are primarily determined by autonomic nervous system
activity. For instance, brief increases in blood pressure and heart rate occur
with K-complexes, arousals, and large body movements (Lugaresi et al.,
1978; Catcheside et al., 2002; Blasi et al., 2003; Tank et al., 2003). Further,
there is an increased risk of myocardial infarction in the morning due to the
sharp increases in heart rate and blood pressure that accompany awakening
(Floras et al., 1978; Mulcahy et al., 1993).

• Sympathetic-nerve activity: Sympathetic-nerve activity decreases as
NREM sleep deepens; however, there is a burst of sympathetic-nerve activ-
ity during NREM sleep due to the brief increase in blood pressure and heart
rate that follows K-complexes. Compared to wakefulness, there is a rise in
activity during REM sleep (Somers et al., 1993).

• Respiratory: Ventilation and respiratory flow change during sleep
and become increasingly faster and more erratic, specifically during REM
sleep (Krieger, 2000; Simon et al., 2002). Ventilation data during
REM sleep are somewhat unclear, but they suggest that hypoventilation
(deficient ventilation of the lungs that results in reduction in the oxygen
content or increase in the carbon dioxide content of the blood or both)
occurs in a similar way as during NREM sleep (NLM, 2006). Several fac-
tors contribute to hypoventilation during NREM, and possibly REM, sleep
such as reduced pharyngeal muscle tone (Krieger, 2000; Simon et al., 2002).
Further, during REM sleep, there is reduced rib cage movement and in-
creased upper airway resistance due to the loss of tone in the intercostals
and upper airway muscles (Parker and Dunbar, 2005). More generally,
ventilation and respiratory flow show less effective adaptive responses dur-
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ing sleep. The cough reflex, which normally reacts to irritants in the air-
way, is suppressed during REM and NREM sleep. The hypoxic ventilatory
response is also lower in NREM sleep than during wakefulness and de-
creases further during REM sleep. Similarly, the arousal response to respi-
ratory resistance (for example, resistance in breathing in or out) is lowest
in stage 3 and stage 4 sleep (Douglas, 2005).

• Cerebral blood flow: NREM sleep is associated with significant re-
ductions in blood flow and metabolism, while total blood flow and metabo-
lism in REM sleep is comparable to wakefulness (Madsen et al., 1991b).
However, metabolism and blood flow increase in certain brain regions dur-
ing REM sleep, compared to wakefulness, such as the limbic system (which is
involved with emotions), and visual association areas (Madsen et al., 1991a).

• Renal: There is a decreased excretion of sodium, potassium, chlo-
ride, and calcium during sleep that allows for more concentrated and re-
duced urine flow. The changes that occur during sleep in renal function are
complex and include changes in renal blood flow, glomerular filtration,
hormone secretion, and sympathetic neural stimulation (Cianci et al., 1991;
Van Cauter, 2000; Buxton et al., 2002).

• Endocrine: Endocrine functions such as growth hormone, thyroid
hormone, and melatonin secretion are influenced by sleep. Growth hor-
mone secretion typically takes place during the first few hours after sleep
onset and generally occurs during SWS, while thyroid hormone secretion
takes place in the late evening. Melatonin, which induces sleepiness, likely
by reducing an alerting effect from the suprachiasmatic nucleus, is influ-
enced by the light-dark cycle and is suppressed by light (Parker and Dunbar,
2005).

SLEEP-WAKE REGULATION

The Two-Process Model

The sleep-wake system is thought to be regulated by the interplay of
two major processes, one that promotes sleep (process S) and one that main-
tains wakefulness (process C) (Gillette and Abbott, 2005). Process S is the
homeostatic drive for sleep. The need for sleep (process S) accumulates
across the day, peaks just before bedtime at night and dissipates throughout
the night.

Process C is wake promoting and is regulated by the circadian system.
Process C builds across the day, serving to counteract process S and pro-
mote wakefulness and alertness. However, this wake-promoting system be-
gins to decline at bedtime, serving to enhance sleep consolidation as the
need for sleep dissipates across the night (Gillette and Abbott, 2005). With
an adequate night’s rest, the homeostatic drive for sleep is reduced, the
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circadian waking drive begins to increase, and the cycle starts over. In the
absence of process C, total sleep time remains the same, but it is randomly
distributed over the day and night; therefore, process C also works to con-
solidate sleep and wake into fairly distinct episodes (Gillette and Abbott,
2005). Importantly, through synchronization of the circadian system, pro-
cess C assists in keeping sleep-wakefulness cycles coordinated with environ-
mental light-dark cycles.

Sleep-Generating Systems in the Brainstem

Sleep process S is regulated by neurons that shut down the arousal
systems, thus allowing the brain to fall asleep. Many of these neurons are
found in the preoptic area of the hypothalamus (Figure 2-3A). These neu-
rons, containing molecules that inhibit neuronal communication, turn off
the arousal systems during sleep. Loss of these nerve cells causes profound
insomnia (Saper et al., 2005a,c). Inputs from other regions of the brain also
greatly influence the sleep system. These include inputs from the lower
brainstem that relay information about the state of the body (e.g., a full
stomach is conducive to falling asleep), as well as from emotional and cog-
nitive areas of the forebrain. In addition, as described further in the next
section, there are inputs from the circadian system that allow the wake-
sleep system to synchronize with the external day-night cycle, but also to
override this cycle when it is necessitated by environmental needs.

The sleep-generating system also includes neurons in the pons that
intermittently switch from NREM to REM sleep over the course of the
night. These neurons send outputs to the lower brainstem and spinal cord
that cause muscle atonia, REMs, and chaotic autonomic activity that char-
acterize REM sleep. Other outputs are sent to the forebrain, including acti-
vation of the cholinergic pathways to the thalamus to activate the EEG.

Wake-Generating Systems in the Brainstem

Wakefulness is generated by an ascending arousal system from the
brainstem that activates forebrain structures to maintain wakefulness
(Figure 2-3B). This idea, originally put forward by Morruzzi and Magoun
(1949), has more recently been refined (Jones, 2005a; Saper et al., 2005c).
The main source for the ascending arousal influence includes two major
pathways that originate in the upper brainstem. The first pathway, which
takes origin from cholinergic neurons in the upper pons, activates parts of
the thalamus that are responsible for maintaining transmission of sensory
information to the cerebral cortex. The second pathway, which originates
in cell groups in the upper brainstem that contain the monoamine neu-
rotransmitters (norepinephrine, serotonin, dopamine, and histamine),
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enters the hypothalamus, rather than the thalamus, where it picks up
inputs from nerve cells that contain peptides (orexin or hypocretin and
melanin-concentrating hormone). These inputs then traverse the basal fore-
brain, where they pick up additional inputs from cells containing acetyl-
choline and gamma-aminobutyric acid. Ultimately, all of these inputs
enter the cerebral cortex, where they diffusely activate the nerve cells
and prepare them for the interpretation and analysis of incoming sensory
information.

CIRCADIAN RHYTHMS, THE 24-HOUR CLOCK

Circadian rhythms refer, collectively, to the daily rhythms in physiology
and behavior. They control the sleep-wake cycle, modulate physical activity
and food consumption, and over the course of the day regulate body tem-
perature, heart rate, muscle tone, and hormone secretion. The rhythms are
generated by neural structures in the hypothalamus that function as a biologi-
cal clock (Dunlap et al., 2004). Animals and plants possess endogenous clocks
to organize daily behavioral and physiological rhythms in accord with the
external day-night cycle (Bunning, 1964). The basis for these clocks is believed
to be a series of molecular pathways involving “clock” genes that are
expressed in a nearly 24-hour rhythm (Vitaterna et al., 2005).
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FIGURE 2-3 Sleep-generating (A) and wake-generating (B) systems in the brain.
NOTE: Cholinergic (ACh) cell groups; basal forebrain (BF); dopamine (DA);
gamma-aminobutyric acid (GABA); galanin (Gal); histamine (His); serotonin (5-HT);
locus coeruleus (LC); laterodorsal tegmental nuclei (LDT); lateral hypothalamus
(LH); melanin-concentrating hormone (MCH); noradrenaline (NA); orexin (ORX);
perifornical (PeF); the pedunculopontine (PPT); tuberomammillary nucleus (TMN);
ventrolateral preoptic nucleus (VLPO); ventral periaqueductal gray (vPAG).
SOURCE: Saper et al. (2005c).
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FIGURE 2-4 Molecular mechanisms underlying the activity of the circadian clock.
NOTE: The activation and deactivation of Period and Cryptochrome protein pro-
duction is the basis of a negative-feedback loop that controls the ~24-hour cycle
time of circadian clocks. Thus, the ability of the Period and Cryptochrome proteins
to modulate their own production allows the system to self-regulate.

In mammals, two proteins, Clock and Bmal1, bind together and move
into the nucleus of the cell, where they bind to specific sites in the DNA that
activate specific genes (Figure 2-4). Among the genes that they activate are
Period and Cryptochrome. The products of these genes also move back into
the nucleus, where they disrupt the binding of Clock and Bmal1 to the
DNA, thus inhibiting their own synthesis. This results in a rising and falling
pattern of expression of the Period and Cryptochrome gene products with a
periodicity that is very close to 24 hours.

Many other genes are also regulated by Clock and Bmal1, and these
genes cycle in this way in many tissues in the body, giving rise to daily
patterns of activity. These rhythmically expressed genes contribute to many
aspects of cellular function, including glucose and lipid metabolism, signal
transduction, secretion, oxidative metabolism, and many others, suggesting
the importance of the circadian system in many central aspects of life.

The Suprachiasmatic Nucleus

The suprachiasmatic nucleus (SCN) is responsible for regulating circa-
dian rhythms in all organs. It receives direct inputs from a class of nerve
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cells in the retina that act as brightness detectors, which can reset the clock
genes in the SCN on a daily basis. The SCN then transmits to the rest of the
brain and body signals that bring all of the daily cycles in synchrony with
the external day-night cycle.

The main influence of the SCN on sleep is due to a series of relays
through the dorsomedial nucleus of the hypothalamus, which signals to the
wake-sleep systems to coordinate their activity with the day-night cycles.
The SCN also coordinates cycles of feeding, locomotor activity, and hor-
mones, such as corticosteroids (Chou et al., 2003). Under some conditions
(e.g., limited food availability) when there are changes in the external tem-
perature, or even under conditions of behavioral stress (e.g., the need to
avoid a predator), animals must shift their daily cycles to survive. In such
circumstances, the dorsomedial nucleus may shift to a new daily cycle, which
can be completely out of phase with the SCN and the light-dark cycle, and
its signals also shift the daily cycles of sleep, activity, feeding, and cortico-
steroid hormone secretion (Saper et al., 2005b,c).

Another major output of the SCN is to a pathway that controls the
secretion of melatonin, a hormone produced by the pineal gland. Melato-
nin, which is mainly secreted at night, acts to further consolidate the circa-
dian rhythms but has only limited effects directly on sleep.

Sleep and Thermoregulation

Body temperature regulation is subject to circadian system influence.
An individual’s body temperature is higher during the day than at night
(Figure 2-5). At night there is a gradual decline in body temperature, a
decrease in heat production (called the falling phase of the body tempera-
ture rhythm), and an increase in heat loss, all which promote sleep onset
and maintenance, as well as EEG slow-wave activity. Conversely, there is a
gradual increase in body temperature several hours before waking. The
brain sends signals to other parts of the body that increase heat production
and conservation in order to disrupt sleep and promote waking (Szymusiak,
2005).

SLEEP PATTERNS CHANGE WITH AGE

Sleep architecture changes continuously and considerably with age.
From infancy to adulthood, there are marked changes in how sleep is initi-
ated and maintained, the percentage of time spent in each stage of sleep,
and overall sleep efficiency (i.e., how successfully sleep is initiated and main-
tained). A general trend is that sleep efficiency declines with age (Figure
2-6). Although the consequences of decreased sleep efficiency are relatively
well documented, the reasons are complex and poorly understood. Exami-
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FIGURE 2-5 Body temperature in relation to time of day.
SOURCE: NHBLI (2003).

nation of sleep characteristics by age, however, allows a closer understand-
ing of the function of sleep for human development and successful aging.

Newborns and Infants

At birth, sleep timing is distributed evenly across day and night for the
first few weeks, with no regular rhythm or concentration of sleeping and
waking. Newborns sleep about 16 to 18 hours per day; however, it is dis-
continuous with the longest continuous sleep episode lasting only 2.5 to 4
hours (Adair and Bauchner, 1993; Roffwarg et al., 1966). Newborns have
three types of sleep: quiet sleep (similar to NREM), active sleep (analogous
to REM), and indeterminate sleep (Davis et al., 2004). Sleep onset occurs
through REM, not NREM, and each sleep episode consists of only one or
two cycles (Jenni and Carskadon, 2000; Davis et al., 2004). This distinctive
sleep architecture occurs mostly because circadian rhythms have not yet
been fully entrained (Davis et al., 2004).

Circadian rhythms begin to arise around 2 to 3 months of age, leading
to sleep consolidation that manifests in greater durations of wakefulness
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during the day and longer periods of sleep at night (Sheldon, 2002). Circadian
rhythm development in the first 3 months includes: emergence of the 24-hour
core body temperature cycle (1 month of age); progression of nocturnal
sleeping (2 months of age); and cycling of melatonin and cortisol hormones
in a circadian rhythm (3 months of age) (Jenni and Carskadon, 2000).

Sleep cycles also change because of the emergence of the circadian
rhythm and a greater responsiveness to social cues (such as breast-feeding
and bedtime routines). By 3 months of age, sleep cycles become more regu-
lar: sleep onset now begins with NREM, REM sleep decreases and shifts to
the later part of the sleep cycle, and the total NREM and REM sleep cycle is
typically 50 minutes (Anders et al., 1995; Jenni and Carskadon, 2000). By 6
months of age, total sleep time reduces slightly and the longest continuous
sleep episode lengthens to approximately 6 hours (Anders et al., 1995; Jenni
and Carskadon, 2000). As sleep cycles mature, the typical muscle paralysis
of REM sleep replaces the propensity for movement in what was called
“active sleep” as a newborn. By 12 months old, the infant typically sleeps
14 to 15 hours per day with the majority of sleep consolidated in the evening
and during one to two naps during the day (Anders et al., 1995).

FIGURE 2-6 Changes in sleep with age.
NOTE: Time (in minutes) for sleep latency, amount of time spent awake after ini-
tially falling asleep (WASO), rapid eye movement (REM), non-rapid eye movement
(NREM), stages 1, 2, and slow-wave sleep (SWS).
SOURCE: Carskadon and Rechtschaffen (2005).
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Young Children

There are a limited number of studies that address normal sleep archi-
tecture in young children; however, one trend that appears to be consistent
is that sleep amounts decrease as a child gets older. The reduction cannot be
attributed solely to physiologic requirements, because cultural environments
and social changes also influence changing sleep characteristics in young
children. Total sleep time decreases by 2 hours from age 2 to age 5 (13
hours to 11) (Roffward et al., 1966). Socially, the decrease in time asleep
may be a result of decreased daytime napping, as most children discontinue
napping between 3 and 5 years old (Jenni and Carskadon, 2000). Other
social and cultural factors that begin to influence sleep include how, with
whom, and where children sleep and the introduction of school time rou-
tines (Jenni and O’Connor, 2005).

Physiologically, it has been suggested that by the time children enter
school (typically 6 years old) they begin to manifest circadian sleep phase
preferences—a tendency to be a “night owl” or “morning bird” (Jenni and
Carskadon, 2000). Older children, however, are significantly more likely to
experience challenges in initiating and maintaining sleep than younger chil-
dren. In addition, older children are more likely to have nightmares, which
usually disrupt sleep, making it discontinuous (Beltramini and Hertzig,
1983). One study found that children appear to have longer REM sleep
latencies than adolescents and consequently spend a greater percentage of
sleep time in stages 3 and 4 (Gaudreau et al., 2001).

Adolescents

A complex and bidirectional relationship exists between pubertal de-
velopment and sleep. Studies underscore the importance of using pubertal
stage, rather than chronologic age as the metric in understanding sleep, as
has been found for other physiologic parameters in the second decade of
life. It has been determined that adolescents require 9 to 10 hours of sleep
each night (Carskadon et al., 1993; Mercer et al., 1998), though few ado-
lescents obtain adequate sleep. In the United States, the average total sleep
time in a sample of eighth-grade students was found to be 7.9 hours
(Wolfson et al., 2003). Over a quarter of high school and college students
were found to be sleep deprived (Wolfson and Carskadon, 1998).

SWS and sleep latency time progressively declines with advancing pu-
bertal development (Carskadon et al., 1980); however, time spent in stage
2 increases (Carskadon, 1982). These changes are likely in part due to
pubertal and hormonal changes that accompany the onset of puberty
(Karacan et al., 1975). For instance, at midpuberty, there is significantly
greater daytime sleepiness than at earlier stages of puberty. Afternoon
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sleepiness is greater than that in late afternoon and evening in more ma-
ture adolescents than in younger subjects. With increasing age, the total
time spent sleeping decreases, as does REM sleep. However, if bedtime is
fixed, the duration of REM sleep remains constant (Carskadon, 1982;
Carskadon et al., 1983).

Adults

Sleep architecture continues to change with age across adulthood. Two
major attributes of age-related sleep changes are earlier wake time and re-
duced sleep consolidation (Dijk et al., 2000). A hallmark change with age is
a tendency toward earlier bedtimes and wake times. Older adults (approxi-
mately ages 65 to 75) typically awaken 1.33 hours earlier, and go to bed
1.07 hours earlier, than younger adults (approximately ages 20 to 30) (Duffy
et al., 1998). There are no conclusive studies that demonstrate why older
adults experience earlier wake times, despite decreased sleep efficiency, but
one hypothesis may be an advanced circadian pacemaker that accompanies
age (Dijk et al., 2000). It is unclear if this is due to older adults experiencing
an increased sensitivity to light (Dijk et al., 2000; Ancoli-Israel, 2005).
Nonetheless, the consequences of an advanced circadian rhythm are a
1-hour advance in body temperature increase in the early morning and mis-
aligned melatonin and cortisol secretion rhythms with the circadian clock
(Dijk et al., 2000).

Younger adults may experience brief awakenings, but they are usually
minor and occur close to an REM sleep transition; thus, sleep remains rela-
tively consolidated. Arousal occurring mostly from REM sleep in young
adults suggests that there is a protective mechanism to keep from awaken-
ing during NREM sleep; however, this protective effect appears to also
decline with age (Dijk, 1998). As an individual ages (between the ages of 20
to 60), SWS declines at a rate of about 2 percent per decade (Figure 2-6)
(Dijk et al., 1989; Astrom and Trojaborg, 1992; Landolt et al., 1996;
Ancoli-Israel, 2005). Because arousal thresholds are typically highest dur-
ing SWS, and because SWS declines with age, older adults experience more
frequent awakenings during a sleep episode. Another important variable
may be an age-related reduction both in homeostatic sleep pressure and
circadian pacemaker effectiveness during the night (Dijk et al., 2000).

Gender Differences

Although there have been few systematic studies, there appear to be
gender-based differences in sleep and circadian rhythms. Available evidence
is strongest in adults; however, gender differences have also been observed
in infancy (Bach et al., 2000; Moss and Robson, 1970; Hoppenbrouwers et
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al., 1989), childhood (Meijer et al., 2000; Sadeh et al., 2000; Acebo et al.,
1996), and adolescence (Giannotti et al., 2002; Laberge et al., 2001). In
adults, men spend greater time in stage 1 sleep (Bixler et al., 1984) and
experience more awakenings (Kobayashi et al., 1998). Although women
maintain SWS longer than men, they complain more often of difficulty fall-
ing asleep and midsleep awakenings. In contrast, men are more likely to
complain of daytime sleepiness (Ancoli-Israel, 2000).

In women, the menstrual cycle may influence sleep-wake activity; how-
ever, methodological challenges have limited the number of conclusive find-
ings (Metcalf, 1983; Leibenluft et al., 1994). There have been a number of
studies that suggest that women’s sleep patterns are greatly affected during
pregnancy and the postpartum period (Karacan et al., 1968; Hertz et al.,
1992; Lee and Zaffke, 1999; Driver and Shapiro, 1992). For example,
women often experience considerable daytime sleepiness during pregnancy
and during the first few postpartum months, and as will be discussed in
greater detail in Chapter 3, they are also at a higher risk of developing
restless legs syndrome (Goodman et al., 1998; Lee et al., 2001).

Elderly People

Problematic sleep has adverse effects on all individuals, regardless of
age; however, older people typically show an increase in disturbed sleep
that can create a negative impact on their quality of life, mood, and alert-
ness (Ancoli-Israel, 2005; Bliwise, 2005). Elderly individuals sleep 36 per-
cent less than children at age 5 (Figure 2-6). Although the ability to sleep
becomes more difficult, the need to sleep does not decrease with age (Ancoli-
Israel, 2005). Difficulty in initiating and maintaining sleep is cited in 43
percent of the elderly (Foley et al., 1995), although these problems are more
commonly among adults suffering from depression, respiratory symptoms,
and physical disability, among others (Ancoli-Israel, 2005). However, de-
clining sleep efficiency and quality has also been observed in healthy older
people (Dijk et al., 2000).

Changes in sleep patterns affect males and females differently. The pro-
gressive decrease in SWS is one of the most prominent changes with aging;
however, it appears to preferentially affect men. The gender difference is
unclear, but it has been suggested that older women have “better-preserved”
SWS than men (Reynolds et al., 1985). Women ages 70 and older spend
around 15 to 20 percent of total sleep time in stages 3 and 4; men of the
same age spend only around 5 percent of total sleep time in stages 3 and 4
(Redline et al., 2004). Another gender contrast is that older women go to
bed and wake up earlier than older men, which suggests that body tempera-
ture rhythms are phase-advanced in elderly women (Campbell et al., 1989;
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Moe et al., 1991; Monk et al., 1995). However, both men and women have
increased stage 1 and decreased REM sleep.

Older people also experience a decrease in melatonin levels, which may
be due to the gradual deterioration of the hypothalamic nuclei that drive
circadian rhythms (Ancoli-Israel, 2005). The inability to maintain long sleep
episodes and bouts of wakefulness may reflect, in addition to other medical
factors, a continuously decreasing sleep homeostasis (Dijk et al., 2000;
Bliwise, 2005). Other prominent factors are the continuous increase in sleep
latency and nighttime awakenings and inconsistency of external cues such
as light exposure (which tends to be low), irregular meal times, nocturia,
and decreased mobility leading to a reduction in exercise (Dijk et al., 2000;
Ancoli-Israel, 2005; Bliwise, 2005).
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3

Extent and Health Consequences of
Chronic Sleep Loss and Sleep Disorders

CHAPTER SUMMARY It is estimated that 50 to 70 million
Americans chronically suffer from a disorder of sleep and wakeful-
ness, hindering daily functioning and adversely affecting health
and longevity. There around 90 distinct sleep disorders; most are
marked by one of these symptoms: excessive daytime sleepiness, dif-
ficulty initiating or maintaining sleep, and abnormal events occur-
ring during sleep. The cumulative long-term effects of sleep loss and
sleep disorders have been associated with a wide range of deleterious
health consequences including an increased risk of hypertension, dia-
betes, obesity, depression, heart attack, and stroke. After decades of
research, the case can be confidently made that sleep loss and sleep
disorders have profound and widespread effects on human health.
This chapter focuses on manifestations and prevalence, etiology and
risk factors, and comorbidities of the most common sleep condi-
tions, including sleep loss, sleep-disordered breathing, insomnia, nar-
colepsy, restless legs syndrome, parasomnias, sleep-related psychiat-
ric disorders, sleep-related neurological disorders, sleep-related medical
disorders, and circadian rhythm sleep disorders.
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Sleep loss and sleep disorders are among the most common yet fre-
quently overlooked and readily treatable health problems. It is estimated
that 50 to 70 million Americans chronically suffer from a disorder of sleep
and wakefulness, hindering daily functioning and adversely affecting health
and longevity (NHLBI, 2003). Questions about sleep are seldom asked by
physicians (Namen et al., 1999, 2001). For example, about 80 to 90 per-
cent of adults with clinically significant sleep-disordered breathing remain
undiagnosed (Young et al., 1997b). Failure to recognize sleep problems not
only precludes diagnosis and treatment—it also precludes the possibility of
preventing their grave public health consequences.

The public health consequences of sleep loss and sleep-related disorders
are far from benign. The most visible consequences are errors in judgment
contributing to disastrous events such as the space shuttle Challenger (Walsh
et al., 2005). Less visible consequences of sleep conditions are far more
prevalent, and they take a toll on nearly every key indicator of public health:
mortality, morbidity, performance, accidents and injuries, functioning and
quality of life, family well-being, and health care utilization. Some of these
consequences, such as automobile crashes, occur acutely within hours (or
minutes) of the sleep disorder, and thus are relatively easy to link to sleep
problems. Others—for example, obesity and hypertension—develop more
insidiously over months and years of chronic sleep problems. After decades
of research, the case can be confidently made that sleep loss and sleep disor-
ders have profound and widespread effects on human health.

Although there are around 90 distinct sleep disorders, according to the
International Classification of Sleep Disorders (AASM, 2005), most are
marked by one of these symptoms: excessive daytime sleepiness, difficulty
initiating or maintaining sleep, or abnormal movements, behaviors, and
sensations occurring during sleep. The cumulative effects of sleep loss and
sleep disorders have been associated with a wide range of deleterious health
consequences including an increased risk of hypertension, diabetes, obesity,
depression, heart attack, and stroke.

This chapter focuses on the most common sleep conditions, including
sleep loss, sleep-disordered breathing, insomnia, narcolepsy, restless legs syn-
drome (RLS), parasomnias, sleep-related psychiatric disorders, sleep-related
neurological disorders, sleep-related medical disorders, and circadian rhythm
sleep disorders. The manifestations and prevalence, etiology and risk factors,
and comorbidities for each condition are briefly described. There is a large
body of data on these disorders, in part because they encompass the most
frequently cited sleep disorders or they carry the greatest public health bur-
den. As such, the committee chose to focus primarily on these disorders.
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SLEEP LOSS

Manifestations and Prevalence

Sleep loss generally, in adults, refers to sleep of shorter duration than
the average basal need of 7 to 8 hours per night. The main symptom of
sleep loss is excessive daytime sleepiness, but other symptoms include de-
pressed mood and poor memory or concentration (Dinges et al., 2005).
Chronic sleep loss, while neither a formal syndrome nor a disorder, has
serious consequences for health, performance, and safety, as described in
Chapter 4.

Sleep loss is a highly prevalent problem that continues to worsen in
frequency as individuals grow older. Recent studies find that at least 18
percent of adults report receiving insufficient sleep (Liu et al., 2000; Kapur
et al., 2002; Strine and Chapman, 2005). Historically, there have been a
limited number of nationally representative surveys that provide reliable
data on sleep patterns in the population. The National Health Interview
Survey (NHIS), run by the Centers for Disease Control and Prevention
(CDC) (see Chapter 5), included the following question in the 1977, 1985,
1990 cycles: “On average how many hours of sleep do you get a night (24-
hour period)?” The same question was added to the core NHIS question-
naire in 2004. Based on these data, it has been estimated that the percentage
of men and women who sleep less than 6 hours has increased significantly
over the last 20 years (Figure 3-1) (CDC, 2005). More than 35 years ago,
adults reported sleeping 7.7 hours per night (Tune, 1968).

Adolescents also frequently report receiving insufficient sleep. Contrary
to public perceptions, adolescents need as much sleep as preteens. A large
survey of over 3,000 adolescents in Rhode Island found that only 15 per-
cent reported sleeping 8.5 or more hours on school nights, and 26 percent
reported sleeping 6.5 hours or less (Wolfson and Carskadon, 1998). The
optimal sleep duration for adolescents, about 9 hours per night, is based on
research about alertness, sleep-wake cycles, hormones, and circadian rhythms
(Carskadon et al., 2004). Among adolescents, extensive television viewing
and growing social, recreational, and academic demands contribute to sleep
loss or sleep problems (Wolfson and Carskadon, 1998; Johnson et al., 2004).

Etiology and Risk Factors

The causes of sleep loss are multifactoral. They fall under two major,
somewhat overlapping categories: lifestyle/occupational (e.g., shift work,1

1The term “shift work” is defined by regular employment outside of the normal day work
hours of 7:00 a.m. to 6:00 p.m.
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2Irregular sleep schedules frequently include significant disparities between sleep on week-
days and weekends, which contribute to shifts in sleep phase and sleep problems.
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FIGURE 3-1 Percent of adults in the United States who usually slept 6 hours or less
a night.
SOURCE: CDC (2005).

prolonged working hours, jet lag, irregular sleep schedules2), and sleep dis-
orders (e.g., insomnia, sleep-disordered breathing, RLS, narcolepsy, and cir-
cadian rhythm disorders). Unfortunately, available epidemiological data are
not sufficient to determine the extent to which sleep loss is caused by pa-
thology versus behavioral components. The increase in sleep loss is driven
largely by broad societal changes, including greater reliance on longer work
hours, shift work, and greater access to television and the Internet. About
20 percent of workers are engaged in some kind of shift work (Monk, 2005),
of whom there is a growing number of night shift workers suffering chronic
sleep loss and disruption of circadian rhythms (Harma et al., 1998; Drake
et al., 2004). One indication of the growing trend is the number of adults
departing for work between midnight and 5:30 a.m.; that number has
grown, over a 10-year period, by 24 percent (United States Census Bureau,
1990). A greater prevalence of insomnia also may contribute to the rise in
sleep loss, but probably to a lesser extent than do occupational or lifestyle
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changes. Adults are sleeping less to get more work accomplished and are
staying up later to watch television or use the Internet (NSF, 2005b).

Sleep Loss Affects Health

In the past 10 or more years, research has overturned the dogma that
sleep loss has no health effects, apart from daytime sleepiness. The studies
discussed in this section suggest that sleep loss (less than 7 hours per night)
may have wide-ranging effects on the cardiovascular, endocrine, immune,
and nervous systems, including the following:

• Obesity in adults and children
• Diabetes and impaired glucose tolerance
• Cardiovascular disease and hypertension
• Anxiety symptoms
• Depressed mood
• Alcohol use

Many of the studies find graded associations, insofar as the greater the
degree of sleep deprivation, the greater the apparent adverse effect (although
the difference may not reach statistical significance). Another common find-
ing is the relationship that adverse effects occur with either short or long
sleep duration, as compared to a sleep time of 7 to 8 hours. This type of
association is often described as a U-shaped relationship. It should be noted,
however, that the majority of these studies are observational in nature, and
thus definite causal inferences cannot be made. The associations observed
in some studies might be subject to different types of biases, such as tempo-
ral (or “reverse causality”) bias, whereby sleep loss might be a manifesta-
tion or a symptom of the disease in question. The latter is most likely in
cross-sectional studies but could also affect associations observed in cohort
studies, particularly when they are relatively short term and/or when the
disease under investigation has a long preclinical phase. In the discussion
that follows, and wherever possible, potential physiological mechanisms
behind epidemiological associations and that support the plausibility of a
true causal relationship are noted.

Sleep Loss Is Associated with Obesity

When a person sleeps less than 7 hours a night there is a dose-response
relationship between sleep loss and obesity: the shorter the sleep, the greater
the obesity, as typically measured by body mass index (BMI)—weight in
kilograms divided by height in meters squared. Although most studies were
cross-sectional, one prospective study was a 13-year cohort study of nearly
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FIGURE 3-2 Curvilinear relationship between BMI and average nightly sleep.
SOURCE: Taheri et al. (2004).

500 adults. By age 27, individuals with short sleep duration (less than 6
hours) were 7.5 times more likely to have a higher body mass index, after
controlling for confounding factors such as family history, levels of physical
activity, and demographic factors (Hasler et al., 2004). Another study, a
large population-based study of more than 1,000 adults, found a U-shaped
relationship between sleep duration, measured by polysomnography, and
BMI (Figure 3-2). Adults who slept 7.7 hours had the lowest BMI; those
with shorter and longer sleep duration had progressively higher BMI. The
U-shaped association also applies to other health outcomes, such as heart
attacks. The impact of sleep loss diminishes with age. The study also sought
to investigate physiological mechanisms behind the relationship between
sleep duration and BMI. Measuring two appetite-related hormones, the
study found that sleep insufficiency increased appetite. Sleep insufficiency
was associated with lower levels of leptin, a hormone produced by an adi-
pose tissue hormone that suppresses appetite, and higher levels of ghrelin, a
peptide that stimulates appetite (Taheri et al., 2004). Another study—a
small randomized, cross-over clinical trial—also found that sleep restriction
was associated with lower leptin and higher ghrelin levels (Spiegel et al.,
2004). The findings suggest that a hormonally mediated increase in appetite
may help to explain why short sleep is related to obesity. Several mediating
mechanisms have been proposed, including effects of sleep deprivation on
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the sympathetic nervous system and/or hypothalamic hormones (Spiegel et
al., 2004), which also influence appetite.

Obesity also contributes to obstructive sleep apnea (OSA). This most
likely occurs through fat deposition in airways, causing them to narrow.
This point is inferred from studies finding that large neck size is a better
predictor of OSA than is BMI (Katz et al., 1990) and the finding that cen-
tral obesity (obesity around the waist) is a better predictor of OSA than
total obesity (Grunstein, 2005b). The relationship has been found in well-
designed epidemiological studies of young children (Locard et al., 1992;
Sekine et al., 2002; von Kries et al., 2002) and adults (Vioque et al., 2000;
Kripke et al., 2002; Gupta et al., 2002; Taheri et al., 2004; Hasler et al.,
2004).

Taken as a whole, the body of evidence suggests that the serious public
health problem of obesity may continue to grow as sleep loss trends con-
tinue to worsen. It also suggests that addressing obesity will likely benefit
sleep disorders, and treating sleep deprivation and sleep disorders may ben-
efit individuals with obesity (Taheri et al., 2004).

Sleep Loss Is Associated with Diabetes and Impaired Glucose Tolerance

Two large epidemiological studies and one experimental study found
an association between sleep loss and diabetes, or impaired glucose toler-
ance. Impaired glucose tolerance, which is a precursor to diabetes, is mani-
fested by glucose levels rising higher than normal and for a longer period
after an intravenous dose of glucose. In the Sleep Heart Health Study, which
is a community-based cohort, adults (middle-aged and older) who reported
5 hours of sleep or less were 2.5 times more likely to have diabetes, com-
pared with those who slept 7 to 8 hours per night (Figure 3-3, [Gottlieb et
al., 2005]). Those reporting 6 hours per night were about 1.7 times more
likely to have diabetes. Both groups were also more likely to display im-
paired glucose tolerance. Adults with sleep times of 9 hours or more also
showed these effects, a finding consistent with the Nurses Health Study.
Adjustment for waist girth, a measure of obesity, did not alter the signifi-
cance of the findings, suggesting that the diabetes effect was independent of
obesity.

The relationship between shorter sleep times and impaired glucose tol-
erance is also supported by an experimental study in which 11 healthy
male volunteers were restricted to 4 hours of sleep for a total of six nights
(Spiegel et al., 1999). Even after this relatively short period of time, the
study found that sleep loss, compared with a fully rested state, led to
impaired glucose tolerance. The effect resolved after restoring sleep to nor-
mal. Glucose clearance was 40 percent slower with sleep loss than with
sleep recovery. Further, mice that have a mutation in a gene that regulates
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circadian rhythms have metabolic disorders (Turek et al., 2005). The asso-
ciation between sleep loss and diabetes or impaired glucose tolerance may
mediate the relationship between sleep loss and cardiovascular morbidity
and mortality, as discussed below.

Sleep Loss Is Associated with Cardiovascular Morbidity

Sleep loss and sleep complaints are associated with heart attacks (myo-
cardial infarction) and perhaps stroke, according to several large epidemio-
logical studies (Eaker et al., 1992; Qureshi et al., 1997; Schwartz et al.,
1998; Newman et al., 2000; Ayas et al., 2003; Yaggi et al., 2005; Bradley et
al., 2005; Caples et al., 2005) and one case-control study (Liu et al., 2002).
One of these studies, of incident cases of heart attacks in the Nurses Health
Study, was discussed earlier because it also found increased incidence of
diabetes (Ayas et al., 2003). The cohort had no coronary heart disease at
baseline. Ten years later, in 1996, the likelihood of nonfatal and fatal heart
attack was modestly increased for both short and long sleep duration. Five
hours of sleep or less was associated with a 45 percent increase in risk (odds
ratio [OR] = 1.45, 95% confidence interval [CI], 1.10–1.92), after adjust-
ing for age, BMI, smoking, and snoring. Similarly elevated risks were also
found for sleeping 9 hours or more. The effects were independent of a his-
tory of hypertension or diabetes because additional adjustment for these
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conditions yielded slightly lower, but still significantly elevated, relative
risks.

Several potential mechanisms could explain the link between sleep loss
and cardiovascular events, including blood pressure increases, sympathetic
hyperactivity, or impaired glucose tolerance. Experimental data, showing
that acute sleep loss (3.6 hours sleep) for one night results in increased
blood pressure in healthy young males, may provide a biological mecha-
nism for the observed associations between sleep loss and cardiovascular
disease (Tochikubo et al., 1996; Meier-Ewert et al., 2004).

Sleep Loss, Mood, Anxiety, and Alcohol Use

Sleep loss is associated with adverse effects on mood and behavior.
Adults with chronic sleep loss report excess mental distress, depressive
symptoms, anxiety, and alcohol use (Baldwin and Daugherty, 2004; Strine
and Chapman, 2005; Hasler et al., 2005). A meta-analysis of 19 original
articles found that partial sleep deprivation alters mood to an even greater
extent that it does cognitive or motor functions (Pilcher and Huffcutt,
1996).

Several studies of adolescents, including one with more than 3,000 high
school students, found that inadequate sleep is associated with higher levels
of depressed mood, anxiety, behavior problems, alcohol use (Carskadon,
1990; Morrison et al., 1992; Wolfson and Carskadon, 1998), and attempted
suicide (Liu, 2004). Nevertheless, it is not clear from cross-sectional studies
whether sleep influences mood or anxiety level, or vice versa. On the other
hand, a large, 3-year longitudinal study of more than 2,200 middle school
students (ages 11 to 14) found that self-reported sleep loss was associated
with more depressive symptoms and lower self-esteem over time (Fredriksen
et al., 2004). The study measured sleep loss using a single question about
sleep duration on school nights and measured depressive symptoms and
self-esteem by the Children’s Depressive Inventory and the Self-Esteem
Questionnaire, respectively. Therefore, although this study suggests an as-
sociation, the evidence is still limited.

Sleep Loss and Disease Mortality

Sleep loss is also associated with increased age-specific mortality, accord-
ing to three large, population-based, prospective studies (Kripke et al., 2002;
Tamakoshi et al., 2004; Patel et al., 2004). The studies were of large cohorts,
ranging from 83,000 to 1.1 million people. In three studies, respondents were
surveyed about their sleep duration, and then they were followed for periods
ranging from 6 to 14 years. Deaths in short or long sleepers were compared
with those who slept 7 hours (the reference group), after adjusting for numer-
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ous health and demographic factors. Sleeping 5 hours or less increased mor-
tality risk, from all causes, by roughly 15 percent. The largest American study,
depicted in Figure 3-4, graphically illustrates what has been found in all three
studies: a U-shaped curve, showing that progressively shorter or longer sleep
duration is associated with greater mortality. Other epidemiological studies
suggest that sleep-loss-related mortality is largely from acute heart attacks
(Ayas et al., 2003). Potential pathophysiological mechanisms accounting for
the relationship, while poorly understood, have become the focus of growing
interest and are discussed later in this chapter.

Management and Treatment

Management and treatment of sleep loss are rarely addressed by clini-
cians, despite the large toll on society (Chapters 4, 5, and 7). There are no
formal treatment guidelines in primary or specialty care for dealing with
sleep loss (Dinges et al., 1999). The most effective treatment for sleep loss is
to sleep longer or take a short nap lasting no more than 2 hours (Veasey et
al., 2002), and to have a better understanding of proper sleep habits.
Catching up on sleep on the weekends—a popular remedy for sleep loss—
does not return individuals to baseline functioning (Szymczak et al., 1993;
Dinges et al., 1997; Klerman and Dijk, 2005; Murdey et al., 2005). If
extended work hours or shift work cannot be avoided, specific behavioral
tips to stay alert are available (NSF, 2005c), as are such wake-promoting
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medications as caffeine, modafinil, and sympathomimetic medications
(direct and indirect acting), including pemoline and methylphenidate (Mitler
and O’Malley, 2005). In a randomized clinical trial caffeine and modafinil
showed similar benefits for performance and alertness (Wesensten et al.,
2002). Modafinil is the only FDA-approved drug for shift work sleep dis-
order, although it is not approved for sleep loss. Behavioral approaches
developed for insomnia also may be useful for sleep loss, but no formal
studies have been undertaken expressly for sleep loss. Furthermore, there
have been no large-scale clinical trials examining the safety and efficacy of
modafinil, or other drugs, in children and adolescents.

SLEEP-DISORDERED BREATHING

Manifestations and Prevalence

Sleep-disordered breathing refers to a spectrum of disorders that fea-
ture breathing pauses during sleep. The most common disorder is charac-
terized by obstructive apneas and hypopneas (White, 2005), where repeated
episodes of collapse (apneas) or partial collapse of the pharyngeal airway
occur, usually a result of obstruction by soft tissue in the rear of the throat.
Snoring, which is produced by vibrations of the soft tissues, is a good marker
for OSA (Netzer, et al., 2003). Apneas or hypopneas (a reduction without
cessation in airflow or effort) typically result in abrupt and intermittent
reduction in blood oxygen saturation, which leads to sleep arousal, often
accompanied by loud snorts or gasps as breathing resumes. Episodic inter-
ruptions of breathing also frequently cause cortical and brainstem arousals,
interrupting sleep continuity, reducing sleep time, and causing increased
sympathetic nervous system activation. These broad systemic effects on gas
exchange and nervous system activation may lead to a range of systemic
effects that affect vascular tone, levels of inflammatory mediators, and hor-
monal changes. As discussed in the following sections, these in turn may
contribute to the development of hypertension, coronary artery disease,
congestive heart failure, arrhythmias, stroke, glucose intolerance, and
diabetes.

The defining symptom of sleep-disordered breathing is excessive day-
time sleepiness. The symptom is likely influenced by sleep fragmentation
tied to recurrent arousals that occur in response to breathing pauses. Other
symptoms of fragmented sleep include decreased concentration and mood
changes. The diagnosis of OSA requires detection, by polysomnography, of
at least five or more apneas or hypopneas per hour of sleep (Thorpy, 2005).
This rate is expressed as an index, the apnea-hypopnea index (or respira-
tory disturbance index), which is the average hourly number of apneas plus
hypopneas.
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OSA is found in at least 4 percent of men and 2 percent of women in
the middle-aged workforce, according to the first major United States
population-based study of the condition conducted about 15 years ago
(Young et al., 1993). Those prevalence figures are based on a cutoff apnea-
hypopnea index of 5 or higher, plus a requirement for daytime sleepiness.
The prevalence is higher, 9 percent of women and 24 percent of men, with
the same apnea-hypopnea index cutoff (Box 3-1), but without the daytime
sleepiness requirement. In view of the epidemic increase of obesity (an
important determinant of OSA) in recent years, these numbers might under-
estimate the current prevalence. However, other more recent population-
based studies support these prevalence figures (Bixler et al., 1998, 2001).

OSA prevalence appears to increase with age. Adults 65 to 90 years of
age had a threefold higher prevalence rate than middle-aged adults (Ancoli-
Israel et al., 1991), while the prevalence in children has been reported to be
around 2 percent (Ali et al., 1993; Rosen et al., 2003), with higher estimates
occurring in ethnic minorities (Gislason and Benediktsdottir, 1995; Redline
et al., 1999; Rosen et al., 2003). Underdiagnosis of OSA is common, with
between 10 and 20 percent of OSA being diagnosed in adults (Young et al.,
1997b). Less than 1 percent of older adults in primary care are referred for
polysomnography (Haponik, 1992), although these numbers might have
increased in recent years due to increased awareness of the disease. Simi-
larly, children’s OSA often goes undiagnosed too, partly because the impli-
cations of snoring are not often recognized by pediatricians. Although OSA
can occur in children of any age, it is most common at preschool ages, a
time coincident with tonsils and adenoids being largest relative to the un-
derlying airway (Jeans et al., 1981).

Obstructive Sleep Apnea Causes Hypertension

OSA causes chronic elevation in daytime blood pressure (Young et al.,
2002a; Young and Javaheri, 2005). The strongest evidence for a rise in
systemic hypertension comes from several large, well-designed epidemio-
logical studies, both cross-sectional (Young et al., 1997a; Nieto et al., 2000;
Bixler et al., 2000; Duran et al., 2001) and prospective (Peppard et al.,
2000). The Wisconsin Sleep Cohort study, a prospective study, tracked
adults with sleep-disordered breathing for at least 4 years to determine new
onset hypertension and other outcomes. The hypertensive effect was inde-
pendent of obesity, age, gender, and other confounding factors. Controlling
for obesity is especially important because it is a risk factor for hyperten-
sion as well as for OSA.

A causal association between OSA and hypertension is supported by
evidence of a dose-response relationship; the higher the apnea-hypopnea
index, the greater the increase in blood pressure (Peppard et al., 2000; Nieto
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BOX 3-1
Definitions Impact Disease Prevalence Estimates

The metric used most commonly to define obstructive sleep apnea and to
quantify its severity is the apnea-hypopnea index, derived by identifying and
manually counting each respiratory disturbance (apnea and hypopnea) with
subsequent division of the sum by the number of hours slept. Technology for
measuring changes in airflow and ventilatory effort has evolved rapidly, with
laboratories varying in the implementation of specific sensors and scoring
approaches for identifying respiratory events. Variation in event identification
has been particularly great for hypopneas (Moser et al., 1994), which re-
quires identification of more subtle changes in airflow than do apneas, and
often requires visualization of corroborative changes in oxygen desaturation
or evidence of a cortical arousal. Variation in the sensors used to detect
breathing changes, the amplitude criteria (from discernible to greater than 50
percent) applied to identify any given reductions in breathing signals as
hypopneas, and different uses of corroborative data (associated desaturation
and arousal) to discriminate “normal” from “hypopneic” breaths have all con-
tributed to marked laboratory differences in events scored for clinical or re-
search purposes. Likewise, there has been variation in the choice of thresh-
old values for the apnea-hypopnea index considered to define the disease
state. An analysis of over 5,000 records from the Sleep Heart Health Study
underscores the potential variability introduced by varying either hypopnea
definitions or threshold values. This analysis showed that the magnitude of
the median apnea-hypopnea index varied 10-fold (i.e., 29.3 when the apnea-
hypopnea index was based on events identified on the basis of flow or vol-
ume amplitude criteria alone to 2.0 for an apnea-hypopnea index that re-
quired an associated 5 percent desaturation with events) (Redline et al.,
2000). Using any given definition but varying the threshold to define disease
also resulted in marked differences in the percentage of subjects classified
as diseased. For example, using an apnea-hypopnea index cutoff value of
greater than 15 and an apnea-hypopnea index definition requiring a 5 per-
cent level of desaturation resulted in a prevalence estimate of 10.8 percent.
In contrast, almost the entire cohort was identified to be “affected” when
sleep-disordered breathing was defined using an apnea-hypopnea index
threshold of 5 and when all hypopneas were scored regardless of associated
corroborative physiological changes. These data and others have identified
the critical need for standardization. As such, at least three efforts led by
professional organizations have attempted to develop standards. The latest
efforts by the American Academy of Sleep Medicine (2005) have attempted
to apply evidence-based guidelines to the recommendations. Unfortunately,
the lack of prospective studies that allow various definitions to be compared
relative to predictive ability have limited these initiatives, resulting in some
recommendations reflecting consensus or expert opinion that may change as
further research is developed.
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et al., 2000). Both the Wisconsin Sleep Cohort study and the Sleep Heart
Health Study showed dose-response relationships. The Sleep Heart Health
Study is a community-based multicenter study of more than 6,000 middle-
aged and older adults whose apnea-hypopnea index was measured by
polysomnography. The likelihood of hypertension was greater at higher
apnea-hypopnea index levels. Case-control studies reveal that approxi-
mately 30 percent of patients diagnosed with essential hypertension (hyper-
tension in which the underlying cause cannot be determined) turn out to
have sleep apnea (Partinen and Hublin, 2005). Further, evidence from pedi-
atric studies indicate elevations in systemic blood pressure during both
wakefulness and sleep in children with sleep apnea (Amin et al., 2004), with
additional evidence of left ventricular wall changes by echocardiography.

The causal nature of the relationship between OSA and hypertension is
reinforced by randomized controlled clinical trials showing that the most
effective treatment for OSA, continuous positive airway pressure (CPAP)
therapy, can reduce blood pressure levels. Although findings have been
mixed in other studies, a critical review article that evaluated each study’s
methodology and results concluded that the trials show convincing decreases
in blood pressure in those patients with severe OSA. The benefit is greatest
in patients with severe OSA, determined by objective (polysomnography)
and subjective (daytime sleepiness) criteria. The review also concluded that
there was a lack of benefit in patients who had no daytime sleepiness
(Robinson et al., 2004b). However, each of these studies was relatively
small (less than 150 individuals), and findings can be considered only
tentative.

How does OSA cause sustained hypertension? During the night, the
apneas and hypopneas of OSA cause a transient rise in blood pressure
(30 mm Hg or more) and increased activity of the sympathetic nervous
system (Figure 3-5). Over time, the transient changes become more sus-
tained and are detectable during the daytime, including evidence of sympa-
thetic overactivity (Narkiewicz and Somers, 2003). Studies have found that
people with OSA (versus those with similar blood pressure, but no OSA)
have faster heart rates, blunted heart rate variability, and increased blood
pressure variability—all of which are markers of heightened cardiovascular
risk (Caples et al., 2005). The precise pathophysiological steps from tran-
sient vascular changes to systemic hypertension are far from clear but may
involve oxidative stress, upregulation of vasoactive substances (Caples et
al., 2005), and endothelial dysfunction (Faulx et al., 2004; Nieto et al.,
2004; Young and Javaheri, 2005).
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FIGURE 3-5 REM sleep recordings for an individual with OSA.
NOTE: During even the lowest phase, blood pressure during REM was higher than
in the awake state. Electrooculogram (EOG), electroencephalogram (EEG), elec-
tromyogram (EMG), electrocardiogram (EKG), sympathetic nerve activity (SNA),
respiration (RESP), blood pressure (BP).
SOURCE: Somers et al. (1995).

20 sec

Obstructive Sleep Apnea Is Associated with Cardiovascular Disease
and Stroke

Epidemiological studies reveal an association between OSA and cardio-
vascular disease, including arrhythmias (Guilleminault et al., 1983); coro-
nary artery disease (Andreas et al., 1996) and specifically, myocardial
infarction (Hung et al., 1990; D’Alessandro et al., 1990; Mooe et al., 1996a,b;
Marin et al., 2005); and congestive heart failure (Javaheri et al., 1998).
Most case-control studies detecting a relationship with myocardial infarc-
tion found adjusted odds ratios of around 4 (Young et al., 2002a,b). The
large, cross-sectional Sleep Heart Health Study of nearly 6,500 (Shahar et
al., 2001) found that participants in the highest apnea-hypopnea index
quartile (index greater than 11) were 42 percent more likely to self-report
cardiovascular disease (coronary heart disease, heart failure, or stroke) than
those in the lowest quartile (adjusted OR = 1.42, 95% CI, 1.13–1.78). The
adjusted OR for stroke was 1.58 (95% CI, 1.02–2.46). A higher probability
of stroke associated with OSA is also supported by other studies (Bassetti
and Aldrich, 1999; Parra et al., 2000; Yaggi et al., 2005; Bradley et al.,
2005). In the Sleep Heart Health Study, apnea-hypopnea index was deter-
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mined by polysomnography, and adjustments were made for a variety of
confounding factors, including hypertension. That the hypertension adjust-
ment did not eliminate the effect suggests that hypertension is not the exclu-
sive means by which OSA may lead to cardiovascular disease. A limitation
of cross-sectional and case-control analyses is that cause and effect cannot
be determined: heart disease may have resulted in OSA or vice versa. How-
ever, an observational cohort study of 1,022 individuals, where 68 percent
of individuals had OSA (apnea-hypopnea index of 5 or higher), showed
that OSA syndrome significantly increased the risk of stroke or death from
any cause, and the increase is independent of other risk factors, including
hypertension (Yaggi et al., 2005). Other studies have confirmed the risk of
OSA syndrome with stroke or death from any cause (Ayas et al., 2003;
Gami et al., 2005). Furthermore, other large prospective studies also have
shown an association between snoring—a marker for OSA—and incidence
of cardiovascular diseases (Jennum et al., 1995; Hu et al., 2000), providing
temporal associations in support of OSA playing a causal role in the devel-
opment of heart diseases. As will be discussed in the next section, OSA is
associated with glucose intolerance and diabetes, both of which are inde-
pendent risk factors for cardiovascular disease.

Studies of the benefits of CPAP further support an association between
cardiovascular disease and OSA. Marin and colleagues (2005), in a large,
observational study of 10 years’ duration, found that patients with untreated
severe OSA (apnea-hypopnea index greater than 30), relative to those re-
ceiving CPAP treatment, with similar apnea-hypopnea index severity, had a
higher incidence of fatal and nonfatal cardiovascular events. The events
included myocardial infarction, stroke, and coronary artery bypass surgery.
The untreated patients had refused CPAP but were followed regularly. A
second study found an increased mortality rate from cardiovascular disease
in individuals who did not maintain CPAP treatment over a 5-year follow-
up period (Doherty et al., 2005). However, the number of new cases of
cardiovascular disease was independent of CPAP treatment compliance.
Although observational evidence of this type is not conclusive proof, be-
cause it may be subject to confounding by indication and other biases, it
still lends weight to the strength of the association.

Most studies finding elevated cardiovascular disease risk have been con-
ducted in adults. Whether or not children with sleep-disordered breathing
are at risk for cardiovascular effects is not known. Children with OSA, as
noted previously, do experience changes in blood pressure profiles, heart
rate variability, and ventricular wall changes as measured by echocardio-
graphy (Marcus et al., 1998; Amin et al., 2005). The paucity of longitudinal
data on OSA in children, in whom levels of OSA may vary during growth
and development and in whom responses to therapies such as tonsillectomy
may be variable (Morton et al., 2001), limits the ability to speculate on the
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long-term cardiovascular effects of untreated sleep-disordered breathing in
children. Nonetheless, evidence that as many as 20 to 25 percent of children
may have persistent OSA even after tonsillectomy underscores the potential
importance of OSA as an early childhood risk factor for later cardiovascu-
lar diseases (Amin et al., 2005; Larkin et al., 2005).

Obstructive Sleep Apnea Is Associated with Impaired Glucose Tolerance
and Diabetes

OSA is associated with impaired glucose tolerance and insulin resis-
tance, according data from several studies (Ip et al., 2002; Punjabi et al.,
2002), including the Sleep Heart Health Study (Punjabi et al., 2004). Those
outcomes were more prevalent in those with the highest apnea-hypopnea
index. The study also found a relationship between sleep-related hypox-
emia and glucose intolerance, which has implications for understanding
mechanisms behind the OSA-glucose intolerance link (see below). The
Sleep Heart Health Study, as noted earlier, was a large, cross-sectional,
community-based study that used polysomnography to identify OSA. The
analyses adjusted for obesity (BMI and waist circumference), self-reported
sleep duration, and other confounding factors. The findings suggest that
OSA contributes to the onset of diabetes through the development of glu-
cose intolerance and insulin resistance, which are established pathophysi-
ological processes in diabetes (Martin et al., 1992).

Of studies that have examined diabetes as an outcome measure, the
largest was the prospective Nurses’ Health Study. The study found that,
after 10 years of follow-up, occasional snoring (versus nonsnoring) was
associated with an elevated risk of new onset diabetes in women, and the
risk was even greater for regular snoring (Al-Delaimy et al., 2002). Regular
or habitual snoring is an indicator of OSA.

The relationship between OSA and metabolic changes that may lead to
diabetes is reinforced by studies of the benefits of CPAP. CPAP alleviates
glucose intolerance in the short term and long term (Brooks et al., 1994;
Harsch et al., 2004). In a separate study of people with type 2 diabetes as well
as OSA, CPAP improved glycemic control (Babu et al., 2005). Recent data
also indicate that diabetics with OSA have poorer control of glucose levels,
with improvement following treatment of OSA with CPAP (Babu et al., 2005).

The mechanisms by which OSA disrupts glucose metabolism are not
established. Drawing on human studies and animal models, the biochemi-
cal cascade begins with intermittent hypoxia and recurrent sleep arousals
(sleep fragmentation). These events stimulate the sympathetic nervous sys-
tem, hypothalamic-pituitary-adrenal axis, and adipocytes (Punjabi and
Beamer, 2005). Their activation, in turn, leads to release of catecholamines,
cortisol, and inflammatory cytokines and other vasoactive intermediates,
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which may mediate the development of glucose intolerance, insulin resis-
tance, and, ultimately, type 2 diabetes. Because diabetes is also a risk factor
for cardiovascular disease, the interrelationships may partly explain why
OSA predisposes to cardiovascular disease (Punjabi and Beamer, 2005).

Obstructive Sleep Apnea May Contribute to Obesity

Up to 40 percent of people who are morbidly obese have OSA (Vgontzas
et al., 1994). This finding may reflect the role of obesity as a well-established
risk factor for the development of OSA. It may also reflect obesity
as a consequence of OSA, although the evidence is not yet conclusive
(Grunstein, 2005b). Patients with newly diagnosed OSA, compared with
controls matched for BMI and percent body fat, show recent weight gain
(Phillips et al., 1999). Data from the Wisconsin Sleep Cohort also show that
individuals with OSA have reduced levels of physical activity; OSA-related
sleepiness may contribute to changes in activity and energy expenditure,
and thus contribute to weight gain. OSA-related hormonal changes may
also contribute to obesity. In general, patients with OSA have higher levels
of leptin, the appetite-suppressing hormone (Phillips et al., 2000; Palmer et
al., 2004; Patel et al., 2004) than controls. However, their morning levels
are relatively lower than evening levels (Patel et al., 2004). Thus, either via
leptin resistance (where high levels of leptin are present, but tissues are
poorly responsive to leptin’s action) or because of disturbances in diurnal
variability in leptin, individuals with OSA may be predisposed to lower
effective levels of appetite suppressing hormones. Although CPAP reduces
leptin levels, it is not known whether such effects relate to differences in the
effectiveness of leptin’s actions (Chin et al., 2003). Furthermore, obesity
also affects the severity of OSA. Significant weight loss in adolescents who
underwent gastric bypass surgery (mean, 58 kg) was associated with a dra-
matic reduction of OSA severity (Kalra et al., 2005).

Etiology and Risk Factors

In simplest terms, OSA is caused by narrowing or collapse of the airway
as a result of anatomical and physiological abnormalities in pharyngeal
structures. Apnea episodes cause hypoxemia (insufficient oxygen in the blood)
and hypercapnia (high concentration of blood carbon dioxide). The epi-
sodes also increase the output of the sympathetic nervous system (Narkiewicz
and Somers, 2003), the effect of which is to restore pharyngeal muscle tone
and reopen the airway. Although increased sympathetic activity is benefi-
cial for restoring normal breathing and oxygen intake over the short term,
it has long-term deleterious effects on vascular tone and blood pressure,
among other effects (Caples et al., 2005). These early events—which are
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mediated by a variety of chemoreceptors in the carotid body and brain-
stem—trigger pathophysiological changes that occur not only during the
obstructive apneas, but also extend into wakeful states during the day. For
example, during daytime wakefulness, people with OSA have higher sym-
pathetic activity (Somers, et al., 1995) and heightened chemoreflex sensitiv-
ity, which in turn generates an increased ventilatory response (Narkiewicz
et al., 1999). The full pathophysiology of OSA remains somewhat elusive,
although research is piecing together the relationships between OSA and a
range of the previously described long-term health effects. The etiology of
central sleep apnea, although also not well understood, is hypothesized to
result from instability of respiratory control centers (White, 2005).

There are a number of risk factors for OSA, including:

• Obesity, male gender, and increasing age (Table 3-1) (Young et al.,
1993). It is unclear how incidence changes with older age; some data sug-
gest that snoring and OSA may decline after age 65 years (Young et al.,
1993); however, other studies show very high prevalence rates of OSA in
elderly individuals (Bliwise et al., 1988; Ancoli-Israel et al., 1993; Foley et
al., 2003). The pathophysiological roles of these risk factors are not well
understood, although evidence suggests that fat deposition in the upper
airways, which is more likely in males, contributes to the physical narrow-

Grunstein et al., 1993

Strohl and Redline, 1996; Kapsimalis and
Kryger, 2002; Shepertycky et al., 2005

Guilleminault et al., 1995; Pillar and Lavie,
1995; Redline et al., 1995; Buxbaum et al., 2002

Taasan et al., 1981

Ferguson et al., 1995

Behlfelt, 1990

Mondini and Guilleminault, 1985; Rosen et al.,
2003

Schmidt-Nowara et al., 1990; Redline et al.,
1997; Li et al., 2000

TABLE 3-1 Risk Factors for Obstructive Sleep Apnea

Risk Factor Reference

Obesity and BMI greater than 25 kg/m2

Male gender

Familial association

Alcohol consumption

Cranial facial structure
High and narrow hard palate,
elongated soft palate, small chin,
and abnormal overjet

Enlargement of the tonsils

Lesions of the autonomic nervous
system

Race: African Americans, Mexican
Americans, Pacific Islanders, and
East Asians
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ing that causes OSA (Robinson et al., 2004a). Menopause also increases the
risk of OSA (Bixler et al., 2001; Young et al., 2003), possibly through lower
levels of progestational hormones that influence the respiratory system
through changes in body fat distribution (Vgontzas and Kales, 1999). How-
ever, recent studies suggest that there may be a referral bias that results in a
lower apparent rate of sleep apnea in females than in males (Kapsimalis and
Kryger, 2002; Shepertycky et al., 2005). Epidemiological evidence suggests
that hormone replacement therapy lessens the risk of OSA (Shahar et al.,
2003). In children, the main risk factor for OSA is tonsillar hypertrophy,
although OSA may also occur in children with congenital and neuromuscu-
lar disorders and in children who were born prematurely (Rosen et al.,
2003). Asthma, a common childhood respiratory illness, is also associated
with OSA in children (Sulit et al., 2005).

• In adolescents, risk factors may be more similar to those seen in
adults and include obesity (Redline et al., 1999). Being a minority is a risk
factor for both increased prevalence and severity of sleep-disordered breath-
ing in both children and adults (Rosen et al., 1992; Ancoli-Israel et al.,
1995; Rosen et al., 2003). The prevalence of sleep-disordered breathing in
the United States is approximately three times higher in middle-aged
members of minority groups compared to non-Hispanic whites (Kripke et
al., 1997). African American children are at increased risk, even after
adjusting for obesity or respiratory problems (Redline et al., 1999; Rosen et
al., 2003). Familial and probably genetic factors strongly contribute to OSA
(Buxbaum et al., 2002; Palmer LJ et al., 2003; Palmer et al., 2004).

• Patients with cardiovascular disease and diabetes are also at higher
risk for developing both OSA and central sleep apnea (Sin et al., 1999).

• Patients with impaired baroreflexes (e.g., patients with hypertension
or heart failure and premature infants) may be especially susceptible to
excessive autonomic responses to chemoreflex stimulation during periods
of apnea. In these patient groups, bradyarrhythmias, hypoxia, hypoper-
fusion, and sympathetic activation during apnea may predispose to sudden
death (Somers et al., 1988; 1992).

Sleep-Disordered Breathing May Affect Mortality

Limited evidence suggests that  sleep-disordered breathing may affect
an individual’s mortality (Young et al., 2002a,b; Lavie et al., 2005). Studies
of patients at sleep clinics tend to show an association between sleep apnea
and mortality (He et al., 1988), but several well-designed, population-based
studies failed to find an association (Ancoli-Israel et al., 1996; Lindberg et
al., 1998; Kripke et al., 2002), except in one subgroup of patients below age
60 with both snoring and excessive daytime sleepiness. The subgroup expe-
rienced twice the risk of mortality (Lindberg et al., 1998). A recent observa-
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tional study of a large cohort of sleep apnea patients (n = 403), snorers, and
healthy controls who had been followed for an average of 10 years, found a
threefold higher risk of fatal cardiovascular events with severe OSA (Marin
et al., 2005). An observational follow-up study of the long-term effects of
CPAP therapy on mortality found that compared to individuals that began
receiving CPAP therapy for at least 5 years (n = 107), individuals that were
untreated with CPAP (n = 61) were more likely to die from cardiovascular
disease (14.8 percent versus 1.9 percent, log rank test, P = .009) (Yaggi et
al., 2005; Doherty et al., 2005).

Treatment

In adults, OSA is most effectively treated with CPAP and weight loss
(Strollo et al., 2005; Grunstein, 2005a). Evidence of CPAP’s efficacy for
alleviating daytime sleepiness comes from randomized controlled trials and
meta-analysis (Patel et al., 2003). The problem is that many patients are
noncompliant with CPAP (see Chapter 6). Other options, although less ef-
fective, include a variety of dental appliances (Ferguson and Lowe, 2005) or
surgery (e.g., uvulopalatopharyngoplasty) (Powell et al., 2005). In children,
the first-line treatment for most cases of OSA is adenotonsillectomy, ac-
cording to clinical practice guidelines developed by the American Academy
of Pediatrics (Marcus et al., 2002). Children who are not good candidates
for this procedure can benefit from CPAP. Central apnea treatment is tai-
lored to the cause of the ventilatory instability. Commonly used treatments
include oxygen, CPAP, and acetazolamide, a drug that acts as a respiratory
stimulant (White, 2005).

INSOMNIA

Manifestations and Prevalence

Insomnia is the most commonly reported sleep problem (Ohayon,
2002). It is a highly prevalent disorder that often goes unrecognized and
untreated despite its adverse impact on health and quality of life (Benca,
2005a) (see also Chapter 4). Insomnia is defined by having difficulty falling
asleep, maintaining sleep, or by short sleep duration, despite adequate op-
portunity for a full night’s sleep. Other insomnia symptoms include day-
time consequences, such as tiredness, lack of energy, difficulty concentrat-
ing, and/or irritability (Simon and VonKorff, 1997). The diagnostic criteria
for primary insomnia include:

• Difficulty initiating or maintaining sleep or nonrestorative sleep.
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• Causing clinically significant distress or impairment in social, occu-
pational, or other important areas of functioning.

• Not occurring exclusively during the course of another sleep disorder.
• Not due to the direct physiological effects of a substance or a medi-

cal condition (APA, 1994).

Insomnia symptoms are remarkably common, affecting at least 10 per-
cent of adults in the United States (Ford and Kamerow, 1989; Ohayon et
al., 1997; Simon and VonKorff, 1997; Roth and Ancoli-Israel, 1999). Preva-
lence is higher among women and older individuals (Mellinger et al., 1985;
Ford and Kamerow, 1989; Foley et al., 1995). Severe insomnia tends to be
chronic, with about 85 percent of patients continuing to report the same
symptoms and impairment months or years after diagnosis (Hohagen et al.,
1993; Katz and McHorney, 1998). The comorbidity of sleep disorders with
psychiatric disorders is covered later in this chapter.

Etiology and Risk Factors

The precise causes of insomnia are poorly understood but, in general
terms, involve a combination of biological, psychological, and social factors.
Insomnia is conceptualized as a state of hyperarousal (Perlis et al., 2005).
Stress is thought to play a leading role in activating the hypothalamic-
pituitary axis and setting the stage for chronic insomnia. A key study showed
that adults with insomnia, compared with normal sleepers, have higher levels,
over a 24-hr period, of cortisol and adrenocorticotropic hormone (ACTH),
which are hormones released by the hypothalamic-pituitary-adrenal axis af-
ter stress exposure (Vgontzas et al., 2001). The 24-hour pattern of cortisol
and ACTH secretion is different, however, from that in individuals who are
chronically stressed. Cognitive factors, such as worry, rumination, and fear
of sleeplessness, perpetuate the problem through behavioral conditioning.
Other perpetuating factors include light exposure and unstable sleep sched-
ules (Partinen and Hublin, 2005).

Insomnia patients often attribute their difficulty sleeping to an overac-
tive brain. Several lines of evidence, from preclinical to sleep neuroimaging
studies in insomnia patients, suggest that there are multiple neural systems
arranged hierarchically in the central nervous system that contribute to
arousal as well as insomnia complaints. Disturbances in these systems may
differ according to the nature of insomnia. Structures that regulate sleep
and wakefulness, for example the brainstem, hypothalamus and basal fore-
brain, are abnormally overactive during sleep in primary insomnia patients
(Nofzinger et al., 2004b). In addition, limbic and paralimbic structures that
regulate basic emotions and instinctual behaviors such as the amygdala,
hippocampus, ventromedial prefrontal cortex and anterior cingulate cortex
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have been shown to be abnormally active during sleep in individuals with
primary insomnia and secondary insomnias related to depression (Nofzinger
et al., 2004a, 2005). Abnormal activity in neocortical structures that con-
trol executive function and are responsible for modulating behavior related
to basic arousal and emotions has been observed in individuals with
insomnias associated with depression (Nofzinger et al., 2004a, 2005).

The two main risk factors of insomnia are older age and female gender
(Edinger and Means, 2005). One large, population-based study found that
insomnia was nearly twice as common in women than men, although
reporting bias cannot be ruled out as a contributing factor (Ford and
Kamerow, 1989). The reason behind the apparent higher prevalence in
women is not understood. Other risk factors for insomnia include family
history of insomnia (Dauvilliers et al., 2005), stressful life styles, medical
and psychiatric disorders, and shift work (Edinger and Means, 2005). Al-
though adolescent age is not viewed a risk factor, insomnia has rarely been
studied in this age group.

Treatment

Insomnia is treatable with a variety of behavioral and pharmacological
therapies, which may be used alone or in combination. While the therapies
currently available to treat insomnia may provide benefit, the 2005 NIH
State of the Science Conference on the Manifestations and Management of
Chronic Insomnia concluded that more research and randomized clinical
trials are needed to further verify their efficacy, particularly for long-term
illness management and prevention of complications like depression (NIH,
2005). Behavioral therapies appear as effective as pharmacological thera-
pies (Smith et al., 2002), and they may have more enduring effects after
cessation (McClusky et al., 1991; Hauri, 1997). Behavioral therapies, ac-
cording to a task force review of 48 clinical trials, benefit about 70 to 80
percent of patients for at least 6 months after completion of treatment
(Morin et al., 1999; Morin, 2005). The therapies are of several main types
(Table 3-2). The major problem with current behavioral therapies is not
their efficacy; rather it is lack of clinician awareness of their efficacy and
lack of providers sufficiently trained and skilled in their use. Other prob-
lems are their cost and patient adherence (Benca, 2005a). A specific strategy
to improve an individual’s sleep quality is by promoting proper sleep hygiene
(Kleitman, 1987; Harvey, 2000).

The most efficacious pharmacological therapies for insomnia are hypnotic
agents of two general types, benzodiazepine or nonbenzodiazepine hypnotics
(Nowell et al., 1997). Nonbenzodiazepine hypnotics are advantageous
because they generally have shorter half-lives, thus producing fewer impair-
ments the next day, but the trade-off is that they may not be as effective at
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TABLE 3-2 Psychological and Behavioral Treatments for Insomnia

Therapy Description

Stimulus control therapy A set of instructions designed to reassociate the bed/bedroom
with sleep and to reestablish a consistent sleep-wake sched-
ule: Go to bed only when sleepy; get out of bed when unable
to sleep; use the bed/bedroom for sleep only (e.g., no reading,
watching TV); arise at the same time every morning; no
napping.

Sleep restriction therapy A method to curtail time in bed to the actual sleep time,
thereby creating mild sleep deprivation, which results in more
consolidated and more efficient sleep.

Relaxation training Clinical procedures aimed at reducing somatic tension (e.g.,
progressive muscle relaxation, autogenic training) or intrusive
thoughts (e.g., imagery training, meditation) interfering with
sleep.

Cognitive therapy Psychotherapeutic method aimed at changing faulty beliefs
and attitudes about sleep, insomnia, and the next-day
consequences. Other cognitive strategies are used to control
intrusive thoughts at bedtime and prevent excessive monitor-
ing of the daytime consequences of insomnia.

Sleep hygiene education General guidelines about health practices (e.g., diet, exercise,
substance use) and environmental factors (e.g., light, noise,
temperature) that may promote or interfere with sleep.

SOURCE: Morin (2005).

maintaining sleep throughout the night (Morin, 2005; Benca, 2005a). It is
still unclear whether hypnotics lead to dependence. It is suggested that they
should not be taken for more than 10 days in a row; however, recent studies
suggest that hypnotics do not always lead to dependence (Hajak et al., 2003;
Walsh et al., 2005; Benca, 2005a). There have been no large-scale trials ex-
amining the safety and efficacy of hypnotics in children and adolescents.
Other pharmacological classes used for insomnia include sedating anti-
depressants, antihistamines, and antipsychotics, but their efficacy and safety
for treating insomnia have not been thoroughly studied (Walsh et al., 2005).

SLEEP AND PSYCHIATRIC DISORDERS

Manifestations and Prevalence

Sleep disturbances are common features of psychiatric disorders. The
most frequent types of sleep disturbances are insomnia, excessive daytime
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sleepiness (hypersomnia), and parasomnia. Sleep disturbances are so com-
monly seen as symptoms of certain psychiatric disorders that they are listed
as diagnostic criteria under DSM-IV (APA, 1994). For example, insomnia is
a symptom used with others to diagnose major depression. The comor-
bidity, or coexistence, of a full-blown sleep disorder (particularly insomnia
and hypersomnia) with a psychiatric disorder is also common. Forty per-
cent of those diagnosed with insomnia, in a population-based study, also
have a psychiatric disorder (Ford and Kamerow, 1989). Among those diag-
nosed with hypersomnia, the prevalence of a psychiatric disorder is some-
what higher—46.5 percent.

The reasons behind the comorbidity of sleep and psychiatric disorders
are not well understood. Comorbidity might be due to one disorder being a
risk factor or cause of the other; they might both be manifestations of the
same or overlapping physiological disturbance; one might be a consequence
of the other. In some cases, the sleep disturbance can be both cause and
consequence. In generalized anxiety disorder, for example, the symptoms of
fatigue and irritability used to diagnose it are often the result of a sleep
disturbance, which itself is also a diagnostic symptom.

Adolescents with major depressive disorders report higher rates of sleep
problems and, conversely, those with sleep difficulties report increased nega-
tive mood or mood regulation (Ryan et al., 1987). In addition, sleep-onset
abnormalities during adolescence have been associated with an increased
risk of depression in later life (Rao et al., 1996).

The best studied and most prevalent comorbidity is insomnia with ma-
jor depression. Insomnia as a symptom of depression is highly common. On
the basis of longitudinal studies, insomnia is now established as a risk fac-
tor for major depression. Not all people with insomnia have a depression
diagnosis; however, studies have found that 15 to 20 percent of people
diagnosed with insomnia have major depression (Ford and Kamerow, 1989;
Breslau et al., 1996).

Depressed individuals have certain abnormalities detected by poly-
somnography. One is shorter rapid eye movement (REM) latency (a shorter
period of time elapsing from onset of sleep to onset of REM sleep), an effect
that persists even after treatment for depression. Other abnormalities
include shortened initial REM period, increased REM density, and slow-
wave deficits (Benca, 2005a). Shorter REM latency and slow-wave sleep
(SWS) deficits tend to run in families; these abnormalities are also found in
first-degree relatives of people with major depression, but who are
unaffected by depression (Giles et al., 1998). A variety of polysomnographic
abnormalities have been found with other psychiatric disorders (Benca,
2005a).
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Etiology and Risk Factors

The etiological basis for the comorbidity of sleep disorders and psychi-
atric disorders is not well understood. Most potential mechanisms for sleep
changes in psychiatric disorders deal specifically with insomnia and depres-
sion. Possible mechanisms include neurotransmitter imbalance (cholinergic-
aminergic imbalance), circadian phase advance, and hypothalamic-pituitary-
adrenal axis dysregulation (Benca, 2005a). Recent evidence implicating
regions of the frontal lobe has emerged from imaging studies using positron
emission tomography. As they progress from waking to non-REM (NREM)
sleep, depressed subjects have smaller decreases in relative metabolism in
regions of the frontal, parietal, and temporal cortex when compared to
individuals who are healthy (Nofzinger et al., 2005). Normally, the transi-
tion from waking to NREM sleep is associated with decreases in these
frontal lobe regions. What appears to occur with depression is that the
decrease is less pronounced. Another finding of the study is that during
both waking and NREM sleep, depressed patients show hypermetabolism
in the brain’s emotional pathways, including the amygdala, anterior cingulate
cortex, and related structures. Because the amygdala also plays a role in
sleep regulation (Jones, 2005), this finding suggests that sleep and mood
disorders may be manifestations of dysregulation in overlapping neuro-
circuits. The authors hypothesize that increased metabolism in emotional
pathways with depression may increase emotional arousal and thereby
adversely affect sleep (Nofzinger et al., 2005).

Treatment

Comorbid psychiatric and sleep disorders are treated by a combination
of medication and/or psychotherapy (Krahn, 2005; Benca, 2005a). A major
problem is underdiagnosis and undertreatment of one or both of the
comorbid disorders. One of the disorders may be missed or may be mistak-
enly dismissed as a condition that will recede once the other is treated. In
the case of depression, for example, sleep abnormalities may continue once
the depression episode has remitted (Fava, 2004). If untreated, residual
insomnia is a risk factor for depression recurrence (Reynolds et al., 1997;
Ohayon and Roth, 2003). Further, because sleep and psychiatric disorders,
by themselves, are disabling, the treatment of the comorbidity may reduce
needless disability. Insomnia, for example, worsens outcomes in depres-
sion, schizophrenia, and alcohol dependence. Treatment of both conditions
can improve a patient’s functioning and possibly improve adherence with
therapy (Vincent and Hameed, 2003). Another concern is that medication
for one disorder might exacerbate the other (e.g., prescription of sedating
antidepressants for patients with hypersomnolence). The choice of medica-
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tion for psychiatric disorder (or vice versa) should be influenced by the
nature of the sleep complaint (e.g., more sedating antidepressant taken at
night for insomnia; more alerting antidepressant for excessive daytime
sleepiness).

Insomnia and Psychiatric Disorders

As mentioned above insomnia is associated with depression, acting as
both a risk factor and a manifestation (Ford and Kamerow, 1989;
Livingston et al., 1993; Breslau et al., 1996; Weissman et al., 1997; Chang
et al., 1997; Ohayon and Roth, 2003; Cole and Dendukuri, 2003). Several
studies done were longitudinal in design, including one that tracked more
than 1,000 male physicians for 40 years (Chang et al., 1997). Another study,
which followed 1,007 young adults at a health maintenance organization
for 3.5 years, found that a history of insomnia at baseline not only pre-
dicted new onset depression, but also other psychiatric disorders (any anxi-
ety disorder, alcohol abuse, drug abuse, and nicotine dependence) (Breslau
et al., 1996) (Figure 3-6). The adjusted odds of developing a psychiatric
disorder were highest for depression (OR = 3.95; 95% CI, 2.2–7.0). This
figure is based on 16 percent of the sample who developed depression with
a history of insomnia at baseline, as compared with 4.6 percent who devel-
oped depression without a history of insomnia. The study’s general findings
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FIGURE 3-6 Incidence of psychiatric disorders during 3.5 years of follow-up of
patients with a prior history of insomnia.
SOURCE: Breslau et al. (1996).
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are supported by another large study of 10,000 adults by Weissman and
colleagues (1997). That study found insomnia to have increased the risk of
major depression by a similar magnitude (fivefold) and to have increased
the risk of panic disorder (one of the anxiety disorders) even more strikingly,
by 20-fold (OR = 20.3, 95% CI, 4.4–93.8). Insomnia is also a predictor of
acute suicide among patients with mood disorders (Fawcett et al., 1990).

The striking association between insomnia and depression in so many
studies suggests that insomnia is also an early marker for the onset of
depression, and the two may be linked by a common pathophysiology.
Although the pathophysiological relationship is not known, researchers are
focusing on overlapping neural pathways for anxiety, arousal, and/or circa-
dian disturbance (Benca, 2005b). One hypothesis is that common pathways
are the amygdala and other limbic structures of the brain (Nofzinger et al.,
2005). Another hypothesis is that chronic insomnia increases activity of the
hypothalamic-pituitary-adrenal axis, which in turn contributes to depres-
sion (Perlis et al., 2005). The close association of insomnia and depression
also raises the tantalizing possibility that treating insomnia may prevent
some cases of depression (Riemann and Voderholzer, 2003), but limited
data are available. The biological basis for the relationship between
insomnia and new onset psychiatric disorders (other than depression) is
also not known.

NARCOLEPSY AND HYPERSOMNIA

Manifestations and Prevalence

Narcolepsy and idiopathic hypersomnia are characterized by a clinically
significant complaint of excessive daytime sleepiness that is neither explained
by a circadian sleep disorder, sleep-disordered breathing, or sleep depriva-
tion, nor is it caused by a medical condition disturbing sleep (AASM, 2005).
The diagnosis of narcolepsy and hypersomnia is based principally on the
Multiple Sleep Latency Test (MSLT), which objectively quantifies daytime
sleepiness (Box 3-2) (Carskadon et al., 1986; Arand et al., 2005). Sleep logs
or actigraphy (a movement detector coupled with software that uses move-
ment patterns to provide estimate sleep and wake times) can also be used to
exclude chronic sleep deprivation as a diagnosis prior to the MSLT. In many
cases narcolepsy arises during the mid to late teenage years; however, fre-
quently initial diagnosis is not correct, resulting in delays in diagnosis of 15
to 25 years after the onset of symptoms (Broughton et al., 1997). Onset of
narcolepsy can also have a negative impact on school performance (see Chap-
ter 4). Narcolepsy is associated with a number of symptoms (Anic-Labat
et al., 1999; Overeem et al., 2002), including the following:
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• Excessive daytime sleepiness, defined as a background of constant
sleepiness with sleep attacks leading to unintended napping during the day.
In most cases, naps are refreshing, but the rested feeling only lasts a short
time. When severe, sleepiness can manifest as automatic behavior, a con-
tinuation of activities in a semiautomatic manner when sleepy, with no
subsequent memory.

• Cataplexy, which are sudden and brief bilateral episodes of muscle
weakness triggered by a strong emotional stimulus, such as laughing.

BOX 3-2
Clinical Laboratory Findings in Narcolepsy and Hypersomnia

The Multiple Sleep Latency Test (MSLT) objectively quantifies day-
time sleepiness. It consists of five 20 minute daytime naps at 2-hour
intervals. The amount of time it takes to fall asleep (sleep latency) and
the occurrence of rapid eye movement (REM) sleep is recorded. Mean
sleep latency of less than 8 minutes and two or more sleep onset rhythmic
eye movement periods is diagnostic for narcolepsy. The MSLT must
always be preceded by nocturnal sleep polysomnography to rule out
other causes of short MSL or sleep onset rhythmic eye movement periods
such as OSA, insufficient sleep, or delayed sleep phase syndrome. At
least 6 hours of sleep must have occurred prior to the MSLT. Sleep logs
or actigraphy for the preceding 2 weeks can be helpful to exclude chronic
sleep deprivation. It must also be conducted after withdrawal of psycho-
tropic medications (generally more than 2 weeks). Antidepressants, most
notably, suppress REM sleep and/or may create REM rebound if stopped
too recently prior to testing.

HLA-DQB1*0602 is the human leukocyte antigen DQB1 subtype asso-
ciated with narcolepsy. Almost all cases with cataplexy are DQB1*0602
positive; approximately 40 percent of narcolepsy cases without cataplexy
are HLA-DQB*0602 positive. The test is not highly predictive of narco-
lepsy, however, as 25 percent of the population is HLA-DQB1*0602
positive. Idiopathic and recurrent hypersomnia cases are not strongly
associated with human leukocyte antigen.

Cerebrospinal fluid (CSF) hypocretin-1, also called orexin-A, is a neu-
ropeptide involved in the cause of narcolepsy and cataplexy. It can be
measured in the CSF, and this has been used to diagnose narcolepsy.
Most cases with cataplexy (and HLA-DQB1*0602) have CSF hypocretin-1
levels below 30 percent of normal control value. This finding is very specific
and sensitive for narcolepsy and cataplexy. Low CSF hypocretin is also
diagnostic of narcolepsy without cataplexy, but is found in only a small
portion of these cases (7 to 40 percent).
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• Sleep paralysis, or muscle paralysis akin to REM sleep atonia while
awake, when falling asleep, or waking up.

• Hypnagogic/hypnopompic hallucinations, which are dreamlike REM
sleep experiences, often frightening, that occur when falling asleep or wak-
ing up.

• Insomnia, typically difficulty maintaining sleep.
• Autonomic behavior, or continue to function (talking, putting things

away, etc.) during sleep episodes but awakens with no memory of perform-
ing such activities.

• REM behavior disorder, characterized by excessive motor activity
during REM sleep (Anic-Labat et al., 1999; Overeem et al., 2002).

Narcolepsy can be diagnosed clinically, by using the MSLT, or by mea-
suring cerebrospinal fluid (CSF) hypocretin-1 (Box 3-2).

Idiopathic hypersomnia is classically separated into two subtypes. The
first, idiopathic hypersomnia with prolonged sleep time, is a rare disorder
and is characterized by the following:

• Excessive daytime sleepiness occurs, as described above for narco-
lepsy, but in the typical form naps are unrefreshing.

• Excessive amounts of daily sleep, typically defined as more than 10
hours of sleep per day, as documented for long periods of time using daily
logs and sleep studies.

• Sleep drunkenness (sometimes referred to as sleep inertia)—difficulty
waking up and individual is foggy for long periods of time after wake onset.

The second subtype of idiopathic hypersomnia, idiopathic hypersom-
nia without long sleep time, is characterized by a complaint of excessive
daytime sleepiness and a short mean sleep latency on the MSLT.

In most sleep disorders clinics with experience in this area, approxi-
mately one-third of hypersomnia cases are diagnosed with this condition
(Aldrich, 1996). The prevalence is estimated to be around 0.01 percent. In
contrast, the prevalence of idiopathic hypersomnia without prolonged sleep
time may be more substantial, as most patients are likely not diagnosed
(Arand et al., 2005).

Recurrent hypersomnia is periodic either in synchrony with menstrua-
tion (menstruation-linked periodic hypersomnia) or without any associa-
tion and mostly in males with Klein-Levin syndrome (Billiard and Cadilhac,
1988; Arnulf et al., 2005a). Klein-Levin syndrome is characterized by re-
current episodes of dramatic hypersomnia lasting from 2 days to several
weeks. These episodes are associated with behavioral and cognitive abnor-
malities, binge eating or hypersexuality, and alternate with long asymptom-
atic periods that last months or years (Arnulf et al., 2005a).
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Narcolepsy and hypersomnia can affect children, adolescents, adults,
and older persons. In most cases these disorders begin in adolescence. The
prevalence of narcolepsy with definite cataplexy has been documented in
adults by numerous population-based studies and occurs in 0.02 to 0.05
percent of the population of Western Europe and North America (Mignot,
1998). In contrast, very little is known about the prevalence of narcolepsy
without cataplexy. Recent studies using the MSLT indicate that approxi-
mately 3.9 percent of the general population has MSLT score abnormalities
consistent with narcolepsy without cataplexy (Singh et al., 2005).

Secondary cases of narcolepsy or hypersomnia are also common, but
the overall prevalence is not known (Table 3-3). These can occur in the
context of psychiatric disorders, for example depression; central nervous
system tumors, most notably in the hypothalamus; neurodegenerative dis-
orders, such as Parkinson’s disease; inflammatory disorders, such as mul-
tiple sclerosis or paraneoplastic syndromes; traumatic disorders, such as
head trauma; vascular disorders, such as those that are attributed to median
thalamic stroke; and genetic disorders, including myotonic dystrophy or
Prader-Willi syndrome (Billiard et al., 1994; Mignot et al., 2002a).

Etiology and Risk Factors

Similar to other sleep disorders, little is known about the pathophysiol-
ogy and risk factors for narcolepsy and hypersomnia. Most of the knowl-
edge in this area pertains to narcolepsy with cataplexy, which affects males
and females equally. Symptoms usually arise during adolescence. Many
contributing factors influence an individual’s susceptibility, including both
genetic and environmental factors (Mignot, 1998, 2001).

Virtually all individuals who suffer narcolepsy with cataplexy carry the
haplotype HLA-DQB1*0602 and have severe neuronal loss in regions of
the brain that are responsible for regulating the sleep-wake cycle. Approxi-
mately 70,000 hypothalamic neurons that are responsible for producing the
neuropeptide hypocretin (orexin) are lost in individuals with narcolepsy
with cataplexy (Thannickal et al., 2000; Peyron et al., 2000). Hypocretin is
an excitatory neuropeptide that regulates the activity of other sleep regula-
tory networks. Consequently, in some cases low levels of hypocretin-1 in
the CSF, may be used to diagnose narcolepsy (Kanbayashi et al., 2002;
Krahn et al., 2002; Mignot et al., 2002a) (Table 3-3). The cause of
hypocretin cell loss is unknown but it may be autoimmune due to the asso-
ciation with the HLA-DQB1*0602 (Juji et al., 1984; Mignot, 2001).

Less is known regarding the pathophysiology of narcolepsy without
cataplexy. The etiology is likely heterogeneous. An unknown portion may
be caused by partial or complete hypocretin deficiency (Kanbayashi et al.,
2002; Krahn et al., 2002; Mignot et al., 2002a). However, it has been
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TABLE 3-3 International Classification of Sleep Disorders: Definitions,
Prevalence, and Pathophysiology of Narcolepsy and Hypersomnias

Diagnostic North American Pathophysiology
Condition Criteria Prevalence and Etiology

Narcolepsy with
cataplexy

Narcolepsy
without
cataplexy

Secondary
narcolepsy
or hypersomnia

Idiopathic
hypersomnia
with prolonged
sleep

Idiopathic
hypersomnia
with normal
sleep length

Periodic hyper-
somnia (includes
Kleine-Levin
syndrome)

Presence of definite
cataplexy; usually
abnormal MSLT
results

MSLT: mean sleep
latency less than or
equal to 8 minutes, 2
or greater SOREMPs;
no or doubtful
cataplexy

As above, but due to
other known medical
conditions (e.g.,
neurological)

MSLT: short mean
sleep latency, greater
than two SOREMPs;
long (10 hours or
greater) unrefreshing
nocturnal sleep

MSLT: short mean
sleep latency, less
than two SOREMPs;
normal nightly sleep
amounts (less than 10
hours)

Recurrent (more than
1 time per year)
sleepiness (lasting 2
to 28 days), normal
function between
occurrences

0.02–0.18%

0.02%;
many undiagnosed

Unknown

Rare, maybe
0.01–0.02%

Probably common,
unknown
prevalence

Rare, probably less
than one per one
million people

Hypocretin defi-
ciency; 90%  with
low CSF HCRT-1
and positive for
HLA-DQB1*0602

Unknown, probably
heterogeneous; 7–
25% with low CSF
HCRT-1, 40% HLA-
DQB1*0602 positive

With or without
hypocretin deficiency

Unknown, probable
heterogeneous
etiology

Unknown, probable
heterogeneous
etiology

Unknown, probable
heterogeneous
etiology

NOTE: CSF, lumbar sac cerebrospinal fluid; HCRT, hypocretin; HLA, human leukocyte
antigen; MSLT, Multiple Sleep Latency Test; SOREMP, sleep-onset REM period.
SOURCE: AASM (2005).
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hypothesized that some individuals with partial cell loss may have normal
CSF hypocretin-1 (Mignot et al., 2002a; Scammell, 2003).

The pathophysiology of idiopathic hypersomnia is unknown. When the
disorder is associated with prolonged sleep time, it typically starts during
adolescence and is lifelong. It is essential to exclude secondary causes, such
as head trauma or hypersomnia owing to depression (Roth, 1976; Billiard
and Dauvilliers, 2001). Some cases with prolonged sleep times have been
reported to be familial, suggesting a genetic origin. Even less is known about
idiopathic hypersomnia with normal sleep time. This condition is more vari-
able and symptomatically defined. The cause of Kleine-Levin syndrome is
unknown (Arnulf et al., 2005b).

Treatment

Treatment for these conditions is symptomatically based. Even in the
case of narcolepsy in which the disorder is caused by hypocretin deficiency,
current treatment does not aim at improving the defective neurotransmis-
sion (Mignot et al., 1993; Nishino and Mignot, 1997; Wisor et al., 2001).
Behavioral measures, such as napping, support groups, and work arrange-
ments are helpful but rarely sufficient. In most cases, pharmacological treat-
ment is needed (Nishino and Mignot, 1997; Lammers and Overeem, 2003).
However, as with other pharmaceuticals designed to treat sleep problems,
large-scale clinical trails have not examined the efficacy and safety of drugs
to treat narcolepsy in children and adolescents.

In narcolepsy with cataplexy, pharmacological treatment for daytime
sleepiness involves modafinil or amphetamine-like stimulants, which likely
act through increasing dopamine transmission. Cataplexy and abnormal
REM sleep symptoms, sleep paralysis and hallucinations, are typically
treated with tricyclic antidepressants or serotonin and norepinephrine
reuptake inhibitors. Adrenergic reuptake inhibition is believed to be the
primary mode of action. Sodium oxybate, or gamma hydroxybutyric acid,
is also used at night to consolidate disturbed nocturnal sleep. This treat-
ment is also effective on cataplexy and other symptoms.

The treatment of narcolepsy without cataplexy and idiopathic hyper-
somnia uses similar compounds, most notably modafinil and amphetamine-
like stimulants (Billiard and Dauvilliers, 2001). Treatments, with the
possible exception of lithium, of periodic hypersomnia and Kleine-Levin
syndrome type are typically ineffective (Arnulf et al., 2005a).
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PARASOMNIAS

Manifestations and Prevalence

Parasomnias are unpleasant or undesirable behaviors or experiences
that occur during entry into sleep, during sleep, or during arousals from
sleep (AASM, 2005). They are categorized as primary parasomnias, which
predominantly occur during the sleep state, and secondary parasomnias,
which are complications associated with disorders of organ systems that
occur during sleep. Primary parasomnias can further be classified depend-
ing on which sleep state they originate in, REM sleep, NREM, or others
that can occur during either state (Table 3-4).

Parasomnias typically manifest themselves during transition periods
from one state of sleep to another, during which time the brain activity is
reorganizing (Mahowald and Schenck, 2005). Activities associated with
parasomnias are characterized by being potentially violent or injurious, dis-
ruptive to other household members, resulting in excessive daytime sleepi-
ness, or associated with medical, psychiatric, or neurological conditions
(Mahowald and Ettinger, 1990).

Disorders of Arousal, NREM

Disorders of arousal are the most common type of parasomnia, occur-
ring in as much as 4 percent of the adult population (Ohayon et al., 1999)
and up to 17 percent of children (Klackenberg, 1982). Typically the arousals
occur during the first 60 to 90 minutes of sleep and do not cause full
awakenings, but rather partial arousal from deep NREM sleep. Disorders
of arousal manifest in a variety of ways, from barely audible mumbling,
disoriented sleepwalking, to frantic bouts of shrieking and flailing of limbs
(Wills and Garcia, 2002).

Confusional Arousals

Individuals who experience confusional arousals exhibit confused men-
tal and behavioral activity following arousals from sleep. They are often
disoriented in time and space, display slow speech, and blunted answers to
questions (AASM, 2005). Episodes of resistive and even violent behavior
can last several minutes to hours. Confusional arousals are more than three
to four times more prevalent in children compared to individuals 15 years
or older (around 3 percent) (Ohayon et al., 2000). They can be precipitated
by forced arousals, particularly early in an individual’s sleep cycle.
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TABLE 3-4 Selected Primary Sleep Parasomnias

Name Description

Disorders of arousal associated with NREM sleep
Confusional arousals

Sleepwalking

Sleep terrors

Disorders associated with REM sleep
Nightmare disorder

REM sleep behavior
disorder

Recurrent isolated
sleep paralysis

Other parasomnias
Enuresis
Nocturnal groaning

(catathrenia)
Sleep-related eating

disorder
Sleep-related

dissociative
disorders

Exploding head
syndrome

Sleep-related
hallucinations

NOTE: NREM, non-rapid eye movement; REM, rapid eye movement; SWS, slow-wave sleep.
SOURCES: Halasz et al. (1985), Terzano et al. (1988), Zucconi et al. (1995), Zadra et al.
(1998), and AASM (2005).

Individuals display mental confusion or confusional behavior
during or following arousal, typically from SWS

Involves a series of behaviors initiated during arousals from SWS
that culminate in walking around in an altered state of
consciousness

Typically initiated by a loud scream associated with panic,
followed by intense motor activity, which can result in injury

Recurrent nightmares that are coherent dream sequences manifest
as disturbing mental experiences that generally occur during
REM sleep

A complex set of behaviors, including mild to harmful body
movements associated with dreams and nightmares and loss of
muscle atonia

Inability to speak or move, as in a temporary paralysis, at sleep
onset or upon waking

Involuntary release of urine
Characterized by disruptive groaning that occurs during expira-

tion, particularly during the second half of night
Marked by repeated episodes of involuntary eating and drinking

during arousals from sleep
A dissociative episode that can occur in the period from wakeful-

ness to sleep or from awakening from stages 1 or 2 or from
REM sleep

Characterized by a sudden, loud noise or explosion in the head;
this is an imagined, painless noise.

Hallucinatory images that occur at sleep onset or on awakening

Sleepwalking

Sleepwalking is characterized by a complex series of behaviors that
culminate in walking around with an altered state of consciousness and
impaired judgment (AASM, 2005). Individuals who are sleepwalking com-
monly perform routine and nonroutine behaviors at inappropriate times
and have difficulty recalling episodic events. Like confusional arousals, the
prevalence of sleepwalking is higher in children than adults (AASM, 2005).
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There appears to be a genetic predisposition for sleepwalking. Children
who have both parents affected by sleepwalking are 38 percent more likely
to also be affected (Klackenberg, 1982; Hublin et al., 1997).

Sleep Terrors

Sleep terrors are characterized by arousal from SWS accompanied by a
cry or piercing scream, in addition to autonomic nervous system and behav-
ioral manifestations of intense fear (AASM, 2005). Individuals with sleep
terrors are typically hard to arouse from sleep and, when they are awoken,
are confused and disoriented. There does not appear to be a significant gender
or age difference in prevalence or incidence of sleep terrors (AASM, 2005).

Disorders Associated with REM Sleep

Rapid Eye Movement Sleep Behavior Disorder

REM sleep behavior disorder is characterized by a complex set of behav-
iors that occur during REM sleep, including mild to harmful body move-
ments associated with dreams and nightmares (AASM, 2005). Normally
during REM sleep, muscles are temporarily paralyzed; however, in REM
sleep behavior disorder this paralysis is absent, thus allowing individuals to
“play out” their dreams. The overall prevalence in the general population is
estimated to be less than half a percent, slightly higher in older persons
(AASM, 2005), and affecting men more frequently than women.

REM sleep behavior disorder is frequently associated with neurological
disorders and it has been suggested that it could be an early sign of
neurodegeneration (Olson et al., 2000). At least 15 percent of individuals
with Parkinson’s disease (Comella et al., 1998; Gagnon et al., 2002) and 44
percent of individuals with multiple system atrophy (Plazzi et al., 1997;
1998) also suffer from REM sleep behavior disorder. There are a number of
effective pharmacological treatments, including a long-acting benzo-
diazepine (Schenck and Mahowald, 1990), clonazepam (Schenck et al.,
1993), and dopamine agonists (Bamford, 1993; Fantini et al., 2003).

Nightmare Disorder

Nightmare disorder is characterized by recurrent disturbances of dream-
ing that are disturbing mental experiences that seem real and sometimes cause
the individual to wake up. If awoken, individuals commonly have difficulty
returning to sleep. Nightmares often occur during the second half of a normal
period of sleep. Dream content involves a distressing theme, typically immi-
nent physical danger. During nightmares, individuals experience increased
heart and respiration rates (Fisher et al., 1970; Nielsen and Zadra, 2000).
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Nightmares commonly affect children and adolescents and decrease in fre-
quency and intensity as an individual grows older (AASM, 2005). Drugs and
alcohol can trigger nightmares. Prevalence rates are also higher in individuals
suffering from acute stress disorder and posttraumatic stress disorder.

SLEEP AND NEUROLOGICAL DISORDERS

Individuals suffering from dementia commonly experience sleep
abnormalities. Although there are a variety of conditions associated with
dementia—Alzheimer’s disease, Parkinson’s disease, dementia with Lewy
bodies, Huntington’s disease, and Creutzfeldt-Jakob disease—there are
some common patterns of sleep impairment associated with all dementias.
Typically, sleep is more fragmented, leading to more awakenings and con-
sequently less time asleep, and REM may be decreased (Petit et al., 2005).
These sleep impairments usually worsen as the disease progresses.

Alzheimer’s Disease

Manifestations and Prevalence

Alzheimer’s disease is a neurodegenerative disorder characterized by
memory loss and an intellectual decline that progresses with age and is
caused by the degeneration of neurons in the brain. It is estimated that
about 4 million individuals in the United States suffer from Alzheimer’s
disease. Approximately one-quarter of these individuals have sleep distur-
bances (Tractenberg et al., 2005; Moran et al., 2005). Alzheimer’s disease
causes an increase number of arousals and affects an individual’s sleep
architecture. As a result of an increase in duration and number of awaken-
ings, individuals spend an increased percentage of time in stage 1 sleep and
a reduced percentage in stage 2 and SWS (Prinz et al., 1982a,b; Reynolds et
al., 1985; Montplaisir et al., 1995).

Etiology and Risk Factors

There is limited information regarding the etiology of sleep disorders
associated with Alzheimer’s disease and other conditions that cause demen-
tia. Associations with sleep disturbance and other behavioral symptoms
have been identified, including aggressiveness (Moran et al., 2005) and de-
pression (Tractenberg et al., 2005). However, the pathophysiology of this
association is not known. In addition to behavioral symptoms, OSA may
also occur at a higher prevalence in individuals with Alzheimer’s disease
than in the general population (Bliwise, 2002).
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Treatment

Treatment options for demented individuals who suffer sleep disorders
are typically the same as those received by individuals who do not have
dementia. The approach is to address the sleep disorder based on its symp-
toms while managing and treating the underlying medical or psychiatric
disorder (Petit et al., 2005). However, treating an individual’s sleep disor-
der is not effective in reducing dementia associated with Alzheimer’s disease.

Parkinson’s Disease

Manifestations and Prevalence

Sleep complaints and subsequent diminished quality of life are common
in individuals who suffer from Parkinson’s disease. Parkinson’s disease is a
neurological disorder that primarily affects the elderly—0.9 percent of
people 65 to 69 years of age to upwards of 5 percent of people 80 to 84
years of age have Parkinson’s disease (de Rijk et al., 1997). It is character-
ized by trouble initiating walking and other movements, muscle tremor, a
slow gait, and reduced facial expressions. Sleep disturbances associated with
Parkinson’s disease include difficulty falling asleep, nocturnal akinesia, al-
tered sleep architecture, abnormal motor activity, periodic limb movements,
REM sleep behavior disorder (see above), and disturbed breathing. During
the day, many Parkinson patients have excessive sleepiness.

Sleep disturbances typically increase with disease progression. Individu-
als suffer from increased sleep latency and frequent awakenings, spending
as much as 30 to 40 percent of the night awake (Kales et al., 1971; Bergonzi
et al., 1975). This causes reduced time spent in stages 3 and 4 and REM
sleep and increased duration in stages 1 and 2 (Kales et al., 1971).

Etiology and Risk Factors

Sleep patterns are affected by abnormalities caused by neurodegener-
ation in regions of the brain that are involved in regulating the sleep-wake
cycle. Dopaminergic neurons in the substantia nigra are dramatically re-
duced in number, as are noradrenerics neurons in the locus coeruleus
(Jellinger, 1986) and cholinergic neurons in the pedunculopontine nucleus
(Zweig et al., 1989). Braak and colleagues (2004) examined a large series of
autopsy brains. They found that Lewy body degeneration begins in the
lower brainstem and ascends to involve the substantia nigra only after sev-
eral years, consistent with observations that REM alterations may precede
the movement disorder by several years in many Parkinson’s disease pa-
tients. REM sleep behavioral disorder is often seen in patients with Parkin-
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son’s disease and other parkinsonian syndromes, such as multiple systems
atrophy and progressive supranuclear palsy. The ability to ameliorate the
symptoms of REM sleep behavioral disorder with dopaminergic agonist
drugs suggests that it may be an early sign of damage to the dopaminergic
system (Trampus et al., 1991).

Treatment

Treating sleep disturbances associated with Parkinson’s disease is com-
plicated owing to the different actions associated with dopaminergic medi-
cations. Medications used to treat this disorder often include dopamine
precursors (levodopa/carbidopa) and dopamine agonists (pramipexole and
ropinirole). When used in low doses, these medications can promote sleep,
but high doses may cause increased nocturnal wakefulness, decreased SWS,
and decreased sleep continuity (Leeman et al., 1987; Monti et al., 1988;
Cantor and Stern, 2002). In contrast, excessive daytime sleepiness, includ-
ing sleep attacks, has also been described in association with dopamine
agonists (Paus et al., 2003); therefore, many patients with Parkinson’s dis-
ease require daytime stimulants such as modafinil or amphetamine to re-
lieve excessive sleepiness.

Other classes of medication used to treat Parkinson’s disease include
monoamine oxidase-B inhibitors (selegiline), presynaptic relating agents
(amatadine, anticholingeric agents), and catechol-O-methyltransferase
(COMT) inhibitors (hyoscyaine, benztropine). All may potentially affect
sleep (Chrisp et al., 1991), particularly with regard to decreasing REM sleep,
but the sleep effects of these medications remain to be well described
(Kaakkola, 2000).

Epilepsy

Manifestations and Prevalence

Epilepsy refers to a group of various disorders characterized by abnor-
mal electrical activity in the brain that manifests itself in individuals as a
loss of or impaired consciousness and abnormal movements and behav-
iors. Sleep, sleep deprivation, and seizure activity are tightly intertwined.
After stroke and Alzheimer’s disease, epilepsy is the third most common
neurological disorder in the United States, with incidence between 1.5 to
3.1 percent (Shouse and Mahowald, 2005). It is estimated that sleep-
related epilepsy may affect as many as 10 percent or more of epileptic
individuals (AASM, 2005). Sixty percent of individuals who suffer partial
complex localization related seizures—21.6 percent of the general epileptic
population—exhibit convulsions only during sleep (Janz, 1962).
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Disorders that cause seizures may affect an individual’s sleep cycle, lead-
ing to sleep deprivation. Similarly, sleep and sleep deprivation increase the
incidence of seizure activity. Sleep-related epilepsy normally presents with
at least two of the following features: arousals, abrupt awakenings from
sleep, generalized tonic-clonic movements of the limbs, focal limb move-
ment, facial twitching, urinary incontinence, apnea, tongue biting, and
postictal confusion and lethargy (AASM, 2005). These features cause sleep
fragmentation and daytime fatigue.

There are a number of common epileptic syndromes that manifest solely
or predominately during the night, including nocturnal frontal lobe epi-
lepsy, benign epilepsy of childhood with centrotemporal spikes, early-onset
or late-onset childhood occipital epilepsy, juvenile myoclonic epilepsy, and
continuous spike waves during non-REM sleep. Nocturnal frontal lobe epi-
lepsy is characterized by severe sleep disruption, injuries caused by involun-
tary movements, and occasional daytime seizures. Juvenile myoclonic epi-
lepsy is characterized by synchronous involuntary muscle contractions that
often occur during awakening. Continuous spike waves during non-REM
sleep epilepsy are commonly associated with neurocognitive impairment
and sometimes with impairment of muscle activity and control.

Etiology and Risk Factors

Risk factors for sleep-related epilepsy include stress, sleep deprivation,
other sleep disorders, and irregular sleep-wake rhythms. The etiologies for
nocturnal seizures are not clearly understood. Genetic factors are likely im-
portant; however, as of yet no pathogenic markers have been associated
with sleep-related epilepsy. There are specific patterns of rhythmic activity
among neurons within specific regions of the brain—the hypothalamus and
brainstem—that regulate sleep and arousal. Association of specific neuronal
activity between these different regions is important for regulating sleep,
while bursts of disassociated neuronal activity may contribute to nocturnal
seizures (Tassinari et al., 1972; Velasco and Velasco, 1982; Applegate et al.,
1986; Shouse et al., 1996).

Treatment

Treatments for seizures caused by sleep-related epileptic syndromes are
typically similar to those of other seizure disorders (Dreifuss and Porter,
1997). Individuals with epilepsy are susceptible to nocturnal sleep distur-
bance and daytime sleepiness associated with commonly used medications.
However, daytime hypersomnolence is not always treatable with
antiepileptic drugs (Palm et al., 1992). In particular, phenobarbital, a main-
stay of treatment for many years, causes daytime sedation in a dose depen-
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dent manner (Brodie and Dichter, 1997). Daytime sedation is also observed
with other antiepileptic agents including carbamazepine, alproate, pheny-
toin, and primidone. Some of the newer medication such as gabapentin,
lamotrigine, bigabatrin, and zonisamide are often better tolerated (Salinsky
et al., 1996). In addition to daytime sedation, these drugs also cause in-
creased nocturnal sleep time. Vagal nerve stimulation, however, has been
reported to improve daytime alertness (Rizzo et al., 2003), but it may also
induce sleep apnea (Holmes et al., 2003).

Stroke

Manifestations and Prevalence

Stroke results in a sudden loss of consciousness, sensation, and volun-
tary movement caused by disruption of blood flow—and therefore oxygen
supply—to the brain. Following a stroke an individual’s sleep architecture
is often altered, causing a decrease in the total sleep time, REM sleep, and
SWS (Broughton and Baron, 1978). Insomnia is a common complication of
stroke that may result from medication, inactivity, stress, depression, and
brain damage.

The annual incidence of stroke is 2 to 18 per 1000 individuals, and sleep-
wake disturbances are found in at least 20 percent of stroke patients (Bassetti,
2005). In addition, over 70 percent of individuals who have suffered a mild
stroke and are under 75 years of age suffer fatigue (Carlsson et al., 2003).

Sleep-Disordered Breathing May Be a Risk Factor

Risk factors for stroke include heart disease, hypertension, alcohol
abuse, transient ischemic attacks, and, as described above, possibly sleep-
disordered breathing (Diaz and Sempere, 2004). Studies investigating the
association between sleep-disordered breathing and stroke found that 60
to 70 percent of individuals who have suffered a stroke exhibit sleep-
disordered breathing with an apnea-hypopnea index of 10 or greater (Dyken
et al., 1996; Bassetti et al., 1996). Sleep-disordered breathing has also been
found in a high frequency of individuals with transient ischemic attacks
(McArdle et al., 2003), hypertension (Morrell et al., 1999), myocardial
infarction, and heart failure (Good et al., 1996; Shamsuzzaman et al., 2003).

Treatment

There are no specific therapies that relieve sleep-related symptoms
caused by a stroke. Rather, treatments depend on the specific symp-
toms and are similar to the treatments of sleep disorders that arise indepen-
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dent of a stroke. For example, CPAP is the treatment of choice for sleep
disordered breathing, and insomnia and parasomnias are treated using simi-
lar temporary hypnotic drug therapies as typically used, zolpidem or benzo-
diazepines. However, treatments for hypersomnia are not always as effec-
tive following a stroke (Bassetti, 2005).

SUDDEN INFANT DEATH SYNDROME

Manifestations and Prevalence

Sudden infant death syndrome (SIDS), the sudden and unexpected death
of infants less than a year old during sleep, has no known cause (American
Academy of Pediatrics Task Force on Sudden Infant Death Syndrome, 2005;
CDC, 2006). The syndrome is currently the third most common cause of
infant death in the United States (CDC, 2006), responsible for approxi-
mately 3,000 infant deaths a year in this country (NICHD, 2006b). The
majority of SIDS-related deaths occur in infants who are between 2 and 4
months old (NICHD, 2006a).

Etiology and Risk Factors

Although there are no known causes for SIDS, various hypotheses
exist about the mechanisms underlying the syndrome. The leading theory
is that developmental abnormalities in the infant’s cardiorespiratory sys-
tem increase the child’s susceptibility to suffocation (Meny et al., 1994;
Kinney et al., 1995; Verrier and Josephson, 2005). Infants who later die of
SIDS have higher heart rates, narrower heart rate ranges, and problems
with coordination of respiration, heart rate, and arterial blood pressure
while sleeping (Kemp and Thach, 1991; Schechtman et al., 1995; Kinney
et al., 1995; Verrier and Josephson, 2005). This lack of coordination in
the cardiorespiratory system may be a result of defects in the region of the
brain responsible for controlling breathing and arousal (Kinney et al.,
1995; Panigraphy et al., 1997; AAP, 2000), possibly resulting in a baby
being unable to wake up in response to troubled breathing.

Concordantly, risk factors attributed to SIDS typically relate to an
infant’s ability to breathe easily while sleeping. The chief risk factor for
SIDS is a prone sleeping position, otherwise known as stomach sleeping
(Dwyer et al., 1991; Ponsonby et al., 1993; Irgens et al., 1995). More re-
cently, side sleeping is thought to be attended by an intermediate level of
risk (American Academy of Pediatrics Task Force on Sudden Infant Death
Syndrome, 2005; CDC, 2006). Other factors related to obstructed breath-
ing space include bed sharing with adults or several family members, soft
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sleep surfaces and/or loose bedding and overheating while sleeping (Hauck
and Kemp, 1998; AAP, 2000).

Vulnerability to SIDS seems to depend on both gender and ethnicity.
Male infants are more likely to die of SIDS than female babies (NICHD,
2006a); African American infants have twice the likelihood as Caucasian
infants of dying from SIDS (Hauck et al., 2003; Daley, 2004; NICHD,
2006a), while Native American infants are three times as likely to be
victims of this syndrome (AAP, 2000). SIDS has also been reported to
occur at increased frequency in family members with OSA (Tishler et al.,
1996), suggesting that there may be common genetic risk factors for both
conditions.

Finally, general measures of poor health form the final category of risk
factors. Smoking, drinking, or drug use by the mother during gestation are
linked to an increased chance of SIDS-related deaths in infants, as is infant
exposure to smoke (Schoendorf and Kiely, 1992; AAP, 2000; Iyasu et al.,
2002). Infants born with low body weight, prematurely, or to mothers un-
der the age of 20 are also at higher risk of SIDS (Malloy and Hoffman,
1995; AAP, 2000).

Prevention

Preventive measures have reduced the incidence of SIDS in the United
States by more than 50 percent. A number of national intervention pro-
grams currently exist through various organizations. Of these, the most
prominent intervention program is NIH’s “Back to Sleep” campaign
(Chapter 5).

Additional preventive measures include no smoking, drinking, or drug
use by the mother while pregnant; removal of loose bedding or other items
that could suffocate an infant; and prevention of high temperatures in the
baby’s sleeping environment (NICHD, 2006a).

SLEEP AND MOVEMENT DISORDERS

Restless Legs Syndrome

Manifestations and Prevalence

RLS is a neurological condition characterized by an irresistible urge to
move the legs (it also may affect the arms, trunk, or head and neck). It is
also associated with paresthesias—uncomfortable feelings—which individu-
als describe as creepy-crawly, jittery, itchy, or burning feelings. The symp-
toms are partially or completely relieved by movement. The urge to move
and unpleasant sensations worsen during periods of rest or inactivity, espe-
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cially in the evening and at night, causing most individuals difficulty falling
asleep (Michaud et al., 2000). The discomfort associated with RLS also
causes individuals to wake frequently during the night (Montplaisir et al.,
1997). Individuals with RLS often experience periodic limb movements;
however, periodic limb movement disorder (see below) is not always associ-
ated RLS (Michaud et al., 2000).

The prevalence of RLS has been reported to be at minimum 5 percent
(Lavigne and Montplaisir, 1994; Rothdach et al., 2000; NSF, 2005a;
Montplaisir et al., 2005; Phillips et al., 2006), which makes it one of the
most common movement disorders and sleep disorders. This condition may
be found in in adolescents and teenagers (Kryger et al., 2002a) and is more
common in older adults and females (Rothdach et al., 2000; Allen and
Earley, 2001; Nichols et al., 2002), affecting over 20 percent of pregnant
women. RLS symptoms associated with pregnancy are caused by transient
low levels of ferritin and folate; therefore, they typically disappear within 4
weeks after delivery (Lee et al., 2001).

RLS may also be associated with attention-deficit hyperactivity disor-
der (ADHD). In a cross-sectional survey of 866 children, ADHD symptoms
were almost twice as likely to occur with symptoms of RLS as would be
expected by chance alone (Chervin et al., 2002).

Etiology and Risk Factors

The exact cause of RLS is not completely understood. It likely results
from altered dopamine and iron metabolism, and there is evidence for a
genetic contribution. More than 50 percent of idiopathic cases are associ-
ated with a positive family history of RLS (Ekbom, 1945; Walters et al.,
1996; Montplaisir et al., 1997; Winkelmann et al., 2002; Allen et al., 2003),
and these cases segregate in an autosomal dominant fashion with high pen-
etrance (90 to 100 percent) (Winkelmann et al., 2002). Susceptibility gene
loci have been identified on chromosomes 12q (Desautels et al., 2001), 14q
(Bonati et al., 2003), and 9p (Chen et al., 2004); however, no genetic mark-
ers or abnormalities have been identified.

RLS commonly occurs in individuals with iron deficiency, including
end-stage renal disease, iron-deficiency anemia, pregnancy, and gastric sur-
gery. Iron deficiency, for example caused by repeated blood donation, may
also be associated with RLS (Silber et al., 2003; Ulfberg and Nystrom, 2004;
Kryger et al., 2003). It is hypothesized that low levels of iron impair trans-
mission of dopamine signals, which contributes to RLS. Iron levels are re-
duced in the substantia nigra (Allen et al., 2001; Connor et al., 2003), which
is a region of the brain responsible for controlling voluntary movement
through neurons that rely on dopamine to communicate with each other.
The iron deficiency is consistent with abnormal regulation of the transferrin
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receptor, which is responsible for transporting iron across cell membranes.
Iron in turn is necessary for the synthesis of dopamine and the activity of
the D2 dopamine receptor (Turjanski et al., 1999). The association between
dopamine, iron deficiency, and RLS is further supported by observations
that dopamine antagonists usually make RLS symptoms worse (Winkelmann
et al., 2001), while dopaminergic agonists are used to treat RLS (Walters et
al., 1988; Wetter et al., 1999; Stiasny et al., 2001).

Idiopathic RLS is not associated with an increased mortality rate; how-
ever, in secondary cases of RLS, such as in individuals treated with long-
term hemodialysis for end-stage renal disease, RLS is associated with a
greater mortality risk (Winkelman et al., 1996). In a survey of 894 dialysis
patients that rated symptoms of RLS, severe symptoms were associated with
an increased hazard ratio (OR = 1.39; 95% CI, 1.08–1.79) (Unruh et al.,
2004).

Treatment

There are both behavioral and pharmacological treatments for RLS;
however, there have been no clinical trials reporting the efficacy of non-
pharmacological strategies to reduce RLS symptoms. Mild to moderate
symptoms can sometimes be treated by lifestyle changes, including main-
taining a normal sleeping pattern, taking supplements to manage iron defi-
ciencies, and minimizing consumption of alcohol, caffeine, and tobacco
(NINDS, 2005).

RLS is primarily treated using one of four classes of prescription medi-
cations: dopaminergic agents, benzodiazepines, opioids, or anticonvulsants
(central nervous system depressants). Dopaminergic agents are the primary
treatment option for individuals with RLS (Hening et al., 2004). Medica-
tions include the dopamine precursor levodopa (L-dopa). Although associated
with some adverse effects, administration of L-dopa significantly reduces
symptoms of RLS and periodic limb movements that occur throughout the
night (Brodeur et al., 1988). However, dopaminergic agents can also have a
stimulating effect that may exacerbate insomnia. Benzodiazepines are effec-
tive in improving sleep continuity and are therefore frequently prescribed in
combination with dopaminergic agents. Opioids may be prescribed in
patients with severe symptoms to help to induce relaxation and minimize
pain (Walters et al., 1993, 2001). However, opioids may also exacerbate
sleep apnea; therefore, they should be used cautiously in patients who snore
(Montplaisir et al., 2005). Anticonvulsants are commonly prescribed as an
alternative to dopaminergic agents, owing to their ability to minimize leg
pain (Montplaisir et al., 2005). It is believed that anticonvulsants, such as
carbamazepine and gabapentin, are less potent than dopaminergic agents;
however, there have been no comparative studies performed. Furthermore,
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there have been a limited number of studies that have examined the safety
and efficacy of these treatments in children and adolescents.

Periodic Limb Movement Disorder

Periodic limb movement disorder is characterized by disruptions to sleep
caused by periodic episodes of limb movements that occur during sleep,
which cannot be explained by any other sleep disorder (AASM, 2005). Indi-
viduals with periodic limb movement disorder primarily complain of diffi-
culty with sleep onset and sleep maintenance, insomnia, and/or hypersom-
nia. The periodic limb movements manifest themselves as rhythmic
extensions of the big toe, dorsiflexions of the ankle, and occasional flexions
of the knee and hip (Coleman, 1982). These are scored using the periodic
limb movements index, which examines over the course of an hour the
number of movements that are 0.5 to 5 seconds in duration, separated by
an interval between 5 to 90 seconds, and in sequence of four or more an
hour. An overnight index score of 5 or greater in children and 15 or greater
in adults is considered pathogenic (AASM, 2005).

Periodic limb movements typically occur in the lower extremities and
may result in autonomic arousal, cortical arousal, or an awakening. How-
ever, typically the individual is unaware of the movements. They are more
frequent in the beginning of the night and cluster together. These events
are associated with a fast heart rate, followed by a period of slow heart
rate (Friedland et al., 1985). Periodic limb movements disorder is associ-
ated with above average rates of depression, memory impairment, atten-
tion deficits, oppositional behaviors, and fatigue (AASM, 2005). Similar to
RLS, dopaminergic medications are helpful in alleviating the disorder’s
symptoms.

Periodic limb movements are believed to be very common, especially in
older persons, occurring in 34 percent of individuals over the age of 60
(AASM, 2005). However, the disorder—periodic limb movements associ-
ated with sleep disruption—is not as common. Periodic limb movements
are very common in RLS, occurring in 80 to 90 percent of individuals. It is
also observed in individuals with narcolepsy, REM sleep behavior disorder
(Folstein et al., 1975), OSA (Montplaisir et al., 1996), and hypersomnia
(Whitehouse et al., 1982). Children with ADHD have an increased preva-
lence of periodic limb movements (Picchietti et al., 1998), and children with
periodic limb movement disorders are more likely to have ADHD (Picchietti
et al., 1999; Ozminkowski et al., 2004). Sleep-disordered breathing may be
a modulator that increases the association between periodic limb move-
ments and ADHD (Chervin and Archbold, 2001).
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SLEEP AND MEDICAL DISORDERS

A number of different medical disorders and diseases, from a common
cold to cancer, frequently alter an individual’s sleep-wake cycle. These sleep
problems often result from pain or infection associated with the primary
condition. Although these are both known to cause problems with sleep-
wake cycles, as will be shown below, very little is still known about the
etiology.

Pain

Pain is described as an acute or chronic unpleasant sensory and emo-
tional experience that varies from dull discomfort to unbearable agony that
is associated with actual or potential tissue damage. It commonly causes
sleep fragmentation and changes in an individual’s sleep architecture. The
symptoms depend on the type and severity of the pain. They include day-
time fatigue and sleepiness, poor sleep quality, delay in sleep onset, and
decreased cognitive and motor performance (Table 3-5) (Bonnet and Arand,
2003).

Chronic pain affects at least 10 percent of the general adult population
(Harstall, 2003), of whom 50 percent complain of poor sleep (Atkinson et
al., 1988; Dao et al., 1994; Morin et al., 1998; Roizenblatt et al., 2001;
Riley et al., 2001; Dauvilliers and Touchon, 2001; McCracken and Iverson,
2002; Perlis et al., 2005), and 44 percent complain of insomnia (Moldofsky,
2001). There are a number of clinical pain conditions that individuals re-
port affect their sleep quality—RLS, irritable bowel, gastric ulcer, cancer,
musculoskeletal disorders, dental and orofacial pain, spinal cord damage,
burns, and other trauma (Lavigne et al., 2005).

Although progress has been made, there are still many unanswered ques-
tions about how pain affects regions of the brain responsible for regulating
the sleep-wake cycle. Neurons that carry pain information to the brain do
communicate with regions of the brain that are responsible for arousal—
raphe magnus “off” cells (Foo and Mason, 2003). However, it is not known
if hypocretin and other genes that regulate the circadian rhythms are affected
by acute or chronic pain. Further, it is not known whether the hypothalamus,
which is involved in sleep homeostasis, is affected by chronic pain (Kshatri et
al., 1998; Mignot et al., 2002b). Because little is known about the interaction
between pain and the circuitry in the brain that is responsible for regulating
the sleep-wake cycle, much of the management of sleep problems focuses on
managing and alleviating the pain or sleep quality.

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


102 SLEEP DISORDERS AND SLEEP DEPRIVATION

Infectious Disease

Infections caused by bacterial strains, viruses, and parasites may result
in changes to sleep patterns. Although it is accepted that the activity of the
immune system affects an individual’s sleep-wake cycle, very little is known
about how these two systems interact. This is complicated by the unique
effects that specific infections have on sleep patterns and the absence of a
large body of clinical research.

Bacterial Infections and Sleep

Bacterial infections typically cause an increase in the total time spent in
SWS and a decreased duration of REM sleep (Toth, 1999; Toth and Opp,
2002). Alterations of sleep patterns can be affected by the type of bacterial
infection (Opp and Toth, 2003). For example, gram-negative bacteria in-
duce enhanced sleep more rapidly than do gram-positive bacteria. Differ-
ences in the process and progression of the disease also affect the sleep-
wake cycle.

TABLE 3-5 Selected Sleep-Related Symptoms and Findings in the
Presence of Pain

Bedtime symptoms
• Delay in sleep onset
• Anxiety, rumination
• Intense fatigue and more intense pain

Sleep time findings
• Lower sleep efficacy (less than 90%)
• Longer percentage sleep time in stage 1, with less in stages 3 and 4
• Numerous sleep stage shifts (stages 3 and 4 toward stages 2 or 1)
• Fragmentation of sleep continuity (increase in number of microarousals, awakenings,

sleep stage shifts, respiratory events, movement intrusions)
• Alpha electroencephalographic intrusions in stages 3 and 4 with or without elevated

phasic arousals (cyclic alternating pattern)
• Absence of reduction in heart rate variability in sleep (cardiac sympathetic

overactivation)
• Nightmares, periodic leg movements, apnea, sweating, heart palpitations
• Wake time in sleep with pain (e.g., neck, lower back, visceral, tooth)

Wake time symptoms
• Unrefreshing sleep sensation, fatigue, headache, etc.
• Sleepiness if driving
• Anxiety and anger over fulfilling daytime requirements at home or work

SOURCE: Lavigne et al. (2005).
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Viral Infections and Sleep

Viral infections also have effects on the sleep-wake cycle. Individuals
inoculated with rhinovirus or influenza virus report less sleep during the
incubation period, while during the symptomatic period they slept longer
(Smith, 1992). However, compared to healthy individuals there were no
reported difference in sleep quality and number of awakenings.

The human immunodeficiency virus (HIV) also has been shown to alter
sleep patterns. Individuals spend increased time in SWS during the second
half of night (Darko et al., 1995) and suffer from frequent arousals and
decreased time in REM sleep (Norman et al., 1990). As the infection
progresses to AIDS, individuals develop increased sleep fragmentation, sig-
nificant reductions in SWS, and disruption to the entire sleep architecture
(Norman et al., 1990; Darko et al., 1995).

Cancer

Many patients with cancer also suffer pain or depression, which con-
tributes to difficulty sleeping. These require treatment as in other patients
with pain or depression as causes of insomnia. Excessive sleepiness may be
caused by injury to the ascending arousal system due to brain metastases or
by leptomeningeal carcinomatosis. These signs often alert physicians to the
need to treat the underlying spread of cancer to the central nervous system.
Other patients with cancer may develop antitumor antibodies that attack
the brain. In particular, anti-Ma-2 antibodies tend to cause hypothalamic
lesions and may precipitate daytime sleepiness and even cataplexy
(Rosenfeld et al., 2001). Treatment of the underlying cancer may reverse
the symptoms in some cases.

Sleeping Sickness

Fungal and parasitic infections also can alter the sleep-wake cycle. For
example, sleeping sickness, or African trypanosomiasis, commonly occurs
in individuals who have been infected with the Trypanosoma brucei (Tb)
parasite. It is characterized by episodes of nocturnal insomnia and daytime
sleep, but not hypersomnia (Lundkvist et al., 2004).

Sleeping sickness is found primarily in sub-Saharan African countries,
where Tb is transmitted to humans as a result of bites received from tsetse
flies (Lundkvist et al., 2004). The prevalence of this disorder is not known;
however, over 60 million people live in areas where the Tb parasite is
endemic.

Sleeping sickness is associated with altered sleep architecture. EEG re-
cordings of individuals with sleeping sickness from Gambia demonstrate
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periods of REM sleep that occur throughout the entire sleep-wake cycle,
frequently without normal intermediate NREM periods (Buguet et al.,
2001). Circadian fluctuations of hormones—cortisol, prolactin, and growth
hormone—are also altered in individuals with sleeping sickness (Radomski
et al., 1994). Therefore, it has been hypothesized that sleeping sickness may
be a circadian rhythm disease that affects the neural pathways that inter-
connect the circadian-timing and sleep-regulating centers (Lundkvist et al.,
2004).

Treatment Effects on Sleep

Numerous medical conditions are associated with a wide variety of
sleep disorders including insomnia, hypersomnia, parasomnias, and sleep-
related movement disorders. Although these disease-related sleep disorders
have recently been receiving an increasing amount of attention, including
addition to the latest International Classification of Sleep Disorders (AASM,
2005), the contribution that treatments for these medical conditions make
to the development of sleep disturbances is less well appreciated. However,
many medical therapies have iatrogenic effects on sleep-wake regulatory
systems causing disturbed sleep, daytime sleepiness, and other related side
effects.

Treatments for Cardiovascular Disease

Cardiovascular diseases, sometimes associated with sleep-related
breathing disorders (Peters, 2005) (see above), are commonly treated with a
wide range of medications including antihypertensives, hypolipidemics, and
antiarrhythmics; each class of medication can adversely affect sleep and/or
waking. For example, beta-antagonists, the mainstay of treatment for hy-
pertension, are commonly associated with fatigue, insomnia, nightmares,
and vivid dreams (McAinsh and Cruickshank, 1990). Sleep disturbances
appear to be more severe with lipophilic drugs (e.g., propranolol) than with
hydrophilic drugs (e.g., atenolol). However, even atenolol, one of the most
hydrophilic beta-blockers, has been shown to increase total wake time (Van
Den Heuvel et al., 1997). The mechanism underlying sleep disruption by
beta-blocking agents may be their tendency to deplete melatonin, an impor-
tant sleep-related hormone (Garrick et al., 1983; Dawson and Encel, 1993).
Fatigue and somnolence have also been reported with other antihyperten-
sive medications such as carvedilol, labetalol, clonidine, methyldopa, and
reserpine (Paykel et al., 1982; Miyazaki et al., 2004). In contrast, angiotensin-
converting enzyme inhibitors generally have very few effects on sleep (Reid,
1996). Hypolipidemic drugs, including atorvastatin and lovastatin, have
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also been associated with reports of insomnia, but placebo-controlled
clinical trials of lovastatin, simvastatin, and pravastatin did not appear to
increase sleep disturbance (Bradford et al., 1991; Keech et al., 1996).
Amiodarone, a widely use antiarrhythmic agent (Hilleman et al., 1998), can
cause nocturnal sleep disturbance, and digoxin has been associated with
both insomnia and daytime fatigue (Weisberg et al., 2002).

Treatments for Cancer

Patients with cancer receive multiple types of treatments designed at
controlling the disease process including chemotherapy, biotherapy, radio-
therapy, and medications. All can have important adverse effects on regu-
lating the sleep-wake cycle. For example, sleep problems have been reported
in patients undergoing chemotherapy (Broeckel et al., 1998; Berger and
Higginbotham, 2000; Lee et al., 2004). However, objective measures of
sleep in the patients and analyses of clinical correlates are very limited.
Thus, the mechanisms underlying these sleep problems are poorly under-
stood. Menopausal symptoms arising from chemotherapy and hormonal
therapy, especially those of a vasomotor type (e.g., hot flashes, sweating),
may be a contributing factor (Rombaux et al., 2000; Mourits et al., 2001;
Carpenter et al., 2002). Nocturnal sleep disturbances and daytime sleepiness
have also been reported in patients undergoing radiotherapy (Beszterczey
and Lipowski, 1977; Miaskowski and Lee, 1999).

Cytokines (biotherapy), a diverse group of peptide molecules that regu-
late cell functions, are sometimes used as adjunct therapy (Dunlop and
Campbell, 2000). Interferon, interleukin-2, and tumor necrosis factor are
associated with a variety of side effects including daytime sleepiness, dis-
turbed sleep, and depression (Capuron et al., 2000). Although very effective
in reducing cancer-related pain, opioids often cause sleep disturbance and
are associated with decreased REM and SWS (Cronin et al., 2001).

Treatments for Renal Disease

RLS, periodic limb movement disorder, sleep apnea, and excessive day-
time sleepiness affect up to 70 percent of patients with end-stage renal dis-
ease receiving treatment with hemodialysis (Parker et al., 2000; Parker,
2003). Hemodialysis may alter biological systems controlling processes that
regulate the sleep-wake cycle via several potential mechanisms. The rapid
fluid, electrolyte, and acid/base changes that occur are often associated with
central nervous system symptoms such as headache, restlessness, changes in
arousal, and fatigue during or immediately after treatment. Several studies
have reported an increase in cytokine production secondary to blood inter-
actions with bioincompatible aspects of hemodialysis (such as blood expo-
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sure to membranes, tubing, and cellular mechanical trauma) and backflow
of endotoxins through the membrane (Panichi et al., 2000). Interleukin-1,
tumor necrosis factor-α, and interleukin-6 are the major proinflammatory
cytokines that may be involved (Pertosa et al., 2000). These substances
have both somnogenic and pyrogenic properties and have been linked to a
number of postdialytic symptoms (Konsman et al., 2002), including day-
time sleepiness and sleep disturbances (Raison and Miller, 2001; Capuron
et al., 2002). Dialysis-associated changes in melatonin levels and pattern of
secretion and alterations in body temperature rhythm may also play a role
in disrupting circadian systems (Vaziri et al., 1993, 1996; Parker et al.,
2000; Parker, 2003).

Treatments for Rheumatologic and Immunologic Disorders

Numerous other classes of medications can alter sleep and waking. Cor-
ticosteroids are a class of medications that are used to treat a variety of medi-
cal conditions including rheumatologic and immunologic disorders, cancer,
and asthma. Sleep disturbances, insomnia, daytime hyperactivity, and mild
hypomania are common side effects (Wolkowitz et al., 1990); a significant
decrease in REM sleep may also occur (Born et al., 1987). Theophylline, a
respiratory stimulant and bronchodilator, is in the same class of medications
as caffeine and can likewise disturb sleep—even in healthy subjects (Kaplan et
al., 1993). Nonsteroidal anti-inflammatory agents may also affect sleep as
they decrease the production of sleep-promoting prostaglandins, suppress
normal surge of melatonin, and alter the daily rhythm of body temperature
(Murphy et al., 1994, 1996). Pseudoephedrine and phenylpropanolamine,
which have many of the same pharmacological properties of ephedrine, also
cause sleep disruption—and many of these preparation are readily available
over the counter (Lake et al., 1990; Bertrand et al., 1996).

Although the medications and treatments listed above are often neces-
sary, it is essential for patients to be aware of potential side effects relating
to the sleep-wake-related cycle. Unfortunately, patients often neglect to re-
port such complaints as they think nothing can be done to alleviate the
problems. However, numerous behavioral and pharmacological interven-
tions are available to treat these iatrogenically induced problems with the
sleep-wake cycle. In addition, administering treatment or medications at
appropriate times of day in relationship to the sleep-wake schedule may
potentially be beneficial and enhance clinical outcomes (Levi, 1994; Bliwise
et al., 2001; Hermida and Smolensky, 2004). Research in this area is greatly
needed.
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CIRCADIAN RHYTHM SLEEP DISORDERS

Circadian rhythm sleep disorders arise from chronic alterations, dis-
ruptions, or misalignment of the circadian clock in relation to environmen-
tal cues and the terrestrial light-dark cycle. The 2005 update of the Interna-
tional Classification of Sleep Disorders designated nine different circadian
disorders, including delayed sleep phase type, advanced sleep phase type,
nonentrained sleep-wake type, irregular sleep-wake type, shift work type,
and jet lag type (Box 3-3) (AASM, 2005). These disorders may be comorbid
with other neurological or psychiatric disorders, making the diagnosis and
treatment difficult (Reid and Zee, 2005). Diagnosis with a circadian rhythm
disorder requires meeting the following three criteria:

• Persistent or recurrent pattern of sleep disturbance due primarily to
either an alteration of the circadian timekeeping system or a misalignment

BOX 3-3
Shift Work Disorder and Jet Lag

Shift Work Disorder

Shift work type circadian rhythm sleep disorder is characterized by
complaints of insomnia or excessive sleepiness resulting from work hours
that occur during the normal sleep period, including, night shifts, early
morning shifts, and rotating shifts. Total sleep time is normally reduced
by 1 to 4 hours and sleep quality is disturbed. During work shifts indi-
viduals can experience excessive sleepiness, reduced alertness, and
reduced performance capacity. Individuals are also commonly more irri-
table, and the disorder may have negative social consequences. The
condition is closely linked to work schedules; consequently, it abates in
response to a conventional sleep schedule.

Jet Lag

Jet lag type is a temporary circadian rhythm sleep disorder that occurs
when there is a transitory mismatch between the timing of the sleep-
wake cycle caused by a change in time zone. Individuals with jet lag
potentially experience disturbed sleep, decreased subjective alertness,
general malaise, somatic symptoms such as gastrointestinal disturbance,
and impaired daytime function. The severity and the duration of the symp-
toms are usually dependent on the number of time zones traveled and
the direction of travel—eastern travel and travel through multiple time
zones typically result in worse symptoms than western travel.
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Advanced sleep phase type

Delayed sleep phase type

Typical sleep phase

12:00 p.m. 4:00 p.m. 8:00 p.m. 12:00 a.m. 8:00 a.m.4:00 a.m. 12:00 p.m.

Time of day

FIGURE 3-7 Representation of the temporal distribution of sleep.
SOURCE: Reid and Zee (2005).

between endogenous circadian rhythm and exogenous factors that affect
timing and duration of sleep.

• Circadian-related disruption leads to insomnia, excessive sleepiness,
or both.

• The sleep disturbance is associated with impairment of social, occu-
pational, or other functions (AASM, 2005).

The following sections will describe two of the nine more common
types of circadian rhythm sleep disorders, delayed sleep phase type and
advanced sleep phase type.

Delayed Sleep Phase Syndrome

Manifestations and Prevalence

The sleep pattern of individuals suffering from delayed sleep phase syn-
drome (or delayed sleep phase type) is characterized by sleep onset and
wake times that are typically delayed 3 to 6 hours relative to conventional
sleep-wake times (Figure 3-7). An individual’s total sleep time is normal for
his or her age (Weitzman et al., 1981), but individuals typically find it diffi-
cult to initiate sleep before 2:00 and 6:00 a.m., and prefer to wake up
between 10:00 a.m. and 1:00 p.m. The impact of delayed sleep phase
syndrome has not been fully investigated and is therefore limited. In a study
that included 14 individuals it was reported that the syndrome may impair
an individual’s job performance and may be associated with marital problems
and financial difficulty (Alvarez et al., 1992). A second study investigated
the impact of delayed sleep phase syndrome in 22 adolescents and found an
association with increased daytime irritability, poor school performance,
and mental disturbances (Regestein and Monk, 1995; AASM, 2005).
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The exact prevalence of delayed sleep phase syndrome in the general popu-
lation is unknown. It is unclear what the prevalence of this disorder is; how-
ever, it may be more prevalent in adolescents and young adults (Weitzman et
al., 1981; Pelayo et al., 1988; Regestein and Monk, 1995; AASM, 2005).

Etiology and Risk Factors

Night shift workers may be at higher risk for delayed sleep phase syn-
drome due to irregular circadian entrainment (Santhi et al., 2005). Simi-
larly, individuals who live in extreme latitudes and are exposed to extended
periods of light may also be at increased risk of suffering from delayed sleep
phase syndrome (Lingjaerde et al., 1985; Pereira et al., 2005).

Biological, physiological, and genetic factors have been proposed to be
responsible for causing delayed sleep phase syndrome. Behaviorally, late
bedtimes and rise times delay an individual’s exposure to light, which may
prevent entraining of the circadian clock. Furthermore, exposure to dim
light in the late evening and at night, may also affect the circadian phase
(Zeitzer et al., 2000; Gronfier et al., 2004).

Biological alterations to the endogenous circadian system also contrib-
ute to delayed sleep phase syndrome. Although levels of melatonin typically
increase in the evening hours, individuals with this syndrome have a hyper-
sensitivity to nighttime bright light exposure in the suppression of melato-
nin (Czeisler et al., 1981). It has also been hypothesized that the disorder
may result from a circadian phase that has a reduced sensitivity to photic
entrainment, or the free-running period of the circadian cycle is prolonged
(Czeisler et al., 1981). Consistent with these hypotheses, polymorphisms in
circadian genes influence the entraining and free-running period of the cir-
cadian cycle and may be associated with delayed sleep phase syndrome
(Takahashi et al., 2000; Iwase et al., 2002; Hohjoh et al., 2003; Archer et
al., 2003; Pereira et al., 2005). A recent study has also identified a candi-
date gene, human PER2, that results in familial advanced sleep phase syn-
drome (Xu et al., 2005).

Treatment

Treatment for delayed sleep phase syndrome requires resynchronizing
to a more appropriate phase to the 24-hour light-dark cycle. In addition to
a structured sleep-wake schedule and good sleep hygiene practices, poten-
tial therapies include resetting the circadian pacemaker with bright light,
melatonin, or a combination of both. However, studies that have investi-
gated the efficacy of bright light have provided mixed results (Pelayo et al.,
1988; Rosenthal et al., 1990; Akata et al., 1993; Weyerbrock et al., 1996),
partially owing to limitations in their study design and the numbers of par-
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ticipants included in each study. Consequently, there are no standard crite-
ria for its use. Similarly, there have been no large-scale controlled studies
examining the efficacy of melatonin, and as of yet it has not been approved
by the Food and Drug Administration for this indication (Reid and Zee,
2005).

Advanced Sleep Phase Syndrome

Manifestations and Prevalence

Advanced sleep phase syndrome (or advanced sleep phase type) is char-
acterized by involuntary bedtimes and awake times that are more than 3
hours earlier than societal means (Figure 3-7) (Reid and Zee, 2005). As is
the case with delayed sleep phase syndrome, the amount of sleep is not
affected, unless evening activities result in later bedtimes. Therefore, the
syndrome is primarily associated with impaired social and occupational
activities.

The prevalence of advanced sleep phase syndrome is unknown; how-
ever, it has been estimated that as many as 1 percent of the middle-aged
adults may suffer from it (Ando et al., 1995). One of the challenges in
determining its prevalence is that affected individuals typically do not per-
ceive it as a disorder and therefore do not seek medical treatment (Reid and
Zee, 2005).

Etiology and Risk Factors

The causes of this syndrome are not known; however, as with delayed
sleep phase type, biological and environmental factors likely contribute to
the onset of advanced sleep phase type. Several familial cases of this syn-
drome have been reported (Jones et al., 1999; Ondze et al., 2001; Reid et
al., 2001; Satoh et al., 2003), and these cases segregate in a dominant mode.
Polymorphisms in circadian clock genes have been identified in a family
with advanced sleep phase syndrome (Toh et al., 2001; Shiino et al., 2003).
Changes in the activity of genes involved in circadian biology are consistent
with observations that individuals with this syndrome have circadian
rhythms that are less than 24 hours.

Treatment

Treatment options for individuals with advanced sleep phase syndrome
are limited. Bright light therapy in the evening has been used successfully in
a limited study to reduce awakenings (Campbell et al., 1993; Palmer et al.,
2003). It is also hypothesized that administration of low levels of melatonin
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in the early morning may also be used (Lewy et al., 1996), though there are
no published reports verifying this option.
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4

Functional and Economic Impact of
Sleep Loss and Sleep-Related Disorders

CHAPTER SUMMARY Sleep loss and sleep disorders affect an
individual’s performance, safety, and quality of life. Almost 20 per-
cent of all serious car crash injuries in the general population are
associated with driver sleepiness, independent of alcohol effects.
Further, sleep loss and sleep disorders have a significant economic
impact. The high estimated costs to society of leaving the most
prevalent sleep disorders untreated are far more than the costs that
would be incurred by delivering adequate treatment. Hundreds of
billions of dollars a year are spent on direct medical costs associ-
ated with doctor visits, hospital services, prescriptions, and over-
the-counter drugs. Compared to healthy individuals, individuals
suffering from sleep loss, sleep disorders, or both are less produc-
tive, have an increased health care utilization, and an increased
likelihood of accidents.
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The public health consequences of sleep loss, night work, and sleep
disorders are far from benign. Some of the most devastating human and
environmental health disasters have been partially attributed to sleep loss
and night shift work-related performance failures, including the tragedy at
the Bhopal, India, chemical plant; the nuclear reactor meltdowns at Three
Mile Island and Chernobyl; as well as the grounding of the Star Princess
cruise ship and the Exxon Valdez oil tanker (NCSDS, 1994; NTSB, 1997;
Moss and Sills, 1981; United States Senate Committee on Energy and Na-
tional Resources, 1986; USNRC, 1987; Dinges et al., 1989). Each of these
incidents not only cost millions of dollars to clean up, but also had a signifi-
cant impact on the environment and the health of local communities.

Less visible consequences of sleep conditions take a toll on nearly every
key indicator of public health: mortality, morbidity, performance, accidents
and injuries, functioning and quality of life, family well-being, and health
care utilization. This chapter begins with an overview of the consequences
of sleep loss and sleep disorders on an individual’s performance, safety, and
quality of life. Drawing on the available body of evidence, the chapter then
describes the economic impact of sleep loss and sleep disorders.

PERFORMANCE AND COGNITION DEFICITS

Nearly all types of sleep problems are associated with performance defi-
cits in occupational, educational, and other settings. The deficits include
attention, vigilance, and other measures of cognition, including memory
and complex decision making. This section addresses sleep loss and then
turns to sleep-disordered breathing and other sleep disorders.

Sleep Loss Affects Cognitive Performance

Sleep loss had been largely dismissed as the cause of poor cognitive per-
formance by early, yet poorly designed, research. The prevailing view until
the 1990s was that people adapted to chronic sleep loss without adverse
cognitive effects (Dinges et al., 2005). More recent research has revealed sleep
loss-induced neurobehavioral effects, which often go unrecognized by the
affected individuals. The neurobehavioral impact extends from simple mea-
sures of cognition (i.e., attention and reaction time) to far more complex
errors in judgment and decision making, such as medical errors, discussed
below and in Box 4-1. Performance effects of sleep loss include the following:

• Involuntary microsleeps occur.
• Attention to intensive performance is unstable, with increased errors

of omission and commission.
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BOX 4-1
Reducing Interns’ Work Hours in Intensive Care Units

Lowers Medical Errors

The longstanding debate over medical residents’ lengthy work hours
pits patient safety advocates against those who view the practice as nec-
essary for continuity of care, preparation for medical practice, and cost
containment (Steinbrook, 2002). After years of debate, and the threat of
federal regulations, the Accreditation Council for Graduate Medical Edu-
cation changed its requirements in 2003 to restrict residents’ work hours
to about 80 hours per week (ACGME, 2003). The policy permits no more
than a maximum shift duration of 24 hours and overnight call no more than
every third night.

Does this revised policy protect patients? The Harvard Work Hours,
Health and Safety Study compared a schedule of about 80 hours per
week (termed the traditional schedule) with a reduced schedule that elimi-
nated shifts of 24 hours or more and kept work hours under 63 per week.
The trial was conducted in intensive care units because they typically
have the longest hours and the highest rates of errors.

The intervention schedule not only enhanced interns’ sleep duration
and lowered their rate of attentional failures, but also reduced the rate of
serious medical errors, according to two articles published in 2004 in the
New England Journal of Medicine. In the first article, the investigators
used a within-subjects design (n = 20 interns) and validated sleep dura-
tion by polysomnography and attentional failures by slow-rolling eye
movements recorded during continuous electro-oculography. Under the
intervention schedule, the article reported that residents slept nearly 6
more hours per week, and they experienced half the rate of attentional
failures during on-call nights than under the traditional schedule (Lockley
et al., 2004).

The second article on medical errors reported results after randomiz-
ing interns to either the traditional or reduced schedule (Landrigan et al.,
2004). Two physicians who directly observed the interns without aware-
ness of their schedules identified serious medical errors, defined as caus-
ing or having the potential to cause harm to a patient. Errors were re-
corded by type (medication, diagnosis, and procedure) and in terms of
number, or rate per 1,000 patient days. The study covered a total of
2,203 patient-days involving 634 admissions. Under the traditional sched-
ule, interns made nearly 21 percent more medication errors and at least
five times more diagnostic errors. Overall, the unitwide rate of serious
medical errors was 22 percent higher in the traditional versus the inter-
vention schedule (P < .001) as shown in the table below. The investiga-
tors concluded that reducing interns’ hours can lower the occurrence of
serious medical errors in the intensive care unit.

continued
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• Cognitive slowing occurs in subject-paced tasks, while time pressure
increases cognitive errors.

• Response time slows.
• Performance declines in short-term recall of working memory.
• Performance requiring divergent thinking deteriorates.
• Learning (acquisition) of cognitive tasks is reduced.
• An increase in response suppression errors in tasks requiring normal

primarily prefrontal cortex function.

BOX 4-1 continued

Incidence of Serious Medical Errors (rate/1,000 patient days)

Traditional Intervention
Variable Schedule Schedule P Value

Serious medical errors made by interns
Serious medical errors 176 (136.0) 91 (100.1) < 0.001
Preventable adverse 27 (20.9) 15 (16.5) 0.21

events
Intercepted serious 91 (70.3) 50 (55.0) 0.02

errors
Nonintercepted 58 (44.8) 26 (28.6) < 0.001

serious errors
Types of serious medical errors made by interns

Medication 129 (99.7) 75 (82.5) 0.03
Procedural 11 (8.5) 6 (6.6) 0.34
Diagnostic 24 (18.6) 3 (3.3) < 0.001
Other 12 (9.3) 7 (7.7) 0.47

All serious medical errors, unitwide
Serious medical errors 250 (193.2) 144 (158.4) < 0.001
Preventable adverse 50 (38.6) 35 (38.5) 0.91

events
Intercepted serious 123 (95.1) 63 (69.3) < 0.001

errors
Nonintercepted 77 (59.5) 46 (50.6) 0.14

serious errors
Types of serious medical errors made by interns

Medication 175 (135.2) 105 (115.5) 0.03
Procedural 18 (13.9) 11 (12.1) 0.48
Diagnostic 28 (21.6) 10 (11.0) < 0.001
Other 29 (22.4) 18 (19.8) 0.45

SOURCE: Landrigan et al. (2004).

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


IMPACT OF SLEEP LOSS AND SLEEP-RELATED DISORDERS 141

• The likelihood of response preservation on ineffective solutions is
increased.

• Compensatory efforts to remain behaviorally effective are increased.
• Although tasks may be done well, performance deteriorates as tasks

duration increases (Durmer and Dinges, 2005).

Attention and reaction time are altered by experimental sleep loss,
which leads to cumulative, dose-dependent deterioration of attention and
reaction time (Figure 4-1). Deterioration is measured in part using the psy-

FIGURE 4-1 Repeated nights of sleep loss have cumulative cognitive impairment.
NOTE: B, baseline day.
SOURCES: (A) Van Dongen et al. (2003); (B) Belenky et al. (2003).
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chomotor vigilance task (PVT), a test that requires continuous attention to
detect randomly occurring stimuli and that is impervious to aptitude and
learning effects. In one study 48 healthy subjects were randomized to 4, 6,
or 8 hours time in bed for 14 days (Van Dongen et al., 2003). Investigators
found a dose-dependent effect, which increased over time (Figure 4-1A).
Performance deficits in individuals who slept 6 hours or less per night were
similar to those observed in individuals after two nights of total sleep dep-
rivation. Most striking was that study subjects remained largely unaware of
their performance deficits, as measured by subjective sleepiness ratings. A
second study (Belenky et al., 2003) showed a similar dose-dependent,
cumulative effect over 7 days of sleep loss in 66 healthy volunteers (Figure
4-1B). Subjects were followed for 3 days after the period of sleep restric-
tion, during which time they recovered, but not enough to return to their
baseline levels. Imaging studies have demonstrated a physiological basis for
cognitive impairments with sleep loss that has been linked with metabolic
declines in the frontal lobe of the brain (Thomas et al., 2000). Although
there is not a large body of evidence, associations are also likely between
sleep loss and increased risk taking (Roehrs et al., 2004).

Sleep Loss in Adolescents and Academic Performance

Sleep loss in adolescence is common and grows progressively worse
over the course of adolescence, according to studies from numerous coun-
tries (Wolfson and Carskadon, 2003; Howell et al., 2004). Average sleep
duration diminishes by 40 to 50 minutes from ages 13 to 19. Despite the
physiological need for about 9 hours of sleep, sleep duration, across this age
span, averages around 7 hours and about a quarter of high school and
college students are sleep deprived (Wolfson and Carskadon, 1998). Re-
search indicates that patterns of shortened sleep occur in the preadolescent
period and may be most marked in African American boys, compared to
white children or African American girls (Spilsbury et al., 2004). The de-
cline in adolescent sleep duration is attributed to psychological and social
changes, including growing desire for autonomy, increased academic de-
mands, and growing social and recreational opportunities, all of which take
place in spite of no change in rise time for school (Figure 4-2) (Wolfson and
Carskadon, 1998). Furthermore, the need to earn income adds to the bur-
den. Students who worked 20 or more hours weekly, compared with those
who worked less than 20 hours, were found to go to bed later, sleep fewer
hours, oversleep, and fall asleep more in class (Millman et al., 2005).

Sleep loss affects alertness, attention, and other cognitive functions in
adolescents (Randazzo et al., 1998), but demonstrating a causal relation-
ship between sleep loss and academic performance has been difficult. Most
studies attempting to link the two are cross-sectional in design, based on
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FIGURE 4-2 Sample distribution of sleep patterns.
SOURCE: Wolfson and Carskadon (1998).
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self-reporting of grades and sleep times, and lack a control for potential
confounders (Wolfson and Carskadon, 2003). An association between short
sleep duration and lower academic performance has been demonstrated
(Wolfson and Carskadon, 1998; Drake et al., 2003; Shin et al., 2003), but
the question of causality has not been resolved by longitudinal studies. A 3-
year study of 2,200 middle school students did not find that sleep loss re-
sulted in lower academic performance. It only found a cross-sectional asso-
ciation at the beginning of the study. However, by the end of the study, as
sleep time worsened, grades did not proportionately decrease (Fredriksen et
al., 2004). A study of the Minneapolis School District, which delayed start
times for its high schools by almost 1.5 hours (from 7:15 a.m. to 8:40 a.m.),
found significant improvements in sleep time, attendance, and fewer symp-
toms of depressed mood (Wahlstrom et al., 2001). Further, there was a
trend toward better grades, but not of statistical significance. The study
compared grades over the 3 years prior to the change with grades 3 years
afterwards.

Much of the difficulty in studying sleep loss and its relation to academic
performance stems from multiple, often unmeasured, environmental fac-
tors that affect sleep (such as school demands, student employment after
school, family influences, TV viewing, and Internet access). These are set
against the rapid developmental and physiological changes occurring in
adolescence. Another difficulty is the challenge of objectively assessing
school performance (Wolfson and Carskadon, 2003).

Additional robust intervention studies are needed to determine the ef-
fect of having later school start times on student performance. However, a
confounder to later school start times is the potential onset of sleep phase
delay during middle school (seventh and eighth grade). Moving middle
school start time early to compensate for later high school start time may be
problematic for the middle school children. There have been no studies that
have examined effects of early start time on elementary-aged children
(Wolfson and Carskadon, 2003). An alternative to changing the school
starting times might be to implement bright light therapy in early morning
classes for high school students as a means to change the circadian timing
system of these students and thereby enable earlier sleep schedules (Wolfson
and Carskadon, 2003).

Sleep Loss and Medical Errors

The Institute of Medicine’s report To Err Is Human estimated that as
many as 98,000 deaths—due to medical errors—occur annually in United
States hospitals (IOM, 2000). Long work hours and extended shifts among
hospital workers are now known to contribute to the problem. Since the
report’s release, several new studies, discussed below, have found strong

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


IMPACT OF SLEEP LOSS AND SLEEP-RELATED DISORDERS 145

relationships between sleep loss, shift duration, and medical errors among
medical residents.

Medical residents work longer hours than virtually all other occupa-
tional groups (Steinbrook, 2002). During the first year, medical residents
frequently work a 24-hour shift every third night (i.e., 96-hours per week).
Two studies found that sleep-deprived surgical residents commit up to twice
the number of errors in a simulated laparoscopic surgery (Grantcharov et
al., 2001; Eastridge et al., 2003). In a survey of 5,600 medical residents,
conducted by the Accreditation Council for Graduate Medical Education,
total work time was inversely correlated with reported sleep time. Residents
who worked more than 80 hours per week were 50 percent more likely
than those working less than 80 hours to report making a significant medi-
cal error that led to an adverse patient outcome (Baldwin and Daugherty,
2004). The strongest evidence tying medical errors to sleep-related fatigue
from extended work hours comes from an intervention trial designed to
limit residents’ work hours (Box 4-1). Earlier attempts to demonstrate pa-
tient safety benefits by reducing resident hours were beset by methodologi-
cal problems (Fletcher et al., 2004).

Residents are not the only health professionals to report medical errors
in association with short sleep. Nurses who completed logbooks recording
their schedule length, sleep, and errors, reported 3.3 times more medical
errors during 12.5 hour shifts than 8.5 hour shifts (Rogers et al., 2004).
Nearly 40 percent of the nurses reported having 12-hour shifts; and al-
though their sleep duration was not directly studied, the findings suggest
that fatigue is a major factor.

Obstructive Sleep Apnea Is Associated with Development,
Cognition, and Behavior in Children

Children with obstructive sleep apnea (OSA) often have problems in
development, cognition, behavior, and academic performance, according to
detailed reviews of the evidence (Schechter, 2002; Bass et al., 2004). The
risk of neurobehavioral abnormalities in children with severe OSA is about
three times greater than in children without OSA (Schechter, 2002). The
contribution of overnight reduction of oxygen levels in the blood (hypox-
emia) in comparison to sleep disruption is unclear. One study shows an
association with the lowest level of oxygen during sleep and scores in arith-
metic (Urschitz et al., 2005), but other studies show cognitive or behavioral
deficits in children who snore without severe sleep apnea (Kennedy et al.,
2004; Rosen et al., 2004; Gottlieb et al., 2004; O’Hara et al., 2005). Out-
come measures used in numerous studies include intelligence quotient, learn-
ing and vocabulary, attention, symptoms of attention deficit hyperactivity
disorder (ADHD), and academic performance. For example, two historical

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


146 SLEEP DISORDERS AND SLEEP DEPRIVATION

cohort studies found decrements in intelligence quotient, impaired learning,
and vocabulary in children with polysomnography-confirmed cases (Rhodes
et al., 1995; Blunden et al., 2000). A study of younger children with sleep
apnea also did not find a relationship with academic performance, after
adjusting for the effects of socioeconomic status (Chervin et al., 2003).
O’Brien and colleagues (2004) found that 35 children with sleep-disordered
breathing, compared with matched controls, showed significant deficits in
neurocognition, including overall cognitive ability, as well as attention and
executive function, but the study did not find behavioral differences. A pre-
vious study by the same researchers found higher symptoms of ADHD,
according to parents’ reports, in children with OSA (O’Brien et al., 2003).
Several other studies have found greater symptoms of ADHD in children
with OSA than controls (Weissbluth and Liu, 1983; Stradling et al., 1990;
Chervin et al., 1997).

The neurobehavioral effects of OSA may be partially reversible with
tonsillectomy and adenoidectomy, a surgical procedure that opens the air-
way. Treatment is related to partial improvement in school performance,
cognition, or behavior (Ali et al., 1996; Friedman et al., 2003). A limitation
to this work is that it is often difficult to control for the many confounders
that influence cognitive function, with a recent study showing that after
robustly adjusting for neighborhood socioeconomic status (Emancipator et
al., 2006), effects were much attenuated, although they persisted in a sub-
group of children who had been born prematurely. No randomized con-
trolled study has been conducted to address the potential reversibility of
cognitive deficits with sleep-disordered breathing; such data would more
definitively address this situation. Gozal (1998) studied 54 children with
sleep-disordered breathing and low school performance. Half of them
underwent surgical tonsillectomy and adenoidectomy to treat OSA. Chil-
dren undergoing the interventions improved their academic performance,
compared to untreated children. One problem with the study design; how-
ever, was that surgical treatment was not randomly assigned (parents elected
whether or not their children could receive surgery). Given the high propor-
tion of children with sleep-disordered breathing, especially in vulnerable
groups such as children in minority populations and those born prema-
turely, there is a large need to address the role of sleep-disordered breathing
and its reversibility in these important outcomes.

Sleep-Disordered Breathing and Cognitive Impairment in Adults

Several cross-sectional studies indicate that sleep-disordered breathing
in adults is associated with impaired cognitive function (Greenberg et al.,
1987; Bedard et al., 1991; Naegele et al., 1995; Redline et al., 1997; Kim et
al., 1997). Cognitive deficits, in turn, partially contribute to poorer work
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performance (Ulfberg et al., 1996), accidents and injuries, and deterioration
of the quality of life (see later sections).

A meta-analysis of the case-control studies found that the magnitude of
the cognitive disturbance was greatest in individuals with severe OSA. Cogni-
tive domains most affected were attention and executive function (the capacity
to plan and organize complex tasks) with only milder effects on memory
(Engleman et al., 2000). The meta-analysis also found some cognitive benefit
associated with continuous positive airway pressure (CPAP) treatment. In a
series of randomized, placebo-controlled crossover trials, people with mild
OSA exhibited a trend toward better performance. The failure to detect a
robust effect may have been due to the fact that the patients had mild disease,
were nonadherent to therapy, or that they had a possibly irreversible compo-
nent to the cognitive impairment. The cognitive deficits with sleep-disordered
breathing are thought to be related to both sleep fragmentation and hypox-
emia (Weaver and George, 2005). However, one study showed no clear thresh-
old level between level of hypoxia and performance deficits (Adams et al.,
2001). Animal models of chronic episodic hypoxia have led to the hypothesis
that cognitive deficits in humans result from injury of nerve cells in the pre-
frontal cortex (Beebe and Gozal, 2002), the area of the brain responsible for
problem solving, emotion, and complex thought.

MOTOR VEHICLE CRASHES AND OTHER INJURIES

Motor Vehicle Crashes

Sleepiness is a significant, and possibly growing, contributor to serious
motor vehicle injuries. Almost 20 percent of all serious car crash injuries in
the general population are associated with driver sleepiness, independent of
alcohol effects (Connor et al., 2002). Driver sleepiness is most frequently a
manifestation of sleep loss, as discussed below, but other sleep disorders,
which have lower prevalence, contribute to the problem, including sleep-
disordered breathing, restless legs syndrome, and narcolepsy.

The 20 percent figure, cited above, is the population-attributable risk,
which is a key public health measure indicating what percentage of car
crash injuries, including fatal injuries of passengers, could be avoided by
eliminating driver sleepiness. The finding was based on a population-based
case-control study in a region of New Zealand in which 571 car drivers and
a matched control sample were asked detailed questions about measures of
acute sleepiness while driving (Connor et al., 2002). The study adjusted for
potential confounding factors, including alcohol. Crashes examined in this
study involved a hospitalization or death. The greatest risk factor for the
crashes was sleep loss and time of day (driving between 2:00 a.m. to
5:00 a.m.), but sleep apnea symptoms were not risk factors.
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Indications are that the public health burden of sleepiness-related inju-
ries is likely increasing, given recent trends in drowsy driving. The National
Sleep Foundation found that self-reported drowsy driving has increased sig-
nificantly over the past years, from 51 percent of respondents in 2001 to 60
percent in 2005 (NSF, 2005). Similarly striking was that more than 10
percent of the entire sample reported nodding off or falling asleep while
driving at least 1 to 2 days per month.

The impact of driver sleepiness is similar in magnitude to that of alco-
hol consumption. A study of all crashes between 1990 to 1992 reported to
North Carolina’s uniform reporting system found that fall-asleep crashes
(ones in which a law officer determines the driver to be asleep or fatigued)
and alcohol-related crashes were similar in terms of serious injuries (13.5
and 17.8 percent of crashes from all causes, respectively) and fatalities (1.4
and 2.1 percent of all fatalities, respectively) (Pack et al., 1995). In actual
driving performance on a closed course, sleep-deprived adults performed as
poorly as did alcohol-challenged adults (Powell et al., 2001). After a night
of total sleep deprivation, impairments in lane-keeping ability were similar
to those found with blood alcohol content of 0.07 percent (Fairclough and
Graham, 1999).

Fall-asleep crashes have distinct patterns by type, age, and time of day.
According to the North Carolina study, fall-asleep crashes are largely off-
the-road and at higher speeds (in excess of 50 mph) (Pack et al., 1995).
Adolescents and young adults between the ages of 16 and 29 are the most
likely to be involved in crashes caused by the driver falling asleep (Horne
and Reyner, 1995; Pack et al., 1995). They account for about 50 percent of
all crashes (Horne and Reyner, 1995; Pack et al., 1995). Fall-asleep crashes
occur at two periods of day that coincide with circadian variation in sleepi-
ness, in the early morning (2:00 a.m. to 8:00 a.m.) (Pack et al., 1995;
Connor et al., 2002) and during the midafternoon (Horne and Reyner,
1995; Pack et al., 1995; Carskadon, 2004). The most common reasons
behind fall-asleep crashes are working multiple jobs, night shift work, and
sleep duration of less than 5 hours (Connor et al., 2002; Stutts et al., 2003).

Sleep apnea accounts for a small, but measurable percentage of motor
vehicle crashes, primarily in drivers above the age of 25 (Sassani et al.,
2004). Individuals with sleep apnea are at twice the risk of having a traffic
accident as unaffected individuals (Teran-Santos et al., 1999)—the higher
the apnea-hypopnea index, the higher the risk (Young et al., 1997a). Sleepy
drivers tend to display reduced vigilance, slow reaction times, and loss of
steering control. Steering impairment in OSA, sleep deprivation, and alco-
hol intoxication was compared in a controlled clinical trial. Untreated OSA
and sleep deprivation were similar in producing progressive steering dete-
rioration throughout the drive, whereas alcohol-impaired individuals steered
equally throughout the drive (Hack et al., 2001). Occupational groups at
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high risk of sleep-related crashes are night shift workers (Horne and Reyner,
1995; Ohayon et al., 2002; Drake et al., 2004), medical residents and house
staff (Marcus and Loughlin, 1996; Barger et al., 2005), and commercial
truck drivers (Walsh et al., 2005).

Commercial truck drivers have attracted the most study because of the
prevalence, severity, and public health impact of crashes involving commer-
cial trucks. There are an estimated 110,000 injuries and 5,000 fatalities
each year in motor vehicle accidents involving commercial trucks (CNTS,
1996). The National Transportation Safety Board (NTSB) determined that
fatigue (including sleepiness) was the probable cause of 57 percent of crashes
leading to a truck driver’s death (NTSB, 1990a,b). Although this figure is
not universally accepted, the definition of fatigue by the NTSB is equivalent
to the term sleepiness or sleep-related fatigue used by sleep experts (i.e.,
fatigue that results in human performance failure) (Walsh et al., 2005). For
each truck driver fatality, another three to four people are killed (NHTSA,
1994).

A congressionally mandated study of 80 long-haul truck drivers in the
United States and Canada found that drivers had short sleep duration,
averaging 5.2 hours in bed and 4.8 hours of sleep per day (Federal Motor
Carrier Safety Administration, 1996). Sleep duration was verified electro-
physiologically over the 5-day study. Further, commercial drivers have a
high prevalence of sleep apnea (Stoohs et al., 1995). Recent studies have
found that sleep apnea affects 8 to 15 percent of commercial drivers in the
United States and Australia (Gurubhagavatula et al., 2004; Howard et al.,
2004).

Work-Related Injuries

Sleep-related fatigue is an independent risk factor in work-related inju-
ries and fatalities, according to two large and well-designed studies
(Akerstedt et al., 2002; Swaen et al., 2003). Swaen and coworkers prospec-
tively studied a cohort of more than 7,000 workers in numerous industries
in the Netherlands over a 1-year period before studying the occurrence of
occupational accidents. During the year they collected information about
sleep patterns and other potential risk factors for work-related injuries. The
108 employees who reported being injured during the next year could be
assessed for risk factors without recall bias affecting the results. The study
found a dose-response relationship between two sleep-related fatigue mea-
sures and injuries. For example, highly fatigued workers were 70 percent
more likely to be involved in accidents than were workers reporting low
fatigue levels, after adjustment for other risk factors. Workers with chronic
insomnia were also far more likely than those who were good sleepers to
report industrial accidents or injuries (Leger et al., 2002). Finally, disturbed
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sleep plays a role in occupational fatalities. In a large 20-year prospective
study in Sweden of nearly 50,000 individuals, those reporting disturbed
sleep were nearly twice as likely to die in a work-related accident (OR =
1.89, 95% CI 1.22–2.94) (Akerstedt et al., 2002). Similarly, workers who
report snoring and excessive daytime sleepiness, indications of sleep apnea,
are twice as likely to be involved in workplace accidents, as verified by
registry data and after adjusting for all potential confounders (Lindberg et
al., 2001).

Falls in Older People

Falls are a common and costly problem in older people (65 years and
older), whether in the community or in long-term care facilities. Each year,
more than 30 percent of older people fall (Hausdorff et al., 2001). Falls are
the leading cause of death for this particular age group (Murphy, 2000).
Although most falls are not directly fatal, they are a leading cause of inju-
ries and trauma-related hospital admissions (Alexander et al., 1992).

Insomnia increases the risk of falling (Brassington et al., 2000). One of
the major questions raised by this finding is what is responsible for the
increased risk of falls—the underlying insomnia or the use of medication to
treat it? Until recently, most of the studies addressing this question were not
large enough to yield an answer. In 2005, a large, prospective study of
34,000 nursing home residents across the state of Michigan ruled out use of
hypnotic medications as a risk factor for falls (Avidan et al., 2005). In fact,
the study found that treated insomnia, and untreated insomnia, but not
hypnotic medications, were predictors of falls. Although the results of this
study did not find that insomnia increased the risk of hip fractures, other
studies have found an association (Fitzpatrick et al., 2001). Preliminary
data from the Study of Osteoporosis in Women also indicate an increased
risk of falls associated with decreased sleep efficiency and sleep time (as
measured objectively using actigraphy) in a large group of older women,
with effects persisting after adjustment of health status and mood and other
confounders (Stone et al., 2004).

Interventions

There have been a few studies that have examined the effect of interven-
tions on improving the outcomes associated with sleepiness. A range of regu-
latory, technological, and therapeutic approaches are possible to ameliorate
the problem of sleepiness among commercial drivers (Walsh et al., 2005).
However, there has been limited study of the benefit of these strategies. Thus,
before additional rules and regulations are developed, analysis of the effec-
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tiveness of the current regulations and statutory items is needed. This analysis
will help the establishment of much-needed future rules and regulations per-
taining to sleep loss and fatigue. Preplanned naps have been successfully tested
in crew members on transmeridian flights; the findings show that safe and
feasible rotations occurred as crew members took brief, 40-minute nap
periods, and the naps improved alertness (Graeber et al., 1986a,b). Similarly,
a study of Italian policemen who patrol highways found that prophylactic
naps before a night shift can lower the risk of motor vehicle accidents during
the shift, according to a combination of retrospective questionnaire, prospec-
tive analysis, and mathematical modeling (Garbarino et al., 2004)

The strongest evidence for the public health benefits of treatment comes
from clinical trials and retrospective studies of the impact of CPAP therapy
for sleep apnea. These studies also dispel any doubt of the causal relation-
ship between sleep disorders and accidents. In a randomized, controlled
clinical trial, 59 men with sleep apnea were assigned either to therapeutic
CPAP or subtherapeutic CPAP. The latter does not deliver enough pressure
to open the pharynx and achieve a therapeutic effect. One month later the
men were placed in a steering simulator. Therapeutic CPAP significantly
improved their steering performance and reaction time relative to sub-
therapeutic CPAP (Hack et al., 2000). Previous clinical trials had also shown
CPAP to be effective in terms of reducing the rate of self-reported automo-
bile crashes and performance on driving tests, but they were uncontrolled
(Cassel et al., 1996; Krieger et al., 1997). A review and meta-analysis esti-
mates that nearly 1,000 lives would be saved annually if all drivers with
OSA were treated with CPAP (Sassani et al., 2004).

IMPACT ON FUNCTIONING AND QUALITY OF LIFE

Sleep problems, difficulty initiating and maintaining sleep, nonrestorative
sleep, and excessive daytime sleepiness are associated with adverse effects
on well-being, functioning, and quality of life, according to numerous
studies covering the general population (Baldwin et al., 2001, 2004; Hasler
et al., 2005; Strine and Chapman, 2005), working people (Kuppermann et
al., 1995), and clinical populations (Simon and VonKorff, 1997), including
pediatric samples (Rosen et al., 2002). Studies have used various measures
of quality of life and functional status, the most common of which is a
validated questionnaire known as the SF-36, a 36-item measure that asks
about eight domains: (1) physical functioning; (2) role limitation due to
physical health problems (role physical); (3) bodily pain; (4) general health
perceptions; (5) vitality; (6) social functioning; (7) role limitations due to
emotional health problems (role emotional); and (8) mental health. A simi-
lar measure is the health-related quality of life survey, which asks fewer
questions. Individuals who suffer from primarily sleep apnea, narcolepsy,
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restless legs, primary parasomnias, and insomnia constantly report poorer
quality of life compared to population norms (Reimer and Flemons, 2003).

Using health-related measures of quality of life, the functional impact
of sleep loss was assessed by a large and nationally representative survey,
the United States Behavioral Risk Factor Surveillance System (Strine and
Chapman, 2005). The study focused on nocturnal sleep time in nearly
80,000 respondents. About 26 percent of the respondents reported obtain-
ing insufficient sleep on a frequent basis (not enough sleep on 14 days or
more over the past 30 days). This group was significantly more likely than
those without frequent sleep insufficiency to report poorer functioning and
quality of life on each of the eight items of the health-related quality of life.

Several studies have dealt with insomnia and its adverse impact on qual-
ity of life (Zammit et al., 1999; Leger et al., 2001; Katz and McHorney,
2002). People with severe insomnia reported lower quality of life on all
eight domains of the SF-36 (Leger et al., 2001). Their low quality-of-life
ratings were similar to ratings by patients with congestive heart failure and
depression, according to a study of nearly 3,500 primary care patients (Katz
and McHorney, 2002) (Figure 4-3). About 16 percent of the sample had
severe insomnia, and the study adjusted for numerous factors including
health habits, obesity, other chronic conditions, and severity of disease. A
study of a large health maintenance organization population (n = 2,000)
found that insomnia (versus no current insomnia) was associated with sig-
nificantly greater impairment, as measured by the self-rated Social Disabil-
ity Schedule and the interviewer-rated Brief Disability Questionnaire. Indi-
viduals with insomnia also had more days of restricted activity due to illness
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SOURCE: Edinger and Means (2005).

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


IMPACT OF SLEEP LOSS AND SLEEP-RELATED DISORDERS 153

and more days spent in bed (Simon and VonKorff, 1997). One study re-
vealed a dose-response relationship, with higher levels of insomnia being
associated with greater impairments in the ability to accomplish daily tasks
and decreased enjoyment of interpersonal relationships (Roth and Ancoli-
Israel, 1999).

Individuals with severe OSA also report significantly poorer quality of
life, and mild OSA is also associated with reduced vitality (Baldwin et al.,
2001). These effects are similar to those of other chronic diseases in the
general population in the United States. Individuals with OSA who are com-
pliant with CPAP treatment report improved changes in vitality and quality
of life 2 months after the onset of CPAP treatment (Redline et al., 1998).

Symptoms of restless legs syndrome are associated with lower quality
of life (Unruh et al., 2004), similar to the quality of life of individuals with
type 2 diabetes mellitus and acute heart attack (Allen et al., 2003). Restless
legs syndrome also affects marital relationships. Approximately one-third
of couples sleep in separate beds due to the discomfort of their partner’s
repetitive leg movements (Montplaisir et al., 2005).

Approximately a quarter of children and adolescents report difficulty
with sleep (Stein et al., 2001; Archbold et al., 2002). However, very few
studies have assessed the association between sleep loss and sleep disorders
and health-related quality of life in children. Analysis of a widely used par-
ent report measure of children’s physical, emotional, and social functional
status and well being—the CHQ-PF50—found the quality of life of their
children deteriorated with the severity of OSA (Rosen et al., 2002). This is
consistent with a negative association between sleep difficulties and health-
related quality of life that was observed a similar analysis of 80 parents of
children referred to a pediatric sleep disorders clinic (Hart et al., 2005).
Thus, sleep difficulties may broadly affect a child’s development through its
impact on children’s social, emotional, and physical functioning.

Family and Community Function

The consequences of sleep loss and sleep disorders are not restricted to
affected individuals; they also disrupt families and communities. Although
relatively sparse, the research described in this section points to widespread
impact on the health and well-being of sleep partners and/or other family
members. Their sleep quality and health can be disrupted, as can their well-
being, income, and capacity to care for children or ill family members. Ad-
verse effects on family cohesiveness, in turn, can lead to severe family tur-
moil and divorce. Similarly, sleep disruption of family caregivers has broader
societal effects by contributing to hospitalization or nursing home place-
ment of ill family members for whom they provide care.
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Most research on families and communities deals with bed partners of
individuals with a sleep problem. Bed partners of individuals with sleep-
disordered breathing report a lower quality of life, based on the SF-36 sur-
vey than the sleep-disordered breathing patients (Breugelmans et al., 2004).
Further, in a large population-based sample of older individuals, bed part-
ners report poor health, depressed mood, poor mental health, and marital
unhappiness (Strawbridge et al., 2004).

Does CPAP therapy improve bed partners’ sleep? At least four studies
have addressed this question, with three showing improvement. Two of the
studies that demonstrated a benefit were nonrandomized and used a before
versus after study design. After approximately one month of CPAP therapy,
partners experienced less daytime sleepiness as measured by the Epworth
Sleepiness Scale and improved quality of life as measured by the SF-36 scale
(Doherty et al., 2003; Parish and Lyng, 2003). A small, polysomnographic
study of individuals using CPAP found that their partners show fewer arous-
als and greater sleep efficiency in the hours after CPAP’s introduction ver-
sus the hours before (Beninati et al., 1999). The improvement in sleep effi-
ciency (percentage of time asleep while in bed) translated to an extra hour
of sleep per night. The only placebo-controlled study found that CPAP is
associated with subjective improvement in bed partners’ sleep (via the Pitts-
burgh Sleep Quality Inventory), but no objective improvement, as mea-
sured by polysomnography (McArdle et al., 2000).

Sleep-disordered breathing has also been found to heighten the rate of
divorce and the use of paid personal leave, among other effects, according
to a study of obese individuals with OSA. A team of Swedish researchers,
studying a large registry of obese subjects, found that individuals with OSA
(as defined by symptoms of snoring and daytime sleepiness) report about
three times the rate of divorce of those without OSA and/or daytime sleepi-
ness (Grunstein et al., 1995). The effects are even more pronounced among
the women in the sample with OSA (n = 155). Men with OSA (n = 338)
reported less income, and both genders reported more sick leave and dis-
turbed work performance. These effects were independent of the effects of
obesity and other health factors. In a separate study, 60 percent of bed
partners reported that they slept apart versus 20 percent of controls.
Although the partners’ level of marital satisfaction was similar to con-
trols’, the partners reported greater dissatisfaction with the sleep behaviors
of their apneic spouses (Billmann and Ware, 2002).

A common complaint of parents is being awakened by a young child
with a sleep problem. Sleep loss is indeed reported more frequently by par-
ents after the birth of a child than during pregnancy (Gay et al., 2004).
Improvement in parents’ sleep quality, as well as improvement of family
well-being, occurs after the introduction of a behavioral intervention de-
signed to train parents to overcome sleep problems in young children
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through a graduated conditioning program known as extinction (Eckerberg,
2004). Previously, controlled clinical trials had shown that parent training
and extinction are effective for treating young children (Mindell, 1999;
Ramchandani et al., 2000), but the trials had not measured the impact on
sleep and well-being of parents and families.

Sleep disturbances in chronic illness, whether in the affected individual
or in the caregiver, affect decisions about hospital or nursing home place-
ment. This is especially true for patients with Alzheimer’s disease, consider-
ing that up to 44 percent of them have sleep disturbances (Ritchie, 1996;
McCurry et al., 1999). Indeed, sleep disturbance in Alzheimer’s disease is a
common risk factor for nursing home placement (Chenier, 1997; Hope et
al., 1998). Sleep hygiene training, targeted at both Alzheimer’s disease pa-
tients and the caregivers, can improve sleep quality in patients (McCurry et
al., 1998, 2003, 2005). One area of future study is whether treating sleep
problems (in either the patient or the caregiver) can delay institutionaliza-
tion. Counseling of caregivers—although not explicitly targeted to their
sleep disturbance or that of the patient—has been shown, in a separate
randomized trial, to delay nursing home placement (Mittelman et al., 1996).
Within nursing homes, behavioral and pharmacological therapies are effec-
tive at improving sleep problems (Alessi et al., 1999; Naylor et al., 2000).

ECONOMIC IMPACT OF SLEEP LOSS AND SLEEP DISORDERS

Although problems falling asleep or daytime sleepiness affect 35 to 40
percent of the population (Hossain and Shapiro, 2002), the full economic
impact of sleep loss and sleep disorders on individuals and society is not
known. There are limited data on the economic impact of insomnia, sleep-
disordered breathing, and narcolepsy; the economic impact of other sleep
disorders has not been analyzed. As will be discussed in further detail in
Chapters 5 and 8, the lack of sufficient data result from inadequate report-
ing and surveillance mechanisms.

Increased Health Care Utilization

Daytime sleepiness, inadequate sleep time, insomnia, and other sleep
disorders place a significant burden on the health care system through in-
creased utilization of the health care system (see below). Patients in the
highest quartile of the Epworth Sleepiness Scale are associated with an
11 percent increase in health care utilization, and individuals with sleep-
disordered breathing or sleepiness and fatigue are associated with a 10 to
20 percent increase in utilization (Kapur et al., 2002b).
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Insomnia

Individuals suffering from insomnia place an increased burden on the
health care system (Ohayon and Roth, 2003). Their activity is more limited
(Simon and VonKorff, 1997), and they are significantly more likely to ac-
cess medical and psychiatric care than are individuals that do not have a
sleep or psychiatric disorder (Weissman et al., 1997). Individuals with in-
somnia who also have an associated psychiatric disorder are more likely to
seek treatment for emotional problems (14.9 percent versus 8 percent)
(Weissman et al., 1997), have a greater number of physician visits, and be
admitted to a hospital twice as often (Leger et al., 2002). The burden in-
somnia place on the health care system is long-term—the majority of indi-
viduals with either mild (59 percent) or severe (83 percent) insomnia con-
tinue to suffer symptoms of insomnia 2 years after initial diagnosis (Katz
and McHorney, 1998). Consequently, individuals suffering from insomnia
place a significant economic burden on society resulting in increased health
care costs (see below).

Obstructive Sleep Apnea

Individuals with OSA also place a significant burden on the health care
system. In the year prior to diagnosis, the medical expenses of individuals
with OSA were almost two times as much as control individuals not diag-
nosed with OSA ($2,720 vs. $1,384) (Kapur et al., 1999). Around 80 to 90
percent of OSA cases remain undiagnosed and untreated, which increases the
burden of this disorder (Young et al., 1997b; Kapur et al., 2002a). Analysis
of health care utilization in Canadians with severe OSA found that during the
year prior to diagnosis, individuals with severe OSA spent more than twice
the number of days in the hospital compared to controls (251 versus 90). This
was associated with an increase in cost of services—$49,000 to $99,000
(Kryger et al., 1996). This figure is likely greater in the United States, which
also has 10 to 15 percent higher health care utilization associated with severe
OSA (Kapur et al., 2002b)—due to higher health care costs compared to
Canada. OSA also affects a child’s health care utilization. A survey of 287
children with OSA found that in the year prior to diagnosis, children with
OSA had a 226 percent increase in health care utilization and had signifi-
cantly more visits to emergency departments (Reuveni et al., 2002).

A retrospective observational cohort study demonstrated that CPAP
treatment reversed the trend of increasing health care utilization observed
prior to OSA diagnosis (Bahammam et al., 1999; Albarrak et al., 2005). In
a Canadian study, physician visits decreased during the 5 years following
CPAP treatment, compared to the 5-year period prior to diagnosis, result-
ing in lower physician fees (Figure 4-4). After converting to American dol-
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lars, mean total fees were greater the year prior to OSA diagnosis ($179.09
± $32.85) compared to the fifth year after diagnosis ($16.77 ± $33.66) in
individuals who were compliant with CPAP treatment (Albarrak et al.,
2005). The realized savings would likely be much larger in the United States
due to higher associated health care costs.

Direct Costs of Sleep Loss and Sleep Disorders

Billions of dollars are spent each year in the United States on the direct
costs of sleep loss and sleep disorders. These medical costs include expenses
associated with doctor visits, hospital services, prescriptions and over-the-
counter medications. In 1995 the direct cost of insomnia in the United States
was estimated to be $13.9 billion (Walsh and Engelhardt, 1999). Further,
based on the costs associated with a laboratory-based polysomnogram, it
would cost over $17.5 billion to test and $3 billion to treat every person in
the United States who has sleep apnea1 (Sassani et al., 2004). Although it is
predicted that the advent of more effective portable monitoring devices
(Chapter 6) will decrease the costs associated with testing and diagnosis of
sleep disorders, the total direct costs will still remain high and be a burden.
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1Estimates based on a 5 percent prevalence and 2005 estimates of the United States popula-
tion (295,734,134) and every individual receiving a type 4 polysomnography (CMS code
95810).

FIGURE 4-4 Effect of CPAP treatment on physician fees.
SOURCE: Albarrak et al. (2005).
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Indirect Costs of Sleep Loss and Sleep Disorders

The indirect costs associated with sleep loss and sleep disorders also
result in billions of dollars of annual expenditures, including costs associ-
ated with illness-related morbidity and mortality, absenteeism, disability,
reduction or loss of productivity, industrial and motor vehicle accidents,
hospitalization, and increased alcohol consumption (Hossain and Shapiro,
2002). As is the case with direct costs, for each of these categories further
analysis is required to determine the complete indirect costs of sleep loss
and sleep disorders. The annual economic impact of sleep problems relating
to workers inability to adjust to late shifts are estimated to be at minimum
over $60 billion (Table 4-1) (Moore-Ede, 1993). In addition, it has been
estimated that sleep-related fatigue costs businesses $150 billion a year in
absenteeism, workplace accidents, and other lost productivity (Sleep Disor-
ders Create Growing Opportunities for Hospitals, 2001).

A 1994 analysis of automobile accidents estimated the cost of accidents
attributed to sleepiness to be between $29.2 to $37.9 billion (Leger, 1994).
Over 50 percent of automobile crashes involving a truck, where a fatality
occurred, were caused by sleep-related fatigue, costing approximately $2.7
million and 4,800 lives (NTSB, 1990a, 1990b; USDOT, 1991; Mitler et al.,
2000). However, there is no standardized mechanism to record fatigue- and
sleep-related accidents; therefore, these figures are likely underestimates of
the total cost of automobile accidents.

Although the complete economic impact of sleep disorders and sleep
loss is limited, the available data demonstrates the high burden that inad-
equate sleep has on the economy. With the average age of the population
rising, incidence of sleep disorders is likely to rise, leading to increased costs
(Phillips, 2005).

TABLE 4-1 Annual Economic Impact of Sleep
Problems Due to Late Shifts

Cost
(billions $)

Reduced manufacturing productivity 50.0
Increased motor vehicle accidents 5.7
Increased industrial accidents 4.0
Increased accidents, injuries, and deaths at work 2.5
Increase in other medical and psychiatric illnesses 2.0
Personnel turnover and retraining 1.0

Total 65.2

SOURCE: Moore-Ede (1993).
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Economic Impact of Insomnia

The total cost estimates of insomnia range from $30 billion (Walsh and
Engelhardt, 1999) to $107.5 billion (Stoller, 1994). The large variation in
the range is attributed to the underlying assumptions about the prevalence
of insomnia in the United States, which range from 10 to 33 percent. How-
ever, it is evident that even using more conservative prevalence estimates
the total annual costs in the United States exceeds tens of billions of dollars.

Direct Cost

In 1995 the direct costs of insomnia totaled approximately $13.96 bil-
lion (Table 4-2). However, this is an underestimate of the total costs, as
approximately 12 percent of all physicians, including hospital-based or gov-
ernment employed physicians (including doctors in VA hospitals), were not
included in these estimates. In 2002 it was estimated that in the United
States 27 million prescriptions were filled for hypnotics, worth about $1.2
billion (Mendelson, 2005). Calculations based on medical claims showed
that increased physician fees and medical expenses for elderly and non-
elderly patients with insomnia were respectively $5,580 and $4,220 higher

TABLE 4-2 The Direct Costs of Insomnia in the
United States for 1995

Costs
(millions $)

Substances used for insomnia
Prescription medications 809.92
Nonprescription medications 325.80
Alcohol 780.39
Melatonin 50.00

Total Cost of Substances 1,966.11

Health care services for insomnia
Outpatient physician visits 660.00
Psychologist visits 122.40
Social working visits 75.30
Sleep specialist visits 18.20
Mental health organizations 153.00
In-patient hospital care 30.80
Nursing home care 10,900.00

Total 11,960.70

Total direct costs 13,926.11

SOURCE: Walsh and Engelhardt (1999).
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than match controls (Ozminkowski et al., 2004), demonstrating the ex-
pense incurred by individuals with insomnia.

In 1995 over 78 percent of direct costs associated with insomnia, $11.96
billion, was spent on nursing home care (Walsh and Engelhardt, 1999), a
132 percent increase since 1990 (Walsh et al., 1995). Although this propor-
tion may seem high, almost half of the population over 65 years of age
report difficulty with sleep (Mellinger et al., 1985), and 20.4 percent of
admissions to a nursing home were attributed to sleep disturbances (Walsh
and Engelhardt, 1999).

Two factors contribute to these higher costs associated with insomnia.
First, the general population is typically reluctant to consult doctors about
their sleep problems, and second, inadequate physician training prevents
proper recognition, diagnosis, and treatment of patients with insomnia (see
Chapters 5 and 7) (Walsh and Engelhardt, 1999; Benca, 2005; NIH, 2005).

Indirect Cost

To date there has not been a detailed analysis assessing the total indi-
rect costs associated with insomnia. A 1988 study estimated that productiv-
ity loss resulting from insomnia cost $41.1 billion (Stoller, 1994). Absentee-
ism cost more than $57 billion (Walsh, 2004). Therefore, once the costs of
industrial and motor vehicle collisions and related morbidities are included,
the indirect cost of insomnia could top $100 billion.

Insomnia places a greater burden on individuals of lower socioeconomic
status (Gellis et al., 2005), those who are less educated, and those who are
more likely to be unemployed (Bixler et al., 1979; Karacan et al., 1983;
Frisoni et al., 1993; Kim et al., 2000; Li et al., 2002). Falls caused by insom-
nia also contribute to its economic burden. A greater risk for falls was
associated with both hypnotic use (29 percent, OR = 1.29) and insomnia
(90 percent, OR = 1.90) (Avidan, 2005). Like other sleep disorders, insom-
nia is more prevalent in the elderly (Mellinger et al., 1985); therefore, as the
United States population continues to age it is expected that the cost associ-
ated with falls caused by insomnia will also continue to rise.

Economic Impact of Obstructive Sleep Apnea

Direct Cost

Similar to other sleep disorders, there is very limited data on the direct
costs associated with obstructive sleep apnea. Most of the analysis has ex-
plored the impact of OSA. The average costs of diagnosis and treatment over
five years for an individual is over $4,000 (Table 4-3) (Chervin et al., 1999;
Wittmann and Rodenstein, 2004). An analysis of 97 obese individuals with
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OSA in Canada found that over a 2-year period they had almost $30,000 in
expenditures from physician claims and utilized $49,000 to $99,000 more in
services than their control counterparts (Kryger et al., 1996).

Indirect Cost

There is also limited analysis of the total indirect costs associated with
OSA. Based on estimates of from the Sleep Heart Health Study, only 10 to
20 percent of individuals with OSA are estimated to have been diagnosed
(Kapur et al., 2002a). The annual medical costs resulting from untreated
OSA was $3.4 billion (Kapur et al., 1999).

Automobile collisions attributed to OSA also contribute to the large
economic burden of the syndrome. Sassani and colleagues performed a
meta-analysis of PubMed from 1980 to 2003 and investigated the relation-
ship between collisions and OSA (2004). This information was then com-
bined with data from the National Safety Council to estimate OSA-related
collisions, costs, and fatalities. Based on this analysis, it was estimated that
in the year 2000 more than 800,000 drivers were involved in OSA-related
motor vehicle collisions (Sassani et al., 2004). These collisions resulted in loss
of life to 1,400 individuals and cost $15.9 billion. The authors calculated
that annually it would cost $3.18 billion to provide CPAP treatment to all
drivers who suffer from OSA, saving 980 lives and $11.1 billion to $7.9 bil-
lion if the cost of CPAP treatment is taken into account. For every dollar spent
on CPAP, $3.49 would be saved in reduced collision costs. This savings
does not include the presumed reduction in the number of accidents at work,
decreased health care costs, or improved quality of life (Sassani et al., 2004).

Relationship Between Socioeconomic Status, Race,
and Obstructive Sleep Apnea

The relationship between socioeconomic status, race, and obstructive
sleep apnea is not well understood. There are limited data that suggest that

TABLE 4-3 Cost of Diagnosis and Treatment of
OSA

Polysomnogram $1,190
CPAP titration $1,190
CPAP equipment and setup $1,290
Initial office visits $210
Annual follow-up $330

Total $4,210

SOURCE: Chervin et al. (1999).
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the prevalence and severity of OSA is higher in African Americans com-
pared to whites (Scharf et al., 2004), especially in adults under 25 years of
age (Redline et al., 1994; Rosen et al., 2002). Compared to whites, African
Americans with OSA are more likely to have a higher body mass index
(Redline et al., 1994) and a lower mean income (Scharf et al., 2004).
Analysis performed between Asians and whites found that OSA in Asians
was significantly more severe compared to whites (Ong and Clerk, 1998).
However, differences in age, gender, body mass index, or neck circumfer-
ence did not account for these differences.

Economic Impact of Narcolepsy

The impact of narcolepsy on the economy is also not well understood.
A review of the PubMed database through May of 2005 found only one
relevant report. It examined narcolepsy’s effect on 75 individuals in Ger-
many (Dodel et al., 2004). After converting to American dollars the annual
total costs to an individual were $15,410. The average direct costs ac-
counted for 21 percent of the total expenditures ($3,310 total), $1,260 for
hospital care, and $1,060 for medications. However, these figures have been
extrapolated from a single German cohort and differences in the organiza-
tion of their respective health care systems have not been taken into ac-
count. Therefore, improved surveillance data are needed to determine the
actual economic impact of narcolepsy on the American population.

The socioeconomic status of an individual does not affect the preva-
lence and severity of narcolepsy; however, narcolepsy may worsen an
individual’s socioeconomic standing. In Germany individuals with narco-
lepsy have a significantly higher unemployment rate than average, 59 per-
cent compared to the national average of 9 percent (Dodel et al., 2004).
Similarly, studies performed in the United Kingdom (Daniels et al., 2001)
and the United States (Goswami, 1998) found that 30 to 37 percent of
respondents had lost their job due to narcolepsy.

Summary

Although the data are limited, the effect of sleep disorders, chronic
sleep loss, and sleepiness on accident rates, performance deficits, and health
care utilization on the American economy is significant. The high estimated
costs to society of leaving the most prevalent sleep disorders untreated are
far more than the costs that would be incurred by delivering adequate treat-
ment. Hundreds of billions of dollars are spent and/or lost annually as a
result of poor or limited sleep. However, greater surveillance and analysis
are required to estimate the full economic implications of these problems.
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5

Improving Awareness, Diagnosis, and
Treatment of Sleep Disorders

CHAPTER SUMMARY The public health burden of chronic sleep
loss and sleep disorders coupled with the low awareness among the
general population, health care professionals, and policy makers re-
quires a well-coordinated strategy to improve sleep-related health
care. Increasing the awareness and improving the diagnosis and treat-
ment of sleep disorders necessitates a multipronged effort that in-
cludes three key components: public education, training for health
professionals, and surveillance and monitoring. First, a public health
campaign is required to increase awareness among the general popu-
lation. Second, specific education and training strategies are needed
to increase awareness among health care professionals, including im-
proved curriculum content and certification requirements. There are
a number of surveillance and monitoring tools, but very few examine
issues pertaining to sleep loss and sleep disorders. Thus, third, im-
proved surveillance and monitoring of the general population is
needed. The preeminent goal of this strategy is to create and sustain
a broad societal commitment to engaging in proper sleep habits as a
primary tenet of health. Such a commitment will involve participa-
tion by those individuals and organizations in a position to educate
the public at national, state, local, and community levels—including
K–12 education, colleges and universities, medical schools and other
health profession education programs, hospitals, community clinics,
local health departments, private industry (e.g., transportation,
manufacturing facilities, nursing homes), and entertainment media.
It will also require simultaneous investment in public education cam-
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paigns for all age groups as well as a sustained effort to integrate
sleep-related content into curricula of undergraduate health science
programs all the way through continuing education programs for
health professionals.

CHALLENGES FACING INDIVIDUALS WITH SLEEP DISORDERS

Sleep is often viewed by the general public as a “perceptual hole in
time”—during which nothing productive occurs (Dement and Vaughn,
1999). One only has to examine common colloquialisms such as “don’t get
caught napping,” “if you snooze you loose,” or “time is money” to gain a
sense of the prevailing attitude that sleep is either optional, a luxury, or
unimportant. In fact, being able to “get by on 4 hours of sleep” (and thus
being able to increase productivity) is often considered an enviable trait.

Daily sleeping and waking patterns are no longer driven by the light
and dark cycle but, rather, by work schedules, economic interests, and in-
creasing globalization. Unfortunately, the resulting “24/7” schedules are
typically not optimal in terms of filling physiological requirements for sleep.
Thus, daytime sleepiness and its consequences are becoming increasingly
common problems affecting up to 15 percent of the population (Punjabi et
al., 2003). For some, sleep disruption and constant sleepiness are often
deemed an inevitable part of their social roles as spouses, workers, care-
givers, and so on. Although improving diet and exercise as a part of a
healthy lifestyle program is acceptable, sleep continues to be considered an
expendable luxury (Dzaja et al., 2005). Thus, performance and social
responsibilities may often take precedence over sleep, largely because of
multiple role demands and expectations.

Stigma is a problem that often complicates chronic illness. Acceptable
standards for roles and activities are socially determined, and individuals
who deviate from these expectations because of chronic illness are often
labeled as “different” and are thus stigmatized (Falvo, 2005). Similarly,
individuals with certain sleep disorders, which are often chronic in nature,
may also be stigmatized because of the inability to fulfill role expectations.
An additional factor that may underlie this stigma is that sleep is typically
misperceived as an “asocial” activity. However, sleep is actually a very im-
portant type of social interaction—an activity that is negotiated with self,
family, friends, employers, lawmakers, fellow drivers on the road, and so
on (Meadows, 2005). When, where, and how sleep occurs is an extremely
important sociocultural matter (Taylor, 1993; Williams, 2002), and there
can be considerable negative sociocultural consequences when the sleep be-
havior, either intentionally or unintentionally, is unacceptable (Mehlman,
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2001; Moore et al., 2002). Obesity also presents another challenge to some
individuals with sleep disorders. Obesity engenders negative feelings among
caregivers, which may affect an individual’s health care (Banno and Kryger,
2004).

The lack of awareness among the general public that results from the
absence of sleep content in public health education programs causes pa-
tients to be hesitant about discussing sleep problems with their health care
providers. In addition, fear of being labeled as having a psychiatric problem
or exhibiting drug-seeking behaviors are also deterrents (Culpepper, 2002).
In the case of insomnia, the most common of all sleep-related complaints,
patients typically do not seek help because they believe either that nothing
can be done or that the health care providers will do nothing to address the
problem (Engstrom et al., 1999).

Patients with excessive daytime sleepiness represent the largest group
seeking help at sleep laboratories but often only after they have encoun-
tered numerous problems that interfere with performance of normal activi-
ties of daily living, their ability to hold a job and maintain a marriage,
interact socially, or have had an accident. All too often, these individuals
have been labeled lazy or unmotivated. For children with narcolepsy, for
example, the stigma associated with their increased daytime sleep tendency
can affect social acceptance owing to unusual behavior as well as future risk
of increased psychiatric disorders, potential obesity, and depressive symp-
toms (Dahl et al., 1994; Guilleminault and Pelayo, 1998). Thus, individuals
may have to overcome a stigma attached to having a sleep disorder, and
seeking appropriate treatment is a very serious issue.

Somnology Public Health Education Campaigns

A review of the National Center on Sleep Disorders Research (NCSDR),
Centers for Disease Control and Prevention (CDC), and private founda-
tions demonstrate a limited investment in education and awareness cam-
paigns directed toward increasing the general public’s knowledge of the
health implications associated with chronic sleep loss and sleep disorders.

National Center on Sleep Disorders Research Public Education
Campaigns

The NCSDR was established within the National Heart, Lung, and
Blood Institute (NHLBI), partially in response to the previous experience
and success the NHLBI had in public education campaigns (see below). As
directed by the congressional authorization language, the NCSDR is re-
sponsible for coordinating the “disseminat[ion of] public information con-
cerning the impact of sleep disorders and sleep deprivation” (Appendix D)
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(U.S. Congress, Senate, 1993). It has also developed a variety of education
materials; however, resources have not been devoted to an in-depth evalua-
tion of the effectiveness of these materials. The primary education programs
that the NCSDR have initiated include the following:

• Sleep, Sleep Disorders, and Biological Rhythms is a curriculum
supplement developed for grades 9 through 12 (NHLBI, 2003b). Approxi-
mately 12,000 copies of the curriculum supplement have been sent to
teachers. There have been more than 11,000 visitors to the sleep curriculum
website and 10,000 downloads. More than 2,000 students entered sleep
diary data on the Internet.

• The Garfield Star Sleeper Campaign was designed to educate chil-
dren, parents, educators, and health care providers about the importance of
nighttime sleep during childhood (NHLBI, 2005b).

• Time For Kids is a magazine on sleep that was developed and dis-
tributed by the NCSDR to 30,000 third-grade teachers and the 750,000
children in their classes in connection with National Sleep Awareness Week
(NHLBI, 2004).

• The Healthy Sleep Handbook is a booklet that will be available to
the general public and provide an overview of sleep disorders with signs
and symptoms, consequences, and potential treatments. It will explain why
sleep is needed, what happens if you don’t get enough sleep, and tips on
how to obtain enough sleep (NHLBI, 2006).

As these examples demonstrate, apart from campaigns directed toward
children and adolescents, which have been inadequately evaluated, the
NCSDR has not engaged in widespread multimedia public education cam-
paigns directed toward other susceptible populations, including college stu-
dents, adults (especially shift workers), elderly people, and high-risk minor-
ity populations. This is in part owing to the limited resources of the NCSDR
for public education (see Chapter 7). A potential strategy to strengthen
these activities is to collaborate with other federal agencies including the
CDC, as was directed by the congressional authorization; however, there
has been limited involvement of the CDC and other federal agencies in
these activities.

Private Foundations Education and Awareness Campaigns

Although limited, private foundations and professional societies, and
to a lesser extent patient advocacy organizations, have developed a num-
ber of public education programs. A highly successful example is the Na-
tional Sleep Foundation’s (NSF) National Sleep Awareness Week cam-
paign. This campaign coincides annually with the start of daylight savings
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time and brings together over 750 sleep centers and 100 government agen-
cies and other nonprofit organizations to plan and implement several pub-
lic awareness and education projects. Activities have included sleep health
fairs, lectures, and a public policy and sleep leadership forum. The NSF
also conducts the Sleep in America poll, an annual telephone survey that
gauges how and when Americans sleep, and created a multimedia educa-
tional tool called Cycles of Sleeping and Waking with the Doze Family that
illustrates information about sleep and includes a website, print materials,
and CD-ROM.

Although the Sleep Research Society (SRS) and the American Academy
of Sleep Medicine (AASM) are primarily professional societies, they also have
contributed to increasing the awareness among researchers, health care pro-
viders, and the general public. For example the SRS is a cosponsor of the
Trainee Day at annual meeting of Associated Professional Sleep Societies,
recently published the Basics of Sleep Research guide, and established the
Sleep Research Society Foundation, which annually supports up to six
$20,000 grants. The AASM professional initiatives and public education
efforts include among others, the CPAP (continuous positive airway pressure)
Compliance Campaign, establishing accreditation programs for sleep tech-
nologists and behavioral sleep medicine training programs, and assisting in
the development of new clinical practice guidelines. Other private organiza-
tions such as the American Sleep Apnea Association, Restless Legs Syndrome
Foundation, and Academy of Dental Sleep Medicine have also created smaller
public education tools such as patient education brochures, support groups,
and online videos.

Educational Activities of the Centers for Disease Control and Prevention

The public education efforts coordinated by the CDC provide addi-
tional models that could be used to increase awareness about the health
implications of chronic sleep loss and disorders. The CDC has extensive
experience in health education and has developed very effective programs
in such diverse areas as obesity, colorectal cancer screening, and adolescent
health.

The CDC’s public information campaign to encourage physical activity
includes a website that covers the importance of physical fitness including
the health benefits, how much exercise is needed, how to overcome barriers
to exercise, and specific tips for becoming more active. The website includes
references to documents and other organizations that are resources for indi-
viduals interested in this topic (CDC, 2006).

The CDC also partners with other related government and private enti-
ties to make these public health campaigns even more effective. For ex-
ample, the Screen for Life campaign is a successful multimedia colorectal
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cancer screening education program in which the CDC has partnered with
other organizations including state departments of health, the National
Colorectal Cancer Research Alliance, and the Entertainment Industry
Foundation. This program targets the general public as well as health profes-
sionals and encourages colorectal cancer screening for every person after
age 50. In addition to the education and awareness campaign, the CDC also
developed a nationwide surveillance program to assess the capacity to per-
form colorectal cancer screening tests and follow-up for the United States
population aged 50 years or older.

One advantage of working with an organization such as the CDC is its
credibility and connections to individuals and organizations that can in-
crease program effectiveness. For example, Katie Couric, NBC Today Show
host, and Academy Award-winning actor Morgan Freeman have served as
spokespersons for different campaigns.

Given that chronic sleep loss and sleep disorders are a major public
health problem, a public and professional campaign on sleep conditions
would fit in well with existing CDC mission and programs.

PUBLIC EDUCATION

Sleep loss and daytime sleepiness affect 30 to 40 percent of the general
population (Hossain and Shapiro, 2002); however, millions of individuals
suffering from sleep disorders remain undiagnosed and untreated. For ex-
ample, 80 to 90 percent of obstructive sleep apnea cases remain undiag-
nosed, which increases the burden of this disorder (Young et al., 1997;
Kapur et al., 2002). Most large-scale public health education programs and
campaigns to date have focused primarily on diet and exercise and have not
included adequate information about sleep. However, the time is right for
the development of a sleep campaign. There is a beginning public awareness
of the importance of sleep owing to recent articles in the popular press and
television programs. Two concurrent strategies are required to increase
awareness among the general public: a multimedia public education and
awareness campaign, and improved education and training programs to
increase awareness among health care professionals.

National Sleep Public Education and Awareness Campaign

Considering the burden that chronic sleep loss and sleep disorders have
on all age groups, a multifocal campaign is required to improve awareness
among children, adolescents, adults, elderly people, and high-risk popula-
tions. The primary role of a campaign would be to improve recognition of
the health and economic benefits of proper sleep, as well as educating par-
ents and adults of the consequences associated with not receiving adequate
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sleep. In this regard it will be important to inform the public and policy
makers of the negative consequences of chronic sleep loss and sleep disor-
ders. The campaign could argue that by taking specific personal actions to
improve sleep hygiene, by recommending specific behaviors for all age
groups, the adverse health and economic consequences could be reduced.

The need for such a campaign rests on the following assumptions:

• The general public does not recognize the prevalence of, or the con-
sequence associated with chronic sleep loss and/or sleep disorders.

• Most health care providers neither recognize the prevalence of, nor
the many risks associated with, chronic sleep loss and/or sleep disorders.

• Many of the technological advances made in the previous century
(e.g., television, Internet) serve to deprive people, especially children and
adolescents, of needed sleep.

• Sleep loss and sleep disorders are associated with numerous other
health complications

• Increased understanding will lead to better sleep behaviors and thus
improved health and function.

Treatment of sleep problems, even if only behavioral and educational
in nature, has the potential to increase an individual’s well-being and pro-
ductivity. Such a campaign would offer new information to both the
general population and health care providers. In addition, the activities of
a broad sleep awareness campaign could be linked to all stakeholders—
government agencies, private industry, foundations, professional societies,
patient advocacy organizations, educators, colleges and universities, and
community organizations.

The committee envisions that wherever possible, a national campaign
would coordinate activities with local needs and provide for the tailoring of
its messages for different communities, including specific age groups, mi-
nority groups, and shift workers. In addition, the committee envisions that
the campaign should be developed in coordination with the NCSDR, CDC,
the proposed National Somnology and Sleep Medicine Research and Clini-
cal Network (see Chapter 8), the Department of Transportation, the De-
partment of Labor, the Department of Education, other relevant federal
departments and agencies, with input from private organizations such as
the NSF and the AASM. Rigorous evaluation is a critical component. Fur-
ther, this campaign could be integrated and coordinated with other public
health campaigns, including those on obesity and heart disease, with the
purpose of increasing the awareness among all Americans of the impor-
tance of sleep and the adverse health and social consequences of poor sleep.
Further, reinforcing messages should be provided in diverse media and ef-
fectively coordinated with other events and dissemination activities.

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


180 SLEEP DISORDERS AND SLEEP DEPRIVATION

In proposing the National Sleep Public Education and Awareness Cam-
paign, this committee considered and recognized the associated costs and
challenges. These include the following:

• Educating and convincing leaders in the public health field that the
health and economic burden associated with chronic sleep loss and sleep
disorders requires a national campaign.

• The expenses associated with developing and operating a large na-
tionwide public education and awareness program.

• Coordinating federal, state, and local government agencies that
would be involved in a campaign.

• Coordinating the activities of foundations, professional societies, and
private companies.

• The large number of individuals experiencing sleep loss or sleep dis-
orders span all age groups, each of which will require a specific strategy.

In summary, although evidence is limited, previously coordinated
health education campaigns demonstrate the potential value of efforts
designed to increase the awareness of both the prevalence and conse-
quences of chronic sleep loss and sleep disorders. For example, broad
coordinated national campaigns such as the NHLBI’s National High Blood
Pressure Campaign (Roccella, 2002), the National Institute of Child
Health and Human Development’s (NICHD) Back to Sleep Campaign,
the CDC’s Screen for Life colorectal cancer campaign, the antitobacco
efforts of the late 1960s and early 1970s and the late 1990s and early
2000s (Warner, 1981; Siegel, 2002), and the antidrug campaigns of the
middle 1980s (IOM, 2002) have had corresponding reductions in risky
behavior.

Back to Sleep Campaign

The Back to Sleep program offers an example of a very successful
public education awareness campaign that arose from a strong associative
discovery between infant sleeping position and the risk of sudden infant
death syndrome (SIDS) (Willinger, 1995; Kemp et al., 1998). In 1993, the
American Academy of Pediatrics released its first policy statement on re-
ducing the risk of SIDS that recommended that infants be placed on their
backs while sleeping. The following year, the NICHD spearheaded the
Back to Sleep campaign. Cosponsors included the Maternal and Child
Health Bureau, the American Academy of Pediatrics, the SIDS Alliance,
and the Association of SIDS and Infant Mortality Programs. The NCSDR
was involved in planning and developing communication materials for the
campaign.
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Before it was instituted, the death rate for SIDS was approximately 1.3
per 1,000 live births (CDC, 1996). Postsurveillance analysis showed a 50
percent reduction in SIDS rates since the Back to Sleep campaign began
(NICHD, 2003). The campaign increased public awareness of SIDS risks
and safety through a series of radio and television public service announce-
ments and distribution of more than 20 million pieces of literature to health
care professionals and the public.

National High Blood Pressure Education Campaign

Another successful public education program is the National High
Blood Pressure Education Program. It was established by the NHLBI in
1972 “to reduce death and disability related to high blood pressure through
programs of professional, patient, and public education” (NHLBI, 2005a).
The NHLBI coordinates a group of federal agencies, voluntary and profes-
sional organizations, state health departments, and numerous community-
based programs. At the core of the education activities is the program’s
coordinating committee, which follows a consensus-building process to
identify major issues of concern and to develop program activities. Each
representative from the coordinating committee member organizations work
together to provide program guidance and to develop and promote educa-
tional activities through their own constituencies. The National High Blood
Pressure Education Program is responsible for the five following areas: in-
formation collection and dissemination; public, patient, and professional
education; community program development; evaluation and data analysis;
and technology transfer and electronic distribution of materials.

The education campaign does not depend greatly on advertising, but
rather relies heavily on actions by other institutions: campaign organizers
working with physicians’ organizations to encourage physicians to provide
advice about high blood pressure consistent with national guidelines; pro-
posing stories to newspapers and television and radio that convey the prior-
ity messages; and developing affiliations with, and providing materials to,
grassroots organizations interested in hypertension (Roccella, 2002). When
the program began there was very little awareness and treatment for hyper-
tension. Less than one-fourth of the American population understood the
relationship between hypertension and stroke and hypertension and heart
disease and only 31 percent sought treatment. Today, more than three-
fourths of the population recognizes that relationship and over 53 percent
seek treatment (NHLBI, 2005a).
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Recommendation 5.1: The National Center on Sleep Disorders
Research and the Centers for Disease Control and Prevention
should establish a multimedia public education campaign.

The National Center on Sleep Disorders Research—working with
the Centers for Disease Control and Prevention, the proposed Na-
tional Somnology and Sleep Medicine Research Network, private
organizations and foundations, entertainment and news media, and
private industry—should develop, implement, and evaluate a long-
term national multimedia and public awareness campaign directed
to targeted segments of the population (e.g., children, their parents,
and teachers in preschool and elementary school; adolescents; col-
lege students and young adults; middle-aged adults; and elderly
people) and specific high-risk populations (e.g., minorities).

To implement this recommendation, the following should be done:
• This campaign should be developed in coordination with appro-

priate federal departments and agencies and with input from inde-
pendent experts to focus on building support for policy changes.

• This campaign should be built upon and integrated within exist-
ing public health campaigns, including those focused on diet and
exercise (e.g., obesity and heart disease).

• Reinforcing messages disseminated through multiple media should
be effectively coordinated with events targeting providers of health
information such as physicians, nurses, and teachers.

PROFESSIONAL TRAINING AND AWARENESS IS REQUIRED

Societal misperceptions also stem from a lack of professional knowl-
edge about the benefits and impact of sleep. Therefore, the success of the
proposed National Sleep Public Education Awareness Campaign particu-
larly relies on increased awareness and more sleep-oriented curricula for the
health care providers. Further, underutilization of sleep centers in the United
States to assist in diagnosing and treating sleep disorders partly stems from
both the lack of public and professional awareness and insufficient training
of primary caregivers (Wyatt, 2004). Without widespread recognition of
the importance of sleep on the part of both the public and health care pro-
viders, society is at significant risk for sleep-related health problems. If
health care providers are unaware of the symptoms and problems that oc-
cur as a result of compromised sleep, they simply will not pursue the topic
with patients. Thus, patient contacts with the health care system are often
major sources of “missed opportunities” to diagnose sleep problems and
share important information about sleep. In addition, increasing the aware-
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ness of health care providers also offers an opportunity to attract health
care professionals into the field (see Chapter 7 for detailed discussion).
Those who receive sleep-related education are more likely to ask individu-
als about past or current sleep problems (Haponik and Camp, 1994).

Some progress is being made in developing strategies to improve education
and awareness among health care professionals. For example, competency-
based goals and teaching strategies for sleep and chronobiology in undergradu-
ate medical education have recently been proposed (Harding and Berner, 2002;
Federman, 2003). Similar curricula content has also been developed for under-
graduate and graduate nursing programs (Lee et al., 2004). A survey conducted
in 1992 revealed that minimal, if any, didactic content on sleep was included in
medical and nursing programs (Buysse et al., 2003; Rosen et al., 1998; NHLBI,
2003a). Although curricula in medical and nursing school have been updated
since 1992, and there are no recent surveys, anecdotal evidence suggests that
sleep-related content is still not adequately addressed. Considerable progress
remains to be made.

Treatment of Sleep Disorders Requires Interdisciplinary Training

Sleep disorders vary widely in their complexity, their comorbidities, the
risks they represent, and the scope of their manifestations (Chapter 3). They
may be a symptom of a behavioral or social change, a secondary manifesta-
tion associated with a primary disease, or may be the primary problem.
Examination of the disorders associated with each of these categories
demonstrates the requirement for educated multidisciplinary health care
specialists who have the capacity to recognize, diagnose, and treat chronic
sleep loss and sleep disorders. At minimum, there are 13 different health
care specialties and subspecialties that are involved in diagnosis and treat-
ment—anesthesiology, cardiology, dentistry, endocrinology, immunology,
neurology, nursing, nutrition, otolaryngology, pediatrics, psychiatry, psychol-
ogy, and pulmonology. For example, individuals with obstructive sleep
apnea (OSA) typically require recognition by a primary care physician, and
diagnosis and treatment from a sleep specialist who is a pulmonologist,
neurologist, psychiatrist, or otolaryngologist. Following, or concurrent with,
diagnosis and treatment, the chronic nature of a sleep disorder also may
require being seen by a specialist (e.g., endocrinologist for diabetes and
obesity, cardiologist for hypertension). Patient and family education, pri-
mary care, follow-up and support are often provided by nurses with exper-
tise in the field. Therefore, proper treatment of chronic sleep loss and sleep
disorders requires multidisciplinary care. However, as discussed below,
there has been very little education of health care professionals about the
pathology, etiology, or treatment of chronic sleep loss and sleep disorders.
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Undergraduate Sleep-Related Education

Education at the undergraduate level provides a unique opportunity to
share important health information when readiness to learn has transcended
adolescent levels. It also provides an important opportunity to expose stu-
dents to the topics and potentially increase the number of individuals inter-
ested in this area of medicine. In fact, curricula that include sleep-related
material at the undergraduate level may be particularly appropriate and
effective for a number of reasons.

First, leaving home to attend college is often the first time that young
adults are totally responsible for self-care. Numerous studies have demon-
strated that one of the most common difficulties undergrads experience is
sleep disturbance. For example, in a survey of 191 college students, most
reported that they had developed some form of sleep disturbance (Buboltz
et al., 2001). Further, a recent study of 964 undergraduate residence hall
students found that sleep problems were among the list of significant pre-
dictors of stress (Dusselier et al., 2005). A study of 1,300 students in the
United States Military Academy found that incoming cadets were signifi-
cantly sleep deprived, receiving only about 4 hours and 50 minutes of sleep
per night during the week in their first fall semester (Miller and Shattuck,
2005). The reasons for the high prevalence of these sleep problems in un-
dergraduate students are likely related to a variety of factors including poor
sleep hygiene, stress associated with changes in lifestyle, study demands,
socializing, use of stimulants, and in some cases a feeling of the need to
demonstrate mental and physical toughness.

Undergraduates also experience the consequences of poor sleep habits
and require the necessary health information to make appropriate lifestyle
changes. Earlier studies demonstrated that students’ poor sleep quality was
associated with increased tension, irritability, depression, confusion, and
lower life satisfaction as well as increases use of marijuana and alcohol
(Pilcher et al., 1997). In addition, poor sleep has been associated with im-
paired academic performance and deficits in learning and memory (Lack,
1986; Gais et al., 2000; Stickgold et al., 2000; Walker et al., 2003; Fenn et
al., 2003). Unfortunately, many students who experience academic prob-
lems do not realize that poor sleep may be a crucial contributing factor
(Buboltz et al., 2001).

Chronic Sleep Loss and Sleep Disorders Awareness
Programs for Undergraduates

Although some sleep-related public health educational activities have
been developed (see previous section), their impact appears to be minimal.
Thus, new ways to incorporate sleep education into undergraduate student
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life are needed. First and foremost, university administrators need to recog-
nize and acknowledge that students’ sleep habits and problems are an impor-
tant component of campus life. Including content regarding sleep in orienta-
tion programs, even in the form of a simple informational flier, may provide
a forum for further discussions in other types of programs and activities.
Advisors might ask basic questions regarding overall sleep patterns and make
recommendations regarding class times that are more compatible with a
student’s normal sleep patterns. Further, university and college administra-
tors should examine how campus and community environments, such as ac-
tivities, schedules, sports, and work routines, contribute to sleep disruption
(Buboltz et al., 2001) and encourage academic departments to educate their
faculty regarding the sleep-related problems of students (Miller and Shattuck,
2005). In addition, awareness campaigns should be developed to target under-
graduate students in dormitories and academic health centers. Similar effec-
tive programs have been developed for public health campaigns concerning
sexually transmitted disease, alcohol abuse, nutrition, and suicide. For
example, the American College Athletic Association and the National Asso-
ciation of Student Personnel Administrators have helped design and integrate
a number of public health campaigns for college students, such as the Health
Education and Leadership Program.

Undergraduate Somnology and Sleep Medicine
Curriculum Development

Colleges and universities can both educate students and stimulate inter-
est in the field by making simple cost-effective changes in curriculum. For
example, at the United States Military Academy, the general psychology
course that is taken by all freshmen now includes information on acute and
chronic sleep loss (Miller and Shattuck, 2005). Numerous other types of
freshman courses, such as general health, biology, and sports education,
might include similar content and easily incorporate it with other health-
related information such as nutrition, alcohol and drug abuse, and suicide
prevention (Miller and Shattuck, 2005). Offering an elective course, per-
haps in collaboration with an academic sleep center, might also help recruit
future clinicians and scientists to the field. Curriculum recommendations
for both nursing and undergraduate medical students have recently been
proposed (Strohl et al., 2003; Lee et al., 2004). Other types of novel activi-
ties might include the following:

• Develop undergraduate research experiences in sleep to increase the
interactions of these students with graduate students in this area (Box 5-1).

• Develop sleep consortiums among two or more universities and edu-
cational programs that could be shared using advanced technology, as the
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BOX 5-1
Summer Sleep and Chronobiology Research Apprenticeship

The Summer Sleep and Chronobiology Research Apprenticeship is a
unique undergraduate training program in the behavioral sciences at
Brown University, which fosters behavioral science research education
primarily for undergraduate students, but also for young pre- and post-
doctoral scientists. The program provides undergraduate students an
intensive research and academic experience in a human sleep and
chronobiology research laboratory. It spans 13 weeks, including 2.5 weeks
of intensive laboratory skills training, a week attending the annual meeting
of the sleep professional societies (APSS), and a 10-week research ap-
prenticeship in an ongoing study of sleep and circadian rhythms in adoles-
cents. The program also supports one or two graduate student teaching
assistants, providing role models to the apprentices, additional teaching
experience, time for research projects, and full summer stipend. Each year
the program concludes with a 2-day “retreat” colloquium. At this retreat,
every apprentice is responsible for preparing and presenting a brief talk at
the APSS meeting on a research theme they began to examine and
researched through the summer.

The National Institute of Mental Health (NIMH) should be commended
for funding the training program for 8 years. This brought an unprec-
edented level of fiscal stability, focus, and opportunity for young trainees.
Unfortunately, the NIMH no longer supports undergraduate training pro-
grams. The Trans-NIH Sleep Research Coordinating Committee should
be encouraged to continue to support similar undergraduate mentorship
programs.

Because the program is largely designed for undergraduate students,
its success is somewhat difficult to measure. Not every student has gone
on to behavioral science research; some are in medicine, others in such
disparate fields as law or business. Others, however, have followed the
route to graduate study. One former student is working with a noted sleep
and chronobiology scientist. Another student is performing research on
sleep in birds. A third is a graduate student in neurobiology using
electroencephalograms (EEG) and magnetic resource imaging (MRI) as
methods to investigate the relationship between thalamic activation and
cortical activation during sleep spindles. Another individual recently
received a young investigator award from the European Sleep Research
Society (2004, Prague ESRS meeting) for research on adolescent sleep
patterns.
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numbers of faculty qualified to teach information about sleep may be lim-
ited in particular settings.

Students in the clinical health science majors, such as those in nursing
and premedicine, should have didactic and associated clinical work in sleep
medicine that include specific content in the following:

• Interactions between sleep and health.
• The neurobiology and functions of sleep.
• Effects of restricted or reduced sleep on pathophysiology of diseases.
• Mechanisms that lead to sleep disorders across the life span and

across genders.
• Normal sleep processes across ages, genders, and socioeconomic

groups.
• Effective sleep interventions for sleep disorders (Strohl et al., 2003).

GRADUATE RESEARCH TRAINING IN
SOMNOLOGY AND SLEEP DISORDERS

Graduate school is traditionally a time of focused concentration on a
specific area of investigation, and the curricular requirements for graduate
degrees in biological sciences are typically highly variable among disciplines,
programs, and universities. Exposure to research on sleep-related topics is
probably most applicable to interdisciplinary programs in neuroscience, as
well as to single-discipline programs (e.g., pharmacology, physiology, bio-
chemistry, anatomy, and cell biology). Although the content of these cur-
ricula typically depend on the research interests of the local faculty, it is in
the interest of the students to have a broad exposure to neuroscience that is
usually accomplished via a graduate level survey course in the field, and for
that course, or other relevant courses, to include some exposure to sleep-
related research. Although there are limited data, it appears that this expo-
sure does not occur. For example, one of the top neuroscience and sleep
programs, the neuroscience graduate course in the health sciences and
technology program at Harvard University and Massachusetts Institute of
Technology, includes only a single lecture on the molecular biology of cir-
cadian rhythms and no exposure to sleep-related research (personal com-
munication, C.B. Saper, Harvard University, December 1, 2005).

OVERVIEW OF MEDICAL SCHOOL SOMNOLOGY EDUCATION

The inadequacy of somnology education in medical curricula has been
a long-standing issue. As far back as 1978, a survey by the American Sleep
Disorders Association (now the AASM) revealed that 46 percent of medical
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schools provided no sleep-related education and 38 percent sponsored mini-
mal instruction (Orr et al., 1980). Although the percentage of medical
schools that include sleep disorders in their curricula has risen modestly
from 54 percent in 1978 (Orr et al., 1980) to 63 percent in 1993, the time
devoted averages only 2.11 hours (Rosen et al., 1998). Eighty-nine percent
of medical students never performed a clinical evaluation of an individual
with a sleep disorder (Rosen et al., 1993).

The situation has slowly improved. A survey performed by a special
subcommittee of the AASM, called Taskforce 2000, in 1995 indicated a
growth in time devoted to somnology content to 4 hours in the preclinical
basic sciences and 2 hours in the clinical clerkships (Rosen et al., 1998).
However, structured learning experience in the sleep laboratory and clinical
evaluation of individuals with sleep disorder remain limited. Major barriers
continue to be lack of time in the medical curriculum, the need for better
resources and teaching facilities, and the need for leadership and effective
advocacy.

Barriers to Implementation of Sleep-Related Medical Curriculum

Efforts to enhance the training and education in somnology and sleep
medicine at all levels of medical education continue to face important chal-
lenges. These include the following:

• Somnology and sleep medicine is still a relatively new field, cutting
across many traditional disciplinary boundaries. Therefore, there is a need
to implement a cohesive, interdisciplinary, and centrally organized sleep
medicine curriculum.

• The importance of sleep to good health is often poorly appreciated;
hence, it is underrepresented in the medical curriculum.

• Somnology and sleep medicine is a budding interdisciplinary field;
sleep and circadian rhythms interact and influence nearly every organ sys-
tem. A coordinated curriculum that includes content related to somnology
and sleep disorders is needed in every related teaching block.

• Limited availability of faculty and mentors with appropriate scien-
tific and clinical expertise creates a need for “content champions” to push
the educational agenda in a centrally organized way.

• A paucity of local educational resources, including clinical infrastruc-
ture, exists (Orr et al., 1980; Rosen et al., 1993, 1998; Owens, 2005). As
described below, the NIH and AASM have contributed significant resources
to the development and establishment of somnology medicine curricula in
the past. However, there has been limited evaluation of these efforts.
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Sleep Academic Award

From 1996 to 2003 the NCSDR and the NHLBI cosponsored the Sleep
Academic Award program. Its primary objective was to develop and evalu-
ate model curricula in somnology and sleep medicine for adaptation into
academic institutions. In tandem with curricular development, the Sleep
Academic Award program also sought to promote interdisciplinary learn-
ing environments and faculty development in somnology and sleep medi-
cine. The model curriculum for medical schools encompassed these four
basic core competencies:

• Explain the nature and causation of sleep.
• Discuss the impact of sleep and circadian disorders.
• Perform a sleep history.
• Initiate measures to improve sleep and to reduce sleepiness.

Other Sleep Academic Award professional education initiatives included
the addition of sleep questions to board examinations in psychiatry, pediatrics,
otolaryngology, and pulmonary medicine; the creation of a sleep clinical
case vignette bank for use in objective structured clinical examinations and
problem-based learning seminars; the development of continuing medical
education lectures and courses; and the implementation of faculty develop-
ment workshops.

The Sleep Academic Award program also undertook initiatives in
graduate medical training related to the effects of sleep loss and fatigue.
These initiatives included collaboration with the American Medical Asso-
ciation and the Accreditation Council for Graduate Medical Education
(ACGME) on work hours for residents. The MedSleep dissemination initia-
tive distributes educational resources and products for free, including web-
based materials, slide sets, videotaped case histories, and curriculum out-
lines (AASM, 2005). In addition, the AASM Medical Education Committee
has established a network of sleep-related education advocates in over 100
of the nation’s medical schools to continue the development and implemen-
tation of educational materials and to provide evaluation.

Effectiveness of the Sleep Academic Award Program

Although the overall impact and durability of Sleep Academic Award
program initiatives have not been measured, they have provided time and
money for academic career development in somnology (research and schol-
arship), training in educational methodology, opportunity for mentorship,
and access to leadership positions in professional organizations. Similarly,
the durability of institutional impact, while difficult to predict precisely, has
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included: provision of teaching, educational support, and materials; increases
in the knowledge base of graduates; research opportunities; and engage-
ment of multiple disciplines in somnology and sleep medicine education.

Several empirical studies regarding somnology medical education sup-
ported by the Sleep Academic Award program have been published in a
special section of the January 2005 edition of Sleep Medicine. These studies
have shown the following:

• The efficacy of a pediatric screening tool (the BEARS) to increase the
amount of sleep information recorded in primary health care settings
(Owens and Dalzell, 2005).

• The development and validation of a tool (the Dartmouth Sleep
Knowledge and Attitude Survey) in assessing outcomes of educational in-
terventions in sleep medicine (Sateia et al., 2005).

• The impact of education in improving the recognition of sleep disor-
ders in a community-based setting (Zozula et al., 2005).

• The positive impact of lecture and case-based discussion on the per-
formance of medical students in an objective structured clinical examina-
tion (Papp and Strohl, 2005).

• The use of the objective structured clinical examination for sleep
medicine to gain access to the medical school curriculum by providing ob-
jective structured clinical examinations on sleep problems such as obstruc-
tive sleep apnea and chronic insomnia (Rosen et al., 2005).

One important outcome of the Sleep Academic Award has been an
improvement in the number of somnology and sleep disorders questions
on board exams; however, the representation is still low, given the public
health burden. For example, the content outline of the board exam for
internal medicine indicates zero to two sleep-related questions. The Ameri-
can Board of Otolaryngology lists corrective sleep surgery as 1 of 22 surgi-
cal concepts that is covered in the exam, where surgical concepts repre-
sents 15 percent of the exam content (American Board of Otolaryngology,
2006). The American Board of Psychiatry and Neurology mentions som-
nology and sleep disorders as 1 of 20 areas covered in the exam’s physiol-
ogy section—physiology also constitutes 15 percent of the exam (Ameri-
can Board of Psychiatry and Neurology, 2006). The content specifications
for the American Board of Pediatrics mentions somnology and sleep disor-
ders 19 times (American Board of Pediatrics, 2006).

Nurses as Care Managers

Another key group of health care providers that could play an espe-
cially significant role in advocating healthy sleep and promoting the diag-
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nosis and management of sleep problems are nurses—the largest number of
health care providers in the United States. Nurses are in a unique position
to contribute to new knowledge about sleep and health promotion, provide
primary care, as well as monitor sleep habits and disseminate information
to patients, and enhance patient compliance with treatment (Lee et al.,
2004). Unfortunately, nursing education faces many of the same challenges
as other health care provider educational programs regarding the incorpo-
ration of sufficient sleep content in its programs. Recently, curriculum rec-
ommendations for somnology and chronobiology education for nursing at
the undergraduate and graduate level programs have been developed (Lee
et al., 2004). These guidelines have been integrated into a limited number of
nursing programs; however, greater integration of sleep-related material is
required in nursing education programs.

OVERVIEW OF SOMNOLOGY IN MEDICAL RESIDENCY
TRAINING CURRICULA

To ensure a high degree of recognition and the most effective clinical
care, it is important that more training programs educate residents about
the need for early detection and, whenever possible, the prevention of
chronic sleep loss and sleep disorders. Primary care providers are largely
responsible for this surveillance in the medical system. Therefore, it is im-
perative that internists, family medicine doctors, and pediatricians are suffi-
ciently trained to assume the surveillance role. As many individuals are
referred to pulmonologists, neurologists, psychiatrists, and otolaryngolo-
gists for disorders that are related to sleep problems, extensive training in
sleep medicine also should be integrated into those program curricula.

The current ACGME program requirements for residency training in
internal medicine, family medicine, pediatrics, and psychiatry do not men-
tion chronic sleep loss or sleep disorders. Program requirements for resi-
dency in neurology list sleep disorders as one of 22 subjects to be addressed
in seminars and conferences. However, except for residency programs in
otolaryngology, none of the other four residency program requirements
address clinical experiences in sleep medicine (ACGME, 2005a).

Curricula should be designed to ensure that knowledge and skills
required to detect the broad range of sleep disorders and to manage those
that are not complex should be a component of general competency in each
of the five relevant specialty areas of medicine. General competency in
somnology and sleep medicine should be certified and recertified by the
respective boards of the American Board of Medical Specialties (ABMS).
With guidance from the residency review committee of the ACGME, each
training program in these five specialty areas must develop curriculum con-
tent for somnology and sleep medicine. Departments sponsoring these train-
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ing programs have a responsibility to have in place, or alternatively, to
identify faculty-level expertise in somnology and sleep medicine, and ensure
availability of these individuals for learners in the residency training pro-
gram. As a result of the multidisciplinary nature of sleep medicine, inter-
departmental sharing of expertise for training should be required in many
settings. Clinical experience with diagnosis and management of patients
with sleep disorders is preferred to didactic experiences. For this reason, the
presence of an institutional sleep disorders clinic, laboratory, or center
should be a key component of the educational infrastructure. Exposure of
residents to the multidisciplinary nature of sleep evaluation and treatment
will best prepare them for roles as primary caregivers, particularly for iden-
tification, treatment of simple sleep problems, and triage of more compli-
cated patients to appropriate subspecialists.

Residents should become aware of the general health consequences of
sleep disorders, such as the relationship between sleep deprivation and obe-
sity, cardiovascular disease, and behavioral disorders. In addition, sub-
specialists in internal medicine and pediatric prevention, diagnosis, and
treatment should be fully familiar with the sleep-related consequences of
chronic disease and incorporate this awareness into their practices and sub-
specialty fellow training. Providing generalists with sleep-related education
would enable them to be competent to care for a substantial number of
sleep problems and refer individuals to sleep specialists as needed.

In view of the workforce shortage in the field (see Chapter 7) and the
small number of both training programs and individuals enrolled in som-
nology and or sleep medicine training programs (see below), exposure of
residents to this area of medicine will enhance awareness of career opportu-
nities in this discipline and improve clinical care. Thus, the goal of embed-
ding somnology and sleep medicine exposure and experiences in core resi-
dency training is to prepare a wide range of individuals to participate as
frontline caregivers, and also to ensure that somnology and sleep medicine
is visible to learners early in their training process and possibly foster their
consideration of somnology or sleep medicine as a career focus. Exposure
of residents to discovery and translational research related to sleep medi-
cine might also enhance the attractiveness of the field. Therefore, somnology
and sleep medicine investigators should participate, wherever possible, in
the residency training process.

OVERVIEW OF SLEEP MEDICINE FELLOWSHIP TRAINING

AASM-Accredited Fellowship Training Programs

Until recently fellowship training programs in sleep medicine were rare,
with a small number of academic institutions, hospitals, and other facilities
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hosting programs that were not standardized. To address this, a formal
accreditation program for fellowship training programs in sleep medicine
was established by the AASM. The number of fellowships has grown pro-
gressively, particularly over the last decade. There are now 53 fellowship
training programs (Table 5-1). Reflecting the multidisciplinary roots of sleep
medicine, these training programs are housed in various departments within
these institutions.

TABLE 5-1 Accredited Programs for Fellowship Training in Somnology
and Sleep Medicine

Date Department
Accredited Name of Institution Affiliation

1980 Stanford University Psychiatry and
Behavioral Sciences

1989 Center for the Study of Sleep and Waking Psychiatry and
Behavioral Sciences

1991 Detroit Veterans Affairs Medicinal Center Neurology
1991 Henry Ford Hospital Pulmonary Division
1992 Mount Sinai Sleep Disorders Center Pulmonary Division
1993 Michael S. Aldrich Sleep Disorders Laboratory Neurology and

Psychiatry
1993 Newark Beth Israel Sleep Disorders Center Department of

Pulmonary
Medicine

1993 University of Pittsburgh School of Medicine Psychiatry and
Medicine,
Pulmonary Division

1994 Cleveland Clinic Foundation Neurology
1995 Mayo Sleep Disorders Center Pulmonary and

Critical Care
1996 Rush University Medical Center Departments of

Psychology and
Medicine

1997 Wayne State University Pulmonary Division
1998 University of Kentucky Internal Medicine
1998 University of Mississippi Medical Center Psychiatry
1998 Intermountain Sleep Disorders Center Pulmonary Division
1999 Children’s Memorial Hospital Pediatrics
2000 Brigham and Women’s Hospital Medicine
2000 Duke University Medical Center Pulmonary, Clinical

Neurology, and
Clinical
Neuropatholgy

continued
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2001 Sleep Medicine and Circadian Biology Program/ Pulmonary, Allergy,
Indiana University School of Medicine Critical Care, and

Occupational
Medicine

2001 State University of New York at Buffalo Medicine
School of Medicine

2001 University of Nebraska Medical Center Pulmonary Critical
Care Section of the
Department of
Internal Medicine

2001 Rush University Medical Center Department of
Psychology

2001 Northwestern University Medical School Department of
Neurology

2001 Worcester Medical Center Campus at Department of
St. Vincent Hospital Neurology

2001 Scott and White Memorial Hospital and Clinic Department of
Pulmonary/Critical
Care

2001 Lahey Clinic Pulmonology
2001 University of Pennsylvania Pulmonary, Critical

Care, and Sleep
Section

2001 Case Western Reserve University Departments of
Medicine, Pediat-
rics, and Neurology

2002 Southwestern Medical Center Department of
Psychiatry

2002 Seton Hall University School of Graduate
Medical Education

2002 St. Elizabeth’s Medical Center Pulmonary Division,
Department of
Medicine

2002 Long Island Jewish Medical Center Department of
Medicine

2002 New Mexico Center for Sleep Medicine
2002 University of Iowa Hospitals and Clinics Sleep Neurology

Disorder Center
2002 Hackensack University Medical Center Institute

of Sleep-Wake Disorders
2002 Dartmouth Hitchcock Medical Center Department of

Psychiatry
2003 Mayo Clinic/Mayo Graduate School of Medicine, Division of Education

Jacksonville Services
2003 Johns Hopkins University Sleep Disorders Center Pulmonary/Critical

Care

TABLE 5-1 continued

Date Department
Accredited Name of Institution Affiliation
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2003 Tulane University Health Science Center Comprehensive Sleep
Medicine Center

2003 Wake Forest University Health Sciences Department of
Psychiatry

2003 Beth Israel Deaconess Medical Center Department of
Neurology

2003 Beth Israel Deaconess Medical Center Division of Pulmo-
nary, Critical Care,
Sleep Medicine

2003 University of Texas Health Science Center, Houston Division of Pulmo-
nary, Critical Care,
Sleep Medicine

2003 Center for Sleep Disorders at Johnson City Pulmonary/Critical
Medical Center Care/Internal

Medicine
2003 University of Wisconsin-Madison Department of

Medicine
2003 Clinilabs, Inc. (Sleep Disorders Institute)
2003 State University of New York at Buffalo Department of

Neurology
2004 St. Mary’s Medical Center/Ultimate Health Services Regional Sleep Center
2004 University of Washington Medicine and

Neurology
2004 Norwalk Hospital Sleep Disorders Center Department of

Medicine
2004 Temple University Health System Sleep Department of

Disorders Center Internal Medicine,
Division of
Pulmonary and
Critical Care

2004 Washington University School of Medicine Department of
Neurology

2004 University of Louisville/Kosair Children’s Hospital Department of
Pediatrics

SOURCE: Personal communication, J. Barrett, AASM, December 12, 2005.

TABLE 5-1 continued

Date Department
Accredited Name of Institution Affiliation

With the complex nature of sleep medicine in mind, the guidelines for
accreditation allowed programs to design fellowship training in two ways.
The first design allowed for the sleep medicine fellowship to be a minimum
of 12 months of training in comprehensive sleep medicine that could be
done during or after specialty fellowship training. The second design
allowed for the sleep medicine fellowship to be of a combined nature, in
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which a substantial portion of the sleep medicine training is embedded
within the primary specialty training.

The guidelines for accreditation of fellowship training required that
programs provide graduates with clinical, technical, and research experi-
ence that promotes sound clinical judgment and a high level of knowledge
about the diagnosis, treatment, and prevention of sleep disorders. The guide-
lines emphasized education in specific content areas, including basic neuro-
logical sleep mechanisms; chronobiological mechanisms; cardiovascular,
pulmonary, endocrine, and gastrointestinal sleep physiology; specific dis-
orders of sleep; and the psychopharmacology of sleep, as well as the opera-
tion of polysomnographic equipment, polysomnographic interpretation,
and troubleshooting.

Eligibility requirements for an accredited program include at least one
year of training preceded by the completion of an accredited residency pro-
gram, and sponsorship by an institution that meets fellowship training
requirements set forth by the ACGME. The director of the program must
be a physician who is a diplomate of the American Board of Sleep Medicine
(ABSM), and the program has to be associated with a sleep disorders center
accredited by the AASM.

Completion of training in an accredited program satisfies requirements
for eligibility to sit for the sleep medicine certification examination admin-
istered by the ABSM.

ACGME Sleep Medicine Fellowship Training Programs

In 2002, the AASM submitted an application to ACGME for accredita-
tion of fellowship training programs in sleep medicine. ACGME approved
the program requirements for sleep medicine fellowship training programs
in June 2004. Accreditation of fellowship training programs by the ACGME
now provides a framework for the continued expansion of specialized clini-
cal training in sleep medicine and draws greater attention to the necessity of
training programs.

The ACGME fellowship requires 1 year of clinical sleep medicine.
Trainees can enter the sleep medicine fellowship if they have been trained in
one of the following: general internal medicine (3 years of postgraduate
training); neurology (4 years of postgraduate training); psychiatry (4 years
of postgraduate training); general pediatrics (3 years of postgraduate train-
ing); otolaryngology (5 years of postgraduate training).

In June 2004, ACGME convened a Sleep Medicine Working Group to
develop requirements for fellowship training in sleep medicine and formal-
ize the accreditation process. The working group created a comprehensive
program guideline that included requirements to ensure competence in core
areas, including facility and resources for training, faculty, assignment of
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rotation and duty, curriculum, program content, and clinical experience
(ACGME, 2005b). The first round of program accreditation was effective
July 1, 2005, and 25 programs have received accreditation from ACGME
for fellowship training.

DEMONSTRATION OF KNOWLEDGE: BOARD CERTIFICATION

ABSM Certification

In response to increasing recognition and awareness of the importance
of sleep and sleep disorders, professional certification in sleep medicine has
been administered for physicians and practitioners to demonstrate skill and
competence.

The American Sleep Disorders Association (now the AASM) in 1978
established an examination committee. That same year, the committee held
the inaugural clinical polysomnography examination; 21 candidates passed
the exam. Each year the examination committee received an increasing num-
ber of applications, which led to discussions regarding the future of certifi-
cation. In 1989, the AASM voted to create an independent entity, and in
1991 the ABSM was incorporated and assumed all the activities and re-
sponsibilities of the former examination committee.

The ABSM is an independent nonprofit organization and has a board
of directors that oversees all aspects of exam administration and gover-
nance. The ABSM was self-designated and was not recognized by the ABMS.

Until 2005, the ABSM certification examination consisted of two parts.
The part I examination consisted of multiple choice questions covering the
basic sciences of sleep, clinical sleep medicine, and interpretation of poly-
somnogram fragments and other material. Part II was computer-based and
consisted of a series of clinical cases with partial polysomnograms, Multiple
Sleep Latency Tests, and other relevant data, with candidates typing short
answers to questions. The ABSM decided to fuse the two parts of the ex-
amination in 2005 and offer a single-day, one-part examination that incor-
porates the format of both former parts.

Eligibility for the examination is dependent on a candidate fulfilling
five requirements as well as possessing acceptable experience in the evalua-
tion of sleep disorders patients. These eligibility requirements ensure ad-
equate and proper education and training—either through an accredited
fellowship program or through a combination of training and experience—
and competency evaluation through certification of a primary board. Pro-
fessionals from other clinical disciplines, such as doctoral psychologists and
nurses who met all criteria, were also eligible to sit for the examination.

Over the past 14 years, the ABSM certification examination has devel-
oped a strong reputation in the medical community and experienced tre-
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FIGURE 5-1 Total number of diplomates of the ABSM (1979–2005).
SOURCE: Personal communication, J. Barrett, AASM, December 15, 2005.

mendous growth in terms of applicants. The number of candidates applying
for the certification examination as well as the number of diplomates (Fig-
ure 5-1) has increased dramatically each year; however, as will be discussed
in detail in Chapter 6, the capacity is still not sufficient to diagnose and
treat all individuals with sleep disorders.

Establishment of the ABMS in Sleep Medicine

Despite its growth in reputation and numbers of diplomates, it became
evident by the late 1990s that the ABSM as a freestanding board would not
be recognized as fully legitimate by organized medicine. Because sleep medi-
cine requires only 1 year of postresidency fellowship training, the ABSM
was ineligible to join the ABMS as an independent board.

In 2002, the ABSM met with several specialty societies and professional
organizations to discuss the necessity for certification examination in sleep
medicine and the best design for such an examination. A consensus plan
was developed for the establishment of a new subspecialty examination in
sleep medicine to be jointly offered by the American Board of Internal Medi-
cine, the American Board of Psychiatry and Neurology, and the American
Board of Pediatrics; the American Board of Otolaryngology joined later as
a sponsoring board. Following further successful negotiations, a plan for
this examination was submitted to the ABMS in early 2004. In March 2005,
the ABMS announced approval of the certification examination in sleep
medicine. A specific time frame for the new examination has not been set; it
is expected, however, that the first examination cycle will begin in 2007.

There are three pathways that qualify physicians to sit for the new
examination: (1) certification by one of the primary sponsoring boards and
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the current ABSM; (2) certification by one of the primary sponsoring boards
and completion of training in a 1-year sleep medicine fellowship program,
not overlapping with any other residency or fellowship; and (3) clinical prac-
tice experience. This clinical practice experience pathway may consist of a
5-year “grandfathering” period open to physicians who are board certified
in one of the sponsoring specialty boards and who can attest that he or she
has the equivalent of 1 year of clinical practice experience in sleep medicine
during the prior 5 years. This experience could, for example, be gained by
an individual practitioner who has devoted one-third of his or her practice
to sleep medicine over 3 years. Physicians in the clinical practice pathway
will also have to attest to a specified minimum number of patients seen and
polysomnograms and Multiple Sleep Latency Tests read. At the end of this
initial 5-year period, the only route to board eligibility will be through an
ACGME accredited fellowship training program. This creates a one-time,
unprecedented opportunity for pulmonologists, neurologists, otolaryngolo-
gists, psychiatrists, and other physicians already working in the field to sit
for the board examination. However, not all sleep clinicians will be eligible
for this accreditation. The ACGME only permits accreditation of doctors,
thus nurses, dentists, and doctorally prepared sleep specialists (e.g. psy-
chologists and behavioral health specialists) in other fields are no longer
eligible to sit for the examination. As a consequence, there is the potential
that in the future particular bodies of knowledge will not be represented in
sleep medicine.

Representatives from all four boards are developing and setting stan-
dards for the new examination. The American Board of Internal Medicine
has administrative responsibility for examination development, and the par-
ticipating/sponsoring boards have responsibility for setting admission crite-
ria for their own diplomates. These standards and criteria are expected to
be announced in 2006.

Although this new structure is based on sleep medicine becoming rec-
ognized as an independent specialty, it is too early to tell how well this new
approach will work in developing the needed workforce of practitioners for
sleep medicine and the next generation of physician-scientists. The fellow-
ship is somewhat unusual in that there is only the requirement for 1 year of
training beyond completion of residency. It is unclear whether pulmonologists,
who have until now formed the majority of the clinical workforce in sleep
medicine (60 percent of diplomates in 2005), will continue to be attracted
to the field (Figure 5-2). Clinical requirements for pulmonary medicine
involve 18 months of training beyond residency. It appears that this will not
count to training in sleep medicine even though there is now a defined
curriculum for sleep medicine in pulmonary medicine (American Thoracic
Society, 2005) and 10 to 15 percent of the board examination for pulmo-
nary medicine is about sleep disorders. An additional clinical year of train-
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FIGURE 5-2 Percent of pulmonology diplomates of ABSM.
SOURCE: Personal communication, J. Barrett, AASM, December 15, 2006.
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ing above and beyond that for pulmonary medicine may represent a barrier
to pulmonologists entering this discipline. It is hoped that this issue is
addressed, as pulmonologists encompass a significant percentage of the clini-
cal workforce of practitioners in sleep medicine.

Another area of uncertainty is funding for these new sleep fellowships.
Previously, when the fellowship was not ACGME-approved, fellows could
obtain reimbursements for their clinical activities, including sleep study in-
terpretation. In some other programs, sleep medicine training was incorpo-
rated into multiyear research training supported by training grants from the
National Institutes of Health (NIH). Neither of these options is available in
the new format.

Unfortunately, the rules introduced by the ACGME are not flexible and
require 1 complete year of clinical training even in programs that are multi-
year and committed to research training. This may have a negative impact
on the already fragile pipeline of physician-scientists in this new discipline
as outlined elsewhere in this report (see Chapter 7). As described in detail in
Chapter 8, the committee encourages the proposed Type II comprehensive
academic sleep centers to incorporate research training into their sleep medi-
cine fellowships, while for Type III centers this is considered an essential
component.

A final potential limitation of this new examination structure is that it
is open exclusively to physicians. Other clinician scientists in fields such as
psychology, neuroscience, and nursing will not be eligible to sit for the
examination as was the case in prior years. Currently, there are 154 ABSM
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PhDs board-certified by the AASM (personal communication, J. Barrett,
AASM, January 13, 2006). Excluding these individuals may have an impor-
tant negative effect on patient access, interdisciplinary nature of sleep pro-
grams, and the decision of talented potential scientists and clinicians to
pursue the study of somnology.

NEXT STEPS

Medical, nursing, and pharmacy students along with individuals in
graduate training, residency, and fellowship training programs require
greater exposure to the public health burden of sleep loss and disorders;
they also must understand the relationship between sleep problems and the
proper diagnosis and treatment of a wide range of medical problems
throughout an individual’s life span. Although the data are limited, they
suggest that focused training about sleep can positively influence the perfor-
mance of medical students (Haponik and Camp, 1994), residents (Owens
and Dalzell, 2005), physicians (Haponik et al., 1996; Rosen et al., 2005;
Papp and Strohl, 2005), and primary care clinical staff (Zozula et al., 2005).
For example, interns who had previous instruction about sleep-related
material often asked patients about past or current sleep problems (82 per-
cent of the time), while sleep histories were rarely obtained by interns who
did not have any previous instruction (13 percent of the time) (Haponik et
al., 1996).

The challenges that lie ahead, outlined below, are many:

• Sustaining educational initiatives begun by the Sleep Academic
Award program.

• Monitoring progress and developing new and updated educational
materials, such as sleep objective structured clinical examinations.

• Coordinating efforts across institutions.
• Identifying remaining gaps by assessing the impact of sleep educa-

tion on physician knowledge, skills, and attitudes; clinical practice; and
public health.

• Assessing the relative value and effectiveness of sleep curricula that
are integrated across other areas versus those that are stand-alone units.

• Developing means of credentialing nurses, psychologists, and other
clinicians who will not qualify for American Board of Medical Specialties
certification.

• Integrating sleep-related content into continuing education
requirements.

To these ends, educational outcomes research grants and partnerships
with appropriate medical subspecialty groups for development and dissemi-
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nation of educational programs is essential. Further, many health care-
related programs are actively embracing new technologies for teaching (e.g.,
computer simulations of office practices) that provide an opportunity to
ensure that sleep-related materials are incorporated into evolving curricula.

Most important, however, somnology health care providers need to be
engaged in curriculum development and implementation. This will enable
more effective curricular time and resources necessary for addressing basic
educational goals in sleep disorders medicine and for integrating sleep ma-
terials into other academic areas. A coordinated curriculum—one that is
not departmentally based—offers many advantages to encouraging more
rational allocation of time and resources to critical areas of public health,
including sleep and its disorders (Reynolds et al., 1995). This could be criti-
cal to a new integrative approach to teaching and learning about somnology
and sleep disorders for the rest of the medical curriculum.

Recommendation 5.2: Academic health centers should integrate the
teaching of somnology and sleep medicine into baccalaureate and
doctoral health sciences programs, as well as residency and fellow-
ship training and continuing professional development programs.

The subjects of sleep loss and sleep disorders should be included in
the curricula of relevant baccalaureate and graduate educational
and research programs of all the health sciences. Similarly, post-
graduate, residency, and fellowship training programs, as well as
continuing professional development programs, must include this
content. The curriculum should expose students in the fields of
medicine and allied health fields to the etiology, pathophysiology,
diagnosis, treatment, prevention, and public health burden of sleep
loss and sleep disorders. Relevant accrediting bodies and licensing
boards ought to define sleep-related curriculum requirements and
expectations for knowledge and competency (e.g., Liaison Com-
mittee on Medical Education, Accreditation Council for Graduate
Medical Education, American Board of Medical Specialties, the
National League for Nursing, the Commission on Collegiate Nurs-
ing Education, and the Council on Education for Public Health).
Further, a means for credentialing nonphysicians should be main-
tained by the American Board of Sleep Medicine, or new mecha-
nisms should be developed by relevant organizations.
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DATA SYSTEMS FOR SURVEYING SLEEP
AND SLEEP DISORDERS

Adequate public health education not only requires informing public
and health care practitioners, but also adequate monitoring of the pub-
lic health burden. The development of adequate surveillance and monitor-
ing systems is important for informing policy makers, health care provid-
ers, researchers, and the public about the effectiveness of health care ser-
vices, programs, and policies. However, there is currently very little
ongoing nationwide surveillance. A number of existing national and state-
wide databases that can be used for surveillance and monitoring of disease
burden in the United States population are available. The CDC manages
and coordinates many of the large national surveys. Two of these data-
bases, the National Health and Nutrition Examination Survey (NHANES)
and the National Health Interview Survey (NHIS), have readily available
information relevant to chronic sleep patterns and sleep disorders. Other
data systems would need to add new components that incorporate sleep-
related measures to be of use to researchers in the field. However, not only
is it important for new criteria to be added to surveillance and monitor-
ing systems, but researchers must also be encouraged to make use of these
datasets.

National Center for Health Statistics

The National Center for Health Statistics (NCHS) is one of the centers
of the CDC, and its primary goal is to monitor health trends throughout the
nation and to guide actions and policies to improve the health of Ameri-
cans. The NCHS has permanent surveillance systems of health and disease
outcomes (e.g., vital statistics); it also conducts permanently ongoing na-
tionwide studies and surveys. In addition, it conducts special studies as need
arises (e.g., supplemental components to national surveys on a limited time
basis). As described below, data relevant to sleep research are currently
available from some of these systems, but the possibility of additional data
collection to fill current knowledge gaps should be carefully considered.

There are a number of major health statistics sources in the United
States, stratified according to the local, state, and national nature of their
frame. Some sources are purely national (e.g., NHANES, the National
Health Care Survey, and the Medical Expenditure Panel Survey); others are
state (e.g., Behavioral Risk Factor Surveillance System, the State and Local
Area Integrated Telephone Survey) or local (e.g., the National Immuniza-
tion Survey); yet, the frame for other sources span across all levels of gov-
ernment (e.g., vital statistics, Medicare, and Medicaid).
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National Health and Nutrition Examination Survey (NHANES)

Since 1959, a series of health examination surveys of the United States
population have been conducted by the CDC and the NCHS. NHANES
protocol is designed to monitor the health and nutritional status of Ameri-
cans. In 1999 NHANES was changed from a periodic survey to an annual
survey with public data files released in 2-year periods to protect confiden-
tiality and increase statistical reliability. As in previous national health ex-
amination surveys, participants are interviewed in their homes followed by
a complete health examination, part of which includes biological specimen
collection. The examinations are conducted in a mobile examination cen-
ter. Each mobile examination center consists of four interconnected spe-
cially designed trailers, which house biomedical equipment and laboratory
capabilities. An examination team composed of 16 specially trained health
professionals and support staff, including a licensed dentist, physician, in-
terviewers, health technicians, and an x-ray technician, operates each mo-
bile examination center.

NHANES monitors the prevalence of diseases and risk factors, nutri-
tional habits and anthropometry status, growth and development, and en-
vironmental exposures. Because of its cyclical nature, in addition to its core
components, NHANES temporarily adds components (either additional
questionnaires or exam procedures). Starting in 2005, and scheduled to end
in 2008, a sleep section was added to the household questionnaire. This
was done with cosponsorship from the NHLBI and targeted participants in
the survey older than 16 years. The NHANES sleep questionnaire is based
on instruments previously used in epidemiological studies and includes ques-
tions on sleep habits as well as questions on functional outcomes of sleep
disorders (Table 5-2).

National Health Interview Survey

The NHIS is the core survey of the Department of Health and Human
Services, and since its establishment in 1957 it has been the principal source
of information on the health of the civilian noninstitutionalized population
of the United States (excluding patients in long-term care facilities, Armed
Forces personnel on active duty, and U.S. nationals living abroad). Its main
objective is to monitor the health of the U.S. population through the collec-
tion and analysis of data on a broad range of health topics. It is designed as
a cross-sectional household interview continuously running throughout each
year. The current sampling plan was redesigned in 1995, and it is based on
a multistage area probability sample that permits the selection of a nation-
wide representative sample of households on a weekly basis. Approximately
43,000 households (including about 106,000 persons) are successfully re-
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cruited each year. Since 1995, both African American and Hispanic persons
are oversampled, and samples are drawn for each state.

The core content of the survey questionnaire (the “basic module”) re-
mains largely unchanged from year to year, thus allowing for trend analyses
and for data from more than 1 year to be pooled to increase sample size for
analytical purposes. However, survey content is updated every 10 to 15
years. The latest significant revision was put in place in 1997. It includes the
Family Core, the Sample Adult Core, and the Sample Child Core. The Fam-
ily Core includes information on household composition, sociodemographic
characteristics, information for matches to administrative databases, and
basic indicators of health status and utilization of health care services; it is
the sampling frame for additional integrated surveys such as the Medical
Expenditure Panel Survey (see below). From each family, one sample adult
and one sample child (if any) are randomly selected and given the corre-
sponding core interviews that cover the individual’s health status, disabil-
ity, health behaviors, use of health care services, and immunizations. In
addition to the Basic Module, the NHIS includes a Periodic Module and a
Topical Module that contain supplemental sections to respond to new pub-
lic health data needs as they arise.

TABLE 5-2 NHANES Sleep Questionnaire, 2005–2008

How often do you experience:
Trouble falling asleep
Wake up during night/difficulty getting back to sleep
Wake up too early/difficulty getting back to sleep
Feel unrested during the day
Feel excessively sleepy during the day
Do not get enough sleep
Take sleeping pills
Nasal stuffiness, etc., at night
Leg cramps and leg jerks

Have you ever been told you have a sleep disorder?
What sleep disorder?
Sleep apnea?
Insomnia?
Restless legs syndrome?

Have you ever snored?
How long does it take for you to fall asleep?
Do you have difficulty carrying out following activities because you are too tired or sleepy:

Concentrating
Remembering
Working on a hobby
Performing employed or volunteer work
Operating a motor vehicle
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The NHIS has only one question related to sleep: “On average how
many hours of sleep do you get a night (24-hour period)?”. This question
was included in the supplemental surveys administered in 1977, 1985, and
1990, and was added to the core survey in 2004. Based on these data, the
percentage of adults who reported sleeping 6 hours or less jumped from
approximately 20 percent of the population in 1985 (Schoenborn, 1986) to
25 percent in 2004 (National Center for Health Statistics, National Health
Interview Survey, 2004) across all age groups.

One important feature of the NHIS is its use as a sampling frame for
other national surveys such as the National Survey of Family Growth and
the Medical Expenditure Panel Survey. Because of its relevance for this re-
port, the latter is described in more detail below.

Vital Statistics and the National Death Index

Vital statistics include data on all births and deaths. The latter are based
on information contained in the death certificate and include identifying
information (name and social security number), demographic data, and data
on underlying and contributing causes of death. NCHS’s National Death
Index is a resource available to investigators seeking information surround-
ing the death of individual participants in prospective cohort studies. This is
useful for investigators exploring the association between sleep disorders
identified in study participants and risk of mortality from certain causes
(e.g., cardiovascular, disease, hypertension, depressive disorders, and inju-
ries). It also provides the opportunity to conduct aggregate analyses of dis-
tribution and trends of mortality directly attributable to sleep problems.

National Health Care Survey

The National Health Care Survey is a collection of health care provider
surveys that obtains information about the facilities that supply health care,
the services rendered, and the characteristics of the patients served (Table
5-3). Each survey is based on a multistage sampling design that includes
health care facilities or providers and patient records. Data are collected
directly from the establishments and/or their records, rather than from the
patients. The participating surveys identify health care events—such as hos-
pitalizations, surgeries, and long-term stays—and offer the most accurate
and detailed data on diagnosis and treatment, as well as on the characteris-
tics of the institutions. These data are used by policy makers, planners,
researchers, and others in the health community to monitor changes in the
use of health care resources, to monitor specific diseases, and to examine
the impact of new medical technologies, to mention a few.
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Two of the participating surveys are of particular relevance for the study
of health care resources utilization in relation to sleep disorders: the Na-
tional Ambulatory Medical Care Survey and the National Hospital Dis-
charge Survey.

The National Ambulatory Medical Care Survey

The National Ambulatory Medical Care Survey, which has been con-
ducted annually since 1989, is a national survey designed to meet the need
for objective, reliable information about the provision and use of ambula-
tory medical care services in the United States. Findings are based on a
sample of visits to non-federally employed office-based physicians who are
primarily engaged in direct patient care. Specially trained interviewers visit
the physicians prior to their participation in the survey in order to provide
them with survey materials and instruct them on how to complete the forms.
Data collection from the physician, rather than from the patient, provides
an analytic base that expands information on ambulatory care collected
through other NCHS surveys. Each physician is randomly assigned to a
1-week reporting period. During this period, data for a systematic random
sample of visits are recorded by the physician or office staff on an encounter
form provided for that purpose. Data are obtained on patients’ symptoms,
physicians’ diagnoses, and medications ordered or provided. The survey
also provides statistics on the demographic characteristics of patients and
services provided, including information on diagnostic procedures, patient
management, and planned future treatment.

The National Hospital Discharge Survey

The National Hospital Discharge Survey (NHDS), which has been con-
ducted annually since 1965, is a national probability survey designed to
provide information on characteristics of inpatients discharged from non-

TABLE 5-3 Surveys Included in the National Health Care Survey’s
System

National Ambulatory Medical Care Survey
National Employer Health Insurance Survey
National Health Provider Inventory
National Home and Hospice Care Survey
National Hospital Ambulatory Medical Care Survey
National Hospital Discharge Survey
National Nursing Home Survey
National Survey of Ambulatory Surgery
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federal short-stay hospitals in the United States. The NHDS collects data
from a sample of approximately 270,000 inpatient records acquired from a
national sample of about 500 hospitals. Only hospitals with an average
length of stay of fewer than 30 days for all patients, general hospitals, or
children’s general hospitals are included in the survey. However, the NHDS
excludes data from a number of hospitals, including federal, military, and
Veterans Affairs (VA) hospitals; hospital units of institutions (such as prison
hospitals); and hospitals with fewer than six beds staffed for patient use.
The data includes information related to the personal characteristics of the
patient—age, sex, race, ethnicity, marital status, expected sources of pay-
ment, and diagnoses and procedures coded to the International Classifica-
tion of Diseases, 9th Revision, Clinical Modification. It also includes ad-
ministrative items such as admission and discharge dates (which allow
calculation of length of stay). Annually, data from the NHDS are made
available to the public. As an example of the amount of data available in
this survey, the estimated number of all listed sleep disorders diagnoses in
NHDS in 2003 was 322,000. Although the NHDS excludes information
obtained through VA hospitals, there is a similar database provided by the
VA that has been used to examine the association of psychiatric disorders
and sleep apnea (Sharafkhaneh et al., 2005).

Data from these surveys could be used to monitor prevalence of com-
plaints related to sleep disorders; trends in sleep-related diagnosis and ser-
vices; characteristics of patients, characteristics of health care providers; use
of medical technology and how use differs according to region or patients’
access to care; emergence of alternative care sites; and medication use in
ambulatory care settings.

Behavioral Risk Factor Surveillance System

Funded by CDC, the Behavioral Risk Factor Surveillance System com-
plements the NCHS national surveys by providing state-specific data on
prevalence of the major behavioral risks among adults associated with pre-
mature morbidity and mortality. The main objective is to collect data on
actual behaviors, rather than on attitudes or knowledge, that would be
especially useful for planning, initiating, supporting, and evaluating health
promotion and disease prevention programs at the state and local levels.

The Behavioral Risk Factor Surveillance System is an annual telephone
survey (based on random digit dialing) in each participating state. The tele-
phone surveys methodology was chosen not only because of cost advan-
tages but also because telephone surveys were considered especially desir-
able at the state and local level, where the necessary expertise and resources
for conducting area probability sampling for in-person household inter-
views were not likely to be available.
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The survey started in 1984 with 15 participating states. By 1994, all
states, the District of Columbia, and three territories were participating.
Although the survey was designed to collect state-level data, a number of
states from the outset stratified their samples to allow them to estimate
prevalence for regions within their respective states. The CDC developed a
standard core questionnaire for states to use to provide data that could be
compared across states.

The emergence of telemarketing and increasing use of mobile phones
and automatic answering systems resulted in dwindling response rates over
the last few years. However it remains as the only state-specific source of
health-related data nationwide. There are currently no sleep-related ques-
tions in Behavioral Risk Factor Surveillance System.

Medical Expenditure Panel Survey

Funded by the Agency for Healthcare Research and Quality, the Medi-
cal Expenditure Panel Survey is a national probability survey designed to
continually provide policy makers, health care administrators, businesses,
and others with timely, comprehensive information about health care use
and costs in the United States, and to improve the accuracy of their
economic projections. The survey began in 1977 and comprises three com-
ponent surveys: the Household Component, the Medical Provider Compo-
nent, and the Insurance Component. The Household Component provides
a variety of measures of health status, health insurance coverage, health
care use and expenditures, and sources of payment for health services. The
Medical Provider Component covers hospitals, physicians, and home
health care providers and is meant to estimate the expenses of people en-
rolled in health maintenance organizations and other types of managed
care plans. Finally the Insurance Component is used to analyze the behav-
ior and choices made with respect to health care use and spending, as well
as the amount, types, and costs of health insurance available to Americans
through their workplace.

Medicare Current Beneficiary Survey

Funded by Centers for Medicare and Medicaid Services, the Medicare
Current Beneficiary Survey is a continuous, multipurpose survey of a na-
tionally representative sample of aged, disabled, and institutionalized Medi-
care beneficiaries. The Medicare Current Beneficiary Survey is the only com-
prehensive source of information on the health status, health care use and
expenditures, health insurance coverage, and socioeconomic and demo-
graphic characteristics of the entire spectrum of Medicare beneficiaries. The
purpose of the survey is to determine expenditures and sources of payment
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for all services used by Medicare beneficiaries; to establish all types of health
insurance coverage and relate coverage to sources of payment; and to trace
changes over time, such as health status, and the impacts of programmatic
changes. It includes survey data on measures of health status and access to
care that are linked to the physicians and hospital claims data. The survey
was initiated in 1991 and is designed to support both cross-sectional and
longitudinal analysis. Data are collected through interviews that take place
over 4-month intervals. Each interview includes questions regarding the
household composition; an accounting of the individual’s health insurance
coverage; a review of an individual’s health care utilization in the period
since the last interview; details about each type of service, provider charac-
teristics, and medicines prescribed; and a detailed account of charges and
payments associated with these health care events. The interview data are
linked to Medicare claims.

Youth Risk and Behavior Survey

The Youth Risk Behavior Surveillance System includes national, state,
and local school-based surveys of representative samples of 9th- through
12th-grade students (National Center for Chronic Disease Prevention and
Health Promotion, 2005). These surveys are conducted every 2 years,
usually during the spring semester. The national survey, conducted by CDC,
provides data representative of high school students in public and private
schools in the United States. The state and local surveys, conducted by de-
partments of health and education, provide data representative of the state
or local school district. The Risk Behavior Surveillance System was devel-
oped in 1990 to monitor priority health risk behaviors that contribute mark-
edly to the leading causes of death, disability, and social problems among
youth and adults in the United States. These behaviors, often established
during childhood and early adolescence, include: tobacco use, dietary be-
haviors, physical activity, alcohol and other drug use, sexual behaviors, and
behaviors that contribute to unintentional injuries and violence. Despite the
importance of sleep deprivation and other sleep disorders in young adoles-
cents (see Chapter 3), no questions on sleep and sleep behaviors have ever
been included in the survey.

Process for Inclusion of New Components in Surveys

One impediment for the addition of greater sleep-related content in
surveillance and monitoring instruments is the process required to have
new components added. In addition to a high standard of scientific merit,
inclusion of new components also often requires specific sponsorship. The
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following is a description of the criteria for adding components or ques-
tions to NHANES. Other surveys and monitoring instruments have similar
requirements.

Criteria for Adding Components to NHANES

Criteria for adding components or questions to NHANES and the NHIS
are based on scientific merit, public health importance, costs, sponsorship,
lead time, feasibility and logistics in the context of the rest of the survey
components, priority ranking in relation to competing components, and
survey burden.

NHANES runs in 2-year cycles and is governed by an internal committee
formed by NCHS leadership, epidemiologists, statisticians, and physicians.
Every 2 years, this committee requests proposals for adding components to
the upcoming 2-year cycle, including both questionnaire components and
mobile examination center exams. Proposals are received through a com-
petitive bidding process and are expected to include detailed rationale for
the public health relevance of the proposal, eligibility criteria (e.g., age,
gender eligibility), detailed estimates of costs, personnel needs, amount of
time required to do the exam, needs for laboratory or other type of equip-
ment, statistical power estimates, quality assurance/quality control proce-
dures, and the availability of external funds to subsidize the additional com-
ponent. The committee then makes a preliminary determination as to its
suitability before it reviews the proposal. Proposals under consideration are
then examined by a team of NCHS personnel and proponents to carefully
study and work out all the details and logistics of the implementation of the
new exam.

New components to the exam are typically introduced for a single 2-
year cycle, sometimes for multiple cycles (e.g., the sleep questionnaire is
introduced for two cycles from 2005 to 2008). Eventually components are
rotated off when sufficient data and sample size are acquired; some exams
may be rescheduled at a later date in order to monitor changes and trends
overtime. Other NCHS surveys follow similar procedures for review of
added components with a few differences.

Both public and private organizations are eligible to propose new com-
ponents to add to the NHANES and other NCHS surveys. Federal, state, or
local government agencies can provide funds to the NCHS to cofinance the
costs of the proposed additions. For example, the sleep questions on
NHANES are sponsored by the NHLBI. Nonprofit organizations and pri-
vate companies can also make proposals but cannot provide funds to the
NCHS; cosponsorship from private industry, however, can occur through
money deposited in the CDC foundation.
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Recommendation 5.3: The Centers for Disease Control and Pre-
vention and National Center on Sleep Disorders Research should
support additional surveillance and monitoring of sleep patterns
and sleep disorders.

The Centers for Disease Control and Prevention, working with the
National Center on Sleep Disorders Research, should support the
development and expansion of adequate surveillance and monitor-
ing instruments designed to examine the American population’s
sleep patterns and the prevalence and health outcomes associated
with sleep disorders.
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6

Ensuring Adequate Diagnosis and
Treatment: Access, Capacity, and

Technology Development

CHAPTER SUMMARY Millions of individuals suffering from
sleep disorders remain undiagnosed and untreated. Most American
communities do not have adequate health care resources to meet
the clinical demands. Further, the current diagnostic and therapeu-
tic capacity is not sufficient for the present demand, let alone the
predicted increase in demand arising from the proposed public edu-
cation campaign. Thus, additional technology development is re-
quired. Based on estimates of the prevalence of sleep disorders,
millions of individuals are undiagnosed and untreated. As aware-
ness increases, greater investment in the development and valida-
tion of new diagnostic and therapeutic technologies will be required
to meet the anticipated demand. Numerous technological advances
have enhanced the feasibility of portable diagnosis and treatment,
but they have not been fully evaluated and validated. Therefore,
the committee urges the evaluation and validation of existing diag-
nostic and therapeutic technologies, as well as the development of
new technologies.
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Increased awareness among the general public and health care practi-
tioners will present numerous challenges to existing health care providers
and researchers who are already stretched too thin. Therefore, as described
in the following sections, development and improved capacity through tech-
nology development is required.

An increased recognition of sleep disorders has resulted in an increase
in demand. In a 3-year period over the late 1990s, demand for a sleep test
doubled in the United States (Pack and Gurubhagavatula, 1999). In France
the number of patients diagnosed and receiving continuous positive airway
pressure (CPAP) treatment is annually increasing by 20 percent (Gagnadoux
et al., 2002). Demand has been accompanied by improved patient access to
physicians and other clinicians trained in sleep medicine and to facilities
where clinical sleep tests, polysomnograms, can be performed. There are
currently an estimated 1,292 sleep centers or laboratories in the United
States, 39 percent of which were accredited by the American Academy of
Sleep Medicine (AASM) (Tachibana et al., 2005). However, resources have
not kept up with demand. For example, 80 to 90 percent of obstructive
sleep apnea (OSA) cases remain undiagnosed and untreated, which increases
the burden of this disorder (Kapur et al., 2002). Narcolepsy, too, is infre-
quently detected (Singh et al., 2005), but precise rates of under diagnosis
are not available because this condition is less common. Similarly, there is
poor recognition and treatment of insomnia (Benca, 2005), as well as poor
communication between patient and physician. Thus, even with a growth
in resources, this issue is of significant importance to the millions of indi-
viduals suffering from sleep disorders.

DEVELOPING PORTABLE DIAGNOSTIC TOOLS

Polysomnography, the “gold standard” procedure for the diagnosis of
most sleep disorders, is not readily available for everyone who needs it.
These procedures employ simultaneous monitoring of numerous physiologi-
cal parameters including brain wave activity, eye movements, muscle activ-
ity (chin and legs), heart rate, body position, and respiratory variables, in-
cluding oxygen saturation. The test is typically performed overnight in a
sleep laboratory with a technician in attendance, requiring an individual to
sleep in the laboratory. Thus, this procedure necessitates facilities that ac-
commodate overnight testing (beds and monitoring areas), highly sophisti-
cated equipment, trained staff who are willing to work night shifts, and
physicians trained in sleep medicine.

Although there may currently be cost-effective ways to manage sleep
disorder, the capacity does not currently exist to diagnose and treat all
individuals. Most American communities do not have adequate health care
resources to meet the clinical demands of treating the large number of
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patients with sleep disorders (Banno and Kryger, 2004; Tachibana et al.,
2005). In many health care systems and communities, waiting lists may be
as long as 10 weeks (Rodsutti et al., 2004), with even longer waiting times
in certain systems such as Veterans Affairs Medical Centers  (Sharafkhaneh
et al., 2004). Although this is not a problem that is unique to the field, long
wait lists cause significant delays in diagnosing and treating individuals
(Banno and Kryger, 2004). This is of particular concern for individuals with
sleep disorders that lead to increased chance of injury. For example,
undiagnosed severe OSA can lead to death or serious harm of self or others
due to crashes (George, 2001). Further, long wait times contribute to high
no-show rates that in turn increases the length of the wait-lists (Callahan
and Redmon, 1987; Olivares, 1990). This also may decrease market share
(Christl, 1973; Antle and Reid, 1988). It has been estimated that sleep apnea
alone, a diagnosis that necessitates polysomnography to meet current
criteria set out by third-party payers, annually requires at least 2,310
polysomnograms per 100,000 population to address the demand for diag-
nosis and treatment (Flemons et al., 2004). However, on average, only 427
polysomnograms per 100,000 population are performed each year in the
United States, a level far below the need. In fact, 32 states annually perform
less than 500 polysomnograms (Tachibana et al., 2005). Only Maryland
annually performs more than 1,000. This large geographic variability in
levels of sleep services is not explained by Medicare reimbursement rates,
race, or distribution of OSA risk factors in these areas (Tachibana et al.,
2005). Further, such geographical variability suggests the need for more
standardized approaches for diagnosis and disease management.

Limitations in providing overnight diagnostic sleep laboratory services
are attributed to a number of factors. Direct costs associated with having a
polysomnogram performed (Chapter 4) are high. In addition, there are high
expenses to sleep laboratories, including costs related to the initial invest-
ment in equipment (hardware and software) and information technology
needed to manage large amounts of digital data. There are considerable
personnel costs related to dedicating one to two trained technicians to each
patient for a 10- to 12-hour period (for orientation, hookup, and minute-
by-minute monitoring) and for scoring of studies (2 to 3 hours per study),
overhead for space (which traditionally has used in-patient hospital space
and more recently has used space in upscale hotels that contract with health
care organizations to provide rooms or floors that serve as “community-
based sleep laboratories”), and costs related to consumable supplies used
for monitoring. Most insurers require sleep laboratories to be supervised by
physicians or other clinicians certified by the American Academy of Sleep
Medicine. In addition, many patients are reluctant to undergo somewhat
intrusive monitoring and to spend one or more nights away from home.
The latter is of special concern to individuals with home care (of their chil-
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dren or parents) responsibilities. These factors have contributed to an inter-
est in developing portable, and perhaps simpler, less costly and less intru-
sive devices that can be used in a patient’s own home, with the goals of
improving access and decreasing the cost of sleep studies.

The Potential of Developing Portable Sleep Monitoring

Numerous technological advances have enhanced the feasibility of por-
table monitoring. These include miniaturization of recording components,
efficiencies of digital data storage, remote monitoring capabilities (allowing
centrally based technicians to monitor signals at home via wireless or mo-
dem communications), and development of new physiological sensors. Ad-
vances have been such that essentially the same data that are collected using
full polysomnography in the laboratory can be collected in the home with
monitors that weigh less than 300 grams. Large-scale epidemiological stud-
ies have demonstrated the feasibility of such multichannel recordings done
in children and in middle-aged and elderly individuals (Goodwin et al.,
2003; Redline et al., 1998). Recent experience in a community sample of
almost 3,000 older men, a large percentage of whom had OSA and periodic
limb movements, indicates that this approach can yield high quality data in
97 percent of studies performed (personal communication, S. Redline, Case
Western Reserve University School of Medicine, December 15, 2005). The
improvement in the high quality of data in this study compared to previous
studies is largely due to technological advances. A study comparing the
quality of data obtained from an in-home to an in-laboratory study demon-
strates comparable quality and evidence of slightly less stage 1 sleep (i.e.,
lighter sleep) in the home, suggesting that patients may sleep better and
have more representative sleep at home (Iber et al., 2004). The apnea-
hypopnea index (AHI) determined using the two methods were highly cor-
related; however, a Bland Altman plot showed that at lower AHIs, the AHI
tended to be lower in the laboratory than at home, and at higher AHIs, the
AHI was higher in the laboratory than home. The latter phenomenon was
thought to relate to positional differences in apnea severity, with severely
affected patients probably spending more time on their back when sleeping
in the typical hospital bed than when studied at home. However, although
recent studies suggest low failure rates, there may be significant differences
in the failure rates of unattended monitoring in less controlled settings.
Thus examination of the efficacy of such technologies should be performed
in less controlled settings, as may occur in clinical practice.

Despite the promise of this technology, such comprehensive monitor-
ing, even at home, is probably as burdensome to patients as when per-
formed in the laboratory, requires a technician to travel to the patient’s
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home to set up and retrieve the units, and has a higher failure rate due to all
the vagaries of using many sensors in an unattended manner. Failure rates
between 5 to 20 percent have been reported for ambulatory diagnostic
devices (Redline et al., 1998; Whitney et al., 1998; Fry et al., 1998; Mykytyn
et al., 1999; Portier et al., 2000); however, since these reports were released
there have been many technological improvements. A formal cost-benefit
analysis of 12 to 14 multichannel in-home monitoring compared to in-
laboratory monitoring has not been performed. Thus, there is interest in use
of simpler technology with sufficient predictive value to be used in decision
making.

Technological advances also have led to the incorporation and packag-
ing of various groups of sensors, many novel, designed to provide simpler
means for quantifying airflow limitation or breathing effort, oxygen de-
saturation, snoring sounds, movement, heart rate, blood pressure, and vas-
cular tone variability.

Several of these devices are designed to primarily provide estimates of
sleep and wake time over 24-hour periods, such as wrist actigraphs (i.e., a
movement detector coupled with software that uses movement patterns to
provide estimated sleep and wake times) (Ancoli-Israel et al., 1997). These
are used more often in research than in clinical settings, although clinically
they have been used to enhance evaluation of sleep-wake disorders. These
devices provide estimates of sleep time that correlate moderately well to
polysomnography-based estimates; however, in certain high-risk subgroups,
such as children with attention-deficit/hyperactivity disorder or sleep ap-
nea, they may perform less well (Bader et al., 2003).

A detailed review of different ambulatory technologies for sleep apnea
measurement was recently performed (Flemons et al., 2003; Tice, 2005). Most
devices have been designed to screen or diagnose sleep apnea. Several novel
portable devices that have been informed by a growing knowledge of physi-
ological correlates of sleep apnea have been developed. A recent review by the
AASM has identified the utility of measuring nasal pressure from a sensor
placed in the outer nares, which accurately detects airflow limitation (Krieger
et al., 2002), the sine qua non of OSA. Several devices combine this sensor
with sensors that measure oxygen saturation, snoring, and other sleep apnea
correlates. For example, a relatively simple device has been designed to mea-
sure nasal pressure, oximetry, head movement, and snoring with a head band
containing these sensors that is placed around the forehead and can be self-
applied without glue or skin preparation (Westbrook et al., 2005). The AHI
derived using an early version of this device tested in both in-home and in-
laboratory settings in a large sample showed sensitivities of 92 to 98 percent
and specificities of 86 to 100 percent for identification of sleep apnea. An
advantage of such technology includes its potential to easily measure sleep
over two or more nights (enhancing reliability) and its potential reduced cost
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(estimated at 30 to 50 percent of that of in-laboratory polysomnography).
There has also been great interest in the use of completely novel sensors that
have not been traditionally used in the sleep laboratory, but which are based
on growing interests in the autonomic sequelae of sleep apnea. One such
device measures peripheral artery tone from a sensor placed on the finger and
has been shown to provide estimates of vascular flow, a measure that reflects
variations in breathing and sleep-related arousals (Lavie et al., 2000). One
wrist-worn device that uses this sensor in combination with sensors measur-
ing oxygen saturation, heart rate, and movement has shown promising utility
for sleep apnea detection. Preliminary data from one study showed a 95 per-
cent sensitivity and 100 percent specificity (Pittman et al., 2004). Other studies
have also supported this approach (Ayas et al., 2003), including results from
a study of almost 100 individuals (Zou et al., 2006). Another exciting advance
is the development of oximeters that are relatively resistant to movement
artifact, thus improving the accuracy of such data in unattended settings
(Barker, 2002).

CHALLENGES TO DEVELOPING AMBULATORY TECHNOLOGIES

Despite the promise of this technology, use of portable monitoring for
diagnosis or management of sleep disorders has not yet been endorsed by
any professional organization. Dozens of studies have been conducted that
evaluate different aspects of technology use (ranging from evaluation of the
accuracy of individual sensors to use in epidemiological studies to use in
case identification); however, very few studies have met rigorous criteria for
endorsement of a new diagnostic test, including comparison to a reference
standard, blinded assessments, and use of large samples (Tice, 2005). Al-
though development and evaluation of new and improved sleep monitors
are much needed, the industry has failed to invest in conducting such rigor-
ous studies. The National Institutes of Health (NIH) has invested in such
assessments mostly through Small Business Innovation Research (SBIR)
grants; however, between 2002 to 2005, only 17 SBIR grants were awarded
to develop and evaluate new sleep technology, and many of these studies
were designed to test feasibility (phase I) rather than efficacy.

There are several challenges to technology development and evaluation
that may be fairly specific to sleep medicine. Challenges relate to the under-
lying uncertainty over: (1) which physiological signals best capture the
stresses associated with sleep apnea and thus would most optimally identify
patients who are either at increased risk for sleep apnea-related morbidity
or who are most likely to require and respond to therapy; and (2) what
threshold values, if any, for quantitative data derived from physiological
monitoring best identify patients at risk or likely to respond to therapy. The
collection of 12 or more channels of physiological data on sleep architec-
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ture, cardiovascular responses, and disordered breathing potentially pro-
vides the clinician a comprehensive panel of data from which to make treat-
ment decisions. The influences of reducing this panel of data on clinical
decisions and short- and long-term disease management are unclear. Emerg-
ing data suggest that different sleep apnea-related outcomes may be differ-
entially predicted by alternative indexes of physiological stress captured by
polysomnography. One recent cross-sectional study, for example, showed
that while indexes of overnight hypoxemia were most strongly associated
with glucose impairment, the arousal index best predicted hypertension
(Sulit et al., 2006). Thus, monitors that selectively record one set of physi-
ological disturbances may be well suited for predicting some, but not all
outcomes. Threshold values may also differ according to the physiological
outcome of interest. For example, data from the Sleep Heart Health Study
suggest that an increased prevalence of hypertension may be observed at a
threshold AHI that is higher than the threshold associated with other car-
diovascular manifestations (Nieto et al., 2000; Shahar et al., 2001). Such
uncertainties hamper technological efforts at choosing sensor “packages”
that are most clinically relevant and evaluation procedures that require clear
consensus over affection status to determine sensitivity and specificity.

Implicit in the challenges noted above are the very limited available
data that address the clinical utility of the most commonly considered refer-
ence standard of polysomnography, coupled with current practice that
focuses on specific numbers obtained from this test to make specific diag-
noses. However, the latter practice is actually not well supported by
evidence, and there is much debate over which threshold levels define
“disease” and what combinations of data should be used to construct each
metric (Ryan et al., 1988; Redline and Sanders, 1999). Little available
research has evaluated the specific contribution of polysomnography over
information obtained by other clinical assessments, including history and
examination. As mentioned, although multiple physiological variables are
captured, there is no clear consensus on how these data are most optimally
combined for case identification or for disease assessment. Historically, the
field (including third-party insurers) have used a single metric such as the
AHI for defining sleep apnea, or the periodic limb movement index (PLMI)
for periodic limb movement disorder, defining disease by using a single
cutoff value for each (e.g., AHI greater than 5 for sleep apnea or PLMI
greater than 5 for periodic limb movement disorder). However, this ap-
proach, which emphasizes the centrality of a single number—and which is
known to vary from night to night (Quan et al., 2002)—differs from that in
other fields where data from physiological tests are used as one of many
indices to gauge disease severity and to follow treatment responses, but are
not used as the sole diagnostic instrument. For example, asthma, a common
chronic inflammatory disease of the airways, is diagnosed predominantly
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using a careful history; lung function tests are used to gauge disease severity
and treatment responses and sometimes to help differentiate asthma from
other respiratory conditions. The issues that plague equipment develop-
ment and laboratory access in the sleep laboratory have not impeded the
development of lung function laboratories. Rather, the development and
accreditation of lung function laboratories and lung function equipment
(including portable spirometers) are based on collecting reproducible data
that meet physiological criteria for accuracy, independent of the role of
such equipment as tools evaluated on their ability to independently classify
disease status. It is recognized that the latter requires consideration of mul-
tiple factors, including symptoms, level of impairment, response to allergic
and irritant triggers, and often empiric responses to therapeutic trials.

Other challenges relate to designing studies that specifically address
a number of distinct potential applications of portable sleep monitor-
ing. These include screening—which is often population-based, and
intended to detect cases independent of symptoms; clinical case definition—
identification of cases among patients referred because of health concerns;
disease management in which sleep monitoring provides quantitative data
on progression or regression of disease severity; and epidemiological stud-
ies—in which sleep monitoring is used to provide a quantitative assessment
of a physiological exposure or outcome. It is important that any given
evaluation study of new technologies be designed to address a specific ques-
tion or related series of questions.

Scoring and Processing of Sleep Studies

Current scoring approaches use a system of epoch by epoch scoring (30
seconds per epoch) developed over 40 years ago when polysomnography used
only paper-based systems based on analog data. This approach is recognized
to be both labor-intensive and time-consuming. Further, reliance on human
scorers using visual pattern recognition requires intensive and ongoing train-
ing to achieve high reliability (Whitney et al., 1998), which may be lower
than that potentially attained by automated methods (which also have their
limitations). Visual scoring also may not maximally utilize the spectral com-
ponents of the electrophysiological data, which may provide useful informa-
tion on sleep architecture. Furthermore, there is a shortage of trained sleep
technicians. Currently there are only 2,198 certified technicians to monitor
and score sleep tests, far below the need (Association of Polysomnographic
Technologists, 1999). Recognizing these issues, the AASM convened a task
force in 2004 to reassess current scoring approaches, critically evaluate both
sensors and scoring algorithms, and update scoring approaches as appropriate
to include digital analysis of electrophysiological data. This report, scheduled
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for release in 2006, should provide important advances for the diagnosis of
chronic sleep loss and sleep disorders.

Summary of Formal Evaluation Reviews

Three recent in-depth reviews have been performed to examine the
effectiveness of portable monitoring devices (Ross et al., 2000; ATS, 2004;
Tice, 2005). As described above, these reports were largely aimed at evalu-
ating the literature regarding the accuracy of clinical diagnosis relative to
reference in lab polysomnography, with some attempt at also evaluating
the literature relative to cost-effectiveness and clinical prediction. In 1998,
the Agency for Healthcare Research and Quality performed a literature
review and meta-analysis on studies of portable monitoring for OSA.
The review concluded that at the time there was insufficient evidence to
make firm recommendations for use of portable monitoring for the diag-
nosis of sleep apnea (Ross et al., 2000).

An executive summary on the systematic review and practice param-
eters for portable monitoring in the investigation of suspected sleep apnea
in adults was published in 2004 by an evidence review committee consisting
of members from the American Thoracic Society, the American College of
Chest Physicians, and the American Academy of Sleep Medicine (ATS, 2004;
Flemons and Littner, 2003). In that summary, the following recommenda-
tions were made:

• Given the available data, the use of portable device was not recom-
mended for general screening.

• The use of portable devices was not recommended in patients with
comorbid conditions or secondary sleep complaints.

• The use of portable devices should require review of raw data by
trained sleep specialists.

The review committee also recognized the need for further develop-
ment of portable devices and suggested several goals for future research. It
was found that most studies on portable monitoring were performed pri-
marily on white males with OSA who had few comorbidities. The evidence
review committee recommended that future studies should include more
diverse populations, other than patients with sleep apnea, that are not sub-
ject to selection bias. Additional recommendations were that future studies
should address clinical predictive algorithms in combination with portable
monitoring in the diagnosis of sleep apnea, and study design should assess
the cost-effectiveness and outcomes associated with different diagnostic and
management strategies.
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The California Technology Assessment Forum most recently evaluated
the evidence that supported use of ambulatory devices over in-laboratory
procedures for the purposes of diagnosing sleep apnea (Tice, 2005). The
following five technology assessment criteria were identified:

• The technology must have final approval from government regula-
tory bodies.

• The scientific evidence must permit conclusions concerning the effec-
tiveness of the technology regarding health outcomes.

• The technology must improve health outcomes.
• The technical must be as beneficial as any established alternatives.
• The technology must be attainable outside of the investigational setting.

They determined that only the first two criteria had been met, but the
last three were not. This review also identified the paucity of data regarding
the “reference standard” (laboratory polysomnography) as improving
health outcomes and suggested that a therapeutic trial of CPAP therapy
may be a more efficient and clinically relevant approach than use of either
in-home or in-laboratory sleep monitoring.

Evaluating Daytime Sleepiness

There is also a need to improve diagnostic procedures aiming at the
quantification of excessive daytime sleepiness and the diagnosis of narco-
lepsy and hypersomnia. The current gold standard is the clinical Multiple
Sleep Latency Test (MSLT), conducted after nocturnal polysomnography is
performed (Littner et al., 2005). Sleepiness is considered consistent with
hypersomnia or narcolepsy when a mean sleep latency less or equal to 8
minutes is observed (AASM, 2005). The observation of multiple sleep onset
rapid eye movement (REM) periods (SOREMPs) during five naps is consid-
ered diagnostic for narcolepsy (see Chapter 3). Problematically however,
the MSLT is sensitive to sleep deprivation and sleep-disordered breathing;
thus, the test is often difficult to interpret. Population-based studies with
the experimental MSLT, a modified version of the MSLT where mean sleep
latency, but not SOREMP are measured, suggest that a large portion of the
population has a short sleep latency (Kim and Young, 2005) and that the
test correlates only partially with subjective measures of excessive daytime
sleepiness. This has led to the revised diagnostic criteria that suggest that
the MSLT should only be interpreted in the absence of sleep apnea and
sufficient sleep prior to the MSLT (total sleep time equal to or greater than
6 hours) (AASM, 2005). Very limited clinical MSLT data are available in
population samples, but data to date suggest that 3.9 percent of individuals
may be positive for SOREMPs independent of daytime sleepiness (Singh et
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al., 2005). Similarly, the Maintenance of Wakefulness Test (MWT), a test
in which the subject is asked to try not to fall asleep in naps and sleep
latency is measured, has been used to objectively measure alertness in drug
trials but is not validated to demonstrate an ability to stay awake for patients
at risk, for example in medicolegal cases and the evaluation of driving
abilities (Littner et al., 2005).

As conducted, the MSLT and the MWT are time-consuming and
expensive, and validation in the general population sample is lacking. How
sleep apnea and prior sleep time in and outside the laboratory affects the
occurrence of SOREMPs in MSLTs is not established. It is also unknown
whether these tests may not be more valid after a night at home and verifi-
cation of sleep with actigraphy or other procedures, a modification that
would reduce cost in some cases. Finally, performance tests such as the
psychomotor vigilance task, used commonly to evaluate performance after
sleep deprivation, may have applications in this area (Dauvilliers and
Buguet, 2005), especially if those tests can be adjusted to be used in ambu-
latory situations. Biochemical and imaging research aiming at discovering
biomarkers of sleep debt and sleepiness is also needed.

Other Diagnostic Technologies

In addition to the development of ambulatory strategies, efforts are also
currently under way to utilize other techniques to diagnose individuals who
suffer chronic sleep loss or sleep disorders. These strategies include the devel-
opment of genetic and biochemical tests for narcolepsy, magnetic resonance
imaging (MRI) to visualize the upper airway in children with OSA, and
acoustic reflectometry (a noninvasive ultrasound technique) of the upper air-
way to quantify anatomic obstruction of the upper airway in children (Mignot
et al., 2002; Arens et al., 2003; Monahan et al., 2002; Donnelly et al., 2004;
Abbott et al., 2004). Tests such as the standardized immobilization test or
biochemical/imaging measures of brain iron metabolism are being developed
to assist in the diagnosis and quantification of severity in restless leg syn-
drome (Allen and Earley, 2001; Garcia-Borreguero et al., 2004; Trenkwalder
et al., 2005). Actigraphy and other methods are also used to estimate leg
movement frequency in outpatients (Kazenwadel et al., 1995; Sforza et al.,
2005). Video technologies may also be of value, especially in the diagnosis of
individuals with night terrors. Finally, there is a need to establish novel proce-
dures to objectively identify abnormalities in insomnia beyond the changes
generally observed using sleep questionnaires, logs, and polysomnography
(Roth and Drake, 2004). These may involve the use of spectral analysis (Perlis
et al., 2001), microstructural cyclic alternating patterns analysis (Parrino et
al., 2004), and functional neuroimaging (Drummond et al., 2004; Nofzinger,
2005).
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The development of polysomnograms that are performed in a local hos-
pital and telemonitored by a central sleep laboratory could allow for a single
technician to monitor multiple studies from a central location. However,
the reliability of these procedures varies (Gagnadoux et al., 2002).

FUTURE DIRECTIONS

Given the cumbersome nature and cost of the diagnosis and treatment of
sleep disorders and sleep loss, the resultant inequities with regard to access,
and in order to ensure future quality care, greater investment in the develop-
ment of new, and validation of existing, diagnostic and therapeutic technolo-
gies is required. Improvement in portable monitoring techniques will likely
enhance access to sleep diagnostic services. With the inadequate availability
of sleep centers and sleep technicians, not only in the United States but more
so worldwide, access to portable diagnostic screening procedures and stream-
lining initiation of treatment would clearly be advantageous. In particular,
portable monitoring at level III (limited channel polysomnogram of four or
more cardiopulmonary bioparameters) or level IV (testing of only one or two
cardiopulmonary bioparameters) would help lower health costs and shorten
waiting lists. In selected patient populations, portable monitoring in conjunc-
tion with inpatient split-night polysomnography or unattended autotitration
of nasal CPAP could prove to be the most cost-effective and rational approach
to most patients with a clinical profile for moderate to severe sleep apnea
syndrome. Research in the design and evaluation of existing and novel
diagnostic technologies is also needed in the area of insomnia, hypersomnia,
and restless legs syndrome and periodic limb movements.

However, the rational application of technology needs to be coupled
with the following:

• A reexamination of the role of diagnostic testing in case identifica-
tion and disease management, clarifying optimal use of objective physi-
ological monitoring data (including data obtained from portable monitors)
in clinical diagnostic and management algorithms.

• Recognition that the development of new physiological monitoring
tools needs to be guided by research that clarifies the short- and long-term
clinical predictive information of specific channels (including responses to
clinical interventions), or combinations of data. This should include consid-
eration of the extent to which data from new technologies complement
those from other techniques.

• Standardization of diagnostic and treatment criteria, language, and
technologies.

• Investigation of how information from laboratory and portable diag-
nosis may interface as complementary rather than competitive technologies.

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


ENSURING ADEQUATE DIAGNOSIS AND TREATMENT 229

• Investment by industry and the NIH in rigorous evaluation and out-
come studies that are designed to test specific questions regarding technol-
ogy applications in improving the efficiency of screening, case identifica-
tion, and disease management.

• Assessment of technologies utilizing indexes to examine their cost-
effectiveness.

• Development of technologies keeping in mind that treatment of sleep
disorders requires a chronic care management scheme (see Chapter 9).

• Specific efforts to develop and modify technologies for children.

Recommendation 6.1: The National Institutes of Health and the
Agency for Healthcare Research and Quality should support the
validation and development of existing and new diagnostic and
therapeutic technologies.

The National Center on Sleep Disorders Research—working with
the Trans-NIH Sleep Research Coordinating Committee, the
Agency for Health Care Policy and Research, other federal agen-
cies, and private industry—should support the evaluation and vali-
dation of existing diagnostic and therapeutic technologies. Further,
development of new technologies such as ambulatory monitoring,
biological markers, and imaging techniques should be vigorously
supported.
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Opportunities to Improve Career
Development in Somnology

CHAPTER SUMMARY The science and prevalence of sleep loss
and sleep disorders necessitates a larger and more interdisciplinary
workforce to advance the field’s knowledge base and provide opti-
mal clinical care. In 2004, there were only 253 principal investiga-
tors working on 319 sleep-related research projects (NIH R01). Of
the 253 principal investigators, only 151 researchers are involved
primarily in clinical sleep research, and 126 focus primarily on ba-
sic research projects. Further, only 54 doctorates were awarded
with a focus on somnology or sleep medicine. This workforce is
insufficient, given the burden of sleep loss and sleep disorders. The
National Institutes of Health (NIH) and private foundations have
not adequately invested in increasing the research workforce. Since
1997, there have been no new requests for application or program
announcements for sleep-related fellowship, training or career de-
velopment programs. Further, over the period encompassing 2000
to 2004 there was a decrease in the number of career development
awards. Given all this, the field is ripe for expansion, but there are
too few young and midcareer investigators. To improve the pipe-
line of individuals in the field, it is critical that the NIH commit to
increasing the number of fellowship, training, and especially career
development awards. Further, given the limited number of indi-
viduals clustered at a small number of institutes, the NIH should
fully embrace flexible mentoring programs that are capable of meet-
ing the challenges.
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The relative paucity of individuals trained and committed to careers in
sleep and sleep disorders research has been recognized by the National Cen-
ter on Sleep Disorders Research (NCSDR). It identified the need to train
investigators as the highest priority among the 10 major sections of their
2003 research plan (NHLBI, 2003). Attracting, training, and supporting
investigators in sleep-related research is critical for fueling the scientific ef-
forts needed to make important discoveries into the etiology, pathogenesis,
prevention, and treatment of chronic sleep loss and sleep disorders. Further,
it is also important to train individuals whose major role will be master
clinician, organizer and manager of care, and clinician-educator. In 2004,
there were only 151 researchers who had a clinical sleep-related research
project grant (R01) and only 126 investigators focused primarily on basic
sleep-related research projects.1 The small number of research project
grants, 331 in 2004, can be substantially attributed to the limited number
of individuals working in the field. It is, therefore, of critical importance
that further investment be made to expand the number of well-trained in-
vestigators in the field.

Many of the strategies described in Chapter 5 to increase the awareness
among health care professionals will also likely attract new investigators
into the field. These strategies include targeting the career interests of high
school and college students, as well as graduate students and students in
allied health fields. Further, as will be described in detail in this chapter,
increasing the number of investigators in the field will require the National
Institutes of Health (NIH), professional societies, patient advocacy groups,
and others to significantly increase their investment in career development
programs. As a result of the current limited pool of senior investigators and
concurrent clustering of senior people at a limited number of academic
centers, it will be equally important to adopt flexible mentoring programs
that are capable of meeting the challenges.

GROWTH OF THE SOMNOLOGY AND SLEEP MEDICINE FIELD

Somnology and sleep disorders research is a relatively young discipline
that has grown significantly over the last 35 years. However, the current
workforce is still not adequate, given the public health burden of the disor-
ders (Chapters 3 and 4). Since the establishment of the first sleep center in
1970, clinical recognition of sleep disorders has grown but is still not widely

1Abstracts of all sleep-related R01s in the Computer Retrieval of Information on Scientific
Projects (CRISP) database were analyzed under the following thesaurus terms: insomnia,
periodic limb movement disorder, restless legs syndrome, circadian rhythm, sudden infant
death syndrome, sleep disorder, narcolepsy, sleep apnea, sleep, hibernation, and dream. See
Appendix A for further details.
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acknowledged to be among the most common chronic health conditions
(Chilcott and Shapiro, 1996; Young et al., 2002). Clinical advances have
helped to attract and increase the number of clinicians and scientists to
somnology and sleep medicine, as evidenced by the growth of membership
in professional sleep societies. Since 1995, membership in the American
Academy of Sleep Medicine (AASM) has more than doubled, while the Sleep
Research Society (SRS) membership has almost tripled (Figure 7-1). How-
ever, the recent growth also emphasizes the need for a greater number of
senior mentors and leaders in the field. The level of sleep-related research
has grown, with over a 100 percent increase in the annual number of new
NIH research project grants (R01) awarded in 1995 and 2004 (37 to 82).
However, at the same time that the science and magnitude of the problem
argues for greater investment, NIH funding of sleep-related activities has
reached a plateau. Therefore, there are still substantial deficiencies in the
workforce needed to address clinical somnopathy, and needs may be even
greater relative to investment in research.

Growth in sleep-related research is limited by the paucity of funded
investigators in the field. In 2004, only 253 investigators held active sleep-
related NIH R01 grants. Although there has been an increase in the number
of investigators since 1995, in comparison to other disorders, there are still
too few sleep researchers. For instance, the absolute number of funded in-
vestigators with sleep-related projects is only around 80 percent of fields
such as asthma,2 which is a single disorder that affects 20 to 40 million.
Further, funded investigators in sleep-related research tend to be older. The
average age of all NIH investigators when awarded their first R01 has
steadily risen and now is between 42 and 44 years of age (NIH, 2006b).
However, in 2004, the average age of recipients at the time of their first
R01 sleep-related grant was 51 (personal communication, M. Snyder, NIH
Office of Scientific Affairs, November 8, 2005), which suggests an emer-
gent need to replenish the pipeline with new investigators who can sustain
the field and make it grow.

The limited number of researchers is clustered at a limited number of
institutions. Of the 253 funded primary investigators in 2004, 33 percent of
all investigators were at the top 10 academic sleep programs (ranking by
the total number of somnology and/or sleep disorders grants), and 60 per-
cent of all investigators were at the top 25 institutes (Appendix J). Likewise,
34 percent of all sleep-related R01 grants are awarded to the top 10 sleep

2314 individuals with asthma grants were identified by analyzing all 2004 R01 grants.
Asthma grants were identified by all R01 grants that contained the word asthma as a thesaurus
term. It is important to note that because only one search term was used, this search was not as
thorough as the search performed for somnology and somnopathy R01 grants. Therefore, it
may represent a significant under representation of the asthma field.
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academic programs, and 59 percent of all R01 grants are clustered in 25
institutions. In 2004, Harvard University, the University of Pennsylvania,
and the University of Pittsburgh received 46 percent of  sleep-related career
development awards. Further, although many sleep disorders dispropor-
tionately affect minorities (Rosen et al., 2003), the number of minority
investigators in the field is poorly representative (Spilsbury et al., 2004). In
2004, only 15 percent of all investigators with an R01 identified themselves
as belonging to a minority ethnicity (Asian, African American, Hispanic,
Pacific Islander, or other) (personal communication, M. Snyder, NIH Office
of Scientific Affairs, November 8, 2005). As minority clinicians and investi-
gators are more likely to work in underserved areas (Urbina et al., 1994), a
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FIGURE 7-1 Individual membership in the AASM (A) and the SRS (B) has contin-
ued to grow over their history.
SOURCE: Personal communication, J. Barrett, AASM and SRS, (January, 2006).
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dearth of minority investigators may limit clinical research that requires
access to minority populations and ultimately limit the translation of re-
search advances to these important populations.

Barriers to Sleep Research Career Development

Barriers to attracting, training, and sustaining a critical mass of sleep
investigators include the poor awareness among the general public and
health care professionals and the availability of appropriate mentors to pro-
vide scientific and career guidance to new investigators.

Exciting basic science research and the dissemination of this excitement
to a broad group of potential trainees are necessary and potentially rate-
limiting steps in attracting new investigators from a limited pool of indi-
viduals committed to academic careers. In 2005, there were 204 student
members of the SRS; only 54 individuals received a doctorate in sleep-related
research, as compared to 158 in pain and 630 in cancer.3 Given the total
number of principal investigators in the field, it appears that the majority of
individuals with sleep-related doctorates do not remain in the field. There-
fore, although there have been some remarkable successes in scientific in-
vestigation aimed at elucidating fundamental sleep physiology and biology
(e.g., discovery of a mammalian Clock gene (Antoch et al., 1997; King et
al., 1997; Tei et al., 1997) and the cause of narcolepsy (Lin et al., 1999;
Chemelli et al., 1999; Mignot et al., 1999; Thannickal et al., 2000; Peyron
et al., 2000), the future pace of scientific discovery is limited by the small
numbers of active researchers pursuing basic investigation. Fundamental
scientific discoveries play critical roles in galvanizing interest in any scien-
tific discipline. Recruiting and retaining trainees in somnology and sleep
medicine competes with other more established fields, many of which have
made highly publicized advances, enjoy widespread respect across medical
centers, and are more established as an academic discipline.

Investigators, particularly new ones who commit to interdisciplinary
sleep-related research, are challenged to prove their value in academic medi-
cal centers that are accustomed to recognizing and rewarding individuals
with “departmentally” defined research foci. Resource allocation needed to
support new investigators may require complex negotiations among academic
departments, which may deter new investigators or otherwise limit their
access to needed support. In addition, identification of optimal mentoring
relationships, critical for career development, will likely require sustained
relationships among individuals with competing institutional commitments.

3Data were collected through a keyword search, using either sleep, pain, or cancer, of the
Dissertation Abstracts database through DIALOG.
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As for all scientific fields, new investigators require protected time and
support as they transition to independent funding. Increasing fiscal pres-
sures and, for physicians, demands to spend more time on clinical services,
are threats to protected time critical for career development. New investiga-
tors are also often burdened with substantial debt from school loans, pro-
viding disincentives to participate in prolonged postdoctorate training.

NIH TRAINING AND CAREER DEVELOPMENT PROGRAMS

A variety of NIH-funded career development and academic training
awards have been sponsored over the past decade (see Appendix H). In par-
ticular, there has been growth in the recognition and investment by the NIH
in a broad variety of individual and institution-based career training pro-
grams, with a recent emphasis on clinical, translational, and interdisciplinary
research training. Programs have been developed with the aims of attracting
new trainees and developing the research and academic skills, and supporting
their transition to independent and externally funded investigators (K01, K02,
K08, K23, and K25). Other awards support midcareer development and
mentorship skills (K24, K26). National Research Service Award Institutional
Training Grants (T32) provide institutions with funds to support the training
of individual postdoctoral candidates. The K30 and K12 series of NIH insti-
tutional training awards provide institutional support to develop new or ex-
panded training programs and curriculum development.

NIH Support of Sleep-Related Training Activities

To determine the current investment in the field and how the grant
portfolio has changed over the last 10 years, this committee performed a
detailed review and analysis of the portfolio of NIH sleep-related awards in
career training (K), fellowship (F), and training (T). Abstracts of all K, F,
and T awards in the Computer Retrieval of Information on Scientific
Projects (CRISP) database were analyzed. This database collects informa-
tion on the number of federally funded biomedical research projects. Data
from the CRISP database were used to assess the number of awards that
were classified under the following thesaurus terms: insomnia, periodic limb
movement disorder, restless legs syndrome, circadian rhythm, sudden in-
fant death syndrome, sleep disorder, narcolepsy, sleep apnea, sleep, hiber-
nation, and dream. To limit the number of grants that were not relevant to
somnology or sleep disorders, the committee included only grants in which
the key words appeared in both the thesaurus terms and the abstract and
not the abstract alone. Temporal trends and distributions of awards across
NIH institutes and to academic institutions were examined (see Appendixes
H and J for compiled findings). The committee did not have access to the
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applications that were submitted and not funded; therefore, it is not pos-
sible to conclusively determine if changes in investment are the result of
NIH policy, the number and/or quality of submissions in each area, compo-
sition of grant review committees, or combination of these factors.

Temporal Analysis of Sleep Training Awards

Although there is a statistically significant increase in the total num-
ber of K awards from 1996 to 1998 (Appendix H), there was a relative
leveling of total awards from 1998 to 2004—despite the establishment by
the NIH of three new career development programs and significant in-
creases in extramural funding. Further, since 1997, the NIH has not in-
vested in a single sleep-related request for application (RFA) or program
announcement (PA) career development program (Appendix F). Analysis
of the number of sleep-related T and F awards shows an increase between
2000 and 2004 (Figure 7-2). However, the number of K awards decreased
over the same time period and a larger proportion went to a smaller group
of academic institutions. Three institutions, Harvard University, Univer-
sity of Pennsylvania, and University of Pittsburgh, accounted for 27 per-
cent of all sleep-related T, K, and F grants received in 2000, 35 percent in
2004. This concentration is even greater if only K award distribution is
analyzed. The same three institutions received 29 percent of all K awards
in 2000, and 46 percent in 2004. This may reflect the extensive develop-
ment of these programs and concentration of senior investigators.

FIGURE 7-2 Total sleep training, career development, and fellowship grants in 2000
and 2004.
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Support of training grants may also diminish. The NIH reported that in
response to rising tuitions and steady budgets that if the current formula
used to determine the number of awards is not altered there would be an
overall loss of 4,000 training grant slots by 2015 (Bhattacharjee, 2005a).

Institute-Specific Funding of Career Development Awards

Career development awards in sleep are sponsored by numerous NIH
institutes (see Appendix H). In general, for any given award category, with
few exceptions no more than one new career development award was
granted in any given year between 2000 and 2004. Since 2000, investment
in career development awards for clinical scientists, K08 and K23, has var-
ied. The National Institute of Mental Health (NIMH) and the National
Heart, Lung, and Blood Institute (NHLBI) awarded the greatest number of
grants. In 2003 and 2004 there was only one new K08 award. Although
there has been greater investment in the K23 series, it is still minimal with
five new awards in 2003 by four different institutes. K24 awards for mid-
career development have also been minimal in 2003 and 2004, with no new
awards in 2003 and only three in 2004—two of which were by the NHLBI.

There has also been very limited investment in the K07 academic career
awards, designed to improve curricula and emphasize development of scien-
tist leadership skills. Apart from the Sleep Academic Award program, there
has been very little investment through the K07 mechanism, no new awards
were granted in 2003, and only three in 2004. Further, no institute apart
from the NHLBI has supported this mechanism for sleep-related awards.

Over the 5-year period between 2000 and 2004, there has been even
less investment in career development awards for mentored research (K01),
independent scientists (K02), and senior scientists (K05). All three of these
mechanisms historically have been used to support basic research. NIMH
was the first institute that supported these three mechanisms for sleep-
related activities, but in recent years there has been a marked decrease. For
example, in 2002, the NIMH supported six sleep-related K01 awards, seven
K02 awards, and two K05 awards. In 2004, these numbers have decreased
to two K01 awards, two K02 awards, and one K05 award. These latter
statistics underscore the relatively small amount of investment of any given
institute in sleep research training, with no evidence that any institute or the
Trans-NIH Sleep Research Coordinating Committee has assumed leader-
ship in this area. Although the decrease in career development awards is
dramatic, it is important to note that over the same period, there has been
an increase in fellowship awards (Appendix I).

Of the 314 career development awards that were funded during the five
years between 2000 and 2004, NHLBI sponsored 94 (29 percent), and the
NIMH sponsored 162 (52 percent). One third (32 of the 94) of sleep-related
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NHLBI-sponsored training grants were K07 awards devoted to the Sleep
Academic Award program, which were designed to support the development
of curricula and educational leadership, not research training. The vast ma-
jority of the Trans-NIH Sleep Research Coordinating Committee member
institutes—many of whom have a large portion of the sleep-related research
project grant portfolio (Appendix G)—have minimally supported career de-
velopment. The underlying reasons may be multiple, including poor or low
numbers of applications, insufficient sleep-related research expertise on study
sections (which is also partially affected by a limited number of senior mem-
bers of the field), and lack of awareness of the extent of the problem. Further,
K awards are expensive; consequently, institutes are often reluctant to invest
heavily in the K awards, especially in periods of budget constraints.

One potential strategy to offset the lack of investment would be to
leverage the combined resources from multiple member institutes of the
Trans-NIH Sleep Research Coordinating Committee to develop a larger
pool of money for training programs. In 2003, the NIH supported 845 K23
career development awards at a total cost of over $114 million, or an aver-
age annual cost of $135,000 per award. If four institutes were to cosponsor
a K23 program in somnology or sleep medicine, this would cost each insti-
tute approximately $34,000 annually per award, a 75 percent decrease in
expense. The committee strongly recommends joint investment in training
programs; it does so recognizing that there are potentially increased over-
head costs associated with tracking and implementing an annual transfer of
funds between institutes. Further, mechanisms need to be developed to en-
able all institutes contributing to a joint effort to be acknowledged in con-
gressional goals for new grants.

NIH Roadmap Initiatives

As part of the NIH director’s research agenda, a series of roadmap
initiatives was identified to foster the development of interdisciplinary train-
ing for investigators at all levels of their careers. These initiatives emphasize
translational research, behavioral/social sciences, and quantitative sciences.
Between 2004 and 2005, $8 million was invested in the establishment of
seven K12 Multidisciplinary Clinical Research Training Programs (NIH,
2006a). Because sleep-related research is particularly well suited to interdis-
ciplinary and translational strategies, it could serve as one of several key
programs for these new initiatives

New NIH Career Award Support

Recognizing the difficulty of becoming an independent researcher and
in response to the Institute of Medicine’s and National Academies’ report,
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Facilitating Interdisciplinary Research, on fostering independence among
young biomedical researchers, the NIH recently announced the creation
of three new initiatives (Bhattacharjee, 2005b). Each initiative is designed
to facilitate postdoctoral fellows into independent faculty positions. The
first—the NIH Pathway to Independence Award program—is a 5-year
award composed of two phases (NIH, 2006b). The initial phase (K99) is a
1- to 2-year mentored period designed to allow investigators to complete
their supervised research work, publish results, and search for an indepen-
dent faculty position. The second, independent phase (R00) would com-
prise the remaining 3 years of the award and is structured to provide
financial support to awardees who secure an assistant professorship while
they establish their own research program and successfully apply for an
NIH investigator-initiated (R01) grant. The second mechanism is an inde-
pendent research grant program, which does not require preliminary data.
The final initiative is to speed up the R01 grant application turnaround
time for new researchers who fail to receive an award on their first
attempt.

Summary of NIH Support of Career
Development Programs

In summary, analysis shows that no single NIH institute has made sub-
stantive investments into sleep-related research career development or train-
ing awards. There are alarming downward temporal trends in level of sup-
port for research training and career development, suggested by the recent
drop in funded K awards, with further clustering of funding to fewer insti-
tutions. Institutes that support large levels of sleep research funding should
also be encouraged to make a significant investment in career development
initiatives. Funding trends also suggest that there are very few individuals
with training support to develop careers in basic sleep science. There are
many existing training grants or large research programs in disciplines re-
lated to somnology or sleep medicine (e.g., internal medicine, neurology,
psychiatry, psychology, otolaryngology, nursing, epidemiology, neuro-
science, and health services research). Given the interdisciplinary nature of
the field, these programs provide an additional mechanism for increasing
the number of somnology and sleep medicine trainees. Although there is an
exciting national movement toward supporting interdisciplinary and trans-
lational research highlighted in roadmap initiatives, existing programs
largely have not recognized the potential of the somnology and sleep medi-
cine field as a prototype for these initiatives. This represents a great oppor-
tunity to both foster development of sleep research and to forge new inter-
disciplinary approaches.
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Professional Organization and Foundation Support
of Career Development

Professional societies have played important roles in sponsoring career
development across a wide variety of disciplines. Well-established car-
eer training awards are available from professional organizations with
interest in somnology and sleep disorders, such as the American Heart As-
sociation, American Diabetes Association, American College of Chest Phy-
sicians, American Lung Association, and the American Thoracic Society,
among others. Table 7-1 shows the number of career development awards
several organizations made in 2004. Since sleep-related research is relevant
to several of these organizations, the number of sleep-related training grants
is also provided. It is worth noting that investment in sleep-related research
is low for all professional organizations profiled below; for example, de-
spite the significant association of sleep disorders and cardiovascular dis-
ease, only 2 of the 845 awards given by the American Heart Association’s
career training program portfolio supported sleep-related research. One im-
pediment leading to the limited support from these organizations is that
they might not recognize the important role they have in fostering interdis-
ciplinary research, as they are focused on more traditional organ-based
research.

There are two primarily sleep-focused organizations that have training
awards: the National Sleep Foundation (NSF)’s Pickwick Club Award, and
the American Sleep Medicine Foundation (ASMF)’s Faculty Career Ad-
vancement Award.

The ASMF, affiliated with the American Academy of Sleep Medicine,
annually sponsors between four and six fellowship awards, each as much as
2 years in duration and for a maximum annual funding level of $60,000.
From 2003 to 2005 the program received on average 18 applications (per-
sonal communication, R. Money, AASM, November 9, 2005). In 2005, the

TABLE 7-1 Career Training Awards by Professional
Organizations with Secondary Interests in Sleep (2004)

Total Awards Sleep Awards

American Heart Association 845 2
American Diabetes Association 9 0
American College of Chest Physicians 11 1
American Lung Association 115 2
American Thoracic Society 6 0

NOTE: The information contained in this table was obtained from personal
communication with appropriate staff members at each organization.
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ASMF also developed the AASM/Pfizer Scholars Grant Program in Sleep
Medicine to provide support for career development of junior faculty in
somnology and sleep medicine.

The Pickwick Club Fellowship of the NSF, an independent public health
advocacy organization, awards two to four fellowships of 1 to 2 years in
duration for postdoctorate trainees in sleep-related research. Support is
primarily for annual salary support ($35,568 to $45,048). In 2004, in-
vestment in research training by the NSF is estimated at approximately
$180,000.

Foundations, such as the Francis Family Foundation, have made no-
table contributions to training pulmonary scientists through the Parker B.
Francis Fellowship Program. Over the last 30 years, this foundation has
contributed nearly $40 million in support of more than 600 fellows, some
of whom have worked in the somnology and sleep medicine field. Each
award is for 3 years, and provides stipends, fringe benefits, and travel ex-
penses to postdoctoral fellows or newly appointed assistant professors to
enable their research development related to pulmonary disease and lung
biology. A survey of former fellows demonstrated that greater than 90 per-
cent of respondents are currently employed in academic settings and spend
a significant portion of their time on research.

Summary of Foundation Support of Career Development Programs

Given the overall paucity of support, further investment is required
by private foundations for career development. Foundations, such as the
Parker B. Francis Foundation and the Cystic Fibrosis Foundation (Box
7-1) are excellent models of sustained foundation support for research
career development. Although professional organizations cannot directly
support research fellowships, through associated foundations they have
made moderate to large investments in research career development, in-
cluding funding for some trainees with a primary somnology and somno-
pathy focus. Funds for these programs have been derived from endow-
ments and well-organized, targeted fund-raising efforts. This analysis
identifies the potential availability of funding for sleep training from multi-
and interdisciplinary initiatives available through professional organiza-
tions with secondary interests related to sleep loss and/or sleep disorders,
in addition to the need for organizations with primary sleep-related agen-
das to invest more heavily in developing the next generations of investiga-
tors. Similar to the committee’s call for multiple institutes of the Trans-
NIH Sleep Research Coordinating Committee to combine resources to
support career development programs, private foundations should also
explore mechanisms to coordinate their efforts. This will ensure that the
maximal effect from these efforts is realized.
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BOX 7-1
Model Investment by a Foundation into

Career Development: The Cystic Fibrosis Foundation

An example of a scientific community that has rallied to support the
career development of research trainees is in cystic fibrosis. Despite the
relative rarity of this condition in the population (30,000 children and
adults), and the relatively small pool of researchers available to recruit
from, foundation support has succeeded in developing a cadre of pro-
ductive researchers, who largely have a strong history of sustained aca-
demic contributions. Three key programs have been developed through
the Cystic Fibrosis Foundation: the Clinical Fellowship Program, the
LeRoy Mathews Program, and the Harry Shwachman Fellowship. To-
gether, these programs provide support for the full spectrum of trainees:
combined clinical/research fellowship training, early research career de-
velopment (enrolling fellows within the first 4 years of training), and junior
faculty development. Support for these programs is derived from well-
organized fund-raising and philanthropy. The combined support for these
training programs represents approximately 2 percent of the annual
Cystic Fibrosis Foundation budget.

The Clinical Fellowship Programs expose fellows early in their train-
ing to working in a multidisciplinary team environment. Annually, approxi-
mately 23 fellows are supported, at a total cost of $1.2 million. It supports
first and second years for the clinic, and during the third and fourth year
supports time for basic, translational, or clinical research. Fellows re-
ceive an annual base salary of $52,000 with an additional $10,000 for
research supplies. Most junior and many senior faculty members who
staff the 115 accredited Cystic Fibrosis Foundation centers have derived
some support through this program.

The LeRoy Mathews program is a smaller program, with an annual
cost of approximately $345,000. It targets the development of fellows
and their transition to a junior faculty role. Each awardee is supported for
6 years. Two fellows are supported at any given time. Fellows may be
accepted into the program up to their fourth year of specialty training.

The Harry Shwachman fellowships are 3-year programs that target
junior faculty with the goal of supporting their development as indepen-
dent investigators. These awards are considered to be equivalent to NIH
K08 awards in the scope of support for protected time and in the require-
ment for mentored research.

The Cystic Fibrosis Foundation also utilizes these programs to create
a “community” of scholars through sponsorship of fellows to attend spe-
cial sessions at national meetings.
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The Role of Mentoring and Availability of Sleep Mentors

Numerous studies have documented the pivotal role of mentoring in
career development (Chilcott and Shapiro, 1996; Palepu et al., 1998; Young
et al., 2002; Lieff et al., 2003). The Council of Graduate Schools promoted
the concept that: “Mentors are advisors, people with career experience will-
ing to share their knowledge; supporters, people who give emotional and
moral encouragement; tutors, people who give specific feedback on one’s
performance; masters, in the sense of employers to whom one is appren-
ticed; sponsors, sources of information about and aid in obtaining opportu-
nities; models of the kind of person one should be to be an academic”
(Zelditch, 1995). The cornerstone of most training programs, including NIH
and foundation-funded programs, is evidence of a strong mentor-mentee
relationship. Multiple mentors are required for multidisciplinary research
training. Many advocate for formal oversight committees for trainees and
junior faculty. Successful peer-reviewed training awards include clearly
articulated roles for mentors as the responsible agents for overseeing the
entire scope of the trainee’s career development program.

The availability of appropriate mentors to provide scientific and career
guidance to new investigators (as well as to serve as a catalyst to attract
such individuals to the field) is limited, with some variation across institu-
tions. There is currently a concentration of investigators and grants at a
limited number of academic institutions. Even highly established sleep aca-
demic centers have a paucity of senior mentors. This often requires senior
mentors to be responsible for several mentees, potentially reducing the ef-
fectiveness of the mentorship relationship. The availability of mentors is
also limited by the fiscal constraints of academic medical systems and struc-
tures, which normally do not always recognize the contribution of men-
toring to the institute’s mission. Increasing fiscal pressures at academic cen-
ters require faculty to be increasingly accountable for justifying their effort
in relationship to compensation. Mentoring is, in general, not a compen-
sated activity. Thus, there are growing disincentives for potential mentors
to assume new mentorship relationships.

The limited availability of appropriate mentors has far-reaching conse-
quences to the growth of the field. Trainees may make decisions to enter
certain fields because of the reputation of accessible mentors. Securing pro-
tected time and research support from external sources requires commit-
ment by at least one strong mentor. Young investigators benefit enormously
by relationships with a mentor who can help negotiate complex academic
settings, prioritize goals and work, critically examine research methods and
data interpretation, refine presentation and scientific and grant-writing
skills, and develop high levels of professionalism.
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OPPORTUNITIES TO ACCELERATE SOMNOLOGY AND
SLEEP MEDICINE CAREER DEVELOPMENT

Each challenge also presents opportunities to develop novel strategies
for career development, to enhance the recognition of somnology and sleep
disorders research as an interdisciplinary field and more effectively inter-
face with other related disciplines, and to build upon existing NIH and
private foundation initiatives. In addition to strategies described in Chapter
5, additional strategies include the following:

• Training in somnology and sleep medicine can be structured to
complement those of other programs and vice versa, by interactively engag-
ing trainees in other programs. The interdisciplinary organization of the
field creates a foundation for trainees from multiple fields to participate
and apply their methods or expand their initial foci to questions relevant to
somnology and somnopathy. The NIH can foster this by adopting trans-
institutional training programs.

• The NIH Roadmap explicitly emphasizes the importance of interdis-
ciplinary research, especially aimed at achieving translational research ob-
jectives. As academic institutions vie for support from NIH Roadmap pro-
grams, incorporation of somnology and sleep disorders research as a
translational research focus may provide a competitive edge.

• The innovation of the new NIH K12 training programs—which
provide support to an educational institution for career development
experiences for clinicians leading to research independence—and their
sensitivity to respond to the scientific needs of the community make
these programs desirable avenues for providing support for both men-
tors and mentees interested in somnology and sleep disorders. Modern
communication technologies make long-distance mentoring feasible and
effective.

• Recent loan repayment policies have been initiated at the NIH,
which may substantially reduce the burden of loan repayment in return
for evidence of scientific activity and further investment in academic
training. Targeting sleep-related research trainees and junior faculty for
NIH loan repayment is suggested as a potentially important recruitment
tool. Availability of NIH and foundation training programs are a crucial
source of support to ensure protected time and resource investment in
new investigators.

• The growing strength of several private organizations (e.g., founda-
tions, professional societies, industry) committed to promoting sleep health
and somnology and sleep disorders professionals is a largely untapped re-
source for support for trainees.
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Potential Mechanisms to Improve Training

A particular challenge for development of investigators in sleep research
is that currently few institutions have the critical mass of established inves-
tigators in this area to provide mentorship and training. This suggests that
mechanisms need to be sought to leverage the intellectual resources at these
few institutions.

Remote Mentoring Programs

Successful career development awards require the identification of a
strong mentor. However, if such mentors may only be located at the
candidate’s home institution, there would be little growth of somnology
and/or sleep disorders research expertise in institutions other than the few
large academic programs. Further, educating grant reviewers of career de-
velopment applications allows more flexibility in the range of mentorship
relationships—a flexibility needed to allow the field to grow.

There are several NIH mechanisms to support midcareer development
and mentorship skills (K24, K25). In 2004, however, only three individuals
were awarded a new K24 grant in somnology and/or sleep medicine (no
new grants were awarded in 2003), and there were no new K25 awards in
somnology and/or sleep medicine for the same year. The new K12 Transla-
tional Research Institutional Training program also provides salary support
for mentees. However, no K12 scholars identified a sleep-related focus in
their research application. These data indicate the need for greater NIH
investment in developing and supporting the effort of mid- to senior-level
investigators as mentors and to provide support for mentoring time.

Specialized NIH programs have also been developed to facilitate the
creation of national networks of mentors and mentees. However, due to
budgetary constraints, some NIH institutes are no longer funding under-
graduate programs. Two programs were very successful in developing
mentoring skills of mentors, creating new mentor-mentee relationships, and
exposing trainees to intensive research experiences—Brown University’s
Summer Sleep and Chronobiology Research Apprenticeship (see Chapter 5)
and the Summer Research Institute in Geriatric Psychiatry (Box 7-2)
(Halpain et al., 2001).

Another approach to efficiently “matching” mentors and mentees
across institutions is through networks supported by professional societies.
The American Thoracic Society established a mentoring program in 1999
and serves as a clearinghouse for mentors and mentees with complementary
issues (and sometimes concordant gender). The American Thoracic Society
provided venues for matched mentors and mentees to meet with the goal of
facilitating the mentoring relationship.
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In 2005, the SRS and the AASM also initiated a long-distance mentor-
mentee program. This program is still under development; too few data are
available to evaluate its effectiveness or level of participation.

In summary, the pivotal role of mentorship in attracting trainees to
sleep medicine and facilitating their academic success is clear. Given the
relatively small numbers of available mentors, additional efforts are needed
to encourage NIH, professional societies, and foundations to provide sup-
port for developing mentors. In addition, creative use of national networks
of mentors and mentees needs to be encouraged. Funding agencies need to
recognize the role of long-distance mentorship plans, if those plans ad-
equately address important issues in successful mentor-mentee relationships.

Given all this, the field is ripe for expansion, but there are too few
young and midcareer investigators.

Integration of Somnology and Sleep Medicine with
Other Training Programs

Another strategy to be considered is providing additional training posi-
tions to already established training grants in relevant disciplines, such as
neuroscience and clinical epidemiology. This, when combined with the re-
mote mentorship model, would have considerable benefit. It would not only
provide a new mechanism to provide training to trainees, but also the men-

BOX 7-2
Summer Research Institute:

A Model Program for Mentor-Mentee Networks

The Summer Research Institute is a 10-year-old program that has
created a national network of mentors in a relatively small field (geriatric
psychiatry). The Summer Research Institute provides a useful model for
attracting new investigators to a defined field and for bridging and short-
ening the transition period from fellowship to first research funding. The
program offers a 1-week “boot camp” in research career survival skills
for postdoctorates and junior faculty. At the end of each program, a work-
shop facilitates interactions and sharing of research among all trainees.
The program’s success is evidenced by the career trajectories of train-
ees. Of the approximately 300 program alumni (postdocs, junior faculty),
80 percent now hold full-time academic positions, and 50 percent or so
have competed successfully for extramural research from the NIH and
foundations.
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tor with expertise in the primary discipline, such as neuroscience or clinical
epidemiology, at the host institution might also become interested in sleep
research.

The development of midcareer mentoring awards for 1 to 2 years would
allow midcareer investigators in institutions with little sleep expertise but
relevant skills (e.g., neuroscience or clinical epidemiology) to get retrained
in sleep research. They would do so in collaboration with one of the com-
prehensive sleep centers described elsewhere in this report. Such mentoring
could be a combination of time spent at the comprehensive sleep center and
remote mentorship while at their own institution. The home institution
would need to indicate its commitment to developing a sleep research pro-
gram for this to be a viable, productive strategy.

Somnology—the branch of science devoted to the study of sleep and
wakefulness—requires a larger interdisciplinary research workforce. This
can be accomplished by both attracting individuals from other related fields
and by establishing a new cohort of researchers who work specifically on
sleep-related topics. As presented in this chapter, the current status of the
sleep research field requires new mechanisms to be considered to seed insti-
tutions that currently lack the intellectual resources.

Recommendation 7.1: The National Institutes of Health and pri-
vate foundations should increase investment in interdisciplinary
somnology and sleep medicine research training and mentoring
activities.

The National Institutes of Health, foundations, and professional
societies should utilize and develop further funding mechanisms to
attract young investigators into the field of somnology and sleep
medicine. As a reflection of the interdisciplinary nature of somnol-
ogy and sleep medicine, members of the Trans-NIH Sleep Research
Coordinating Committee should be encouraged to combine re-
sources to sponsor grants for disciplinary and cross-disciplinary
training and mentoring activities (T, F, and K funding mechanisms)
of medical students, graduate students, postdoctoral fellows, clini-
cal fellows, and junior faculty.

To implement this recommendation the following should be
considered:
• The Trans-NIH Sleep Research Coordinating Committee should

establish a somnology and sleep medicine career development
program. This program should support trainees for a significant
number of years, spanning research training in fellowship and
research career development as a faculty member. It should also
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facilitate mid-career training opportunities (e.g., K21, K24), the
Academic Career Award for Education and Curriculum Devel-
opment program (K07), and research education grants (R25).

• Existing training grants or large research programs in disciplines
related to somnology or sleep medicine (e.g., internal medicine,
neurology, psychiatry, psychology, otolaryngology, nursing, epi-
demiology, neuroscience, health services research) should allow
for the addition of a sleep medicine trainee. Where pertinent
expertise is not available on-site, remote mentoring at other in-
stitutions should be encouraged.
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8

Bolstering Somnology and Sleep
Disorders Research Programs

CHAPTER SUMMARY The National Center on Sleep Disorders
Research (NCSDR) and the Trans-NIH Sleep Research Coordinat-
ing Committee were established to coordinate the sleep-related re-
search, training, and education activities at the National Institutes of
Health (NIH). At the same time that the science and magnitude of
the public health and economic burden requires greater investment,
the output from the NCSDR and Trans-NIH Sleep Research Coor-
dinating Committee has not kept pace. As a consequence, NIH fund-
ing for sleep-related activities has reached a plateau, and the future
outlook for somnology and sleep medicine is unclear. A detailed ex-
amination of the past and current investment in sleep-related research
demonstrates that there are only 331 funded research projects and
253 independent investigators, far below the requirements of the
field. Further, of the 253 principal investigators only 151 researchers
are primarily involved in clinical sleep research and 126 primarily
focus on basic research projects. The challenge for the field is to
develop a collaborative and focused approach with a strong research
infrastructure. To bolster clinical and basic research efforts, catalyze
collaborative research efforts, and attract the breadth of talented re-
searchers who will be able to move somnology and sleep disorders
research and clinical care forward to achieve optimal outcomes
requires a coordinated and integrated strategy. The NCSDR, its ad-
visory board, and the Trans-NIH Sleep Research Coordinating Com-
mittee need to take a proactive role in providing continued leader-
ship. Further, a research network is of particular importance in the
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field because of the need for a coordinated interdisciplinary research
approach to basic and clinical research, clinical care, public educa-
tion, and training. Therefore, the NIH should establish Somnology
and Sleep Medicine Centers of Excellence within a National Somnol-
ogy and Sleep Medicine Research and Clinical Network.

The field of somnology and sleep medicine is poised to take great strides
in elucidating and addressing the etiology, pathogenesis, and public health
burden of chronic sleep loss and sleep disorders. This strong position is the
result of the National Institutes of Health (NIH) establishing the Trans-
NIH Sleep Research Coordinating Committee and the National Center on
Sleep Disorders Research (NCSDR). However, at the same time that the
science and magnitude of the problem requires greater investment, NIH
funding to sleep-related activities has reached a plateau. Consequently, the
future outlook for somnology and sleep medicine is unclear. The next sig-
nificant advances necessitate leveraging these resources to their utmost
potential in conducting research and refining diagnosis and treatment inter-
ventions for sleep loss and sleep disorders.

This chapter provides an overview of the current coordination of sleep-
related activities at the NIH, including an evaluation of the NCSDR. In-
cluded in the evaluation is a detailed a summary of sleep-related research
activities sponsored by the NIH between 1995 and 2004. The chapter cul-
minates with a discussion on the next steps required to accelerate progress,
including the establishment of a National Somnology and Sleep Medicine
Research and Clinical Network.

NIH COORDINATION OF SLEEP-RELATED ACTIVITIES

To a greater extent than many medical and research disciplines, the
field of somnology and sleep medicine cuts across many disciplines, includ-
ing but not limited to cardiology, dentistry, endocrinology, epidemiology,
geriatrics, molecular biology, neurology, neurosciences, nursing, nutrition,
otolaryngology, pediatrics, pharmacology, psychiatry, and pulmonology.
In 2004, there were 331 sleep-related research project grants sponsored by
17 institutes at the NIH (Table 8-1, Appendix G). The NIH has two mecha-
nisms to coordinate its sleep-related activities, the Trans-NIH Sleep Re-
search Coordinating Committee and the NCSDR.
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Trans-NIH Sleep Research Coordinating Committee

In 1986, the Director of the NIH established the Trans-NIH Sleep
Research Coordinating Committee to facilitate an interchange of infor-
mation about somnology and sleep disorders research. This coordinating
committee meets every 2 to 3 months to discuss current sleep-related ac-
tivities within the NIH and develop new programs. Currently 13 NIH
institutes and offices are members of the Trans-NIH Sleep Research Coor-
dinating Committee. The director of the NCSDR chairs the Coordinating
Committee, and its members are program staff from the various NIH in-
stitutes with an interest in somnology and sleep disorders. Although most
institutes that support sleep-related research are members of the coordi-
nating committee, a few are not (Table 8-1), including the National Insti-
tute of General Medical Sciences and the National Eye Institute. In 2004
these two institutes each supported more sleep-related grants than 8 of the
13 current members—close to 10 percent of all sleep-related research
project grants.

The Trans-NIH Sleep Research Coordinating Committee offers the
somnology and sleep medicine field an exceptional resource for increasing
and coordinating NIH support of interdisciplinary sleep-related research

TABLE 8-1 NIH Institute Support of Somnology and Sleep Disorders
Research Project Grants (R01) in 2004

Number
Institute of Grants

National Heart, Lung, and Blood Institute 102
National Institute of Mental Health 88
National Institute of Neurological Disorders and Stroke 49
National Institute on Aging 31
National Institute of General Medical Sciences 22
National Institute of Nursing Research 19
National Eye Institute 15
National Institute on Drug Abuse 13
National Institute on Alcohol Abuse and Alcoholism 12
National Institute of Diabetes and Digestive and Kidney Diseases 11
National Institute of Child Health and Human Development 10
National Cancer Institute 7
National Institute of Arthritis and Musculoskeletal and Skin Diseases 5
National Institute on Deafness and Other Communication Disorders 4
National Center for Complementary and Alternative Medicine 3
National Institute of Allergy and Infectious Diseases 1
Fogarty International Center 1

NOTE: Institutes and centers in bold are not members of the Trans-NIH Sleep Research
Coordinating Committee.
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and career development programs. Over the last 10 years, through requests
for applications (RFAs) and program announcements (PAs), members of
the coordinating committee have cosponsored 16 out of the 18 research
project grant initiatives (Appendix F). This has the advantage of spreading
out the costs of an initiative over multiple institutes, thus being able to
support greater investment. However, as will be discussed in greater detail
later in this chapter, recently the coordinating committee has not taken a
proactive role in developing new research programs.

National Center on Sleep Disorders Research

In direct response to the 1993 report of the National Commission on
Sleep Disorders Research, Wake Up America: A National Sleep Alert, a
provision of the NIH Revitalization Act instructed the Director of the NIH
and the National Heart, Lung, and Blood Institute (NHLBI) to establish the
NCSDR. As described in the congressional language, the mission of the
NCSDR is to “conduct and support of biomedical and related research and
research training, the dissemination of health information, and the conduct
of other programs with respect to various sleep disorders, the basic under-
standing of sleep, biological and circadian rhythm research, chronobiology
and other sleep related research” (U.S. Congress, Senate, 1993). As man-
dated by Congress the NCSDR has the authority:

• for the conduct and support of research, training, health informa-
tion dissemination, and other activities with respect to sleep disorders, in-
cluding biological and circadian rhythm research, basic understanding of
sleep, chronobiological and other sleep-related research; and

• to coordinate the activities of the NCSDR with similar activities of
other federal agencies, including the other agencies of the NIH, and similar
activities of other public entities and nonprofit entities. (See Appendix D for
complete congressional language.)

The NCSDR establishment within the NHLBI allowed it to call upon
the existing successful programs at the NHLBI in sleep-disordered breath-
ing as well as the NHLBI’s expertise in public education programs. It was
realized at the inception of the NCSDR that there was a major need to
educate both public and health care professionals about sleep and sleep
disorders. Because many NIH institutes have a strong interest in somnology
and sleep disorders research and fund portfolios of grants in this area, it
was not envisioned that all funding for sleep-related programs would be
done through the NCSDR. Rather, the NCSDR would facilitate develop-
ment of research and training programs in areas of identified need. In addi-
tion, it would be a center that facilitated and coordinated research across
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the many institutes of the NIH with an interest in sleep-related research, as
well as across the many federal agencies that have an interest in sleep depri-
vation and sleep disorders. These agencies include: the Centers for Disease
Control and Prevention (CDC) (prevalence and impact of sleep disorders,
inadequate sleep); the Department of Defense (impact of sleep deprivation
and nighttime activity on human performance); the Department of Trans-
portation (crashes occurring from falling asleep at the wheel); the Occupa-
tional Safety and Health Administration (impact of sleep deprivation and
sleep disorders on industrial accidents and shift work sleep disorder); and
the Department of Veterans Affairs (VA) (impact of sleep disorders on
health of veterans, posttraumatic stress disorder). It is of note that although
one out of every five Americans perform shift work, the Department of
Labor withdrew its membership from the NCSDR advisory board in 2003.
Following the departure of the department’s representative the Department
of Labor chose not to appoint a replacement member. The committee hopes
that the Department of Labor will reconsider this, as it can make an impor-
tant contribution to the national effort to decrease the burden of sleep loss
and sleep disorders.

Several federal agencies have research and public education programs
including the Department of Defense, the Department of Transportation,
and the CDC. However, the NCSDR has not made clear or demonstrated
far-reaching coordination of these activities, with potential missed opportu-
nities for integrating sleep-related programs among federal agencies and
departments. The original mandate to the NCSDR, as envisioned in the
authorizing legislation, saw the CDC playing a major role in public educa-
tion and surveillance. As described in Chapter 5, the CDC is involved in
many public education campaigns and national surveys. Apart from the
recent addition of sleep-related questions in the National Health and Nutri-
tion Examination Survey (NHANES), this has not occurred. There are in-
sufficient data about the sleep patterns of Americans, and the CDC’s exper-
tise should be sought in conducting surveillance, monitoring sleep disorders
and sleep habits, and developing public health campaigns about sleep loss
and sleep disorders.

The NCSDR budget is a line item on the NHLBI administrative budget
and includes the director, a public health analyst, an executive assistant,
and an office assistant. From a separate NHLBI budget source, the NCSDR
receives an allocation each year to support the activities of the Sleep Disor-
ders Research Advisory Board and other programmatic activities, including
workshops. Thus, the budget available to the director of the NCSDR is
limited. The member institutes in the Trans-NIH Sleep Research Coordi-
nating Committee provide support for their representative to the Commit-
tee, and NCSDR provides administrative support as needed for the Trans-
NIH Sleep Research Coordinating Committee from its fiscal resources
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already described. The Office of Prevention, Education, and Control sup-
port other NHLBI personnel who work on educational programs and two
such individuals (personal communication, M. Twery, NIH, January 24,
2006).

The Advisory Board of the National Center on Sleep Disorders Research

The original NCSDR authorizing legislation established an advisory
board to the NCSDR, composed of 12 members of the public—8 scientific
members and 4 public members who either are advocates for or have a
particular sleep disorder. Included in the advisory board are 10 ex officio
members who represent relevant federal agencies (Table 8-2). The advisory
board meets biannually. As directed in the authorizing congressional lan-
guage “The advisory board shall advise, assist, consult with, and make
recommendations to the Director of the National Institutes of Health and
the Director of the Center concerning matters relating to the scientific
activities carried out by and through the Center and the policies respecting
such activities, including recommendations with respect to the [research]
plan” (U.S. Congress, Senate, 1993). As will be discussed in further detail
below, throughout the 12 years since its establishment the advisory board
has had varying levels of activity in these responsibilities.

Since its inception, the advisory board has had 29 members. It is NIH
policy that the appointed members of advisory councils or other mandated
boards cannot serve for terms of more than 4 years and that reappointment
is not permitted. This presents a strain on a small field such as somnology
and sleep medicine, as those most knowledgeable about the field are fre-
quently selected. It is important that the composition of the advisory board
consists of members who are credible and who have the respect of the
somnology and sleep medicine community, as well as an understanding of
large research and educational enterprises, background as a practicing

TABLE 8-2 Ex Officio Members of the NCSDR Advisory Board

Director of the National Institutes of Health (NIH)
Director of the National Center on Sleep Disorders Research (NCSDR)
Director of the National Heart, Lung, and Blood Institute (NHLBI)
Director of the National Institute of Mental Health
Director of the National Institute on Aging
Director of the National Institute of Child Health and Human Development
Director of the National Institute of Neurological Disorders and Stroke
Assistant Secretary for Health
Assistant Secretary of Defense (Health Affairs)
Chief Medical Director of the Veterans Affairs (VA)
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researcher, and awareness of a wide variety of public policy issues. Indi-
viduals who have been involved in the advisory board are provided in
Appendix E, together with, where appropriate, their academic honors and
area of expertise. As a result of the small numbers of senior members in the
field, the tradition of academic leadership has been difficult to maintain on
the advisory board. The board would benefit from advice made by senior
investigators who have credibility and a sound understanding of both scien-
tific and clinical advances, as well as an appreciation for policy issues. It is
the opinion of this committee that after an appropriate interval senior mem-
bers of the somnology and sleep medicine fields should be permitted to be
reappointed to serve an additional term on the advisory board, along with
the most promising juniors member of the field. This should be permitted
until the field has a large enough cadre of experienced leaders.

NATIONAL SLEEP DISORDERS RESEARCH PLAN

One of the requirements of the advisory board is to periodically de-
velop a comprehensive research plan. The first research plan was published
in 1996. Its recommendations were based on analyses of the needs of the
field and the investment in sleep-related programs by the federal govern-
ment. The recommendations reflected the need to support three areas of
research: (1) basic research using state-of-the-art approaches to elucidate
the functions of sleep and the fundamental molecular and cellular processes
underlying sleep; (2) patient-oriented research to understand the cause,
evaluate the scope, and improve the prevention, diagnosis, and treatment of
sleep disorders; and (3) applied research to evaluate the scope and conse-
quences of sleepiness and to develop new approaches to prevent impaired
performance during waking hours (NHLBI, 1996). Sixteen specific recom-
mendations were crafted in such a way that the outcomes of the effort were
easily measurable (see grant analysis below).

The second research plan, published in 2003, provided a brief overview
of each topic area and an update of the research progress made since the
1996 report. The report contained over 191 individual recommendations.
It has yet to be established, but the large number of recommendations may
decrease the effectiveness of the document. The report did provide relative
weight to some recommendations, but this may limit the implementation of
the remaining recommendations. Based on the recommendations the advi-
sory board identified a limited number of research priorities:

• Understand the neurobiology and function of sleep.
• Assess the impact of reduced sleep across age.
• Find the causes of various sleep disorders.
• Establish normative standards for sleep need and sleep variables.
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• Discover/improve treatments for sleep disorders.
• Study if sleep disorders are associated with, and how they affect, the

progression of other diseases.
• Educate health care professionals and the public about healthy sleep

habits and sleep disorders.
• Apply novel technologies to the study of sleep.
• Develop data and examine prevention, intervention, treatment, and

other sleep-related programs specific to women and minorities.

In the research plan, training was considered the highest priority and a
separate category was created to underline its importance.

Although the 2003 plan is more comprehensive than the 1996 plan,
it lacks specificity in each recommendation, and no strategy was estab-
lished to advance the research agenda. The large number of recommenda-
tions and the broad focus make it difficult to establish measures to evalu-
ate the research plan’s effectiveness. The 2003 research plan laid out an
ambitious set of priorities but did not provide a strategy to implement the
recommendations.

Scientific Advances Since the 2003 Sleep Disorders Research Plan

Below is a brief update of the state of science since 2003. However, as
only 2 years have passed since the publication of the 2003 plan, this review
is not meant to serve as an in-depth evaluation of the plan or an in-depth
review of the current state of the field. Rather, its purpose is to demonstrate
the potential the field has to continue to make great scientific strides. The
outline for this update uses the organization originally used in the executive
summary of the 2003 National Sleep Disorders Research Plan. As the fol-
lowing sections will demonstrate, although there has been scientific progress
leading to an even greater number of unanswered questions, over the last
few years the field has not grown but has reached a plateau.

Circadian Neurobiology

Research in this area is expanding because of advances in basic research.
The major molecular and anatomical components associated with the gen-
eration of circadian rhythms have been known for about a decade. Genetic
variants associated with delayed and advanced sleep phase are increasingly
reported in a small minority of patients with familial occurrence (Xu et al.,
2005). However, the clinical implications of altered circadian rhythms are
yet to be explored. Some examples include the need to better define the
causes and consequences of delayed phase in adolescence and to understand
advanced phase in the elderly (Carskadon et al., 2004; Monk, 2005).
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The importance of circadian rhythms extends beyond the brain. It is
now recognized that the circadian clock does not solely operate within the
suprachiasmatic nucleus but also at multiple levels in peripheral and central
organs (Yamazaki et al., 2000; Yoo et al.,  2004). Researchers have contin-
ued to elucidate with increasing detail the molecular mechanisms regulating
these multiple molecular clocks. For example, peripheral clock markers can
now be generated and studied in human fibroblasts (Brown et al., 2005). In
addition, the genetic disruption of molecular mechanisms regulating circa-
dian rhythms is recognized as deleterious at multiple levels within the or-
ganism. For example, the Clock-mutated mouse was found to suffer from
metabolic abnormalities and to be prone to obesity (Turek et al., 2005). It is
also increasingly likely that Clock genes have effects on the sleep process
itself. This research may explain, for example, why shift workers are prone
to certain diseases (Harrington, 1994; Boggild and Knutsson, 1999).

Sleep Neurobiology and Basic Sleep Research

The importance of the hypothalamus in sleep regulation, beyond the
generation of circadian rhythms and their genesis within the suprachiasmatic
nuclei, is increasingly clear (Saper et al., 2005). The recognition of the ven-
trolateral preoptic area as a sleep generator, together with the identification
of the hypocretin (orexin) system as a wake promoting system, has fueled
intense research in this area. How these two systems interact neuroana-
tomically, and how they affect other classical neurobiological systems, such
as the monoamine and cholinergic systems, is being elucidated (Saper et al.,
2005). Projection sites and novel sleep regulatory nuclei are being identi-
fied. The impact of this research is being felt beyond the field; for example,
the role of the hypocretin system in regulating dopaminergic systems and
addiction potential for drugs of abuse is the subject of intense investigation
(Harris et al., 2005).

The function of sleep is also increasingly explored through phyloge-
netic approaches—the study of sleep in various animal species (Rattenborg
et al., 2004; Lyamin et al., 2005). Sleep is a vital behavior conserved across
evolution, suggesting it serves one or more critical functions. One impor-
tant function may be the development of the neonatal brain, as many ani-
mals sleep a lot just after birth. The necessity of sleep may also be seen in
animals that are in constant motion (e.g., swimming aquatic mammals or
migrating birds) as they have developed unihemispheric sleep to allow for
the generation of sleep under these difficult ecological circumstances. Inter-
estingly, several reports are now suggesting that in specific instances, sleep
can be suppressed completely for very long periods (up to months), such as
during long-range migration in certain birds (Rattenborg et al., 2004) or
even more surprisingly just after birth in some cetaceans (Lyamin et al.,
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2005). These recent results suggest it may be possible to sustain life without
sleep in special circumstances, which challenges existing dogma and sug-
gests an area ripe for further advances.

This field of research is also benefiting from genetic studies in animal
models. Knockout mice models (mice that are bred so that they lack certain
genes) are now systematically being evaluated for sleep abnormalities. Gene
variants, including a number of variants that affect sleep, have been isolated
in various mouse strains that have specific electroencephalogram patterns
(Tafti et al., 2003). These and other genetic mechanisms should be explored
in future studies (Maret et al., 2005).

Sleep Disorders in Neurology

The discovery in 1999 and 2000 that hypocretin/orexin is involved in
the pathophysiology of most narcolepsy-cataplexy cases is now being trans-
lated into clinical practice. Measuring cerebral spinal fluid (CSF) hypocretin-1
(orexin-A) is used in some cases to diagnose narcolepsy and is listed as a
diagnostic tool in the revised International Classification of Sleep Disorders
(AASM, 2005; Bader et al., 2003; Mignot et al., 2003). This diagnostic
procedure may be especially important considering the recent report of high
prevalence of sleep onset during rapid eye movement (REM) sleep instead
of during nonrapid eye movement (NREM) sleep in the general population,
a finding that may suggest a large number of false positives for this test and/
or a high prevalence of narcolepsy without cataplexy (Singh et al., 2005).

Sleep disturbances are recognized as a major issue in Parkinson’s and
Lewy body disease (Rye, 2004), also suggesting a role for dopamine in sleep
regulation. Not only can Parkinson’s disease patients have a narcolepsy-like
daytime sleepiness, but REM behavior disorder is now recognized as an
important component of these disorders, often preceding Parkinson’s dis-
ease by several decades. Investigators are also increasingly interested in other
disorders where hypocretin abnormalities might explain sleep disturbances
(Nishino and Kanbayashi, 2005), most notably Huntington’s chorea, a dis-
order where mice models show a preferential hypocretin cell loss (Petersen
et al., 2005). Similar sleep studies are also occurring with Alzheimer’s de-
mentia and stroke patients, where central and obstructive sleep apnea (OSA)
may play an important role in both causing and exacerbating the condition.

Finally, rapid progress is occurring in our understanding of restless legs
syndrome (Trenkwalder et al., 2005). Pathophysiology and treatment may
be closely linked to the dopaminergic system and iron metabolism. Genetic
studies suggest the existence of at least three potential loci, located on chro-
mosomes 12, 14, and 9, and investigators are narrowing down on possible
candidate genes. It is likely that those actually causing diseases will soon be
identified (Manconi et al., 2004).

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


BOLSTERING SOMNOLOGY RESEARCH 263

Sleep-Disordered Breathing

Genetic epidemiological studies conducted over the prior decade have
clearly established that sleep-disordered breathing, although a complex trait,
has a strong genetic basis with evidence of oligogenic inheritance (Buxbaum
et al., 2002). Areas of linkage for the apnea-hypopnea index (AHI) appear
to differ by ethnicity (Palmer et al., 2003, 2004). Association and fine map-
ping studies have quantified the potential role of several candidate genes in
the pathogenesis of sleep apnea (Gottlieb et al., 2004b; Larkin et al., 2005a),
with results implicating a gene near the APOe4 locus (Larkin et al.,
2005a). There is also evidence that sleep-disordered breathing and obesity,
a major public health problem, are partly linked by pleiotropic genetic
mechanisms (Palmer et al., 2003, 2004). Thus, future studies of the genetics of
sleep-disordered breathing also likely will illuminate the genetic basis
of obesity. Applying advances in genome association methods to popula-
tion studies of sleep apnea will be important in discovering genes for this
and related diseases.

Large scale epidemiological studies in the 1990s quantified the preva-
lence of OSA in middle aged and elderly populations (Ancoli-Israel et al.,
1991, 1995; Young et al., 1993). More recently, population-based studies
also identified sleep-disordered breathing to be common in American
school-aged children, with an especially high prevalence in African Ameri-
can children (Rosen et al., 2003). Other studies have identified the predilec-
tion of other groups to sleep apnea. These include commercial drivers
(Howard et al., 2004), whose occupations place them at particular risk for
sleepiness-associated injuries (Gurubhagavatula et al., 2004). Further work
is needed to develop and apply screening approaches for identifying indi-
viduals at high risk for sleep apnea (see technology section). However, in
the case of commercial drivers, a two-stage screening strategy using ques-
tionnaires and simplified tests was shown to be effective (Gurubhagavatula
et al., 2004). Given that commercial drivers with sleep apnea are likely to
be at an increased risk for crashes, occupational screening of this group
may provide an important opportunity to test the model for occupational
screening for sleep disorders.

There is developing evidence that sleep apnea leads to oxidative stress
(Lavie, 2003). This likely results from the cyclical doxygenation-reoxygenation,
akin to ischemia reperfusion, that occurs with apneic events, causing free radial
production and increased levels of inflammatory molecules. C-reactive protein,
a biomarker for cardiovascular disease, may be elevated in OSA. C-reactive
protein declines with treatment with continuous positive airway pressure
(CPAP) (Yokoe et al., 2003). Increasing oxidative stress is not only relevant to
the cardiovascular risk of sleep apnea but also to its effects on neurocognition.
Cyclical intermittent hypoxia leads to oxidative damage of various groups of
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neurons: hippocampal neurons with resulting learning deficits (Row et al.,
2003); hypoglossal motoneurons, a mechanism that may accelerate disease pro-
gression (Veasey et al., 2004b), as well as wake active neurons (Veasey et al.,
2004a). The latter may be the mechanism by which residual sleepiness occurs
in patients with OSA even when they are well treated with nasal CPAP.

There is ongoing evidence from prospective studies that OSA is a risk
factor for cardiovascular events and mortality, and this evidence is becom-
ing more compelling based on large prospective cohort studies. Such studies
show that patients with sleep apnea, in particular severe sleep apnea (i.e.,
AHI greater than 30 episodes per hour), have increased rates of cardiovas-
cular events, strokes, mortality independent of other risk factors, and hy-
pertension (Yaggi et al., 2005; Marin et al., 2005). Patients with severe
sleep apnea who were not treated have an increased rate of cardiovascular
events and deaths compared to controls with similar degrees of obesity who
do not have sleep apnea (Marin et al., 2005). When patients with severe
sleep apnea are treated with CPAP, both the rate of cardiovascular events
and cardiac deaths drop to control rates (Marin et al., 2005). Although this
provides strong support for a role of OSA in atherogenesis, the critical proof
for a causal association, and further defining a need for early treatment,
requires randomized trials designed to assess the impact of OSA on cardio-
vascular events.

The Sleep Heart Health Study has added further support for sleep ap-
nea being a risk factor for insulin resistance independent of the effects of
obesity (Punjabi et al., 2004). In this large study the presence of sleep apnea
(i.e., AHI greater than 15 events per hour) was independently associated
with insulin resistance even after controlling for body mass index and waist-
to-hip ratio, a measure of visceral obesity (Punjabi et al., 2004). Moreover,
data suggest that treating patients with OSA by nasal CPAP significantly
increases insulin sensitivity as measured by the euglycemic clamp method
(Harsch et al., 2004). This effect was, however, most evident in relatively
nonobese subjects, with questions regarding the extent to which sleep ap-
nea treatment improves glucose tolerance in obese individuals with sleep
apnea and may help prevent diabetes. A small study suggests that this is so;
improvement is particularly found in those with high levels of a specific
type of hemoglobin that is a marker for poor glucose control (Babu et al.,
2005).

Although much of the focus of research continues to be on OSA,
progress is also being made in other aspects of sleep-disordered breathing.
Obesity-hypoventilation syndrome, a condition in which individuals
hypoventilate during sleep (due to an increased respiratory load from the
increased weight) and have elevated daytime arterial PCO2 levels, has been
shown to be common yet frequently unrecognized in obese hospitalized
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patients. Obese patients with this problem have poorer medical outcomes
(Nowbar et al., 2004).

Thus, this research in sleep and sleep disorders is vibrant and has great
potential to improve public health problems related to sleep-disordered
breathing.

Insomnia

A turning point in this area may have been the recent NIH-sponsored
State-of-the Science Conference on chronic insomnia (Dolan-Sewell et al.,
2005). In this conference, a decision was made to abandon the concept of
secondary insomnia. The rationale for this change was that it is difficult in most
cases to distinguish causes and consequences for insomnia. The possibility that
insomnia is associated with abnormalities of sleep microarchitecture and brain
metabolism, as measured by imaging studies, is also increasingly recognized.
This, together with the concept of hyperarousal in patients with insomnia
(Nofzinger et al., 2004), is leading to the discovery of objective markers and a
pathophysiological model for insomnia. It was also recognized that insomnia is
not only frequently associated with depression but may be an independent
predictor of it (Roth and Roehrs, 2003).

Treatment modalities for insomnia are changing. Prescribed hypnotic
use is reported in children and adolescents, a pattern that raises concern as
there are limited data in this area (Owens et al., 2003). An increasing num-
ber of well-designed studies are showing efficacy and safety for cognitive-
behavioral therapies (Morin, 2004). This, together with the introduction
and development of a large number of new hypnotics of various modes of
action, is changing clinical practice in insomnia.

Pediatric Sleep Sciences

There have been several advances in the field of pediatric sleep medi-
cine in the last two years: the discovery of the gene for congenital central
hypoventilation syndrome, improved understanding of the pathogenesis and
epidemiology of sleep apnea, and better understanding of the complications
associating OSA in children. However, pediatric sleep remains relatively
understudied, and there are still many gaps in the knowledge base. For
example, although the Back to Sleep Campaign has been very successful
there is still very little information concerning the etiology of sudden infant
death syndrome (SIDS).

In 2003, Amiel and colleagues described a mutation of the PHOX2B
gene in 62 percent of their patients with congenital central hypoventilation
syndrome (Amiel et al., 2003). Following refinement of the technique, 97
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percent of patients have been shown to have a mutation of the gene (Weese-
Mayer et al., 2003), which is dominant and usually a de novo mutation.
This finding has already become useful in clinical practice, with clinical
testing and amniocentesis now available.

There has been increasing research in the area of pediatric sleep-
disordered breathing. Several studies have provided a better understanding
of the pathophysiology of OSA in children, including the role of upper
airway reflexes in this disease (Gozal and Burnside, 2004; Marcus et al.,
2005). Major advances have been made in understanding the complications
of childhood OSA. In particular, work from a number of different labs has
shown that very mild obstructive apnea, and perhaps even primary snoring,
is associated with changes in neurocognitive and behavioral function in
children (Fregosi et al., 2003; Rosen et al., 2004; Gottlieb et al., 2004a).
Other studies have shown that childhood OSA is associated with cardiac
hypertrophy (Amin et al., 2005), inflammation (Tauman et al., 2004; Larkin
et al., 2005b), and the metabolic syndrome (de la Eva et al., 2002), poten-
tially putting children at risk for cardiovascular complications later in life.
Of great interest is the observation of adverse outcomes in individuals with
a very mild sleep apnea (including habitual snoring without appreciable
levels of overnight hypoxemia). Given that almost all of the work to date
has been descriptive, it is imperative that interventional studies assess
whether early diagnosis and treatment would modify short- or long-term
health outcomes. In this regard, there is also a need to identify the efficacy
of sleep apnea treatment in children, including tonsillectomy and adenoidec-
tomy, for which there has not yet been a single randomized controlled study
of treatment for sleep apnea.

Sleep Deprivation

The impact of sleep deprivation and shift work on driving and indus-
trial accidents has been known for more than a decade. Unfortunately,
change, especially in the area of commercial driving, has been difficult to
implement. Modafinil, a wake-promoting agent, may be effective for the
treatment of shift work disorder and prove to be useful in this setting
(Czeisler et al., 2005). Sleep deprivation is also increasingly recognized as
being associated with poor school performance, especially when school re-
starts after an extended number of days off. This may be mediated by de-
layed sleep phase, early school start time, and increased sleep need during
adolescence (Carskadon et al., 2004).

Recent studies have shown that sleep deprivation causes medical errors
among physicians (Lockley et al., 2004; Landrigan et al., 2004; Barger et
al., 2005). Attentional lapses and errors can be improved by reducing work
hours and increasing sleep (Lockley et al., 2004; Landrigan et al., 2004).
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These findings are leading to rapid changes in the on-call requirements for
physicians in training (Cavallo et al., 2004).

The impact of chronic sleep restriction on human health and endocri-
nological status is also increasingly recognized. Associations among short
sleep, obesity, diabetes, and mortality have been reported (Alvarez and Ayas,
2004; Gottlieb et al., 2005). A large number of studies have shown cross-
sectional association between short sleep and obesity (Cizza et al., 2005). A
trend for a longitudinal association between shortening sleep and gaining
weight is also typically found. The biological mediation of these changes
may be through alterations in leptin and ghrelin, two major appetite regula-
tory hormones (Taheri et al., 2004; Spiegel et al., 2004). The levels of these
hormones are altered in health subjects if sleep is restricted for a few nights.

Sleep Education and Training

Although a top priority of the 2003 research plan, the NIH has not
established any new large-scale programs in training or career development.
In fact, as has been described in Chapter 7, there has been a decrease in the
number of career development grants pertaining to sleep. Further, although
a few private foundations and professional societies have invested some in
professional development, as discussed in Chapter 5, increased efforts are
required to fully embrace the need to increase education and training pro-
grams. Thus, progress in this critical area has been quite limited.

ANALYSIS OF NIH-SPONSORED RESEARCH PROJECT GRANTS

Currently, assessment of the success of the sleep research effort at NIH
seems to be based largely on the total dollars being committed by various
institutes to the field (for more information see the 2001 to 2004 annual
reports of the Trans-NIH Sleep Research Coordinating Committee). NIH
funding for somnology research has increased by more than 150 percent
since the NCSDR became fully operational in 1996, reaching a total of
$196.2 million (0.07 percent of the NIH budget) in fiscal year 2004
(NHLBI, 2003). However, this growth occurred during the same period
that the overall budget to the NIH doubled.

At the same time that the science and magnitude of the problem
requires greater investment, over the last few years NIH funding to sleep-
related activities has plateaued. This has partially overlapped the period
when the overall NIH budget has plateaued. Consequently, the future out-
look for somnology and sleep medicine is unclear. In 2004, for the first
time since the NCSDR was established, there was a decrease of $846,000
in annual expenditures for sleep-related projects. This decrease raises even
greater concern because it occurred in the same year that the NCSDR in-

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


268 SLEEP DISORDERS AND SLEEP DEPRIVATION

cluded the expenditures of three additional institutes not included in previ-
ous fiscal reports. A comparison of research funding for the institutes in
2003 fiscal year analysis reveals a decrease of $1.142 million. Further,
between 2003 and 2004 there were fewer research project grants funded,
and this trend may continue as the number of new research project grants
funded in 2004 also decreased (Appendix G). There must be incremental
growth in this field to meet the public health and economic burden caused
by sleep loss and sleep disorders.

It is difficult to accurately track the commitment of different NIH insti-
tutes to somnology and sleep disorders, in part because there is no uniform
accounting system. Some NIH institutes count only a proportion of a grant
when only a component of the grant is related to sleep research, but others
count the entire grant, even though sleep-related research is only a minor
part of the grant. This is particularly problematic for large program project
or center grants. More important, however, these financial data do not
allow the advisory board or leadership of the NCSDR to track the type of
research being conducted and hence help identify areas of need. Originally
the NCSDR Advisory Board took an active role in assessing the then cur-
rent portfolio of sleep research grants, such as the analysis that was pub-
lished in the journal Sleep in 1999 (Gillette et al., 1999). The committee
presents its analysis below and urges the advisory board to continue to take
an active role in this and perform a similar analysis on an annual basis.

Somnology and Sleep Disorders RFAs and PAs

The 1996 research plan was based on analyses of currently funded
grants and led to a number of specific RFAs and PAs. Recently, there has
been a marked reduction in the number of sleep-related RFAs that provide
an important mechanism to develop research programs in specific areas of
need. They identify a narrowly defined area for which one or more NIH
institutes have set aside funds for awarding grants. This is different from
PAs, which identify areas of increased priority or emphasis but typically do
not have specific funds set aside (except for PAS announcements).

Over the last 3 years, the NCSDR has only sponsored two programs,
one PA and one RFA—Research on Sleep and Sleep Disorders: PA-05-046
(in 2004) (NIH, 2004) and Mechanisms Linking Short Sleep Duration and
Risk of Obesity or Overweight: RFA-HL-06-003 (in 2005) (NIH, 2005).
The marked reduction over recent years in efforts identifying and develop-
ing RFAs and PAs is seen by examining the list of RFAs and PAs in sleep
disorders research since the inception of the NCSDR (Appendix F).

The recent efforts of the NCSDR can be compared to those of the Na-
tional Center for Medical Rehabilitation Research (NCMRR), which is a
similarly structured center in the National Institute of Child Health and
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Human Development. The NCMRR supports research on enhancing the
functioning of people with disabilities in daily life. Compared to the 1 RFA
established by the NCSDR in fiscal year 2004, the NCMRR established 6
RFAs and 4 PAs. Further, between 2001 and 2004 the NCMRR established
20 RFAs, while the NCSDR established only 4 RFAs. It is unclear why
there is such a dramatic difference in the activity of these two centers.

Protocol for Research Project Grant Analysis

This committee performed a detailed analysis of the 1995 and 2004
portfolios of NIH somnology and sleep disorders research project grants
(R01) to determine the current investment in the field and to examine how
the grant portfolio has changed over the last 10 years. To do so, abstracts of
all sleep-related R01s in the Computer Retrieval of Information on Scien-
tific Projects (CRISP) database were analyzed. This database collects infor-
mation on the number of federally funded biomedical research projects.
Sleep-related R01s were collected by searching the CRISP database for all
abstracts that were classified under the following thesaurus terms: insom-
nia, periodic limb movement disorder, restless legs syndrome, circadian
rhythm, SIDS, sleep disorder, narcolepsy, sleep apnea, sleep, hibernation,
and dream. To limit the number of grants that were not relevant to somnol-
ogy or sleep disorders, the committee only included grants in which the key
words appeared in both the thesaurus terms and abstract and not the
abstract alone. It should be noted that the following conclusions are based
on the number of grants awarded in each area. The committee did not have
access to the applications that were submitted and not funded; therefore, it
is not possible to conclusively determine if changes in investment are the
result of NIH policy, the number and/or quality of submissions in each
area, composition of grant review committees, or a combination of these
factors.

General Findings

The CRISP search identified 156 sleep-related grants for 1995 and 397
for 2004. Upon review of their abstracts a number of these were determined
to be unrelated to sleep. This resulted in 116 total sleep-related grants in
1995 and 331 sleep-related grants in 2004, a 2.85 fold increase (Table 8-3).
The number of the grants deemed not relevant to sleep-related research—
34 out of 156 in 1995, and 59 out of 397 in 2004—represents a relatively
constant percentage (i.e., 21 percent and 15 percent, respectively; supple-
mental grants and grants with no abstract were also not classified). Thus,
use of this methodology to track temporal trends in number of grants seems
appropriate. Of the relevant sleep R01 grants there were 253 principal
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272 SLEEP DISORDERS AND SLEEP DEPRIVATION

investigators in 2004, a 2.53 fold increase from 1995 (100 principal inves-
tigators). Given that an estimated 50 to 70 million Americans have sleep-
related health challenges, the current investment of 0.07 percent of the NIH
budget and presumably a lesser proportion across other agencies, we be-
lieve, is not sufficient.

Clinical, Basic, and Circadian Rhythm Research Projects

Each grant was categorized to determine if the research was primarily
basic or clinical in nature. Fifty-four percent of the grants in 2004 focused
on clinical sleep disorders. Seventeen percent of 2004 grants were focused
on basic sleep research projects, and 29 percent were devoted to the study
of circadian rhythms. The total percentage of nonclinical research projects
devoted to circadian rhythms rose from 40 percent of nonclinical research
projects in 1995 to 61 percent in 2004. There has been over the last 10 years
a disparate growth in these areas. Investment in circadian rhythms research
projects increased by 5.11-fold; however, basic research unrelated to circa-
dian rhythms only increased by 2.53-fold, well below the need. Not surpris-
ingly, this largely reflects where much scientific advance has occurred.

Sleep Disorders

Since 1995, there has also been growth in the number of grants focused
on sleep disorders. The current analysis suggests that research funding is
disproportional to the public health burden and the known prevalence and
consequences of the disorders. In a few cases, research has actually de-
creased or barely grown. These areas include parasomnia research (from
one grant in 1995 to none in 2004), sleep in psychiatric disorders (0.23-fold
decrease), and narcolepsy (1.20-fold increase). The lack of research regarding
parasomnias is troublesome, considering the prevalence of these conditions.
Similarly, the decrease in research grants in the area of sleep disturbances in
psychiatric diseases is disturbing, considering the growing recognition that
insomnia is a major risk factor for depression (see the Scientific Advances
Since the 2003 Sleep Disorders Research Plan). This last observation should
be mitigated by the relatively hefty increase in insomnia research.

Research in the area of narcolepsy and hypersomnia sleep disorder re-
search also stayed flat. This last finding was disappointing, considering the
recent discovery of hypocretin deficiency as the main cause of narcolepsy
with cataplexy and  the growing recognition that a large number of patients
have milder forms of centrally mediated hypersomnolence, narcolepsy with-
out cataplexy, and idiopathic hypersomnia. Research in this area may be
uniquely poised to make progress, but funding has not increased. Not a
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single grant was identified on the study of idiopathic hypersomnia or Kleine-
Levin syndrome. The latter is admittedly a rare condition.

Over the 10-year span between 1995 and 2004 there has been no
growth in research examining the etiology and pathophysiology of SIDS. In
1995 seven R01s were identified as focusing, at least partially, on SIDS,
but in 2004 there were only six grants. Although the prevalence of SIDS has
decreased since the Back to Sleep public education campaign began, this is
still an area of research that warrants attention.

Selected areas grew more rapidly. There has been increasing interest in
restless legs syndrome/periodic leg movements research; but the current in-
vestment is still low. There were no grants with a primary focus in these
areas in 1995 and six in 2004. Given the high prevalence of restless legs
syndrome and its negative impact (Chapter 3), the small number of grants
is, however, still surprising. Further, although the number of insomnia re-
search project grants has also grown from 10 grants in 1995 to 22 grants in
2004 (2.20-fold growth), this growth is modest given the high prevalence of
insomnia. Clinical research project grants focused on the elucidation of sleep
apnea demonstrated an increase in support that is reflected in the increased
appreciation of its public health burden that occurred over the same
period—19 grants in 1995 (15 percent of total grants) and 65 in 2004 (22
percent of total grants), a growth of 3.42-fold.

Assessment of Devices

The committee also noted that research assessing new devices barely
grew from 1995 to 2004 (1.25-fold increase). This was also a troubling
trend, as the study group identified the need to validate and increase the use
of ambulatory monitoring devices in the diagnosis and assessment of sleep
disorders, most notably sleep-disordered breathing (see Chapter 6).

Research Strategy

The committee also examined the primary research strategy proposed
in each project. The striking trends in this area have been the dramatic
growth in studies employing molecular (7.00-fold growth) and genetic
(10.60-fold growth) strategies. Although this partially reflects the trends in
modern biomedical research, the NHLBI, the National Institute of Mental
Health, and the National Institute of Child Health and Human Develop-
ment sponsored an RFA in 1996 to advance the understanding of the mo-
lecular and genetic basis of sleep and sleep disorders (RFA-HL-96-015).
This RFA provided researchers funding for research projects that had mo-
lecular and genetic strategies.
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Species

In this area there are also key trends. The growth in studies using mice
is staggering, 16-fold from 1995 to 2004. There were only two grants using
mice in 1995 and 32 in 2004. This is likely to be in direct response to the
NHLBI, the National Institute of Mental Health, the National Institute on
Aging, and the National Institute of Neurological Disorders and Stroke
sponsoring an RFA in 1998 to develop improved molecular, cellular, and
systems approaches to investigate sleep and circadian phenotypes in mice
(RFA-HL-99-001).

There has also been a major increase in studies utilizing Drosophila as
a model organism (7.50 fold increase). The use of Drosophila to study sleep
was originally recommended at a workshop held by the NCSDR in 1995
and was included in the previously mentioned 1996 RFA to advance the
understanding of the molecular and genetic basis of sleep and sleep disor-
ders (RFA-HL-96-015). There are also a large number of grants that are in
the “Other” category for species.

There are, as expected, a large number of studies on humans. The
total number of grants in humans in 1995 was 73, but in 2004 it was
172, a 3.35-fold increase. It is concerning, however, that there are still
only 23 grants studying sleep and its disorders in children and adoles-
cents. This represents only 13 percent of total grants in humans, and the
increase in pediatric sleep grants (1.92-fold) is lower than that for all
grants (2.35-fold) and for all grants in humans (3.35-fold increase). The
number of grants studying sleep and its disorders in the elderly, a popu-
lation with a particularly high prevalence of sleep disorders, is also only
30. The growth in this area (1.77-fold) is also less than in other catego-
ries. Finally, although there has been growth in human subjects research,
there has been a limited number of long-term clinical outcomes interven-
tion studies that have examined strategies to improve the scientific base
and treatments.

Composition of Grant Review Panels

An analysis of relevant NIH review panel expertise was also performed.
To do so, the composition of review panels that received applications with
sleep was analyzed. A total of 24 review panels, including special emphasis
panels and standing integrated review groups (IRG), were included. Re-
viewers were subjected to Medline searches with the keywords sleep and
circadian. Names were also visually inspected by multiple members of the
committee who had expertise in various aspects of somnology and sleep
medicine. Membership to sleep or circadian rhythms societies was noted,
together with area of expertise. Only reviewers with a major sleep or circa-
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dian research focus, as judged by their publication record or professional
society, were considered.

Twenty-eight reviewers with knowledge in sleep or circadian biology
were identified in the 24 review panels. It is important to note that although
some review panels may not have experts in the field, often the Center of
Scientific Review will appoint ad hoc reviewers when specific expertise is
absent on the review panel. One third of the reviewers (12 out of 36 review-
ers) were concentrated in a single study section, the Biological Rhythms and
Sleep Study Section. Another third (9 reviewers) were in NHLBI special
emphasis panels. Eleven of the total 28 (39 percent) reviewers were prima-
rily interested in circadian rhythm research, rather than basic sleep research
or clinical sleep disorders. Four other NHLBI review panels had more than
2 reviewers with sleep and circadian expertise; these included the mentored
patient-oriented carrier development (K23) grant review panel (2 review-
ers); a NHLBI special emphasis panel on T32 grants (2 reviewers); a small
business activities special emphasis panel (4 reviewers) and the Respiratory
Integrative Biology and Translational Research panel (2 reviewers). It was
notable that two study sections with sleep in their title (and mandate) had
one or no reviewers with a sleep expertise: the Neural Basis of Psychopa-
thology panel, addictions and sleep disorders (1 reviewer); and the cardio-
vascular and sleep epidemiology study section (no reviewers with sleep
expertise).

As expected, there was an association between reviewer expertise and
types of grants funded. A notable finding was the low percentage of review-
ers with clinical research expertise (36 percent) covering all of the different
sleep disorders outlined in earlier chapters. This finding may be one poten-
tial reason why clinical research was the area with the least growth. How-
ever, because the committee was unable to examine and categorize all the
grants that were submitted and not funded, it is difficult to interpret this
finding. Further, the limited number of sleep reviewers, as well as the small
number of funded grants, may also be a direct reflection of the limited
number of scientists (especially senior investigators) in specific areas of this
field.

Value of Grant Analysis Protocol

Categorizing each research project grant offers researchers and policy
makers the opportunity to examine the current investment in particular
areas, identify areas in need of greater investment, and provide a quantifi-
able metric to examine the success of specific RFA and PA programs. This
committee strongly encourages the NCSDR Advisory Board to perform a
similar annual analysis of all somnology and sleep disorders grants, includ-
ing research (R), training (T), fellowship (F), career development (K), pro-
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gram (P), and cooperative (U) activities sponsored by the NIH, the CDC,
and Department of Defense, Department of Transportation, Department of
Labor, and other relevant federal agencies. This committee also believes
that the Center for Scientific Review should gather basic keyword informa-
tion on submitted grants and reviewers to address adequacy of review ex-
pertise on review panels. This information would be helpful to the NIH at
large and to the NCSDR as it develops a more proactive research plan.

Although the success of an RFA is dependent on the number and quality
of grant applications, this analysis demonstrates the value an RFA may have
in expanding interest and awareness in specific areas of a field. Therefore,
this committee recommends that the NCSDR Advisory Board use their an-
nual analysis to identify priority research and training areas and annually
recommend an RFA to appropriate advisory councils of the Trans-NIH Sleep
Coordinating Committee and other federal agencies including the CDC.

NEXT STEPS IN ACCELERATING PROGRESS

Given the multiple and varied sources of federal and private funding and
support for the field and the numerous disciplines involved in research and
clinical care, the challenge for the field of sleep medicine is to develop a col-
laborative and focused approach with a strong research infrastructure. To
bolster clinical and basic research efforts, catalyze collaborative research ef-
forts, and attract the breadth of talented researchers who will be able to move
somnology and sleep disorders research and clinical care forward to achieve
the therapeutic solutions requires a coordinated and integrated strategy.

Strengthen the NCSDR and Its Advisory Board

It is an opportune time for coordination of sleep-related activities
throughout the federal government. The NCSDR and its advisory board
should take the lead in reinvigorating a coordinated strategy. To assist in
this coordination, annually the directors of the NCSDR and the NCSDR
Advisory Board should meet with all institute directors who are members of
the Trans-NIH Sleep Coordinating Committee and directors of other rel-
evant federal agencies. Further, institutes at the NIH that manage a large
sleep-related portfolio should be encouraged to appoint appropriate repre-
sentatives of the field of Somnology and Sleep Medicine to their advisory
councils and program project review committees.
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Recommendation 8.1: The National Center on Sleep Disorders
Research and its advisory board should play a more proactive role
in stimulating and coordinating the field.

The National Center on Sleep Disorders and Research (NCSDR)
should have adequate staff and resources to ensure its ability to
fulfill its mission of coordinating and stimulating training, research,
and health information dissemination relevant to somnology and
sleep disorders. All relevant institutes with significant sleep portfo-
lios should become members of the Trans-NIH Sleep Research
Coordinating Committee. Further, the NCSDR Advisory Board
should take a more proactive role in advising the director of the
NCSDR. On an annual basis, the NCSDR and its advisory board
should:
• Identify specific objectives that address each of the three NCSDR

missions and evaluate specific actions taken to accomplish each
objective. This assessment should be reported in an annual meet-
ing to the Trans-NIH Sleep Coordinating Committee, the insti-
tute directors of its members, and to the director of the NIH.

• Directors of the other federal agencies that fund significant sleep-
related activities, such as Department of Defense, Department of
Commerce, Department of Education, Department of Labor,
and Department of Transportation should report annually on
their activities to the NCSDR Advisory Board.

• The NCSDR Advisory Board should annually review the cur-
rent NIH portfolio of sleep-related grants, as well as requests for
applications, and program announcements, assess them for re-
sponsiveness to the program plan and identify gaps in research
and training.

• The NCSDR Advisory Board should annually recommend new,
or modify existing, requests for applications that can be pre-
sented to appropriate NIH institutes and other federal agencies
including the Centers for Disease Control and Prevention and
Department of Defense. Multiple members of the Trans-NIH
Sleep Coordinating Committee are encouraged to continue to
cosponsor sleep-related grants.

Enhance Research Collaborations

Clinical advances in treatments for chronic sleep loss and sleep disor-
ders depends on the quality and integration of fundamental knowledge from
multiple laboratory and clinical disciplines; including but not limited to:
cardiology, dentistry, endocrinology, epidemiology, molecular biology,
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neurology, neurosciences, nursing, nutrition, otolaryngology, pediatrics,
pharmacology, psychiatry, and pulmonology. Historically the field has been
clinically focused and has not integrated the efforts of its clinical and basic
research scientists. For the field to make its next set of advances it will
require a strengthened research infrastructure that will feature the develop-
ment of combined clinical and research centers of excellence focused on
somnology and sleep medicine and a structured network to facilitate and
ensure collaborative interdisciplinary approaches.

Centers of excellence are required to establish and enhance somnology
and sleep disorders research. A critical feature of these centers will be their
ability to foster collaborations among the many research and clinical disci-
plines through a coordinated and integrated effort. They should promote
interdisciplinary research, which is needed to explore the interrelationship
between sleep and an individual’s health (e.g., common medical illnesses).
The proposed research network described below will integrate the efforts of
the broad array of researchers (both investigators at centers of excellence
and from other institutions) who study or are involved in somnology and
sleep medicine and other relevant avenues of therapeutic intervention for
chronic sleep loss and sleep disorders.

Establish Centers of Excellence

The committee urges a strong continued commitment by the NIH to
designate and support Somnology and Sleep Medicine Centers of Excel-
lence. These centers would provide the interdisciplinary environment that is
essential to accelerate the development of future advances in treating chronic
sleep loss and sleep disorders. They would facilitate interactions between
laboratory, clinical, and population scientists. Further, the centers would
create an environment to support cross-cutting research that requires col-
laboration among scientists who work in different intellectual contexts.
These would not only be “research centers,” but they would be sites for
collaborations focused on the close association between research, clinical
care, education, and dissemination of information.

Modeled after the National Cancer Institute’s Cancer Center Program
(NCI, 2004), these comprehensive centers of excellence would offer ex-
panded laboratory facilities; focused interactions among preclinical re-
searchers, clinical researchers, and patients; and central sites for clinical
trial design. They would serve as the centerpiece of the nation’s effort to
reduce morbidity and mortality from chronic sleep loss and sleep disorders.
This investment would likely draw new senior-level researchers into the
somnology and sleep medicine field and would heighten the interest of
young investigators in devoting their research interests to chronic sleep loss
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and sleep disorders treatment. Further, structuring these centers to include
strong integrated and coordinated clinical and basic research programs will
help facilitate translational research. The centers would deliver medical ad-
vances to patients, educate health care professionals and the public, and
reach out to underserved populations.

As described in detail in Chapters 5 and 7, enhancing career opportuni-
ties for researchers at all points in their careers is vital to accelerating
progress in somnology and sleep medicine research. The committee believes
that strengthening the research infrastructure through the development of
new comprehensive centers will be the impetus needed to attract and retain
early career, mid-career, and senior researchers. At these centers they will
have the opportunity to fully engage in their own research initiatives, in
addition to having the resources to develop and nurture trainees and sustain
a full research effort.

These centers should be supported with the infrastructure needed to pro-
mote and enhance the institutional development of somnology and sleep medi-
cine and treatment capabilities. This includes core research laboratory equip-
ment, tools, and facilities; an emphasis on training programs; strong basic
and clinical research components; and a structured plan for research priori-
ties. However, the committee does not call on any specific organizational
model, recognizing the diversity of academic settings that include well orga-
nized, freestanding centers; a center matrix within an academic institution; or
a formal consortium under centralized leadership. The centers should also
have the capacity to facilitate clinical trials; develop best practices and clinical
guidelines; educate the community; screen and counsel individuals with
chronic sleep loss and sleep disorders; and educate health professionals about
state-of-the-art diagnostic, preventive, and treatment techniques. These cen-
ters of excellence should serve as the cornerstone of a National Somnology
and Sleep Medicine Research and Clinical Network designed to coordinate
and support somnology and sleep medicine research efforts.

Similar to the organization of the cancer centers, this committee envi-
sions both Somnology and Sleep Medicine Centers and Comprehensive
Somnology and Sleep Medicine Centers (NCI, 2004). Somnology and Sleep
Medicine Centers should have a scientific agenda primarily focused on ba-
sic, population science, or clinical research, or any two of these three com-
ponents. Similar to comprehensive cancer centers with a clinical compo-
nent, the centers with clinical components are expected to conduct early
phase clinical trials (NCI, 2004). A comprehensive somnology and sleep
medicine center is expected to have reasonable depths and breadths of re-
search in each of these areas. As with the National Cancer Institute desig-
nated comprehensive centers, Comprehensive Somnology and Sleep Medi-
cine Centers are expected to disseminate information to the public and
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health care professionals about medical advances developed within the cen-
ter. They should also establish formal programs for teaching, screening,
therapy, and/or preventative interventions.

As identified by the National Cancer Institute, there are six essential
characteristics of a designated cancer center: facilities, organizational capa-
bilities, interdisciplinary and transdisciplinary collaboration and coordina-
tion, cancer focus, institutional commitment, and center director (Box 8-1).
Each of these attributes—substituting somnology and sleep medicine focus
for cancer—is also likely to be critical for establishing and sustaining effi-
cient and productive somnology and sleep medicine centers of excellence.

BOX 8-1
The Six Essential Characteristics of a National Cancer

Institute-Designated Cancer Center

Facilities: Dedicated resources to the conduct of cancer-focused re-
search and to the center’s shared resources, administration, and
research dissemination should be appropriate and adequate to the task.

Organizational capabilities: Adequate capacity for the conduct of re-
search and the evaluation and planning of center activities should take
maximum advantage of the parent institution’s capabilities in cancer
research.

Interdisciplinary and transdisciplinary collaboration and coordina-
tion: Substantial coordination, interaction, and collaboration among cen-
ter members from a variety of disciplines should enhance and add value
to the productivity and quality of research in the center.

Cancer focus: A defined scientific focus on cancer research should be
clear from the center members’ grants and contracts, and from the struc-
ture and objectives of its programs.

Institutional commitment: The center should be recognized as a formal
organizational component with sufficient space, positions, and resources
to ensure organizational stability and fulfill the center’s objectives.

Center director: The director should be a highly qualified scientist and
administrator with the leadership experience and institutional authority
appropriate to manage the center.

SOURCE: National Cancer Institute (2004).
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Develop Comprehensive Somnology and Sleep Medicine
Centers of Excellence

The establishment of Somnology and Sleep Medicine Centers of Excel-
lence requires large programs that can support and foster excellence in re-
search, clinical care, and population science. This committee recognizes that
there are few academic programs that currently have this capacity. How-
ever, to facilitate other academic centers achieving this goal, the NIH Ex-
ploratory Center award (P20) may be used for this endeavor. These awards
are intended to facilitate the development of collaborative research teams of
established investigators by providing support for collaborative research
projects and core services for investigating leading-edge research questions
not currently being addressed in optimal ways (NIMH, 2006). Further, the
mechanism supports planning for new programs, expansion or modifica-
tion of existing resources, and feasibility studies to explore various ap-
proaches to the development of interdisciplinary programs that offer poten-
tial solutions to problems of special significance (NIH, 2006a). Support is
typically limited to 5 years and is not renewable.

The Silvio O. Conte Centers to Develop Collaborative Neuroscience
Research provide a good example. These centers, supported through a P20
mechanism, support early-stage development of collaborative teams of high-
caliber investigators from diverse disciplines to study basic and/or clinical
neuroscience issues. They are characterized by the following:

• the capacity to bring together a team of collaborative investigators
with different scientific perspectives.

• an organization that supports innovative creativity, and potentially
high-risk/high-import research questions that require collaborative research.

• interactive research projects and core facilities to support projects.
• a program director with a demonstrated ability to organize, admin-

ister, and direct the center.
• opportunities for young investigators and close coordination between

the center and relevant predoctoral and/or postdoctoral research training
programs.

• outreach that makes the public aware of the importance and impli-
cations of the center’s research.

A developing center must have a clearly articulated plan to develop a
set of scientific core functions that will enhance and expand the capacity to
move somnology and/or sleep disorders research and treatment into com-
munity settings.
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NIH Institutional Clinical and Translational Science Award

The NIH has established the Institutional Clinical and Translational
Science Award, which has the purpose of developing programs to overcome
the growing barriers between clinical and basic research, facilitate the shar-
ing of knowledge to the clinic and back again to the basic research labora-
tory, and aid academic institutes in developing efficient capabilities to per-
form clinical and translational science. Through these programs, the NIH
aims to: (1) attract and develop a cadre of well-trained multi- and interdis-
ciplinary investigators and research teams; (2) develop programs that spawn
innovative research tools and information technologies; and (3) synergize
multi- and interdisciplinary clinical and translational research and research-
ers to catalyze the application of new knowledge and techniques to clinical
practice at the front lines of patient care (NIH, 2006b). As supported by all
the same arguments already presented throughout this report, somnology
and sleep medicine programs are ideal recipients.

As the NIH highlights, to ensure the successful establishment and long-
term sustenance of these groundbreaking programs, it is important that the
developed program accrue significant institutional support, be granted sta-
tus as a major administrative entity within the applicant institution, and
that the program director have authority, perhaps shared with other high-
level institutional officials, over requisite space, resources, faculty appoint-
ments, protected time, and promotion (NIH, 2006b).

National Somnology and Sleep Medicine Research Network

A research network is of particular importance in the field because of
the need for a coordinated interdisciplinary research approach to basic and
clinical research, clinical care, public education, and training. The proposed
National Somnology and Sleep Medicine Research Network would improve
the efficiency and capacity to research on rare sleep disorders. The Somnol-
ogy and Sleep Medicine Centers of Excellence discussed above would spear-
head this dedicated focus on basic, clinical, and translational research and
would promote collaborations among all sites conducting research relevant
to somnology and sleep medicine. Similar to cancer centers, the Somnology
and Sleep Medicine Centers of Excellence would act as local, regional, and
national resources for the scientific community and the community at large.
This will require coordination among all participating centers. Although
online technologies greatly enhance the nearly instantaneous sharing of ideas
across the nation and globally, the research network envisioned by the com-
mittee would involve not only a strong virtual component but also a struc-
tured plan for periodic and regular meetings and workshops to set priorities
and strengthen interactions.
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The committee strongly believes that the somnology and sleep medicine
field is now sufficiently mature for the development of a National Somnol-
ogy and Sleep Medicine Research Network and could successfully compete
for network funding from the NHLBI and other members of the Trans-NIH
Sleep Research Coordinating Committee that have substantial commitments
to somnology and sleep disorders research. Individual Somnology and Sleep
Medicine Centers of Excellence could compose the cornerstone of this net-
work, and institutions that do not have sufficient scope and size to success-
fully compete for a Somnology and Sleep Medicine Center of Excellence
would be active affiliate members of this network. The committee envisions
a sustained network for somnology and sleep medicine in the United States
that would facilitate public education, career development opportunities,
translational research, and implementation of multi-center clinical trials.

The process of developing components of the National Somnology and
Sleep Medicine Research Network can draw on the experiences of several
such networks that already exist, but with more focused objectives, such as
the aforementioned National Cancer Institute centers. The NHLBI currently
sponsors 12 networks. The National Institute of Child Health and Human
Development sponsors the National Center for Medical Rehabilitation
Research regional research networks. Each network is coordinated and
administered out of one academic institution, which coordinates the efforts
of institutions that are affiliated with the network. The leading coordinating
institutions are structured to facilitate major collaborations among affiliated
institutions, with the potential to connect with researchers from other facili-
ties within the region. They support multidisciplinary research cores, infor-
mation transfer, and pilot projects with the goal of facilitating ongoing
projects and stimulating the development of future research activities in medi-
cal rehabilitation (NCMRR, 2005).

Another example of a regional network is the Muscular Dystrophy
Cooperative Research Centers. Cosponsored by the National Institute of
Arthritis and Musculoskeletal and Skin Diseases, the National Institute of
Neurological Disorders and Stroke, the National Institute of Child Health
and Human Development, as well as the Muscular Dystrophy Association,
these centers work collaboratively on both basic and clinical research
projects. Each center has one or more core facility to support them and
must also make core resources or services available to the national muscu-
lar dystrophy research community.

The National Somnology and Sleep Medicine Research Network envi-
sioned by the committee would be structured to facilitate and require active
involvement of the participants and substantive interactions between basic
and clinical researchers. As will be described in detail in Chapter 9, the
committee calls on new and existing academic programs in somnology and
sleep medicine to be organized to meet the criteria of three types of interdis-
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ciplinary sleep programs—Type I, Type II, or Type III. A Type I clinical
interdisciplinary sleep program is designed to provide optimal interdiscipli-
nary clinical care for individuals who suffer sleep loss or sleep disorders.
Although not consisting of large research components, a Type I program
should have a data collection and management system that provides clinical
data to a coordinating center within the network. A Type II training and
research interdisciplinary sleep program includes the characteristics of a
Type I program, but in addition is designed to provide optimal education,
training, and research in somnology and sleep medicine. A Type III regional
interdisciplinary sleep program coordinator includes the characteristics of
Type I and II programs; however, a Type III program is designed to serve as
a regional comprehensive center and coordinator for education, training,
basic research, and clinical research in somnology and sleep medicine within
the National Somnology and Sleep Medicine Research Network. The Com-
mittee also envisions that all Type I and II programs would be affiliate
members of the National Somnology and Sleep Medicine Network.

Although there are only a limited number of academic institutions that
currently have the capacity to be a Type III regional interdisciplinary sleep
program, this should not delay the establishment of the research network.
Initially the network could consist of a limited number of programs. The
network would benefit greatly from cultural, ethnic, and environmental
diversity. Therefore, a long-range goal should be to have 8 to 10 geographi-
cally distributed regional coordinating centers.

In summary, the National Somnology and Sleep Medicine Research
Network should do the following:

• Coordinate and support the current cadre of basic and clinical
researchers.

• Train new investigators and fellows through local and remote men-
toring programs.

• Provide core facilities for basic research.
• Support multisite clinical research in children, adolescents, adults,

and elderly people.
• Create and support virtual networking centers to facilitate the shar-

ing of data and resources online and enhance collaborations with research-
ers not working in research centers.

• Create a data coordinating center that includes an Internet-based
clearing house for the publication of all data produced in cooperation with
the research and clinical network.

• Work with the CDC to integrate and support surveillance and
population-based research.

• Create and coordinate public health education campaigns.
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Efforts to develop a National Somnology and Sleep Medicine Research
and Clinical Network are consistent with many of the goals of the NIH
Roadmap (NIH, 2006b), including an emphasis on translational research
that results in clinically useful therapies and a need for multidisciplinary
efforts to be used to address this complex medical condition.

Recommendation 8.2: The National Institutes of Health should
establish a National Somnology and Sleep Medicine Research
Network.

The National Center on Sleep Disorders Research, in collaboration
with the Trans-NIH Sleep Research Coordination Committee,
should establish a National Somnology and Sleep Medicine Re-
search Network. Type III regional interdisciplinary sleep programs
designated by the National Institutes of Health would act as re-
gional centers working with basic research laboratories and sleep
cores at NIH-designated clinical translational research centers. It is
envisioned that the networks would do the following:
• Coordinate and support the current and future cadre of basic

and clinical researchers.
• Train new investigators and fellows.
• Provide core capabilities for basic, clinical, and translational

research.
• Support multisite clinical research in children, adolescents,

adults, and elderly.
• Create and support virtual networking centers to facilitate the

standardization and sharing of data and resources online and
enhance collaborations with researchers not working in research
centers.

• Create a data coordinating center that includes an Internet-based
clearing house for the publication of all data produced in coop-
eration with the research and clinical network.

• Together with the Agency for Healthcare Research and Quality
develop standards for research, outcomes, and clinical practice.

• Work with the Centers for Disease Control and Prevention to
integrate and support surveillance and population-based research.

Establish Sleep Laboratories in the NIH Clinical Research Program

As described in the 2003 research plan, “[t]he role of sleep disturbances
and sleep disorders in the morbidity of most chronic conditions is under-
studied . . . [and] poorly understood”(NHLBI, 2003). The report further
went on to call for greater study of the “bidirectional relationship between
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sleep processes and disease development, progression, and morbidity.”
Given these priorities, it is of note that the intramural clinical research pro-
gram at the NIH does not have a sleep laboratory. Consequently, many
experimental sleep therapies and the relationship between sleep processes
and disease development are not being examined. If there is adequate in-
vestment in extramural sleep-related programs, the field can continue to
make great strides; therefore, the committee does not support use of limited
resources to invest in an intramural somnology and sleep disorders research
program. However, because appropriate sleep patterns constitute one of
the basic tenets of health, the committee strongly urges the NIH intramural
clinical research program to ascertain the need for potentially establishing a
sleep study laboratory so that evaluation of sleep may be integrated into
ongoing relevant clinical research protocols at NIH.

Recommendation 8.3: The National Institutes of Health should
ascertain the need for a transdisciplinary sleep laboratory that
would serve as a core resource in its intramural clinical research
program.

The director of the National Institutes of Health Intramural Re-
search Program should ascertain the need for a transdisciplinary
sleep laboratory within the intramural clinical research program
that would serve as a core resource for the community of intramu-
ral clinical investigators across all institutes.
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9

Building Sleep Programs in
Academic Health Centers

CHAPTER SUMMARY New organizational structures for inter-
disciplinary sleep programs in academic health centers are neces-
sary. This chapter makes the case for why interdisciplinary sleep
programs are needed nationwide. It then offers a framework for
establishing academic somnology and sleep medicine programs.
Without being prescriptive, the chapter discusses operating prin-
ciples gleaned from interdisciplinary somnology and sleep medicine
programs that have flourished, as well as from others that have
struggled. Finally, the chapter unveils the committee’s recommenda-
tion for a three-tier structure that ensures all academic health centers
provide adequate interdisciplinary clinical care, with subsequent
tiers also emphasizing training and research components. If these
components and guiding principles are followed, interdisciplinary
sleep programs can thrive, whether as a freestanding department or
as a program within an existing department or division. Although
not a trivial undertaking, it is necessary that all academic health
centers strive to develop or transform their current sleep activities
into interdisciplinary sleep programs. Some academic health centers
are close to, or already have, achieved strong clinical programs.
Once a sleep program is established, whether multidimensional or
not, it can generate higher revenues than costs, according to a fiscal
analysis presented in this chapter. To ensure improved care and
scientific advances, the committee recommends clinical accredita-
tion standards be updated to address patient care needs.
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Building sleep programs at academic health centers is not a matter of
bricks and mortar. It is a matter of crumbling the organizational walls that
separate a variety of traditional scientific and medical disciplines to func-
tion more appropriately to meet patient care needs and to facilitate research
and training. In this chapter, the committee lays out a vision for each of the
nation’s 125 academic health centers to formally establish an interdisciplinary
somnology and sleep medicine program. Building sleep programs nation-
wide will strengthen Somnology and Sleep Medicine as a recognized medi-
cal specialty. There is too much at stake—a large patient population, high
levels of underdiagnosis, and high public health toll—for inaction.

RATIONALE FOR SLEEP PROGRAMS IN
ACADEMIC HEALTH CENTERS

The rationale for sleep programs has been presented throughout this
report. This section of the chapter recapitulates those arguments concern-
ing the magnitude of the public health problem and the lack of appropriate
education at every level of academic instruction. It also answers the specific
question—why is a sleep program optimally interdisciplinary?

Public Health Burden Is High

Chronic sleep loss and sleep disorders are serious and common prob-
lems, affecting an estimated 50 to 70 million Americans (NHLBI, 2003).
These conditions have a bearing upon nearly every facet of public health—
morbidity, mortality, productivity, accidents and injuries, quality of life, fam-
ily well-being, and health care utilization. Earlier chapters of this report docu-
mented the prevalence of sleep problems and their health consequences. Sleep
loss and sleep-disordered breathing, for example, are associated with obesity,
diabetes, hypertension, cardiovascular disease, and stroke (Chapter 3).

Nearly all types of sleep problems affect personal as well as public
health (Chapter 4). The foremost symptom of sleep loss and most sleep
disorders—daytime sleepiness—affects performance and cognition. When
these functions are perturbed, whether at work, in school, or in the commu-
nity, serious consequences can ensue. One of the most serious comes in the
form of motor vehicle injuries. More broadly, the annual direct and indirect
costs of sleep problems reach well beyond $100 billion (Chapter 4).

Most Patients Remain Undiagnosed and Untreated

Most individuals with sleep disorders remain undiagnosed and thus
untreated. Two large epidemiological studies, each with thousands of sub-
jects, found that the vast majority, up to 90 percent, of individuals with
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sleep-disordered breathing had not been diagnosed (Young et al., 1997;
Kapur et al., 2002). Narcolepsy and insomnia are also infrequently detected
(Benca, 2005; Singh et al., 2005). All of the findings reported above are
consistent with surveys indicating that primary care physicians infrequently
ask questions about sleep problems (Chung et al., 2001; Reuveni et al.,
2004).

Patients with Sleep Loss and Sleep Disorders Require
Long-Term Care and Chronic Disease Management

Sleep disorders are chronic conditions with complex treatments. They
are frequently comorbid with other sleep disorders, as well as other com-
plex conditions (e.g., cardiovascular disease, depression, and diabetes)
(Chapter 3). Sleep disorders also are dynamic, meaning that the underlying
condition or its treatment changes with age and onset of new comorbidities.

Despite the importance of early recognition and treatment, the primary
focus of most existing sleep centers is on diagnosis rather than on compre-
hensive management of sleep loss and sleep disorders as chronic conditions.
The narrow focus of sleep centers may largely be the unintended result of
accreditation criteria, which emphasize diagnostic standards, as explained
later, as well as a result of reimbursement, which is for diagnostic testing.

There are numerous reasons for a paradigm shift to chronic disease
management. Proper treatment for most sleep disorders—as for other chronic
diseases such as congestive heart failure, diabetes, asthma, and depression—
requires a period of time for fine-tuning, extended follow-up, and lifestyle
changes. Sleep disorders cannot be adequately treated in a single visit.

The need for chronic care management is even more pressing for the
many patients (probably up to 30 percent) with combined sleep patholo-
gies. These patients are difficult to manage without multiple clinicians be-
ing involved. For example, 20 to 50 percent of narcoleptics have obstruc-
tive sleep apnea (OSA); 40 percent of narcoleptics have insomnia; 40 percent
of narcoleptics have periodic leg movements disorder (Baker et al., 1986;
Cherniack, 2005; Chung, 2005). Residual daytime sleepiness is common in
patients with sleep apnea adequately treated with continuous positive air-
way pressure (CPAP); it may require additional pharmacotherapy. Similarly,
a large portion of patients with sleep apnea have insomnia and vice versa.
Insomnia plus sleep apnea is a difficult combination, as it makes it more
challenging for patients to tolerate CPAP and thus increases the likelihood
of failure if the combination is not addressed.

Sleep disorders are also common in patients with various medical and
psychiatric conditions. For example, increased sleep apnea is found in obese
subjects with or without the metabolic syndrome and in patients with stroke
or various neurodegenerative disorders. Restless legs syndrome can occur in
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the context of iron deficiency, renal failure, and pregnancy. Rapid-eye-
movement (REM) behavior disorder is often an antecedent of Parkinson’s
disease and Lewy body disease. Hypersomnia is a common symptom in
Parkinson’s disease, depression, and various neurological conditions. Simi-
larly, insomnia can occur in the context of various medical and psychiatric
conditions and is associated with depression. These patients often require
coordinated care across disciplines. As will be described below, interdiscipli-
nary sleep programs provide the best structure to facilitate this type of care.

Inadequate Numbers of Training and Research Programs

Training of health professionals seldom deals with sleep hygiene, sleep
loss, and sleep disorders (Chapters 5 and 7). Although there have been
some improvements, challenges lie ahead for training of medical, nursing,
and pharmacy students. Research opportunities for medical residents, sub-
specialty residents, and doctoral and postdoctoral researchers are also lim-
ited. Most sleep researchers are clustered in a handful of institutions, ac-
cording to the grants analysis presented in Chapter 7. Because mentoring is
critical to success in clinical or basic research, the concentration of mentors
at so few institutions leaves students elsewhere with few opportunities to
successfully enter the field, thereby constricting the pipeline of new clini-
cians and researchers.

Large Body of Knowledge

Given the limited number of sleep experts nationwide and their cluster-
ing in a handful of institutions, is there a sufficient knowledge base and
need to justify creation of an interdisciplinary somnology and sleep medi-
cine program at each of the nation’s academic health centers? The simple
answer is yes. Over the last 25 years, the field has grown to the point that a
large base of knowledge now exists regarding diagnosis and treatment. Sev-
eral recent milestones for the field attest to the achievement of a critical
mass of knowledge. Sleep medicine is a medical subspecialty now recog-
nized by the American Board of Medical Specialties. The Accreditation
Council for Graduate Medical Education (ACGME) now accredits fellow-
ship training programs. Numerous educational resources, including cur-
riculum, are available from the American Academy of Sleep Medicine. The
standard 1,500-page textbook, Principles and Practice of Sleep Medicine, is
in its fourth edition. There is also a vibrant body of research, described in
previous chapters, on the basic science of sleep and sleep disorders. The
number of recipients of National Institutes of Health (NIH) R01 grants in
sleep has risen from 100 to 253 over the last 10 years (Chapter 8).
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Why Is Somnology and Sleep Medicine Program
Optimally Interdisciplinary?

Medicine has historically drawn strength from compartmentalizing into
distinct specialties and subspecialties. But sleep medicine is not an ordinary
subspecialty; its purview spans multiple organ systems. Consequently, com-
plications that arise as a result of sleep loss and sleep disorders require
attention from health care professionals in many disciplines. Further, sleep
cycles and perturbations exert physiological effects. The major circadian
rhythm that originates in the brain influences body temperature, heart rate,
muscle tone, and the secretion of hormones. There are also circadian clocks
in the heart and other organs. Beyond maintaining proper health and normal
cognitive and motor function, sleep is required for survival (Rechtschaffen
et al., 1989). Disturbance of sleep or loss of sleep has widespread metabolic
implications (Chapter 2). Finally, the scientific study of sleep loss and sleep
disorders integrates the efforts of many disciplines, including but not
limited to neuroscience, epidemiology, molecular and cellular biology,
and genetics.

Thus, by its very nature, the field is at the interface of many medical
and scientific disciplines. Therefore, it is not surprising that board certifica-
tion in sleep medicine is under the auspices of four different medical
boards—the American Boards of Internal Medicine, Pediatrics, Otolaryn-
gology, and Psychiatry and Neurology.

To harness the needed specialties, sleep programs must be multi-
disciplinary. But being multidisciplinary is not sufficient. A true interdisci-
plinary program is an orientation, approach, or philosophy that seeks to go
beyond the sum of the parts to build a new enterprise (Figure 9-1). It is not
necessary for sleep medicine to be housed in a stand-alone department or
division. Many interdisciplinary sleep programs thrive in a department (see
below). However, sleep programs that are restricted to a single department
that does not allow for interdisciplinary treatment and care tend to struggle.
This is partly because they fail to provide a sense of identity; they lack a
career path for faculty, which in turn, makes it difficult to recruit students
and additional faculty—the very ingredients needed to establish and rejuve-
nate a field. Further, fragmented programs lack the collaborative spirit nec-
essary for excellence in clinical care, training, and research.

The field of somnology and sleep medicine is an excellent example of
an interdisciplinary field because it strives to integrate ideas, tools, and per-
spectives from several disciplines in order to advance understanding beyond
the scope of a single discipline or field of research practice. The field is being
forged from existing fields of cardiology, dentistry, endocrinology, geriatrics,
neurology, neuropsychopharmacology, neuroscience, nursing, otolaryngology,
pediatrics, psychiatry, psychology, and pulmonology (Box 9-1). Although
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not all of these disciplines are essential for starting a sleep program, each
enriches the sleep field in transcendent ways. Two of the most advanced
and successful sleep programs, at Harvard University and the University of
Pennsylvania, attest to the productivity and vibrancy of an interdisciplinary
approach. The success of the program at the University of Pennsylvania
also demonstrates that the success of an interdisciplinary sleep program is
not dependent on it being its own stand-alone department.

Many types of health professionals are needed to guide the chronic
management of sleep disorders. Individuals with sleep loss and sleep disor-
ders have a multitude of health-related problems that require attention from
a number of medical disciplines. However, given the limited number of
certified health care professionals in sleep medicine and depending on the
size and structure of an interdisciplinary sleep program, an individual often
may need to be referred to a specialist in another department who may not
be certified in sleep medicine. These physicians come from a variety of medi-
cal specialties, including internal medicine, pediatrics, otolaryngology, pul-
monology, neurology, and psychiatry. Psychologists are essential in behav-
ioral management of sleep disorders.

Nurses and nurse practitioners also play an important role in patient
support, patient teaching (especially in sleep hygiene and use of CPAP),
follow-up, and promoting adherence to prescribed medical therapies
(Epstein and Bootzin, 2002; Lee et al., 2004b). For example, in one of the

A) Interdisciplinary

A

B

C

B) Multidisciplinary

A

B

A’

B’

Joined together to work on a common question or 
problem. Interaction may forge a new research field 
or discipline.

Disciplines joined together to work on a common question 
or problem, split apart when work is complete, having 
likely gained new knowledge, insight, strategies from 
other disciplines.

FIGURE 9-1 Interdisciplinary and multidisciplinary research.
SOURCE: NAS (2004).
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few studies of its kind, group education sessions with a pulmonary nurse
practitioner were found to enhance CPAP compliance over a 2-year period
(Likar et al., 1997). Other nursing interventions, such as appropriately timed
exercise, relaxation, and meditation, have also been shown to have benefi-
cial effects on sleep in patients with chronic illnesses such as cancer and
those in the acute care setting (Davidson et al., 2001; Mock et al., 2001;
Richards et al., 2003; Allison et al., 2004). The role that poor sleep plays in
enhancing other symptoms such as depression, fatigue, and pain is also

BOX 9-1
Examples of Interdisciplinary Approaches

to Somnology and Sleep Medicine

Several major accomplishments of somnology and sleep medicine have
critically depended on the insights and perspectives of disparate disciplines:

Cardiology
Contributions of cardiology and large cohorts such as the Framingham
study led to the Sleep Heart Health Study. This large cohort study has
shown that sleep apnea is a risk factor for hypertension, cardiovascular
disease, and insulin resistance (Nieto et al., 2000; Shahar et al., 2001;
Punjabi et al., 2004).

Endocrinology
Cumulative sleep loss led to reduced leptin and increased ghrelin and
hence increased appetite (Spiegel et al., 2004; Taheri et al., 2004). This
led to the hypothesis that a hormonally mediated increase in appetite
may help to explain why short sleep is a risk factor for obesity.

Pulmonary
Pulmonologists, with their knowledge of pulmonary physiology and ven-
tilators, led the development of nasal CPAP, the most efficacious and
common treatment for OSA (Sullivan et al., 1981).

Neurobiology and Genetics
Contributions of neurobiologists led to the demonstration that the rest
period in the fruit fly (Drosophila) is analogous to mammalian sleep (Shaw
et al., 2000; Hendricks et al., 2000).This provides a powerful new genetic
model to study sleep mechanisms.

Nursing
Nursing’s focus on quality of life led to development of the Functional
Outcomes of Sleepiness Questionnaire (Weaver et al., 1997). This in-
strument, which measures  functional capacity in relation to sleep, is now
used in clinical trials.
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receiving increased attention by nurse clinicians and researchers in an
attempt to improve overall symptom management (Miaskowski and Lee,
1999; Lee et al., 2004a;  Miaskowski, 2004; Parker et al., 2005).

Despite its promise, the field, like any enterprise that strives to cut across
traditional disciplines, is fragile—even in the most supportive environments
(NAS, 2004). Sleep clinicians or researchers often face daunting obstacles
and disincentives, most of which arise from the customs and practices of
individual academic departments. Those obstacles are discussed later in this
chapter.

CONSTRAINTS FACING INTERDISCIPLINARY
SLEEP PROGRAMS

Many of the most promising new lines of academic pursuit fall outside
of traditional disciplines (Ehrenberg and Epifantseva, 2001). Yet interdisci-
plinary programs, even under the best of circumstances, face barriers and
impediments within the confines of academic or research institutions
(Ehrenberg et al., 2003; Lach and Schankerman, 2003). A recent National
Academies report focusing on ways to facilitate interdisciplinary research
was unambiguous about the difficulties confronting these programs, de-
spite their promise. The report observed that, “Researchers interested in
pursuing [interdisciplinary research] often face daunting obstacles and dis-
incentives.” Some of these obstacles take the form of personal communica-
tion or culture barriers; others are related to the tradition in academic insti-
tutions of organizing research and teaching activities by discipline-based
departments—a tradition that is commonly mirrored in funding organiza-
tions, professional societies, and journals (NAS, 2004). This is a generic
problem, regardless of whether the interdisciplinary research program deals
with nanotechnology or the perception of pain.

The problem of departmental silos permeates interdisciplinary pro-
grams within any setting: academic health centers, universities, national
laboratories, or industry. The following section presents a series of con-
straints that together limit the achievement of interdisciplinary programs.
These constraints were identified on the basis of an analysis of six sleep
programs using methods from operations research that the committee
commissioned (see below). Several of the other constraints described in
the following sections stem from organizational structures that were es-
tablished prior to the advent of interdisciplinary research: interdiscipli-
nary programs challenge institutional reward systems; interdisciplinary
requirements impose obstacles, different administrative jurisdictions, and
lack of appropriately trained staff for sleep studies; and service demand
outstrips service supply.
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Different Administrative Jurisdictions

As a corollary of the interdisciplinary nature of sleep programs, an-
other constraint is that the services offered by a sleep program often occur
at different locations under different administrative jurisdictions. Coordi-
nating all the different types of personnel, lines of authority, policy and
procedures, and quality control measures across organizational boundaries
is challenging. Who bears the costs and their alignment with benefits and
the various revenue streams is neither obvious nor consistent.

Interdisciplinary Programs Challenge the
Institutional Reward System

Most institutional reward systems are organized within traditional dis-
ciplines or academic departments. These are the units that control what
most professionals covet: hiring capacity, tenure and promotion decisions,
and space allocation. Interdisciplinary programs challenge this discipline-
based reward system, as well as the culture accompanying each discipline
(i.e., the customs and shared values that create group cohesion).

The National Academies report on interdisciplinary research con-
ducted three surveys of different groups either working within or over-
seeing interdisciplinary programs: individual professionals, provosts, and
attendees of a conference on interdisciplinary research. In all, some 500
people responded to the surveys (NAS, 2004). The report acknowledges
that the samples were not random. But since these are the only surveys of
their kind, it is worth noting that the overwhelming majority of respon-
dents (70.7 percent) reported that there were impediments at their insti-
tution. The leading barriers identified by individual professionals and
provosts: promotion criteria, budget control, control on use of indirect
costs, compatibility with university’s strategic plans, and space alloca-
tion (Figure 9-2).

Interdisciplinary Requirements Impose Obstacles

Interdisciplinary sleep programs, at a minimum, require multidis-
ciplinary participation. As explained earlier, an interdisciplinary program
moves beyond being multidisciplinary and is one in which multiple disci-
plines collaborate in a way that forges a new discipline or endeavor. Provi-
sion of clinical services in sleep medicine call upon professionals from inter-
nal medicine and its relevant subspecialties (e.g., pulmonology, cardiology,
neurology, psychiatry, otolaryngology, pediatrics, and geriatrics) and other
disciplines such as nursing, dentistry, and psychology. Research includes
genetics, endocrinology, neuroscience, statistics, pharmacology, and epide-
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miology. Similar issues exist in teaching undergraduate, graduate, and phy-
sicians in their residencies, fellowships, and postdoctoral work.

The unintended consequence is to produce barriers to interdisciplinary
patient care, training, and research. Barriers include the length and depth of
training in a single field necessary to develop scientists successful at compet-
ing for funds, the difficulty in forging a successful career path outside the
single disciplinary structure, impediments to obtaining research funding for
interdisciplinary research, and the perceived lack of outlets for the publica-
tion and dissemination of interdisciplinary research results.

Lack of Appropriately Trained Staff for Sleep Studies

By nearly universal consensus, one sleep technician can monitor at one
time two uncomplicated diagnostic studies or one complicated study. Yet, the
number of certified technicians nationally is inadequate to meet this need. As
with any market in which the supply is less than demand, costs of certified
technicians is rising faster than the average rate of inflation or the average
rate of medical costs. This has two likely consequences: sleep programs are
forced to provide on-the-job training for their technicians; and private-sector
organizations are able to adjust their payment structures more readily than
academic health centers. Thus, academic centers often provide training, but
higher salaries in the private sector lure the experienced technologists. The
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FIGURE 9-2 Barriers to interdisciplinary research.
SOURCE: NAS (2004).
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net consequence is that the lack of trained technicians can act as a serious
structural impediment to developing interdisciplinary sleep programs.

Demand Outstrips Supply

Estimates suggest that 50 to 70 million Americans suffer from a chronic
disorder of sleep and wakefulness (NHLBI, 2003). As discussed in detail in
Chapter 6, the predicted number of individuals with sleep disorders greatly
outstrips the ability to provide services using trained personnel (Tachibana
et al., 2005). Although there are over 3,250 American Board of Sleep
Medicine (ABSM) diplomats, inadequate staffing results in long wait time
until next appointment. Analysis commissioned on behalf of the committee
indicated that wait times could range by as much as 4 weeks to 4 months.

KEY COMPONENTS AND GUIDING PRINCIPLES
FOR BUILDING SLEEP PROGRAMS

In this section, the committee offers guidance to academic health cen-
ters about the missions and roles of sleep programs. There is no single way
to create or expand an interdisciplinary sleep program. The committee
recognizes that every institution has established—often over many decades—
its own policies, procedures, institutional organization, and lines of authority.
The committee offers principles that can guide development of somnology
and sleep medicine programs. For each of these key components and guid-
ing principles, the committee draws on its experience with programs that
have been successful, as well as those that have struggled. It also draws on
the formidable barriers identified in the previous section. If these compo-
nents and guiding principles are followed, interdisciplinary sleep programs
can thrive, whether as a freestanding department or as a program within an
existing department or division.

Key Components of Interdisciplinary Sleep Programs

Strong Linkages from Diagnostic Testing Centers to Comprehensive Care

Diagnostic sleep centers need to establish strong linkages with treat-
ment providers. The emphasis of sleep centers may be too narrowly focused
on diagnosis. The committee heard testimony and anecdotal reports that
many patients, once tested, are lost to follow-up. Once diagnosed, severe
sleep apnea, for instance, optimally should be followed up by a physician
certified in sleep medicine. Less severe forms of apnea may warrant watch-
ing or referral to a dentist for preparation of dental devices, if a dental
problem is etiologically related.
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A Chronic Disease Management Model

Responding to the well-documented problem that most Americans with
chronic diseases receive suboptimal care (IOM, 2000; 2001), Wagner and
colleagues have developed and tested a model for improved management of
chronic illness in the primary care setting. Components of the model have
been demonstrated to lower health care costs or lower use of health care
services (Bodenheimer et al., 2002). The model’s six components are:

• community resources (e.g., exercise programs, senior centers, and
self-help groups)

• health care organization (a provider organization and its relation-
ships with purchasers, insurers, and other providers)

• self-management support (ways to help families acquire the skills
and confidence to manage their chronic illnesses)

• delivery system design (structuring medical practice to create teams,
including nonphysician personnel, for patient support and follow-up)

• decision support (access to specialists that does not necessarily re-
quire a specialty referral)

• clinical information systems (e.g., reminder systems, feedback to phy-
sicians, registries for planning patient care)

Education and Training

Few health professionals receive adequate training in somnology and
sleep medicine, as summarized earlier in this chapter and considered in depth
in Chapters 5 and 7. At a minimum, medical students need basic training in
sleep disorders, as do pharmacy, public health, dentistry, and nursing stu-
dents. This training should cover the public health burden of sleep loss and
sleep disorders and the importance of diagnosis and treatment throughout
the life span. Sleep disorders and sleep medicine should be covered in greater
depth in residency and fellowship training programs in all primary care
specialties, as well as specialties related to sleep (e.g., otolaryngology), but
without formal ACGME-accredited sleep fellowship programs. Research
training—for clinical fellows, as well as for graduate and postgraduate re-
searchers—is a key component for more specialized sleep programs (Type II
and III; see below).

Clinical, Basic, and Translational Research

The field, as an interdisciplinary enterprise, garners momentum from
the many clinical and basic disciplines at its core. The translational oppor-
tunities inherent in the field were among the motivations behind the forma-
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tion by the NIH, in 1986, of the Trans-NIH Sleep Research Coordinating
Committee (Chapter 8). The coordination and integration of many scien-
tific fields will maximize these efforts.

Participation in Proposed Research Network

The committee recommended in Chapter 8 the creation of a National
Somnology and Sleep Medicine Research and Clinical Network. The purpose
of the proposed network is to advance the field by providing a means to
connect individual investigators, research programs, and research centers.
The network would provide a resource for education, training, collabora-
tions, core facilities, data coordination, and access to multisite clinical re-
search trials. Most sleep programs could benefit greatly from participation
in the proposed network. For the network to be successful, all participating
programs should be required to submit research and clinical data to what-
ever joint projects the network undertakes. This concept parallels the struc-
ture of many existing networks supported by NIH, as noted in Chapter 8.

Guiding Principles of Interdisciplinary Sleep Programs

Leadership

Leadership, so easily recognizable but elusive to define, is the single
greatest success factor in forming a new program. The most successful pro-
grams developed over the past two decades are largely traceable to the con-
viction, determination, and persistence of committed leaders. These pro-
grams have served as beacons to others, facilitating their establishment. In a
survey of 186 principal investigators, the IOM and National Academies
committee on interdisciplinary research asked, “If you could recommend
one action that principal investigators could take that would best facilitate
interdisciplinary research, what would that be?” The leading recommenda-
tion from this survey was to increase leadership support of team-forming
activities (NAS, 2004).

Revenue Generation and Fiscal Independence

Established sleep programs can generate higher revenues than costs,
according to the analysis that the committee commissioned. This has re-
sulted in individual departments taking “ownership” of the sleep program,
thereby limiting reinvestment potential. But this is a shortsighted strategy.
As emphasized throughout this report, there is enormous opportunity both
in terms of clinical service and research. Academic centers, which adopt
budgeting strategies that offer individual incentives to work together, should
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be better positioned to promote interdisciplinary research. Moreover, deans
can facilitate interdisciplinary research by specifically giving chairpersons
incentives for this type of activity. Such strategies give deans a very specific
role in development of and support of somnology and sleep medicine as an
interdisciplinary discipline.

Transparent Policies and Procedures

Sleep programs that are administered as divisions within individual de-
partments may be at a disadvantage. They are not represented at the level of
the school of medicine and hence may not be directly involved in strategic
planning initiatives of the academic medical center. Further, the program
competes for faculty positions in a structure that is not focused on develop-
ment of interdisciplinary programs. On the other hand, entities that have
medical-school-wide structures that support the interdisciplinary nature of
sleep medicine have the converse—they are involved in strategic planning,
there is financial transparency with budget authority, and they have the
ability to advocate for faculty positions.

ORGANIZATIONAL AND FISCAL STRUCTURES FOR
SUSTAINING OR EXPANDING A SLEEP PROGRAM

How can programs in somnology and sleep medicine be organized to
sustain themselves and grow? This was the driving question behind an analy-
sis the committee commissioned. The analysis focused on organization and
fiscal structure of five interdisciplinary sleep programs—each with clinical,
teaching, and research capacity. By studying programs with distinct organi-
zational structures, the analysis sought to determine which were most con-
ducive to sustaining or expanding their sleep program.

The analysis was undertaken using methods from operations research,
a field that examines the impact of organizational structure on a program’s
capacity to achieve its mission. Operations research has shown that a
program’s success not only depends on leadership and quality of faculty
and students, but also on its organization. It has identified organizational
structure as being associated with success in producing doctorates (Ehrenberg
and Epifantseva, 2001), acquiring grants (Ehrenberg et al., 2003), and
developing patented technology (Luszki, 1958; Lach and Schankerman,
2001; 2003). This section of the chapter summarizes the specific questions,
methods, and major findings of the commissioned paper. It is important to
point out that the choice of programs was meant neither to be representa-
tive of all sleep programs, nor to cover the question of how to start a pro-
gram de novo. Consequently, although the general findings are consistent,
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any conclusions drawn from the analysis may be limited and may not tran-
scend every medical center.

Specific Questions and Methodology

The analysis addresses three specific questions: (1) Can sleep programs
generate revenue in excess of their costs? (2) Which revenue streams pro-
duce the largest net revenue available for program development? (3) What
organizational structure maximizes control over resources for program
development? Parametric analysis applying the principles of operations
research was used to examine these three questions. Semistructured inter-
views were conducted at five academic sleep programs with varying organi-
zational structures: Emory University, George Washington University,
Stanford University, University Hospital of Cleveland, and University of
Pennsylvania. The interviews dealt with the topics in Box 9-2. Financial data
were obtained from each program, and direct observations were performed,
including the provision of clinical services and the effect of teaching on
patient throughput. Major priorities of the analysis were to develop an
operational framework to categorize organizational structures, to delineate
specific constraints affecting sleep programs, to identify major cost struc-
tures and major funding streams, and to develop a “business plan” for each
major organizational variant most likely to sustain or expand its program.

Direct Costs

The analysis identified three major direct costs: clinical services, teach-
ing, and research. Clinical services consist of obtaining a reliable clinical
history from a patient, determining what studies to conduct and, based on
findings, establishing a diagnosis and developing a treatment plan. Diag-
nostic sleep studies are constrained by the fact that a sleep technician simul-
taneously can run, at best, two studies. “Reading” of studies requires fre-
quent technician and clinician “calibration” for quality assurance purposes.
Most programs are able to generate approximately 30 readings a week per
full-time equivalent. Incorrect staffing ratios (e.g., medical assistant to pro-
vider ratios lower than 2 to 1) often produce longer patient wait times,
which negatively affect patient throughput. No-show rates typically increase
beyond a 2-week “next appointment” wait time. The direct costs of per-
forming a sleep study are rising rapidly, primarily as a result of personnel
costs. The changes in direct service costs between 1994, 2000, and 2005 are
depicted in Figure 9-3.

The programs in the study taught medical students, residents, doctoral
students, sleep fellows, and postdoctoral fellows. Though many faculty

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


308 SLEEP DISORDERS AND SLEEP DEPRIVATION

taught these medical students, there was not a formal mechanism for offset-
ting the expense through tuition revenue sharing. This is a more substantial
problem in administrative structures in which the academic hospital is a
separate legal entity from the university. Although there is generally a for-
mal revenue sharing arrangement between the university and the hospital,
there is seldom a similar arrangement between the university and the medi-
cal faculty.

Direct observations of programs being profiled here are consistent with
findings of other studies that “teaching moments” increase the time spent
for each clinical encounter by 20 to 30 percent. All programs examined for
this study participated in fellowship training. Funding, with the exception

BOX 9-2
Areas Addressed in Semistructured Interviews

1. A description of the program’s revenue stream(s)
a. Tests, including polysomnograms
b. Treatment protocols
c. Clinical consults
d. Other services

2. Approximate operating budget for:
a. Number of staff

i. Administrative
ii. Technical support
lll. Practitioners

b. Number of beds allocated to sleep
c. Equipment maintenance and upgrades
d. Training and continuing education
e. Basic and clinical research
f. The amount and source of discretionary funds controlled by the

sleep center director

3. What percentage of the center’s revenue goes to its parent depart-
ment or division?

4. What percentage of the center’s revenue goes to other departments
through cost-sharing agreements?

5. What percentage of the center’s operating budget does your sleep
center receive from its parent department or division?

6. What are the challenges in working under the current system—does
this create any barriers in care or service?

7. Are changes in the infrastructure needed? If so, why and what?
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of direct NIH training grant support, was done without transparency and
with minimal recognition of the expenses involved.

For research, there is a broad range of costs involved, depending on
whether the research is basic or applied. This analysis focused only on di-
rect costs and did not take into account start-up costs or shared or under-
utilization of space or personnel costs.

Revenue Streams

There are three major clinical revenue steams: sleep studies—technical
and professional components (the latter being for interpretation) and clinical
encounters, teaching revenue streams (student tuition fees, graduate medi-
cal education [GME] funding, and NIH training grants), and one research
revenue stream (grant funding both from federal and nonfederal sources).

Sleep studies generate the largest net revenue but mostly in the technical
component. Clinical interpretations of sleep studies exhibited positive but
lower margins. Clinical encounters were, at best, a breakeven proposition.
This reflects general reimbursement patterns and the relatively higher over-
head in academic practice by comparison to private practice settings. The
relative efficiency of office practice varied considerably based on the orga-
nizational structure, but even under the best structure there was little evi-
dence of net revenue beyond salary support for this part of the activity.

Interpretation of sleep studies does offer moderate net revenues even in
the least efficient of the organizational structures. Direct costs are minimal,
and federal and commercial insurance payments are predictable and above
direct costs. Net revenue can support program development for both clinical
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FIGURE 9-3 Direct service costs of sleep studies.
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and teaching purposes. Whether a given sleep program can access the net
revenue for development depends on the organizational structure and finan-
cial arrangements between the sleep program and its parent organization(s).

By far the greatest net revenue comes from sleep diagnostic procedures.
However, compared with other outpatient procedures (e.g., endoscopy and
surgery) and many inpatient procedures, the net revenue from sleep studies
may represent a type of “opportunity cost,” insofar as they are not as
profitable as other procedures. The net revenue is sufficient, however, to
support clinical, teaching, and research program development. Even so,
whether a sleep laboratory is a potential source of programmatic reinvest-
ment is very much affected by the entity that owns the laboratory. In a
hospital setting, the sleep laboratory margins compete for space and per-
sonnel with other services that generate much higher net margins. The diffi-
culty in acquiring sleep laboratory space and sharing in the revenue has
resulted in many academic programs outsourcing sleep laboratory studies
to private contractors. Revenue sharing plans, such as those at Emory Uni-
versity and the University of Pennsylvania, with private contractors can
support clinical teaching.

Three sources of revenue for teaching include capture of student tu-
ition, federal GME funding, and NIH training grants. However, none of the
sleep programs profiled here received student tuition revenue despite the
substantial time spent teaching students. This generally reflects funds flow
in most academic centers and is therefore not specific to sleep programs.
Training grants support the education of fellows during their research train-
ing. Support of the fellows’ clinical education is derived from a variety of
sources and therefore differs from one institution to another.

Federal and nonfederal research grants support the direct costs of re-
search, but the indirect cost recovery, even when distributed, does not com-
pletely cover the overhead costs of doing research. Institutional supplements
generally close the gap.

Findings About the Role of Organizational Structure

There are two major parameters defining the effect of organizational
structure on academic sleep centers. The first is the relationships among the
university, school of medicine, university hospital, and faculty practice
group. The second is the relationship between the sleep program and the
rest of the faculty practice groups.

Macrostructure

The relationships among the university, university hospital, and faculty
group have a major bearing on transparency in career development, re-
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source sharing, and program development. For a fortunate few, these orga-
nizational units exist within the same legal entity. For most, they are disag-
gregated, with many having the hospital as a separate legal entity. In others,
the faculty practice group, hospital, and school of medicine are all separate
legal entities. Under the disaggregated organizational structures, all the com-
plications and barriers exist to multidisciplinary collaboration in clinical,
teaching, and research activities. Even more relevant to the purpose of this
report, the ability to reinvest net revenues generated by the various sleep
programs’ revenue streams is dependent on individual initiative, personal
relationships, and historical fiscal arrangements.

Microstructure

The relationship between the sleep program and the rest of the faculty
practice group controls program development. In a few instances, the pro-
gram is a formally recognized administrative structure (either as a separate
division or as a formal “center”). A formally recognized program enhances
the likelihood of revenue and resource sharing, faculty recruitment and
development, decisions about how to reinvest revenue, and the ability to
respond to local conditions. All too often, however, the sleep program is
informally recognized. Net revenues are folded back into the department—
with no advantage to the sleep program. The sleep program often has little
control over faculty selection and evaluation, risk of multiple sleep services
being offered by competing departments, and significant barriers to cross-
discipline teaching activities and credit. This, in turn, limits the program’s
capacity to attract new faculty of high quality. Consequently, most programs
have relied on the charisma, determination, persistence, and persuasiveness
of their program leader. However, successful sleep programs do not need to
be established in separate administrative structures. Many large, successful
programs with strong leadership are housed within long-established medical
departments or divisions.

The degree of transparency (or lack thereof) in administrative policy
and procedures governing cost and revenue allocation and the weighting of
teaching and research activities relative to clinical income at both the indi-
vidual faculty member and program level varied considerably. The inte-
grated model demonstrated the greatest transparency, greatest growth, and
least concern about how to reinvest in the program.

Summary of Fiscal and Organizational Analysis

Sleep programs can generate higher revenues than costs. The net rev-
enues (i.e., profits) can be used for reinvestment to sustain and build the
program. Programs studied here have three sources of revenues: grants,
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clinical revenues, and teaching revenue. The technical revenue for sleep stud-
ies is the most profitable type of clinical revenue. It often is more profitable
when contracted out to a private management firm with lower cost struc-
tures and more efficient operations. Contracting out also brings an added
dividend: it gives the sleep program a dedicated source of revenue over
which it may exert greater control. Training’s financial benefits or disad-
vantages cannot be calculated, largely because none of the programs pro-
filed here captured those costs.

The ability to control reinvestment in the sleep program is largely gov-
erned by the administrative structure within which the program is located.
The ideal structure for controlling reinvestment exists when the program is
a formal division within a medical school or the health science center—and
when the medical school operates under the same administration as does
the university hospital and faculty group. However, the committee recog-
nizes that establishment of independent sleep departments is not possible in
the vast majority of medical centers. Many successful sleep programs are
divisions or centers in an existing medical department (e.g., internal medicine,
neurology, or psychiatry). Therefore, facilitating growth of sleep programs
can best occur by following the key principles previously set forth and the
organization guidelines that will be discussed in the following section.

If the emphasis of the sleep program is on clinical services and clinical
teaching, then the greatest reinvestment opportunities occur when the pro-
gram is recognized as a formal clinical center, especially one that contracts
out for sleep studies. If research is its greatest priority, then the greatest
opportunities for program reinvestment occur when the sleep program is its
own center administering its own grant activity.

Sleep programs have come into existence because of the vision and dedi-
cation of their leaders. Constructing a new enterprise requires that type of
leadership, but sustaining and enhancing a program requires more: it requires
a self-supporting organizational structure with transparent goals, rules of
participation, and the capability to control reinvestment opportunities.

ACCREDITATION AND CERTIFICATION ARE
ESSENTIAL TO QUALITY CARE

Although somnology and sleep medicine is a relatively new field, it is
coming of age during this transformative period in medicine as a whole.
Sleep medicine needs to be committed to the same high standards and evolv-
ing system of care influencing other fields of medicine, starting with the
basics—accreditation and certification. The American Academy of Sleep
Medicine (AASM) has standards for sleep centers, which include standards
dealing with three broad functions: (1) accreditation of sleep centers
and laboratories; (2) accreditation of sleep fellowship training programs;
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and (3) certification of specialists in sleep medicine. Two of the AASM’s
functions recently have been assumed, at its request, by national certifying
organizations (Table 9-1). The transition to these national certifying bodies
is still in progress.

Accreditation of Sleep Centers or Laboratories

In 2005, the AASM accredited a total of 900 sleep centers and labora-
tories. There are two types of accreditation. One type, which accounts for
the vast majority of accreditations (832 of 900), is a sleep disorders center.
The centers are described as having a “comprehensive or full-service sleep
disorders program” (American Academy of Sleep Medicine, 2006b). The
other type of accreditation is for a more limited laboratory for sleep-related
breathing disorders only.

The committee identified several problems with respect to quality of
care. The foremost problem is that only 30 percent of sleep centers nation-
wide are accredited (Tachibana et al., 2005). Considering that an estimated
1 million polysomnograms were performed in 2001, it is likely that ap-
proximately 700,000 of them were not performed in accredited centers.
Although there is no systematic evidence of poor quality of care in un-
accredited centers, there is no assurance of quality care either. Because many
of the serious health outcomes of sleep disorders may not manifest until
years later, it would be difficult to link those outcomes with quality prob-
lems at the time of testing. Further, the fact that a majority of programs are
not accredited taints the credibility of the field, preventing it from achieving
the legitimacy that it has long sought.

TABLE 9-1 Evolution in Accrediting and Certifying Organizations in
Somnology and Sleep Medicine

Past Accrediting Current Accrediting Number
or Certifying or Certifying Accredited or
Organization Organization Certified in 2005

Sleep Centers or American Academy American Academy 894
Laboratories of Sleep Medicine of Sleep Medicine (832 centers, 62 labs)

Sleep Fellowship American Academy Accreditation 50 AASM
Training Programs of Sleep Medicine Council for Graduate 24 ACGME

Medical Education

Board Certification American Board American Board of 3,250
in Sleep Medicine of Sleep Medicine Medical Specialtiesa

aThe American Board of Medical Specialties will begin certification in 2007.
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Finally, the absence of accreditation impedes sleep centers moving to-
ward better care for patients (by embracing both diagnosis and treatment,
rather than diagnosis alone). The overview to the standards indicates that
accredited centers provide a comprehensive approach to patient care
(AASM, 2006a). But this broad mission is not reflected in the actual criteria
for accreditation. Accrediting criteria emphasize personnel, patient accep-
tance, facilities, and technical staff. The criteria lack specific emphasis on
long-term disease management and improved outcomes provided by patient
care. The committee heard testimony that many patients who are evaluated
and diagnosed at centers are not systematically tracked in terms of follow-
up care—either for treatment or for monitoring adherence with treatment.
This testimony is consistent with research revealing that compliance with
CPAP is poor (Kribbs et al., 1993; Reeves-Hoche et al., 1994). The com-
mittee could not find studies that directly address the extent to which
diagnosed patients are not receiving treatment and follow-up care. The com-
mittee believes, however, that the accreditation procedure represents a
unique opportunity to ensure that sleep centers are primarily focused on
improving patient outcomes rather than diagnosis.

Accreditation of Fellowship Training Programs in Sleep Medicine

Starting in the mid-1990s, the AASM began to accredit sleep fellowship
training programs. These are 1-year programs for medical doctors, which
may be taken after completion of a residency (e.g., internal medicine, neu-
rology, otolaryngology, psychiatry, or pediatrics or fellowships such as pul-
monary medicine). In 2003, the ACGME approved AASM’s application for
transferring its fellowship training program to ACGME. AASM had ac-
tively sought approval in order to further elevate the standards for training
and education. The newly established ACGME accreditation program be-
gan in June 2004. Accreditation criteria cover such areas as curriculum,
qualifications of faculty, fellow competencies, scholarly activities, duty
hours, and evaluation. By 2011, eligibility for board certification in sleep
medicine will require attending an ACGME-accredited fellowship program
in sleep medicine. Currently there are 24 ACGME-accredited fellowship
programs and approximately 50 AASM accredited programs.

Certification of Specialists in Sleep Medicine

Since its inception, the AASM (or its predecessor organization) certified
specialists by a specialty examination. By 1991, the AASM formed an inde-
pendent body to serve that function, the American Board of Sleep Medi-
cine. Certified professionals are known as diplomates in sleep medicine.
The number of diplomates rose from 21 in the late 1970s to 3250 in 2005.
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One of the board’s major goals was realized in 2005, when it was accorded
recognition as a bona fide subspecialty by the American Board of Medical
Specialties. The timetable calls for a 6-year transition period. By 2011, board
certification in sleep medicine will become available under the auspices of
the American Boards of Internal Medicine, Pediatrics, Otolaryngology, and
Psychiatry and Neurology. However, as discussed in Chapter 5, not all
clinicians will be eligible to sit for the exam. The ACGME only permits
accreditation of medical doctors; thus nurses, dentists, and doctorally pre-
pared sleep specialists (e.g., psychologists and behavioral health specialists)
in other fields will require alternative means of credentialing. It is possible
that this may continue to be performed through the American Board of
Sleep Medicine. Alternatively, other appropriate professional organizations
may wish develop their own standards.

Health Insurance Role in Improving Quality

Health insurance, whether private or public (e.g., Medicare or Medic-
aid), is a driving force in health care delivery. Health insurance coverage
drives the types of services that are offered and the incentives under which
physicians operate. Health insurance coverage also influences who has ac-
cess to services and how consumers select and use them (Hillman, 1991;
Miller and Luft, 1994).

Health insurance coverage also influences the quality of care, often in
unintentional ways. For example, fee-for-service health insurance may pro-
mote overuse of services—ones may not be necessary or that may expose
patients to greater harm than benefit. Conversely, managed care may pro-
mote potential underuse of services from which patients might benefit (IOM,
2001). A major recommendation of the IOM report, Crossing the Quality
Chasm, was to use health insurance as a means to ensure development of
programs in quality improvement. Payment policies, the report recom-
mended, should be used to reward higher quality of care.

The concept of using payment methods to reward better quality of care
already has taken hold in many areas of medicine. It also is occurring in
sleep medicine. In several regions, private health insurers require as a condi-
tion of reimbursement that sleep studies be conducted in accredited labora-
tories or centers (AASM, 2006a).

NEXT STEPS

Continued clinical advances and growth of the field depends on the
appropriate emphasis and organization of academic sleep programs. These
structures require special attention, not only to diagnosis, but also to long-
term patient care that recognizes the need for chronic disease management
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and strategies. The committee recommends a three-tier structure that
ensures all academic health centers have at least a minimum set of organiza-
tional components that ensure adequate interdisciplinary clinical care, with
subsequent tiers also emphasizing training and research components. Fur-
ther, to ensure improved care and scientific advances, the committee recom-
mends accreditation standards be updated to include patient care criteria.

Proposed Organizational Guidelines for
Interdisciplinary Sleep Programs

As suggested throughout this chapter and the entire report, the current
organizational structures at many academic health centers are not sufficient
to ensure continued advances in clinical care and research. Consequently,
the committee recommends that each health center strive to put in place an
interdisciplinary sleep program. However, the committee recognizes that
each of the 125 academic health centers has a different organizational struc-
ture and resources. Consequently, a three-tier model for interdisciplinary
sleep programs is recommended, progressing from programs that empha-
size clinical care and education, to programs with a considerable research
capacity, advanced training, and public education (Table 9-2). The first tier

TABLE 9-2 Guidelines for Interdisciplinary Type I, II, and III Academic
Sleep Programs

Type II Type III
(clinical, (regionalized

Type I training, comprehensive
Attribute (clinical) research) centers)

Structure and Composition
Clinical specialties represented:a

Internal medicine and relevant x x x
subspecialties

Neurology x x x
Psychiatry and subdisciplines x x x
Otolaryngology x x x
Pediatrics and subspecialties (as x x x

necessary may be separate program)
Nursing x x x
Psychology x x
Dentistry x

Medical director certification in sleep x x x
medicine (American Board of Medical
Specialties or American Board of Sleep
Medicine)b

Consultant services from specialties x x x
not represented
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TABLE 9-2 continued

Type II Type III
(clinical, (regionalized

Type I training, comprehensive
Attribute (clinical) research) centers)

Sleep specialists provide consultant services x x x
Single accredited clinical sleep center x x x
Comprehensive program for diagnosis x x x

and treatment of individuals

Training Program
Training program for health care x x x

professionals and/or researchers
Medical school training and education x x x
Education for residents in primary care x x x
Residents in neurology, psychiatry, x x

otolaryngology, and fellows in pulmonary
medicine rotate through sleep program

Accredited fellowship program for physicians x x
Research training for clinical fellows x x
NIH-sponsored training grants for graduate x x

and postgraduate researchers

Research Program
Research areas of emphasis:c

Neuroscience x x
Epidemiology/public health x x
Pharmacology x

Basic or clinical research program x
Basic and clinical research program x
Member of proposed national somnology xd x x

and sleep medicine research and clinical
network

Regional coordinator for:
Core facilities for basic research x
Multisite clinical trials x
Core facilities for clinical research x
Mentoring of sleep fellows x
Public education x
Data coordinating site x

aThis list is not meant to be exclusive or exhaustive and should be modified as relevant special-
ties and training programs emerge.
bCurrently this is American Board of Sleep Medicine. It is anticipated that in 2007 the exami-
nation would be supplanted by the American Board of Medical Specialties.
cThis list is not meant to be exclusive or exhaustive. Other research areas could be involved
(e.g., genetics, systems neurobiology, and bioengineering).
dType I programs would be responsible for generating and submitting data to the national data
registry established by the proposed national somnology and sleep medicine research and clini-
cal network.
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represents a comprehensive program that emphasizes diagnosis and patient
care. Type II and III interdisciplinary programs require a progressively larger
commitment to clinical care, research, and training.

It is the belief of the committee that, if these components and guiding
principles are followed, interdisciplinary sleep programs can thrive, whether
as a freestanding department or as a program within an existing depart-
ment, division, or unit. There is the danger that establishing stand-alone
centers will result in the formation of additional barriers. Therefore, aca-
demic sleep programs must be organized to limit the formation of silos and
facilitate interdisciplinary care and research. In most academic health cen-
ters, faculty participating in a sleep program will likely continue to have
their primary appointment in departments, programs, or centers. To ensure
interdisciplinary research and care, as well as prevent the formation of
additional silos, faculty appointed in sleep programs are encouraged to
maintain a connection with both the sleep program and their primary
appointment.

Many academic health centers have in place the components to estab-
lish these types of programs. However, organizing and coordinating the
components to reach the committee’s vision is not an inconsequential task.
Not all academic health centers are currently positioned to create interdisci-
plinary sleep programs. The committee recognizes that there must be incen-
tives to facilitate this transition. To achieve this lofty goal will take great
effort by the leaders of sleep programs and support and commitment from
academic leadership. Establishing Type II and Type III interdisciplinary pro-
grams will require additional support from the NIH. As discussed in Chap-
ter 8, the increased availability of training grants and program project grants
will also help aid the establishment of these programs. However, simply
increasing the funding available for these activities may not be effective. It is
important to also establish comprehensive interdisciplinary sleep programs
that will provide an environment conducive for interdisciplinary sleep-
related research, training, and career development. Finally, comprehensive
patient care will also be facilitated through the creation of accreditation
standards for interdisciplinary academic programs in Somnology and Sleep
Medicine that cover the diagnosis, treatment, and long-term follow-up of
individuals with sleep disorders. As discussed previously in this chapter, the
AASM has a demonstrated track record and the expertise to develop these
criteria, which could be expanded to include the overall management of
sleep disorders.

The need to establish novel structures for Somnology and Sleep Medi-
cine within academic health centers is in line with current changes occur-
ring in many other areas of science and medicine. The organization of
basic science departments in academic health centers has been in a con-
tinuing state of transition in recent years, according to new data analysis
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from the American Association of Medical Colleges (AAMC). Medical
schools are restructuring their basic science departments by consolidating
the number of traditional departments and adding new departments to
reflect scientific complexity and opportunity, as well as the changing na-
ture of interdisciplinary biomedical research. The number of traditional
discipline-based departments decreased from 2000 to 2004, but the over-
all number of departments has remained steady (Bunton  2006; Mallon et
al., 2003). The creation of viable interdisciplinary sleep programs by the
medical school leadership should benefit from ongoing experimentation
in parallel areas.

Recommendation 9.1: New and existing sleep programs in aca-
demic health centers should meet the criteria of a Type I, II, or III
interdisciplinary sleep program.

New and existing sleep programs should at a minimum conform
to the criteria of a Type I clinical interdisciplinary sleep program.
Academic medical centers with a commitment to interdisciplinary
training are encouraged to train sleep scientists and fellows in sleep
medicine, which would require at least a Type II training and re-
search interdisciplinary sleep program. Research-intensive medical
centers should aspire to become Type III regional interdisciplinary
sleep programs and coordinators of the National Somnology
and Sleep Medicine Research Network. The American Academy
of Sleep Medicine should develop accreditation criteria for sleep
programs specific to academic health centers.

Type I Clinical Interdisciplinary Sleep Program

The Type I Clinical Interdisciplinary Sleep Program, which if not al-
ready in existence, is achievable by the majority of centers nationwide and
focuses on clinical care specialties. It further highlights the importance of
increased awareness among health care professionals by requiring educa-
tional programs for medical students and residents in primary care. This
minimum commitment to training is so important because of the sheer com-
monality of sleep disorders in primary care. Optimally, each academic health
center should have a single Type I Clinical Interdisciplinary Sleep Program
accredited center that emphasizes a comprehensive diagnosis and treatment
program and includes representation from internal medicine and its rel-
evant subspecialties, such as pulmonary medicine, neurology, psychiatry,
otolaryngology, pediatrics, and nursing. Often pediatrics and its relevant
subspecialties—especially in large, freestanding children’s hospitals—may
be better served by a separate program. Further, this list of participating
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specialties is not meant to be exclusive or exhaustive but should be modi-
fied as relevant specialties and training programs emerge. Although it is
important that generalists and the key specialists are capable of treating
individuals with sleep disorders, programs should also ensure that patients
are referred to relevant specialists as needed. The medical director of each
program should be certified in sleep medicine, and it should be a goal of
each program that all physicians also be certified.

Type II Training and Research Interdisciplinary Sleep Program

A Type II Training and Research Interdisciplinary Sleep Program in-
cludes the characteristics of a Type I program but in addition is designed to
provide optimal education, training, and research in somnology and sleep
medicine. Nurses and psychologists should be included in the programs.
Further, a Type II program should have an accredited fellowship program
for all eligible physician rotations through the sleep program for all pulmo-
nology, neurology, otolaryngology, and psychiatry residents. In addition,
as described in Chapter 8, a Type II program would serve as an active
member of the proposed National Somnology and Sleep Medicine Research
and Clinical Network through at least an active basic or clinical research
program. Research areas of emphasis should include, but not be limited to,
science in the biological basis of sleep and population-based research on
sleep patterns and problems.

Type III Regional Interdisciplinary Sleep Program

A Type III Regional Interdisciplinary Sleep Program includes the char-
acteristics of Type I and II programs; however, in addition, a Type III pro-
gram is designed to serve as a center for public health education, training
for clinical care and research, basic research, patient-oriented research,
translational research, and clinical care. As described in Chapter 8 the com-
mittee envisions that this type of program would act as a regional coordina-
tor for the proposed National Somnology and Sleep Medicine Research and
Clinical Network for education, training, mentoring, clinical care, research,
clinical research studies, and large-scale population genetics studies. The
committee does not recommend a specific number of Type III programs but
recognizes that only a minimum number of programs currently have the
necessary resources. However, as the field grows, more programs should
develop the resources necessary to become a Type III program. Establishing
these programs will not only require a significant investment from aca-
demic programs, but also, as described in Chapter 8, a long-term commit-
ment by the NIH.
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Chronic Care Accreditation Standards

As described earlier in this chapter, sleep disorders are chronic condi-
tions with complex treatments. However, despite the importance of early
recognition and treatment, the primary focus of most existing sleep centers
is on diagnosis rather than on comprehensive management of sleep loss and
sleep disorders as chronic conditions. This narrow focus may largely be the
unintended result of compliance with criteria for accreditation of sleep labo-
ratories, which emphasize diagnostic standards and reimbursement, for di-
agnostic testing. Clinical accreditation standards should be updated to ad-
dress patient care needs.

Chronic disease management models, such as those used to provide
optimal care for individuals with diabetes, asthma, congestive heart failure,
and depression, have been proven to be effective at providing better-
integrated care (Tsai et al., 2005). Therefore, the committee recommends
that accreditation criteria for all sleep centers, embedded in either academic
health centers or private sleep laboratories, be expanded to emphasize treat-
ment, long-term patient care, and management strategies. Although sleep
laboratories may face a financial burden implementing the changes, the
committee believes this is the most effective way to ensure optimal patient
care. Such criteria should be subject to further analysis and a demonstration
that chronic care is a worthwhile investment. If such studies demonstrate a
benefit, this may then change reimbursement patterns.

Recommendation 9.2: Sleep laboratories should be part of accred-
ited sleep centers, the latter to include long-term strategies for pa-
tient care and chronic disease management.

All private and academic sleep laboratories should be under the
auspices of accredited sleep centers and include adequate mecha-
nisms to ensure long-term patient care and chronic disease manage-
ment. Accreditation criteria should expand beyond a primary focus
on diagnostic testing to emphasize treatment, long-term patient
care, and chronic disease management strategies.
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A

Study Process

The committee reviewed and considered a broad array of information
in its work on issues involving sleep disorder research. Information sources
included the primary scientific literature, books and scientific reviews, and
presentations from researchers, as well as representatives from federal agen-
cies and academic, professional, and nonprofit organizations.

LITERATURE REVIEW

Extensive bibliographic searches were conducted, resulting in a refer-
ence database of more than 2,000 entries. Searches of the primary bio-
medical bibliographic databases, MEDLINE and EMBASE,1 were supple-
mented with searches of Dissertation Abstracts Online, LexisNexis, and
THOMAS (a federal legislative database). The Dissertation Abstracts data-
base provided information on the current level of Ph.D. thesis production in
the field of sleep disorders.2

1Excerpta Medica.
2Institute of Medicine staff searched the Dissertation Abstracts database using the search

terms sleep, sleep disorders, sleep apnea, dream, insomnia, hibernation, periodic limb move-
ment, restless legs syndrome, circadian rhythm, narcolepsy, and sudden infant death syndrome.
The question mark is used to search for terms with multiple endings. For example, the search
term sleep disord? resulted in hits that included sleep disorder and sleep disorders.
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GRANT ANALYSIS

To identify information on funding mechanisms and trends from the
National Institutes of Health (NIH), Institute of Medicine (IOM) staff que-
ried the Computer Retrieval of Information on Scientific Projects (CRISP)
database. This database collects information on the number of federally
funded biomedical research projects. Data from the CRISP database were
used to assess the number of fellowships (F grants), career grants (K grants),
research grants (e.g., R01 grants), project grants (P grants), training (T
grants), cooperative agreements (U grants), and Small Business Innovation
Research and Small Business Technology Transfer awards funded by the
NIH. To discern the number of NIH grants directed toward sleep-related
research, IOM staff used appropriate keywords (which appeared in a 9,000-
word thesaurus) for various sleep disorders, including: insomnia, periodic
limb movement disorder, restless legs syndrome, circadian rhythm, sudden
infant death syndrome, sleep disorder, narcolepsy, sleep apnea, sleep, hiber-
nation, and dream. To limit the number of grants that were not relevant to
somnology or sleep disorders the committee included only grants in which
the keywords appeared in the thesaurus terms and not the abstract. Addi-
tional information on general funding trends at NIH was located in pub-
lished documents and was provided by NIH staff.

PUBLIC WORKSHOPS

The committee held five meetings over the course of the study to ad-
dress the study charge, review the data collected, and develop the report.
Three of those meetings included public workshops: April 11–12, 2005;
June 29–30, 2005; and September 15–16, 2005.

The first workshop (Box A-1) included three sessions that covered the
public health significance of sleep deprivation and disorders, sleep depriva-
tion and society, sleep apnea, and the impact of sleep deprivation and disor-
ders on specific populations.

The committee held the second public workshop (Box A-2) in Washing-
ton, D.C. In that workshop the committee heard from 17 speakers who had
expertise in surveillance and monitoring programs and technologies, model
interdisciplinary programs, and training and education in sleep research.

The third meeting took place at the Jonsson Conference Center in
Woods Hole, Massachusetts. The public workshop (Box A-3) consisted of
two sessions that included a review of results from a survey and commis-
sioned paper on sleep and a discussion with Dr. Charles Czeisler, director
of Harvard Medical School’s Division of Sleep Medicine and president-elect
of the Sleep Research Society.
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BOX A-1

Institute of Medicine
Committee on Sleep Medicine and Research

April 11–12, 2005

Monday April 11, 2005
Session I: Sponsors’ Perspective, Panel Discussion with Committee

10:15 National Sleep Foundation
Richard Gelula, Executive Director

National Institutes of Health
Stuart Quan, Chair, NIH Sleep Disorders Research

Advisory Board
Carl Hunt, Director, National Center on Sleep Disorders

Research, National Heart, Lung, and Blood Institute
Merrill Mitler, Program Director, Extramural Research

Program, National Institute of Neurological Disorders
and Stroke

Sleep Research Society
Charles Czeisler, President-Elect
Jerry Barrett, Executive Director

American Academy of Sleep Medicine
Michael Sateia, President
Lawrence Epstein, President-Elect
Jerry Barrett, Executive Director
Jennifer Markkanen, Assistant Executive Director

Tuesday, April 12, 2005
Session I: Public Health Significance of Sleep Deprivation and
Disorders

  8:25 Welcome and Introductions
Harvey Colten, Chair

  8:30 Impact of Insomnia and Periodic Leg Movements
Thomas Roth, Henry Ford Health System of Detroit

  9:00 Overview of the Public Health Significance of Sleep
Deprivation and Disorders
Terry Young, University of Wisconsin

continued
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  9:30 Sleep Duration: Neurobehavioral, Physiological, and
Epidemiological Issues
David Dinges, University of Pennsylvania School of

Medicine

Session II: Sleep Deprivation and Society

10:15 Accidents Caused by Sleep Deprivation and Disorders
Allan Pack, University of Pennsylvania Medical Center

10:45 Metabolic Consequences of Sleep Deprivation
Daniel Gottlieb, Boston University School of Medicine

Session III: Sleep Apnea

11:15 Effect of Apnea on Cardiovascular Disease and
Metabolic Functions

Susan Redline, Case Western Reserve University School
of Medicine

11:45 Discussion of Morning Session

Session IV: Impact of Sleep Deprivation and Disorders on Specific
Populations

  1:00 Snoring in Children: Sound the Alarm!
David Gozal, University of Louisville

  1:30 Sleep Loss and Women’s Health
Kathy Lee, University of California, San Francisco

  2:00 Sleep Disturbance in Geriatrics
Donald Bliwise, Emory University

  2:30 Discussion of Afternoon Session

BOX A-1 continued
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BOX A-2

Institute of Medicine
Committee on Sleep Medicine and Research

June 29–30, 2005

June 29, 2005

11:15 Lee Goldman
University of California, San Francisco, Department of

Medicine

Surveillance Programs and Technologies

1:00 Welcome and Introductions
Harvey Colten, Chair
Paul Eggers, NIDDK, Co-Project Officer, United States

Renal Data System
Ed Sondik, Director, National Center for Health Statistics

2:15 Open Discussion

2:45 Roger Rosa
Senior Scientist, National Institute for Occupational Safety

and Health

3:15 Eugene J. Lengerich
Co-Chair, Pennsylvania Cancer Control Consortium

3:45 Andrea Califano
Co-Director, Center for Computational Biochemistry and

Biosystems, Bioworks and the NCI caCORE platform

4:15 Open Discussion

June 30, 2005
Organizational Impediments

8:30 David Lewis
President and Chief Executive Officer, SleepMed, Inc.

9:00 Michael Martin
Director of the Division of Physiology and Pathology in the

Center for Scientific Review, NIH

continued
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9:30 William Dement
Director, Sleep Research Center, Stanford University

School of Medicine

10:15 David White
Director, Sleep Disorders Program, Brigham and Women’s

Hospital

10:45 General Discussion

Model Interdisciplinary Programs

12:30 Kathleen C. Buckwalter
Codirector University of Iowa Center on Aging

1:00 Story Landis
Director, NINDS, Co-chair NIH Pain Consortium

1:30 Hal Moses
Founding Director of the Vanderbilt-Ingram Cancer

Center

2:00 David J. Kupfer
Chair, Department of Psychiatry, University of Pittsburgh

School of Medicine

2:30 Steven Wolinsky
Division Chief of Infectious Diseases
Northwestern University

3:00 General Discussion

Training and Education

3:30 Judith Owens
Brown University Medical School, AASM MED Sleep

Program

4:00 Daniel Buysse
Department of Psychiatry, UPMC Sleep Medicine Center

and Sleep Medicine Fellowship Training Program

4:30 Roger Bulger
President, Association of Academic Health Centers

5:00 General Discussion

BOX A-2 continued
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BOX A-3

Institute of Medicine
Committee on Sleep Medicine and Research

September 15–16, 2005

September 15, 2005
12:45 Results from AASM Academic Health Centers Survey

Michael Sateia, Section of Sleep Medicine Chief,
Dartmouth University
Past President, American Academy of Sleep Medicine

  1:30 Preliminary Findings of Commissioned Paper
John Fontanesi, Center for Management Science in

Public Health, University of California, San Diego

September 16, 2005
10:15 Discussion with Charles Czeisler

Director, Division of Sleep Medicine, Harvard Medical School
President-Elect, Sleep Research Society
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B

Acronyms

AASM American Academy of Sleep Medicine
ABSM American Board of Sleep Medicine
ACGME Accreditation Council for Graduate Medical Education
ADHD attention-deficit hyperactivity disorder
ADSM Academy of Dental Sleep Medicine
AHI apnea-hypopnea index
AMA American Medical Association
APSS annual meeting of sleep professional societies
ASAA American Sleep Apnea Association
ATS American Thoracic Society

BEARS B = bedtime issues, E = excessive daytime sleepiness,
A = night awakenings, R = regularity and duration of
sleep, S = snoring

BMI body mass index

CDC Centers for Disease Control and Prevention
CNS central nervous system
CPAP continuous positive airway pressure
CRISP Computer Retrieval of Information on Scientific Projects
CRP C-reactive protein
CSA central sleep apnea
CSF cerebrospinal fluid
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DCI Diseases and Conditions Index
DNA deoxyribonucleic acid

EEG electroencephalogram

GABA gamma-aminobutyric acid

HCRT hypocretin
HLA human leukocyte antigen
HPA hypothalamic-pituitary axis

IRG integrated review groups

L-DOPA levo-dopa

MEPS Medical Expenditure Panel Survey
MRI magnetic resonance imaging
mRNA messenger ribonucleic acid
MS multiple sclerosis
MSLT multiple sleep latency test

NAMCS National Ambulatory Medical Care Survey
NCHS National Center for Health Statistics
NCMRR National Center for Medical Rehabilitation

Research
NCSDR National Center for Sleep Disorders Research
NEHIS National Employer Health Insurance Survey
NHAMCS National Hospital Ambulatory Medical Care Survey
NHANES National Health and Nutrition Examination Survey
NHDS National Hospital Discharge Survey
NHHCS National Home and Hospice Care Survey
NHIS National Health Interview Survey
NHLBI National Heart, Lung, and Blood Institute
NHPI National Health Provider Inventory
NIH National Institutes of Health
NIMH National Institute of Mental Health
NNHS National Nursing Home Survey
NREM nonrapid eye movement
NSAS National Survey of Ambulatory Surgery
NSF National Sleep Foundation
NTSB National Transportation Safety Board
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OSA obstructive sleep apnea

PA program announcement
PLMI periodic limb movement index
PSG polysomnography

REM rapid eye movement
RFA request for application
RLS restless legs syndrome
RNA ribonucleic acid

SAA sleep academic award
SBIR Small Business Innovative Research
SCN suprachiasmatic nucleus
SCOR specialized center of research
SDB sleep-disordered breathing
SIDS sudden infant death syndrome
SOREMP sleep onset REM period
SRS Sleep Research Society
SWS slow-wave sleep

WASO wake time after sleep onset

YRBSS Youth Risk Behavior Surveillance System
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Acoustic reflectometry A technique that allows for noninvasive measure-
ment of human airways to quantify anatomical obstruction of the upper
airway.

Actigraph A movement detector coupled with software that uses move-
ment patterns to diagnose sleep disorders.

Adenoid An enlarged mass of lymphoid tissue at the back of the nasophar-
ynx that, when enlarged, can obstruct the nasal and ear passages, forc-
ing respiration through the mouth and inducing nasality, postnasal
discharge, and dullness of facial expression.

Adenotonsillectomy The surgical removal of tonsils and adenoids.
African trypanosomiasis A category of disease caused by infection with

the Trypanosoma brucei (Tb) parasite and resulting in sleeping sickness.
Antihypertensive A class of drugs that are used to reduce high blood

pressure.
Antipsychotic A powerful tranquilizer typically used to treat psychosis.
Apnea Transient stop of respiration due to either normal or abnormal

causes.
Apnea-hypopnea index The total number of episodes of apnea and hypo-

pnea per hour of sleep. A value of 5 or greater is abnormal and may be
associated with excessive daytime sleepiness.

Atonia Lack of physiological muscle tone.
Attention-deficit/hyperactivity disorder (ADHD) A syndrome of disor-

dered learning and disruptive behavior, with no known cause, and char-
acterized by one or all of the following symptoms: inattentiveness,

C

Glossary of Major Terms
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hyperactivity, and impulsive behavior. Also known as attention deficit
disorder (ADD).

Autoimmune Referring to or caused by autoantibodies or white blood
cells that attack molecules, cells, or tissues of the organism producing
them.

BEARS A 5-step pediatric sleep screening form to identify sleep problems
(B = bedtime issues, E = excessive daytime sleepiness, A = night awak-
enings, R = regularity and duration of sleep, S = snoring).

Body mass index (BMI) A measure of body fat that is the ratio of the
weight of the body in kilograms to the square of its height in meters.

Carotid body A small body of vascular tissue that is able to sense changes
in the partial pressures of oxygen and carbon dioxide in the blood and
to mediate reflex changes in respiration.

Cataplexy A symptom of narcolepsy, characterized by a sudden loss of
muscle control with retention of clear consciousness in response to a
strong emotional stimulus.

Catecholamine An amine (such as norepinephrine or dopamine), derived
from tyrosine, that functions as a neurotransmitter, hormone, or both.

Central sleep apnea Cessation of breathing during sleep that is caused a
disturbance in the brain’s respiratory center.

Cerebral cortex The surface layer of the brain’s gray matter, which coor-
dinates sensory and motor information.

Cerebrospinal fluid (CSF) A liquid that is secreted from the blood into the
internal cavities in each cerebral hemisphere of the brain and circulates
through the cavities to the spaces formed between the brain or spinal
cord and the surrounding membranes; serves chiefly to maintain uni-
form pressure within the brain and spinal cord.

Chemoreflex A physiological reflex initiated in a chemoreceptor or in re-
sponse to a chemical stimulus.

CHQ-PF50 A parent report measure of children’s physical, emotional,
and social functional status and well-being.

Chronobiology The science of biological rhythms.
Circadian rhythms 24-hour periods or cycles of biological activity or

function.
Cognitive therapy Psychotherapeutic method aimed at changing faulty be-

liefs and attitudes about sleep, insomnia, and the next-day consequences.
Other cognitive strategies are used to control intrusive thoughts at bed-
time and prevent excessive monitoring of the daytime consequences of
insomnia.

Confusional arousal One type of disorder of arousal associated with
NREM sleep. Individuals display mental confusion or confusional be-
havior during or following arousal, typically from slow-wave sleep.
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Corticosteroids Any of various adrenal-cortex steroids used medically,
especially as anti-inflammatory agents.

Dementia A condition characterized by the progressive development of
multiple cognitive deficits, such as memory impairment, difficulty in
speech comprehension and production, and inability to plan and ini-
tiate complex behavior.

Dialysis A category of medical procedures to remove wastes or toxins
from the blood and adjust fluid and electrolyte imbalances.

Diurnal Occurring in the daytime.
Dysesthesia The impairment of tactile sensitivity.
Electroencephalograph (EEG) Machine used to monitor and categorize

sleep stages by measuring changes in brain wave activity.
Electro-oculogram A record of the standing voltage between the front and

back of the eye that is correlated with eyeball movement (as in REM
sleep) and obtained by electrodes suitably placed on the skin near
the eye.

Electrophysiology The study of the electrical activity related to physiologi-
cal function of living tissue.

Epilepsy A category of disorders characterized by abnormal electrical
activity in the brain and featuring symptoms such as sudden brief epi-
sodes of altered or diminished consciousness, involuntary movements,
or convulsions.

Epworth sleepiness scale A series of questions used to determine whether
an individual is sleepy or not.

Excessive daytime sleepiness Background of constant sleepiness with sleep
attacks leading to unintended napping during the day; a characteristic
symptom of narcolepsy.

Exploding head syndrome Characterized by a sudden, loud noise or ex-
plosion in the head, this is an imagined, painless noise.

F30 fellowship Individual Predoctoral National Research Service Award
for M.D./Ph.D. degrees. Fellowship award that provides combined
medical school and predoctoral Ph.D. support for a maximum of 6
years.

F31 fellowship Predoctoral Individual National Research Service Award.
Fellowship award that provides up to 5 years of support for research
training leading to the Ph.D. or equivalent research.

F32 fellowship Postdoctoral Individual National Research Service Award.
Fellowship award that provides postdoctoral research training to
broaden scientific background.
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F33 fellowship National Research Service Award for Senior Fellow. Fel-
lowship award that provides opportunities for experienced scientists to
broaden scientific background.

Gene A DNA sequence that encodes a protein.
Gene loci The term used to describe the locations of genes on a chromo-

some.
Generalized anxiety disorder An anxiety disorder characterized by chronic

excessive anxiety and worry that is difficult to control, and it con-
sequently impairs daily functioning and causes stress. Primary symp-
toms include: restlessness, irritability, poor concentration, and sleep
disturbances.

Hemodialysis The removal and purification of blood from an artery, fol-
lowed by the addition of vital substances and reintroduction into the
circulatory system through a vein.

Hypersomnia Periods of normal duration of sleep and waking are inter-
spersed with excessive periods of sleep.

Hypersomnolence Excessive drowsiness.
Hypertension Abnormally high arterial blood pressure that typically re-

sults in a thickening and inelasticity of arterial walls and left heart ven-
tricle hypertrophy. A risk factor for various pathological conditions or
events such as heart attack, heart failure, stroke, end-stage renal dis-
ease, or retinal hemorrhage.

Hypnagogic Relating to or occurring in the drowsiness stage that immedi-
ately precedes the onset of sleep.

Hypnagogic hallucinations A characteristic symptom of narcolepsy that is
marked by frightening dreamlike REM sleep experiences when falling
asleep.

Hypnopompic Referring to the semiconsciousness period that precedes
waking.

Hypnopompic hallucinations A characteristic symptom of narcolepsy that
is marked by frightening dreamlike REM sleep experiences when wak-
ing up from sleep.

Hypnotic An agent that induces sleep.
Hypocretin-1 One of a pair of highly excititory neuropeptide hormones

(the other being hypocretin-2) that are biosynthesized in the hypothala-
mus and are involved in the cause of narcolepsy-cataplexy. Also known
as orexin-A.

Hypopnea Extremely shallow or abnormally slow respiration.
Hypoxia Impaired oxygenation of the tissues of the body.
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Insomnia A prolonged and usually abnormal inability to obtain adequate
sleep that may result in sleepiness, fatigue, difficulty concentrating, and
irritability.

Interleukin Compounds of low molecular weight that chiefly function in
immune system regulation and cell-mediated immunity.

K award Career development awards offered by the NIH to assist new
investigators at stages beyond postdoctoral training in order to become
independent scientists. Support for the awards is limited to one 3- to 5-
year term and is usually restricted to one mentored career award per
individual.

K01 award Mentored Research Scientist Development Award. Provides
salary and fringe benefits for awardees for career development
experience.

K02 award Independent Scientist Award. Provides up to 5 years of salary
and fringe benefit support for newly independent scientists.

K05 award Senior Scientist Award. Provides salary and fringe benefit
support for outstanding scientists to enhance skills in their research
field.

K07 award Academic Career Award. Provides up to 5 years of funding to
develop or improve curricula changes that emphasize development and
leadership skills of scientists.

K08 award Mentored Clinical Scientist Development Award. Provides
salary and fringe benefit support for the development of clinician re-
search scientists.

K12 award Mentored Clinical Scientist Development Program Award.
Provides support to an educational institution for career development
experiences for clinicians leading to research independence.

K23 award Mentored Patient-Oriented Research Career Development
Award. Provides salary and fringe benefit support for the development
of patient-oriented research scientists.

K24 award Midcareer Investigator Award in Patient-Oriented Research.
Provides salary and fringe benefit support to allow protected time for
patient-oriented research and time to act as mentors for beginning clini-
cal investigators.

K25 award Mentored Quantitative Research Career Development Award.
Provides salary and fringe benefit support for career development for
scientists with quantitative and engineering backgrounds to foster in-
terdisciplinary collaboration in biomedical research.

K-complex Negative sharp waves followed immediately by slower posi-
tive component; sleep spindles may ride on K-complexes. May occur in
response to sound or spontaneously but may be distinguished from
background activity on the EEG.
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Kleine-Levin syndrome Characterized by recurrent episodes of dramatic
hypersomnia lasting from 2 days to several weeks. These episodes are
associated with behavioral and cognitive abnormalities, binge eating or
hypersexuality, and alternate with long asymptomatic periods that last
months to years.

Leptin A peptide hormone produced by fat cells and involved in the regu-
lation of body weight by acting on the hypothalamus to suppress appe-
tite and burn fat stored in connective tissue.

Magnetic resonance imaging (MRI) A type of diagnostic imaging tech-
nique that relies on the interactions of magnetic fields and radio-
frequency radiation with body tissues.

Melatonin A vertebrate hormone that has been linked to circadian rhythm
regulation, is derived from serotonin, and is secreted by the pineal gland
especially in response to darkness.

Multiple Sleep Latency Test (MSLT) A test that objectively quantifies day-
time sleepiness.

Myoclonic epilepsy Epilepsy characterized by myoclonic seizures, which
involve brief and involuntary contractions of a muscle.

Narcolepsy A chronic neurological condition marked by transient attacks
of deep sleep, with symptoms of cataplexy, hypnagogic hallucinations,
sleep disruption, and sleep paralysis.

Nares The pair of openings of the nose.
Nightmare disorder Recurrent nightmares that are coherent dream sequences

and manifest as disturbing mental experiences, generally occurring dur-
ing REM sleep.

Night terrors One type of disorder of arousal associated with NREM
sleep. Typically initiated by a loud scream associated with panic, fol-
lowed by intense motor activity, which can result in injury.

Nocturnal groaning Characterized by disruptive groaning that occurs dur-
ing expiration, particularly during the second half of night. Also known
as catathrenia.

Non-rapid eye movement sleep (NREM) A state of deep, usually dream-
less, sleep that occurs regularly during a normal period of sleep with
intervening periods of REM sleep and is characterized by delta waves
and a low level of autonomic physiological activity—called also non-
REM sleep or slow-wave sleep.

Obstructive sleep apnea (OSA) Obstructive sleep apnea is caused by re-
current interruption of breathing during sleep due to upper airway ob-
struction caused by sleep-related loss of upper airway muscle tone or
anatomical obstruction of the upper airway. Also called obstructive
sleep apnea syndrome.

P01 grant Federally supported research program project grant that is spon-
sored by the National Institutes of Health and that funds as many as
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three separate, multidisciplinary research projects that are based on a
central research theme. Funding is limited to about $1 million each year
in direct costs.

P20 grant Federally supported research program project grant that is spon-
sored by the National Institutes of Health and that funds exploratory
grants. Provides support for the development of new or interdiscipli-
nary programs or the expansion of existing resources.

P30 grant Federally supported center core grant that is sponsored by the
National Institutes of Health and that provides funds to develop an
infrastructure that supports centralized research, facilities, and re-
sources. Core grants provide resources to investigators to help them
achieve a higher level of productivity. Awards are limited to 5 years and
about $500,000 in direct costs per year.

P50 grant Federally supported specialized center grant that is sponsored
by the National Institutes of Health and that provides funds for multi-
investigator, multidisciplinary research. Funding is limited to about
$1 million each year in direct costs.

Parasomnia Unpleasant or undesirable behaviors or experiences that oc-
cur during entry into sleep, during sleep, or during arousals from sleep.

Pharyngeal Relating to or located in the pharynx area.
Polysomnogram A sleep test that continuously acquires physiological data

obtained during sleep, including brain wave activity, eye movements,
muscle activity (chin and legs), heart rate, body position, and respira-
tory variables, including oxygen saturation.

Polysomnography Use of a polygraph to record multiple physiological
variables during sleep.

Prader-Willi syndrome A genetic disorder marked by mental retardation,
below average height, hypotonia, abnormally small hands and feet,
gonadal incompetence, and excessive appetite resulting in extreme
obesity.

R01 award Federal research project grant that supports specific health-
based research for 1 to 5 years. It can be investigator initiated or
submitted in response to a request for application or program
announcement.

R03 award Federal grant that supports small research projects for a lim-
ited period of time and with limited resources. Grants are awarded for
up to 2 years with direct costs limited to $50,000 per year.

R13 award Federal grant that supports conference grants. Provides sup-
port for a symposium, seminar, workshop, or other formal conference
assembled to exchange and disseminate information or to explore a
subject, problem, or field of knowledge.
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R21 award Federally supported exploratory or developmental research
grant that supports the early development of an innovative project.
Grants are awarded for up to 2 years, with total direct costs not to
exceed $275,000 for the length of the project.

R25 award Federal grant that supports education project grants. Provides
support to develop a program in education, information, training, tech-
nical assistance, or evaluation.

Rapid eye movement (REM) Rapid and simultaneous movement of both
eyes, and associated with REM sleep.

Rapid eye movement sleep A state of sleep that is experienced in several
cycles during a normal period of sleep and is marked by increased fore-
brain and midbrain neuronal activity and by reduced muscle tone. Hu-
mans experience dreams, rapid eye movements, and vascular congestion
of the sex organs during REM sleep.

Rapid eye movement sleep behavior disorder A complex set of behaviors,
including mild to harmful body movements associated with dreams and
nightmares and loss of muscle atonia.

Restless legs syndrome (RLS) A neurological condition characterized by
an irresistible urge to move that occurs or worsens at rest and is re-
lieved by activity. It is also sometimes characterized by worsening in the
evening and night.

Sleep apnea A condition marked by transient cessation of breathing dur-
ing sleep, as a result of either airway obstruction or a disturbance in the
brain’s respiratory center. Especially associated with excessive daytime
sleepiness.

Sleep drunkenness Difficulty waking up and being foggy for long periods
of time after wake onset. Also known as sleep inertia.

Sleep hygiene Describes the practice of maintaining proper sleep health.
Sleep medicine A branch of clinical medicine devoted to the diagnosis and

treatment of individuals suffering from chronic sleep loss or sleep
disorders.

Sleep paralysis Muscle paralysis akin to REM sleep atonia while awake,
when falling asleep, or waking up.

Sleep-related dissociative disorder A dissociative episode that can occur in
the period from wakefulness to sleep or from awakening from stages 1
or 2 or from REM sleep.

Sleep-related eating disorder Marked by repeated episodes of involuntary
eating and drinking during arousals from sleep.

Sleep-related hallucination Hallucinatory images that occur at sleep onset
or on awakening from sleep.

Sleep restriction therapy A method to curtail time in bed to the actual
sleep time, thereby creating mild sleep deprivation, which results in
more consolidated and more efficient sleep.
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Sleep spindle Waxing and waning electrical brain activity at 7 to 14 Hz,
grouped in sequences that last 1 to 2 seconds and recur periodically
with a slow rhythm of 0.1 to 0.4 Hz. Typically appear during sleep
stage 2.

Sleepwalking One type of disorder of arousal associated with NREM
sleep. Involves a series of behaviors initiated during arousals from slow-
wave sleep that culminate in walking around in an altered state of
consciousness.

Slow-wave sleep (SWS) Term used to describe sleep stages 3 and 4 to-
gether due to characteristic slow waves.

Somnology The branch of science devoted to the study of the physiology
of sleep, the behavioral dimensions of sleep, and the consequences of
sleep loss and sleep disorders on an individual’s and the general popu-
lation’s health, performance, safety, and quality of life.

Somnolence Drowsiness.
Spasticity A state of increased muscular tone in which abnormal stretch

reflexes intensify muscle resistance to passive movements.
Stage 1 sleep First stage of NREM sleep characterized by low-voltage,

mixed frequency waves on the EEG; small eye movements; and tonic
muscles.

Stage 2 sleep Second stage of NREM sleep characterized by low-voltage,
mixed frequency waves on the EEG, sleep spindles, and K-complexes;
occasional small eye movements near sleep onset; and tonic muscles.

Stage 3 sleep Third stage of NREM sleep characterized by high-voltage,
slow-wave activity on EEG; no eye movements; and tonic muscles.

Stage 4 sleep Fourth stage of NREM sleep characterized by high-voltage,
slow-wave activity on EEG; no eye movements; and tonic muscles.

Sudden Infant Death Syndrome (SIDS) The death of an apparently healthy
infant usually before 1 year of age that is of unknown cause and occurs
especially during sleep.

Suprachiasmatic nucleus (SCN) Either of a pair of neuron clusters in the
hypothalamus that receive visual information from the retina via the
optic nerve and that regulate the body’s circadian rhythms.

T32 training grant National Research Service Award Institutional Re-
search Training Grants. Provides support to institutions to develop or
enhance research training opportunities for predoctoral and post-
doctoral students.

T34 training grant National Research Service Award Institutional Under-
graduate Research Training Grant. Provides support to institutions to
promote undergraduate research training to underrepresented groups
in the biomedical and behavioral sciences.
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T35 training grant Short-Term Institutional Research Training Grant. Pro-
vides support to institutions for predoctoral and postdoctoral training
focused on biomedical and behavioral research.

Type 2 diabetes mellitus Diabetes that develops especially in adults and
especially in obese individuals. Marked by high blood sugar that is a
consequence of impaired insulin utilization and a physiological inabil-
ity to compensate with increased insulin production. Also called adult-
onset diabetes, late-onset diabetes.

U Cooperative Agreements Provided to support any part of the full range
of research and development activities composing a multidisciplinary
attack on a specific disease entity or biomedical problem area.
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The following is the congressional language that was part of the 1993
National Institutes of Health (NIH) Revitalization Act, which created the
National Center on Sleep Disorders Research. The NIH Revitalization Act
became law (P.L. 103-43) on June 10, 1993.

a) Establishment Not later than 1 year after June 10, 1993, the Director
of the Institute shall establish the National Center on Sleep Disorders
Research (in this section referred to as the “Center”). The Center shall
be headed by a director, who shall be appointed by the Director of the
Institute.

b) Purpose The general purpose of the Center is—
1. the conduct and support of research, training, health information

dissemination, and other activities with respect to sleep disorders,
including biological and circadian rhythm research, basic under-
standing of sleep, chronobiological and other sleep related research;
and

2. to coordinate the activities of the Center with similar activities of
other Federal agencies, including the other agencies of the National
Institutes of Health, and similar activities of other public entities
and nonprofit entities.

c) Sleep Disorders Research Advisory Board
1. The Director of the National Institutes of Health shall establish a

board to be known as the Sleep Disorders Research Advisory Board
(in this section referred to as the “Advisory Board”).

D

Congressional Language Establishing the
National Center on Sleep Disorders

Research, § 285b–7
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2. The Advisory Board shall advise, assist, consult with, and make
recommendations to the Director of the National Institutes of
Health, through the Director of the Institute, and the Director of
the Center concerning matters relating to the scientific activities
carried out by and through the Center and the policies respecting
such activities, including recommendations with respect to the plan
required in subsection (c)1 of this section.

3.
A. The Director of the National Institutes of Health shall appoint

to the Advisory Board 12 appropriately qualified represent-
atives of the public who are not officers or employees of the
Federal Government. Of such members, eight shall be repre-
sentatives of health and scientific disciplines with respect to
sleep disorders and four shall be individuals representing the
interests of individuals with or undergoing treatment for sleep
disorders.

B. The following officials shall serve as ex officio members of the
Advisory Board:
i. The Director of the National Institutes of Health.
ii. The Director of the Center.
iii. The Director of the National Heart, Lung, and Blood

Institute.
iv. The Director of the National Institute of Mental Health.
v. The Director of the National Institute on Aging.
vi. The Director of the National Institute of Child Health

and Human Development.
vii. The Director of the National Institute of Neurological

Disorders and Stroke.
viii. The Assistant Secretary for Health.
ix. The Assistant Secretary of Defense (Health Affairs).
x. The Chief Medical Director of the Veterans’ Administra-

tion.
4. The members of the Advisory Board shall, from among the mem-

bers of the Advisory Board, designate an individual to serve as the
chair of the Advisory Board.

5. Except as inconsistent with, or inapplicable to, this section, the
provisions of section 284a of this title shall apply to the advisory
board established under this section in the same manner as such
provisions apply to any advisory council established under such
section.

1So in original. Probably should be subsection “(d)”.
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d) Development of comprehensive research plan; revision
1. After consultation with the Director of the Center and the advisory

board established under subsection (c) of this section, the Director
of the National Institutes of Health shall develop a comprehensive
plan for the conduct and support of sleep disorders research.

2. The plan developed under paragraph (1) shall identify priorities
with respect to such research and shall provide for the coordination
of such research conducted or supported by the agencies of the
National Institutes of Health.

3. The Director of the National Institutes of Health (after consulta-
tion with the Director of the Center and the advisory board2 estab-
lished under subsection (c) of this section) shall revise the plan de-
veloped under paragraph (1) as appropriate.

e) Collection and dissemination of information The Director of the Cen-
ter, in cooperation with the Centers for Disease Control and Preven-
tion, is authorized to coordinate activities with the Department of
Transportation, the Department of Defense, the Department of Educa-
tion, the Department of Labor, and the Department of Commerce to
collect data, conduct studies, and disseminate public information con-
cerning the impact of sleep disorders and sleep deprivation.

2So in original. Probably should be capitalized.
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Year of
Term

Name Affiliation Expiration

Scientific and Health
Wayne E. Crill, MD Professor and chair, Department of 1996

Physiology and Biophysics, School of
Medicine, University of Washington

Debra J. Meyers, MD Private Physician Pulmonary Associates 1996
Thomas Roth, PhD Director, Sleep Disorders and Research Center, 1996

Henry Ford Hospital
J. Christian Gillin, MD Professor, Department of Psychiatry/UCSD/ 1997

VAMC
Allan Pack, MB, ChB, PhD Director of Medicine Center on Sleep and 1997

Respiratory Neurobiology, Hospital of the
University of Pennsylvania

Barbara A. Phillips, MD, Professor, Division of Pulmonary and Critical 1997
MSPH Care; Medicine Director, Sleep Apnea

Laboratory, University of Kentucky and Good
Samaritan Hospitals

James K. Walsh, PhD Director, Sleep Medical Center St. Luke’s 1997
MSPH

Sudhansu Chokroverty, MD Professor and associate chair of neurology; 1998
chief of neurophysiology, Department of
Neurology, St. Vincent’s Hospital & Medical
Center

Martha U. Gillette, PhD Professor, Department of Cell and Structure 1999
Biology, University of Illinois

E

Sleep Disorders Research Advisory
Board Membership
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Fred W. Turek, PhD Director, Center for Circadian Biology & 2000
Medicine; professor and chair, Department
of Neurobiology and Physiology, Northwestern
University

Richard P. Millman, MD Director, Sleep Disorders Center Rhode 2001
Island Hospital

Michael Rosbash, PhD Howard Hughes Medical Institute, 2001
Department of Biology, Brandeis University

David P. White, MD Director, Sleep Disorders Program, 2001
Division of Endocrinology, Brigham and
Women’s Hospital

Carol Landis, DNSc, RN Department of Biology, Behavioral Nursing 2002
and Health Systems, University of
Washington Seattle

Emmanuel Mignot, MD, Director, Center for Narcolepsy, 2002
PhD Stanford University School of Medicine
Gene Block, PhD Vice president and provost, University of Virginia 2004
Mary Carskadon, PhD Professor, Department of Psychiatry and 2004

Human Behavior, Brown University School
of Medicine

Stuart F. Quan, MD Chief Pulmonary and Critical Care Medicine 2005
Section Director, Sleep Disorders Center
Professor of Medicine, University of Arizona

Clifford Saper, MD, PhD Professor and chair, Department of Neurology 2005
and Program in Neuroscience, Harvard
Medical School

Kathryn A. Lee, RN, PhD, Professor, family health care nursing, 2006
FAAN School of Nursing, University of California,

San Francisco
Rafael Pelayo, MD Assistant professor, Department of Psychiatry 2006

and Behavioral Sciences, Stanford University
Susan Redline, MD, MPH Chief, Division of Clinical Epidemiology, 2006

Department of Pediatrics, Rainbow Babies and
Children’s Hospital
Professor of pediatrics, medicine, epidemiology,
and biostatistics, Case School of Medicine

Michael J. Sateia, MD Professor of psychiatry; Director, Section of 2006
Sleep Medicine, Dartmouth University

Gina Poe, PhD Assistant professor, Department of 2007
Anesthesiology, University of Michigan
Medical Center

Michael H. Smolensky, PhD Professor of environmental sciences, 2008
University of Texas-Houston

Year of
Term

Name Affiliation Expiration

continued
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Howard P. Roffwarg, MD Professor of psychiatry and human behavior; 2009
Director, Division of Sleep Medicine, co-director,
Animal Sleep Neurophysiology Laboratory,
University of Mississippi Medical Center

Phyllis C. Zee, MD, PhD Professor of neurology, neurobiology, 2009
and physiology; director, Sleep Disorders
Center, Northwestern University

Public and Patient Advocates
Carol C. Westbrook 1996
Carla G. Kidd 1998
Victoria P. Haulcy, MPH 1999
Morris L. Lyons 2000
Carol Upchurch Walker 2000
Carol Bell Anderson 2002
James Everett, Jr., MD 2002
Sandra McGinnis 2003
Dara Spearman 2003
Phillip Williams 2004
Sara Caddick, PhD 2005
Lorraine Wearley, PhD 2007
Sheila C. Connolly, RN 2007
M. Elizabeth Johns 2008
Julianne Hill 2009

NOTE: Members in bold indicate a former or the current chair of the NCSDR Advisory
Board. Each term is 4 years in length.

Year of
Term

Name Affiliation Expiration
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F

National Institutes of Health
Sleep-Related Initiatives:

1994–2004
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The following information is a summary of extramural sleep research
grants at the National Institutes of Health (NIH).

Institute of Medicine staff searched the Computer Retrieval of Informa-
tion on Scientific Projects (CRISP) database for key-terms relevant to sleep.
These terms include insomnia, periodic limb movement disorder, restless
legs syndrome, circadian rhythm, sudden infant death syndrome, sleep dis-
order, narcolepsy, sleep apnea, sleep, hibernation, and dream. Abstracts
were reviewed and only those grants with these terms listed in both the
thesaurus and abstract, and not the abstract alone, were considered in the
counts. The numbers for each grant reflect individual, unduplicated counts
for a given year (Table G-1 and Figure G-1). All institutes were searched.
Note that every abstract from 1995 and 2004 was analyzed to determine its
relevance to somnology and somnopathy (see Table 6-3). This resulted in
even fewer grants being relevant to the field. This analysis was not per-
formed on grants awarded from 1996 to 2003; therefore these numbers
may be slightly inflated.

G

National Institutes of Health
Support of Sleep-Related R01 Grants
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There are 12 institutes that are members of the Trans-NIH Sleep Re-
search Coordinating Committee. Table G-2 shows the annual NIH support
of sleep-related research for various institutes. However, analysis of NIH
support of sleep-related R01 grants shows that two of the largest support-
ers of sleep grants, the National Institute of General Medical Sciences and
the National Eye Institute, are not members of the Trans-NIH Sleep Re-
search Coordinating Committee.

TABLE G-1 Sleep-Related R01 Grants, 1995–2004

Fiscal
Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Number of Awards 116 79 243 259 244 332 369 402 420 331
Number of New 37 24 68 71 43 86 118 101 113 82
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FIGURE G-1 Sleep-Related R01 Grants, 1995 to 2004.
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TABLE G-2 Annual NIH Institute Support of Sleep-Related Research

NIMH NHLBI NINDS NIA NIGMS NINR NEI NIDA NIAAA

1995 35 20 29 16 2 9 8 4 7
1996 26 15 14 11 0 6 0 1 1
1997 56 46 41 30 7 12 11 8 10
1998 57 47 49 32 10 10 10 11 8
1999 53 48 57 29 9 10 11 10 11
2000 72 84 59 33 10 16 14 11 9
2001 87 80 53 35 16 15 15 14 12
2002 105 93 50 40 17 15 16 17 11
2003 101 104 53 36 21 22 16 12 13
2004 88 102 49 31 22 19 15 13 12

ABBREVIATIONS: NCCAM = National Center for Complementary and Alternative Medi-
cine; NCI = National Cancer Institute; NEI = National Eye Institute; NHLBI = National Heart,
Lung, and Blood Institute; NIA = National Institute on Aging; NIAAA = National Institute on
Alcohol Abuse and Alcoholism; NIAID = National Institute of Allergy and Infectious Diseases;
NIAMS = National Institute of Arthritis and Musculoskeletal and Skin Diseases; NICHD =
National Institute of Child Health and Human Development; NIDA = National Institute on
Drug Abuse; NIDCD = National Institute on Deafness and Other Communication Disorders;
NIDCR = National Institute of Dental and Craniofacial Research; NIDDK = National Insti-
tute of Diabetes and Digestive and Kidney Diseases; NIGMS = National Institute of General
Medical Sciences; NIH = National Institutes of Health; NIMH = National Institute of Mental
Health; NINDS = National Institute of Neurological Disorders and Stroke; NINR = National
Institute of Nursing Research; NIOSH = National Institute for Occupational Safety and Health.
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NIDDK NICHD NCI NIAMS NIDCD NIOSH NCCAM NIAID NIDCR FIC

2 17 0 2 0 1 0 2 0 0
1 6 0 0 0 0 0 1 0 0
8 15 2 2 0 1 0 2 0 0
8 11 2 3 0 0 0 1 1 0
2 15 3 3 0 4 0 0 1

29 17 3 7 3 3 2 0 1 0
14 17 4 7 4 3 3 0 0 0
16 16 5 5 4 2 3 0 0 0
15 13 6 6 3 3 4 1 0 0
11 10 7 5 4 3 3 1 0 1

Copyright © National Academy of Sciences. All rights reserved.

Sleep Disorders and Sleep Deprivation:  An Unmet Public Health Problem
http://www.nap.edu/catalog/11617.html

http://www.nap.edu/catalog/11617.html


360

The following information is a summary of extramural sleep research
grants at the National Institutes of Health. Institute of Medicine staff
searched the Computer Retrieval of Information on Scientific Projects
(CRISP) database for key-terms relevant to sleep. These terms include in-
somnia, periodic limb movement disorder, restless legs syndrome, circadian
rhythm, sudden infant death syndrome, sleep disorder, narcolepsy, sleep
apnea, sleep, hibernation, and dream. Abstracts were reviewed and only
those grants with these terms listed in both the thesaurus and abstract, and
not the abstract alone, were considered in the counts. The numbers for each
grant reflect individual, unduplicated counts for a given year. All institutes
were searched.

H

Summary of NIH Support of
Sleep-Related Career Development Awards
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Number of Awards
(New Awards)

Grant Title Description 1995 2000 2004

K01 Mentored Research Provides salary and fringe 1 (1) 9 (3) 6 (1)
Scientist Develop- benefits for awardees for
ment Award career development

experience

K02 Independent Provides up to 5 yeasrs of 10 (1) 8 (1) 3 (1)
Scientist Award salary and fringe benefit

support for newly independent
scientists

Number of Career Awards (K01, K02) in Sleep-Related 
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Number of Career Awards (K05, K07) in Sleep-Related 
Research 1995-2004
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K05 total

K05 new

K07 total
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Number of Awards
(New Awards)

Grant Title Description 1995 2000 2004

K05 Senior Scientist Provides salary and fringe 6 (2) 5 (0) 1 (0)
Award benefit support for

outstanding scientists to
enhance skills in their
research field

K07 Academic Provides up to 5 years of 1 (0) 20 (0) 3 (3)
funding to develop or
improve curricula changes
that emphasize development
and leadership skills of
scientists
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Number of Awards
(New Awards)

Grant Title Description 1995 2000 2004

K08 Mentored Clinical Provides salary and fringe 8 (1) 12 (1) 8 (1)
Scientist benefit support for the
Development development of clinician
Award research scientists

K12 Mentored Clinical Provides support to an 0 0 0
Scientist educational institution for
Development career development
Program Award experiences for clinicians

leading to research
independence

K23 Mentored Patient- Provides salary and fringe 0 (0) 10 (6) 28 (8)
Oriented Research benefit support for the
Career Development development of patient-
Award oriented research scientists

Number of Career Awards (K08, K23) in Sleep-Related 
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Summary of NIH Institute Support of K Awards

Of the 314 career development awards that were funded during the
5 years between 2000 and 2004, the National Heart, Lung, and Blood
Institute (NHLBI) sponsored 94 (29 percent). Thirty-two of all the NHLBI-
sponsored training grants were K07 grants awarded in 2000 and 2001.
K07 grants are designed to provide 5 years of funding to develop or im-
prove curricula changes that emphasize development and leadership skills
of scientists.

Number of Career Awards (K24, K25) in Sleep-Related 
Research 1995-2004
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Number of Awards
(New Awards)

Grant Title Description 1995 2000 2004

K24 Midcareer Provides salary and fringe 0 (0) 5 (1) 8 (3)
Investigator Award benefit support to allow
in Patient-Oriented protected time for patient-
Research oriented research and time

to act as mentors for
beginning clinical investigators 0 (0) 0 (0) 1 (0)

K25 Mentored Provides salary and fringe
Quantitative benefit support for career
Research Career development for scientists
Development with quantitative and
Award engineering backgrounds to

foster interdisciplinary
collaboration in biomedical
research
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K01: Mentored Research Scientist Development Award

Number of Awards (New Awards)

NIMH NCCAM NINR NIA NIDDK NCRR Total

2000 4 (1) 1 (1) 2 (1) 1 (0) 1 (0) 0 (0) 9 (3)
2001 4 (0) 1 (0) 2 (1) 1 (0) 1 (0) 1 (1) 10 (2)
2002 6 (1) 1 (0) 2 (0) 1 (0) 0 (0) 1 (0) 11 (1)
2003 3 (0) 1 (0) 1 (0) 1 (1) 0 (0) 1 (0) 7 (1)
2004 2 (0) 1 (0) 0 (0) 1 (0) 1 (1) 1 (0) 6 (1)

K02: Independent Scientist Award

Number of Awards (New Awards)

NIMH NINDS NICHD Total

2000 6 (1) 2 (0) 0 (0) 8 (1)
2001 6 (1) 2 (0) 0 (0) 8 (1)
2002 7 (1) 1 (0) 0 (0) 8 (1)
2003 5 (0) 1 (0) 0 (0) 6 (0)
2004 2 (0) 0 (0) 1 (1) 3 (1)

K05: Senior Scientist

Number of Awards (New Awards)

NIMH Total

2000 5 (0) 5 (0)
2001 3 (0) 3 (0)
2002 2 (1) 2 (1)
2003 1 (0) 1 (0)
2004 1 (0) 1 (0)

K07: Academic Career Award

Number of Awards (New Awards)

NHLBI Total

2000 20 (0) 20 (0)
2001 12 (0) 12 (0)
2002 8 (0) 8 (0)
2003 0 (0) 0 (0)
2004 3 (3) 3 (3)
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K08: Mentored Clinical Scientist Development Award

Number of Awards (New Awards)

NIMH NINDS NHLBI NICHD NCI AHRQ NEI NIGMS Total

2000 4 (1) 4 (0) 1 (0) 1 (0) 1 (0) 0 (0) 1 (0) 0 (0) 12 (1)
2001 5 (2) 3 (2) 0 (0) 1 (1) 0 (0) 0 (0) 1 (0) 1 (1) 11 (6)
2002 4 (0) 3 (1) 1 (1) 1 (0) 0 (0) 1 (1) 1 (0) 1 (0) 12 (3)
2003 4 (0) 1 (0) 1 (0) 1 (0) 0 (0) 1 (0) 1 (0) 1 (0) 10 (0)
2004 3 (0) 1 (1) 1 (0) 1 (0) 0 (0) 1 (0) 0 (0) 1 (0) 8 (1)

K23: Mentored Patient-Oriented Research Career Development Award

Number of Awards (New Awards)

NIMH NIA NIDDK NCRR NINDS NHLBI NICHD Total

2000 1 (1) 2 (1) 0 (0) 2 (2) 0 (0) 5 (2) 0 (0) 10 (6)
2001 1 (0) 2 (0) 0 (0) 2 (0) 0 (0) 6 (1) 0 (1) 11 (2)
2002 3 (2) 1 (0) 1 (1) 3 (1) 0 (0) 7 (1) 1 (0) 16 (5)
2003 4 (1) 1 (0) 1 (0) 4 (1) 0 (0) 9 (2) 2 (1) 21 (5)
2004 7 (2) 2 (1) 2 (1) 5 (1) 1 (1) 7 (2) 2 (0) 26 (8)

K24: Midcareer Investigator Award in Patient-Oriented Research

Number of Awards (New Awards)

NIMH NIAAA NIA NCRR NHLBI NICHD Total

2000 1 (0) 1 (0) 1 (1) 0 (0) 1 (0) 0 (0) 4 (1)
2001 1 (0) 0 (0) 1 (0) 0 (0) 1 (0) 1 (1) 4 (1)
2002 2 (1) 1 (0) 1 (0) 0 (0) 2 (1) 1 (0) 7 (2)
2003 3 (0) 1 (0) 1 (0) 0 (0) 2 (0) 1 (0) 8 (0)
2004 1 (0) 0 (0) 1 (0) 1 (1) 3 (2) 1 (0) 7 (3)
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ABBREVIATIONS:  AHRQ = Agency for Healthcare Research and Quality; NCCAM = Na-
tional Center for Complementary and Alternative Medicine; NCI = National Cancer Institute;
NCRR = National Center for Research Resources; NEI = National Eye Institute; NHLBI =
National Heart, Lung, and Blood Institute; NIA = National Institute on Aging; NIAAA =
National Institute on Alcohol Abuse and Alcoholism; NICHD = National Institute of Child
Health and Human Development; NIDDK =  National Institute of Diabetes and Digestive and
Kidney Diseases; NIGMS = National Institute of General Medical Sciences; NIMH = National
Institute of Mental Health; NINDS = National Institute of Neurological Disorders and Stroke;
NINR = National Institute of Nursing Research.

K25: Mentored Quantitative Research

Number of Awards (New Awards)

NHLBI Total

2000 0 (0) 0 (0)
2001 0 (1) 0 (1)
2002 1 (0) 1 (0)
2003 1 (0) 1 (0)
2004 1 (0) 1 (0)
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The following information is a summary of extramural sleep research
grants at the National Institutes of Health. Institute of Medicine staff
searched the Computer Retrieval of Information on Scientific Projects
(CRISP) database for key terms relevant to sleep. These terms include in-
somnia, periodic limb movement disorder, restless legs syndrome, circadian
rhythm, sudden infant death syndrome, sleep disorder, narcolepsy, sleep
apnea, sleep, hibernation, and dream. Abstracts were reviewed and only
those grants with these terms listed in both the thesaurus terms and ab-
stract, not the abstract alone, were considered in the counts. The numbers
for each grant reflect individual, unduplicated counts for a given year. All
institutes were searched. Note that no sleep-related U grants were funded
between 1994 and 2004.

I

Summary of NIH Support of
Sleep-Related R13, R25, P, F, T,

and U Grants
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Number of Awards
(New Awards)

Grant Title Description 1995 2000 2004

R13 Conference Grant Provides support for a 0 0 2
symposium, seminar,
workshop, or other formal
conference assembled to
exchange and disseminate
information or to explore a
subject, problem, or field of
knowledge

R25 Education Project Provides support to develop 0 (0) 4 (1) 1 (0)
Grant a program in education,

information, training,
technical assistance, or
evaluation

Number of Research Project Grants (R13, R25) in Sleep-
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Number of Awards
(New Awards)

Grant Title Description 1995 2000 2004

P01 Research Program Provides support for an 5 (1) 17 (5) 11 (6)
Project integrated, multiproject

research program involving
a number of independent
investigators who share
knowledge and common
resources

P20 Exploratory Grant Provides support for the 0 (0) 1 (0) 2 (2)
development of new or
interdisciplinary programs
or the expansion of existing
resources

P30 Center Core Grant Provides support for shared 0 (0) 6 (3) 4 (2)
resources and facilities to a
program providing a multi-
disciplinary approach with
existing research funds

P50 Specialized Center Provides support to assemble 6 (3) 10 (3) 7 (5)
Grant “critical masses” of basic and

clinical scientists to work
together collaboratively

Number of Program Awards (P01, P20) in Sleep-Related 
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Number of Program Awards (P30, P50) in Sleep-Related 

Research 1995-2004
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Number of Awards
(New Awards)

Grant Title Description 1995 2000 2004

F30 Individual Fellowship award that 1 (1) 3 (0) 3 (1)
Predoctoral provides combined medical
National Research school and predoctoral Ph.D.
Service Award for support for a maximum of
M.D./Ph.D. 6 years
Fellowship

F31 Predoctoral Fellowship award that 3 (0) 8 (0) 28 (14)
Individual provides up to 5 years of
National Research support for research training
Service Award leading to the Ph.D. or

equivalent research

F32 Postdoctoral Fellowship award that 5 (3) 13 (3) 25 (13)
Individual provides postdoctoral
National Research research training to broaden
Service Award scientific background

F33 National Research Fellowship award that 0 0 0
provides opportunities for
experienced scientists to
broaden scientific background
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Number of Fellowship Awards (F30, F31) in Sleep-Related 
Research 1995-2004
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Number of Fellowship Awards (F32) in Sleep-Related 
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Number of Training Grants (T32, T35) in Sleep-Related 
Research 1995-2004
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Number of Awards
(New Awards)

Grant Title Description 1995 2000 2004

T32 National Research Provides support to institutions 3 (0) 11 (1) 16 (2)
Service Award to develop or enhance research
Institutional training opportunities for
Research Training predoctoral and postdoctoral

students

T34 National Research Provides support to institu- 0 0 0
Service Award— tions to promote under-
Institutional graduate research training
Undergraduate to underrepresented groups
Research Training in the biomedical and

behavioral sciences

T35 Short-Term Provides support to institu- 0 (0) 0 (0) 7 (4)
Institutional tions for predoctoral and
Research Training postdoctoral training focused

on biomedical and behavioral
research
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The following is a summary of the amount the top 30 National Insti-
tutes of Health (NIH)-funded institutions, ranked according to the total
number of awards each institution received from the NIH in 2004. Institute
of Medicine staff searched the Computer Retrieval of Information on Scien-
tific Projects (CRISP) database for key-terms relevant to sleep. These terms
include insomnia, periodic limb movement disorder, restless legs syndrome,
circadian rhythm, sudden infant death syndrome, sleep disorder, narcolepsy,
sleep apnea, sleep, hibernation, and dream. Abstracts were reviewed and
only those grants with these terms listed in both the thesaurus terms and
abstract, not the abstract alone, were considered in the counts. The com-
mittee then examined each institute’s grant portfolio to determine the
number of sleep-related awards it received.

J

Summary of Investment in
Sleep-Related Projects at the

Top 30 NIH-Funded Institutions
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TABLE J-1 Sleep-Related Research at the Top 30 NIH-Funded Institutions

Rank by Rank by
Number Number Number
of Total of Sleep of Awards
Grants Grants Institution Received

1 6 Johns Hopkins University 1,304
2 1 University of Pennsylvania 1,176
3 12 University of Washington 1,031
4 11 University of California, San Francisco 977
5 5 University of Michigan 945
6 2 University of Pittsburgh 938
7 3 University of California, Los Angeles 890
8 13 Washington University 885
9 17 Yale University 852

10 17 University of North Carolina-Chapel Hill 777
11 13 Duke University 759
12 NAb Columbia University 747
13 9 Stanford University 739
14 13 Harvard University (Medical School) 723
15 18 Massachusetts General Hospital 672
16 10 Case Western Reserve University 670
17 19 University of California, San Diego 663
18 10 University of Wisconsin, Madison 653
19 10 Vanderbilt University 642
20 15 University of Minnesota 606
21 8 Emory University 580
22 19 Baylor College of Medicine 559
23 17 University of Alabama at Birmingham 553
24 2 Brigham and Women’s Hospital 535
25 NAb Cornell University 490
26 16 University of Colorado Denver/HSC Aurora 486
27 8 Oregon Health & Science University 473
28 11 Scripps Research Institute 465
29 12 Northwestern University 451
30 13 University of Virginia 450

Total 21,691

NOTES: To isolate only qualifying sleep-specific grants in the Total Number of Sleep Grants
column, grants were obtained by searching the NIH CRISP database for key terms relevant to
sleep. These terms include insomnia, periodic limb movement disorder, restless legs syndrome,
circadian rhythm, sudden infant death syndrome, sleep disorder, narcolepsy, sleep apnea, sleep,
hibernation, and dream. Abstracts were reviewed, and only those grants with these terms listed
in the thesaurus were considered in the counts. The number for each institution reflects indi-
vidual, unduplicated counts for a given year.
aThe totals for P Awards are for “parent grants” and do not include subprojects.
bColumbia and Cornell Universities both received zero sleep awards in 2004.
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Sleep-Related Awards

Number of Number of
Number Career Number of Number of Number of Research
of Sleep Development Program Fellowship Training Project
Awards Awards Awardsa Awards Awards Awards

16 3 0 2 2 9
27 7 2 2 3 13
9 1 1 1 1 5
9 1 0 3 0 5

16 0 1 0 2 13
21 4 2 2 2 11
19 2 2 1 0 14
7 0 0 2 0 5
3 0 0 0 0 3
3 0 0 1 0 2
7 0 0 0 0 7
0 0 0 0 0 0

11 0 1 0 1 9
7 1 0 1 0 5
2 1 0 1 0 0

10 3 0 0 0 7
19 2 1 2 1 13
10 0 0 1 1 8
10 1 0 0 0 9
6 1 0 0 0 5

12 0 0 3 0 9
1 0 1 0 0 0
3 0 0 0 0 3

22 6 2 3 1 10
0 0 0 0 0 0
4 0 0 0 0 4

12 2 0 0 0 10
9 0 0 3 0 6
8 0 0 2 1 5
7 1 0 1 0 5

290
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Harvey R. Colten, M.D., (IOM) (Chair), recently retired as vice president
and senior associate dean for Academic Affairs at Columbia University
Medical Center. He was the chief medical officer, iMetrikus, Inc., and a
clinical professor of pediatrics at the University of California, San Fran-
cisco, between 2000 and 2002. Previously, he served as dean of the medical
school and vice president for medical affairs at Northwestern University
from 1997 to 1999 and was the Harriet B. Spoehrer Professor and chair of
the Department of Pediatrics at Washington University School of Medicine
in St. Louis, Missouri, from 1986 to 1997. Dr. Colten earned a B.A. degree at
Cornell in 1959, an M.D. from Western Reserve University in 1963, and an
M.A. (honorary) from Harvard in 1978. Following his clinical training in
1965, he was an investigator at the National Institutes of Health until 1970.
In 1970, he was appointed to the faculty at the Harvard Medical School,
where he was named professor of pediatrics in 1979 and chief of the Division
of Cell Biology, Pulmonary Medicine, and director of the Cystic Fibrosis
Program at Children’s Hospital Medical Center in Boston. Dr. Colten’s
research interests include the regulation of acute phase gene expression and
genetic deficiencies of proteins that play a major role in pulmonary diseases,
autoimmunity, and inflammation, on which he has published more than
270 original articles, book chapters and invited reviews. He is a member of
Alpha Omega Alpha and a recipient of other honors, including a Special
Faculty Research Award from Western Reserve University, the E. Mead
Johnson Award for Pediatric Research, a MERIT Award from the National
Institutes of Health (NIH), Distinguished Service Award from the American
Association of Immunologists, and honorary membership in the Hungarian

K

Biographical Sketches of
Committee Members and Staff
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Society of Immunology. He has been listed in Who’s Who in America since
1982. Dr. Colten has been on editorial boards and advisory committees of
several leading scientific and medical journals. He served on and was vice
chairman of the Council of the Institute of Medicine and has served on
multiple committees including the Committee on Drug Use in Food Ani-
mals, Committee on Palliative and End-of-Life Care for Children and Their
Families, and the Committee for Review and Assessment of the NIH’s Stra-
tegic Plan to Reduce and Ultimately Eliminate Health Disparities.

Francois M. Abboud, M.D., (IOM), is currently the Edith King Pearson
Chair in Cardiovascular Research; professor of medicine, physiology, and
biophysics; director, University of Iowa Cardiovascular Research Center;
and associate vice president for research at the University of Iowa. He was
chair of the Department of Internal Medicine from 1976 through 2002. His
research is focused on integrative neurobiology of cardiovascular regula-
tion, including the molecular determinants of sensory signaling and auto-
nomic control. Human studies have focused on the integrated control of
sympathetic activity in physiological and pathological states (e.g., sleep apnea
and hypertension). He has received a number of awards, including ASPET
Award for Experimental Therapeutics, American Society for Pharmacology
and Experimental Therapeutics, the Wiggers Award of the American Physi-
ological Society, the Research Achievement Award and the Gold Heart
Award from the American Heart Association, and the CIBA award and
medal for hypertension research of the Council for High Blood Pressure
Research. He was editor-in-chief of Circulation Research, has served on the
advisory council of the National Heart, Lung, and Blood Institute (1995–
1999), is former president of the American Heart Association and the Asso-
ciation of American Physicians, and is currently associate editor of the jour-
nal Physiology in Medicine.

Gene D. Block, Ph.D., is the Thomas Jefferson Professor of Biology and the
vice president and provost of the University of Virginia. Dr. Block’s area of
expertise is in circadian biology; he has studied the neurophysiological basis
of circadian rhythms in mammals and in invertebrate models. He was found-
ing director of the National Science Foundation’s Science and Technology
Center in Biological Timing. He also served as the University of Virginia’s
vice president for research and is past president of the Society for Research
on Biological Rhythms. He received his A.B. degree from Stanford Univer-
sity and his Ph.D. degree from the University of Oregon.

Thomas F. Boat, M.D., (IOM), is director of the Children’s Hospital
Research Foundation and the professor and chair of the Department of
Pediatrics at the University of Cincinnati. Dr. Boat has served as a member
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and chair of the Biochemistry II Study Section of the National Institutes of
Health and as a council member of the National Heart, Lung, and Blood
Institute. He chairs the Research Development Program Advisory Commit-
tee for the National Cystic Fibrosis Association and is a member of their
Medical Advisory Committee. Dr. Boat is a recipient of the St. Geme Award
from the Federation of Pediatric Organizations as well as former chair of
the American Board of Pediatrics, president of the Association of Medical
School Pediatric Department Chairs, and past president of the American
Pediatric Society. His areas of expertise include pathophysiology of lung
disease in children, subspecialty pediatric education, improvement of health
services for children, and academic health center management.

Iris F. Litt, M.D., (IOM), is the Marron and Mary Elizabeth Kendrick
Professor of Pediatrics and national director of the Robert Wood Johnson
Clinical Scholars Program at the Stanford University School of Medicine.
Dr. Litt’s research focus is on the health problems of adolescent women,
with particular emphasis on the interaction of psychosocial phenomena with
biological features of the second decade of life. She previously participated
in multiple Institute of Medicine (IOM) committees including the Committee
on Lesbian Health Research Priorities, the Committee on Youth Develop-
ment, and the Forum on Adolescence, and was workshop participant on
Sleep Needs, Patterns, and Difficulties of Adolescents. She has been a mem-
ber of the IOM since 1995; she served as editor of the Journal of Adolescent
Health from l990 to 2005 and was the former director for the Division of
Adolescent Medicine at Stanford University from 1976 to 2005.

Emmanuel Mignot, M.D., Ph.D., (IOM), is professor of psychiatry and
behavioral sciences and director of the Center for Narcolepsy at Stanford
University, as well as a Howard Hughes Medical Institute investigator.
Dr. Mignot has experience in clinical and basic research in the area of sleep
disorders medicine. He is board certified in sleep disorders medicine.
Dr. Mignot has extensive experience in basic and clinical research of sleep
disorders, most particularly with narcolepsy. He is currently on the Board
of Scientific Councilors of the National Institute of Mental Health and
serves on the editorial board of scientific journals in the field of sleep disor-
ders research. Dr. Mignot is a past chair of the National Center on Sleep
Disorders Research Advisory Board of the National Institutes of Health,
former president of the Sleep Research Society, and former board member
of the National Sleep Foundation. Dr. Mignot received both his M.D. and
Ph.D. degrees from Paris University in 1984 and 1986, respectively.

Robert H. Miller, M.D., M.B.A., is the executive director of the American
Board of Otolaryngology. Previously, he was professor and chair of
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Otolaryngology-Head and Neck Surgery and vice chancellor at Tulane Uni-
versity Medical Center, dean of the University of Nevada School of Medi-
cine, and was a Robert Wood Johnson Health Policy Fellow. His research
interests have focused on the medical workforce and health policy. He re-
ceived his M.D. degree in 1973 from Tulane University, did a residency in
otolaryngology, performed head and neck surgery at UCLA, and received
his M.B.A. degree from Tulane in 1996.

F. Javier Nieto, M.D., Ph.D., is the Helfaer Professor of Public Health, and
professor and chair of the Department of Population Health Sciences at the
University of Wisconsin School of Medicine and Public Health in Madison.
His areas of research interest include cardiovascular disease epidemiology,
markers of subclinical atherosclerosis, emerging risk factors for cardio-
vascular disease, and health consequences of sleep disorders and psycho-
social stress. He is a board member of the American College of Epidemiology;
a member of the American Society of Epidemiology; a fellow of the Ameri-
can Heart Association’s Council on Epidemiology and Prevention; and he is
affiliated with the American Public Health Association, Society for Epide-
miologic Research, Spanish Epidemiologic Society, and Spanish Society of
Public Health and Health Services Administration. He received his M.D.
degree from University of Valencia in 1978, his M.P.H. from University of
Havana, Cuba, and his Ph.D. in epidemiology from the Johns Hopkins
School of Public Health in 1991.

Allan I. Pack, M.D., Ph.D., is professor of medicine and director of the
Center for Sleep and Respiratory Neurobiology and chief of the Division of
Sleep Medicine at the University of Pennsylvania. Dr. Pack’s current major
research focus is sleep and its disorders, particularly sleep apnea. In 1988,
Dr. Pack was awarded one of three specialized centers of research (SCOR)
in cardiopulmonary disorders during sleep from the National Institutes of
Health; in 1998, he received a second SCOR in neurobiology of sleep and
sleep apnea. Dr. Pack is the author of over 190 original papers and chapters
and has edited three books. He has received a number of awards, including
the Nathaniel Kleitman Award and the William C. Dement Academic
Achievement Award from the American Academy of Sleep Medicine. He
received his M.B.ChB. degree in 1968 and his Ph.D. in 1976, both from the
University of Glasgow.

Kathy P. Parker, Ph.D., R.N., F.A.A.N., is the Edith F. Honeycutt Professor
at the Nell Hodgson Woodruff School of Nursing and professor of neurology
at Emory University. In 2001, she established the Center for Research on
Symptoms, Symptom Interactions, and Health Outcomes, one of nine
exploratory nursing research centers funding by the National Institute of
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Nursing Research. She has more than 20 years of clinical experience in
nursing and is one of five nurses in the country certified in Clinical Sleep
Disorders by the American Board of Sleep Medicine. She is a fellow in the
American Academy of Sleep Medicine and the American Academy of Nurs-
ing. Dr. Parker’s program of research focuses on sleep-wake disturbances in
hemodialysis patients and the effects of pain and opioids on sleep in cancer
patients.

Samuel J. Potolicchio, M.D., is professor of neurology at the George Wash-
ington University Medical Center. Dr. Potolicchio’s research interests are in
sleep and convulsive disorders, particularly epilepsy, and in other neuro-
logical disorders. He also treats patients with peripheral neuropathies, sleep
disturbances, mental confusion, impaired memory, and memory loss.
Dr. Potolicchio has served as a member on previous Institute of Medicine
Committees on the Gulf War and health.

Susan Redline, M.D., M.P.H., is professor of pediatrics, medicine, epidemi-
ology and biostatistics at Case Western Reserve University School of
Medicine and is the chief of the Division of Clinical Epidemiology in the
Department of Pediatrics at Rainbow Babies & Children’s Hospital. Her
research interest focuses on the epidemiology of chronic diseases with an
emphasis on sleep apnea, and on pulmonary and cardiovascular diseases.
She directs the Case Sleep and Epidemiology Research Center, which serves
as a national sleep reading center for numerous large-scale sleep epidemio-
logical studies. Dr. Redline also directs the University Hospitals of Cleveland
Sleep Disorders Center. She is an associate editor of Sleep and a current
member of Scientific Advisory Committee of the American Thoracic Society
and a member of the National Center on Sleep Disorders Research Advi-
sory Board of the National Institutes of Health.

Charles F. Reynolds III, M.D., is a University of Pittsburgh, School of Medi-
cine Endowed Professor of Geriatric Psychiatry, and senior associate dean
of the University of Pittsburgh, School of Medicine. He directs the National
Institute of Mental Health (NIMH)-sponsored Advanced Center for Inter-
ventions and Services Research in Late-Life Mood Disorders and the John
A. Hartford Center of Excellence in Geriatric Psychiatry at the Western
Psychiatric Institute and Clinic. Dr. Reynolds’ primary research interests
focus on mood and sleep disorders of later life, the prevention and treat-
ment of those disorders, suicide prevention, and the dissemination of
evidence-based practice to general medical settings. Dr. Reynolds is the past
recipient of a MERIT Award and a Senior Scientist Award from the NIMH;
he has led the field in studies of maintenance treatment of mood disorders
in old age. He currently serves on the National Mental Health Advisory
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Council and has previously served on the Institute of Medicine Committee
on the Pathophysiology and Prevention of Adolescent and Adult Suicide.
Dr. Reynolds is immediate past president of the American College of
Psychiatrists. He graduated from the Yale University School of Medicine in
1973 and from the University of Virginia in 1969.

Clifford B. Saper, M.D., Ph.D., is James Jackson Putnam Professor of
Neurology and Neuroscience at Harvard Medical School and chair of the
Department of Neurology at Beth Israel Deaconess Medical Center. Previ-
ously, he was an assistant, then associate, professor in the Departments of
Neurology and Anatomy and Neurobiology at the Washington University
School of Medicine and associate professor and then the William D. Mabie
Professor of Neurology and Neuroscience at the University of Chicago,
where he chaired the graduate program in neuroscience. Dr. Saper’s re-
search interests focus on identifying neuronal circuitry involved in regulat-
ing integrated functions maintained by the hypothalamus, including wake-
sleep cycles, body temperature, and feeding, and determining the homologous
circuitry in human brains and examining how it may be disrupted in specific
neurological and psychiatric disorders. Currently, he is editor-in-chief of
the Journal of Comparative Neurology and serves on the editorial boards of
Neurology, Physiological Genomics, Sleep, and Neuroimmunomodulation.
Dr. Saper formerly was a member of the National Center on Sleep Dis-
orders Research Advisory Board of the National Institutes of Health and
previously served on the National Research Council’s Howard Higher
Medical Institute (HHMI) Predoctoral Fellowships Panel on Neurosciences
and Physiology.

IOM STAFF

Bruce M. Altevogt, Ph.D., is a senior program officer in the Board on Health
Sciences Policy at the Institute of Medicine (IOM). He received his doctoral
thesis from Harvard University’s Program in Neuroscience. While at Harvard
Dr. Altevogt studied how the glial cells in the central and peripheral nervous
system form a network of cells through intracellular communication, which
is critical for maintaining myelin. After receiving his Ph.D., Dr. Altevogt
was a policy fellow with the Christine Mirzayan Science & Technology
Policy Graduate Fellowship Program at the National Academies. He has
over 10 years of research experience. In addition to Dr. Altevogt’s work at
Harvard, he also performed neuroscience research at the National Institutes
of Health and the University of Virginia. He received his B.A. degree from
the University of Virginia in Charlottesville, where he majored in biology
and minored in south Asian studies. Since joining the Board on Health
Sciences Policy, he was a program officer on the IOM study Spinal Cord
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Injury: Progress, Promise, and Priorities and is serving as the director of the
Forum on Neuroscience and Nervous System Disorders and Stem Cell Re-
search Advisory Committee.

Andrew Pope, Ph.D., is director of the Board on Health Sciences Policy at
the Institute of Medicine. With a doctoral degree in physiology and bio-
chemistry, his primary interests focus on environmental and occupational
influences on human health. Dr. Pope’s previous research activities focused
on the neuroendocrine and reproductive effects of various environmental
substances in food-producing animals. During his tenure at the National
Academies and since 1989 at the Institute of Medicine, Dr. Pope has directed
numerous studies; topics include injury control, disability prevention, bio-
logical markers, neurotoxicology, indoor allergens, and the enhancement of
environmental and occupational health content in medical and nursing
school curricula. Most recently, Dr. Pope directed studies on National
Institutes of Health priority-setting processes, organ procurement and trans-
plantation policy, and the role of science and technology in countering
terrorism.

Miriam Davis, Ph.D., is an independent medical writer and consultant. She
is a frequent contributor to reports of the Institute of Medicine and United
States Surgeon General. After receiving her doctorate in neurobiology from
Princeton University, she gained nearly 10 years of health policy experience
at the Assistant Secretary for Health’s office in the Department of Health
and Human Services. She later became Director of Policy for the National
Institutes of Health’s National Institute of Environmental Health Sciences.
For the past 10 years, she has been a medical writer and consultant on high-
profile reports and publications and has coauthored review articles in
Science, Journal of the American Medical Association, and Neurology. She
holds an adjunct faculty post at the George Washington University School
of Public Health and Health Services.

Sarah L. Hanson is a research associate in the Board on Health Sciences
Policy at the Institute of Medicine. Ms. Hanson is working for the Commit-
tee on Sleep Medicine and Research. Prior to joining the Institute of Medi-
cine, she served as research and program assistant at the National Research
Center for Women & Families. Ms. Hanson has a B.A. degree from the
University of Kansas with a double major in political science and inter-
national studies.

Lora K. Taylor is a senior project assistant for the Board on Health Sciences
Policy working on the Sleep Medicine and Research project. She has 14
years of experience working in the academy and prior to joining the Insti-
tute of Medicine, she served as the administrative associate for the Report
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Review Committee and the Division on Life Sciences’ Ocean Studies Board.
Ms. Taylor has a B.A. degree from Georgetown University with a double
major in psychology and fine arts.

Eleanore Edson, Ph.D., a Christine Mirzayan Science & Technology Policy
Graduate Fellow in the Board on Health Sciences Policy. Dr. Edson success-
fully defended her Ph.D. thesis in neurobiology at Harvard University in
August 2005 and holds a B.S. degree in biology from Stanford University.
Between college and graduate school, she studied abroad at the Glasgow
School of Art on a Rotary International Scholars Fellowship.

Amy Haas is the administrative assistant for the Board on Health Sciences
Policy. She previously served as a senior project assistant for the Clinical
Research Roundtable. Prior to joining the Institute of Medicine, she worked
as a project manager for a medical education and publishing firm in
Washington, DC. She graduated from Whitman College in Walla Walla,
Washington with a B.A. degree in biology.

Catharyn T. Liverman, M.L.S., is a senior program officer at the Institute
of Medicine (IOM). In her 12 years at the IOM, she has worked on studies
addressing a range of topics, primarily focused on public health and science
policy. Most recently she was the study director for the IOM committee
that produced the report Preventing Childhood Obesity: Health in the
Balance. Other recent studies include Testosterone and Aging: Clinical
Research Directions, Gulf War and Health, and Reducing the Burden of
Injury. Her background is in medical library science, with previous posi-
tions at the National Agricultural Library and the Naval War College
Library. She received a B.A. degree from Wake Forest University and an
M.L.S. degree from the University of Maryland.

Kathleen M. Patchan was a research associate at the Institute of Medicine
(IOM). She served as a research associate on the Sleep Medicine and Biology
study until July 2005. She worked on a study on health literacy and assisted
with staffing IOM’s Sarnat Award. She also worked on an IOM study that
resulted in the report Incorporating Research into Psychiatry Residency
Training. Previously, at the Congressional Research Service and the Center
on Budget and Policy Priorities, she conducted research and wrote reports
on Medicaid, the State Children’s Health Insurance Program (SCHIP), and
state-funded immigrant health care. She has also worked at the Institute for
Health Policy Solutions, where she developed reports on SCHIP and employer-
sponsored health insurance. Ms. Patchan graduated from the University of
Maryland at College Park with a B.S. degree in cell and molecular biology
and a B.A. degree in history.
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Index

A

Academic performance, sleep loss and, 82,
108, 142-144, 145, 184, 266

Academic programs. See Interdisciplinary
sleep programs; Sleep centers and
laboratories

Academy of Dental Sleep Medicine, 177
Accreditation, 18, 321
Accreditation Council for Graduate Medical

Education (ACGME), 9, 22, 145,
202

fellowship training programs, 196-197,
199, 200, 296, 314

program requirements for residency
training, 191

restriction of resident work hours, 139,
189

Sleep Medicine Working Group, 196
Acute stress disorder, 91
ADHD. See Attention-deficit/hyperactivity

disorder
Adolescents

academic performance, 82, 108, 142-
144, 266

behavioral problems, 63
delayed sleep phase syndrome, 108-109,

143, 266
diabetes and glucose tolerance, 61
employment, 142

grants for research on, 274
health education campaign, 177
hypersomnia, 85, 87
insomnia, 77, 265
medication safety issues, 65, 78, 87, 100
mood disorders, 63, 79, 108, 143
motor vehicle accidents, 148
narcolepsy, 82, 85, 87
nightmares, 91
obesity, 74
OSA, 72, 74
psychological and social pressures, 142
quality of life, 153
research programs, 186
RLS, 98
school start times, 143, 266
sleep deprivation, 46, 57, 60, 61, 63,

142-144, 210
sleep-disordered breathing, 56, 74
sleep-onset abnormalities, 79
sleep patterns, 46-47, 48, 142, 143
sleep requirements, 46, 57, 142

Adults
advanced sleep phase syndrome, 110
alcohol use, 63
cognitive impairment, 146-147
mood disorders, 63
parasomnias, 88
obesity, 59-60, 61
OSA, 61, 66
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periodic limb movement, 100
sleep-disordered breathing, 146-147
sleep loss, 57, 59, 60, 63, 206
sleep patterns, 47, 48

Advanced sleep phase syndrome
etiology and risk factors, 109, 110
genetic factors, 260
manifestations and prevalence, 107, 110
treatment, 110-111

African Americans, 74, 97, 142, 162, 205,
263

Age/aging. See also Adolescents; Adults;
Children; Infants; Older adults

and impacts of sleep loss, 60
Agency for Healthcare Research and

Quality (AHRQ), 10, 209, 225, 229,
285, 366

Alcohol consumption/abuse, 23, 59, 63, 73,
80, 81, 91, 97, 148, 158, 159, 184,
352

Alertness, 48, 65, 142, 151
Alzheimer’s disease, 91-92, 93, 155, 262
Ambulatory technologies. See Portable

monitoring and therapeutic devices
American Academy of Pediatrics, 75, 180
American Academy of Sleep Medicine

(AASM), 2, 22, 26, 29, 67, 177, 179,
187, 188, 218, 219, 221, 224-225,
243, 296, 318

accredited fellowship training programs,
192-196, 314

Medical Education Committee, 189
membership, 235
mentoring program, 249
Pfizer Scholars Grant Program in Sleep

Medicine, 244
standards for sleep centers, 312-313
Taskforce 2000, 188

American Association of Medical Colleges,
319

American Board of Internal Medicine, 198,
199, 297, 315

American Board of Medical Specialties, 9,
22, 191, 198-201, 202, 296, 315

American Board of Otolaryngology, 190,
198, 297, 315

American Board of Pediatrics, 190, 198,
297, 315

American Board of Psychiatry and
Neurology, 198, 297, 315

American Board of Sleep Medicine, 9, 196,
314-315

credentialing nonphysicians, 200-201,
202

certification examination, 197-198
establishment of, 198-201

American College Athletic Association, 185
American College of Chest Physicians, 225,

243
American Diabetes Association, 243
American Heart Association, 243
American Lung Association, 243
American Medical Association, 189
American Professional Sleep Societies, 22
American Sleep Apnea Association, 22, 177
American Sleep Disorders Association. See

American Academy of Sleep
Medicine

American Sleep Medicine Foundation, 244
Faculty Career Advancement Award,

243
American Thoracic Society, 225, 243, 248
Analysis of NIH grants

clinical, basic, and circadian rhythm
projects, 270, 272

for device development, 273
protocol, 269, 275-276
by research strategy, 271, 273
review panel composition, 274-275
RFAs and PAs, 268-268
sleep disorders, 270, 272-273
by species, 271, 274
temporal trends, 269-272

Antiarrhythmics, 104, 105
Anxiety and anxiety disorders, 59, 63, 79,

81, 82
Appetite, 60-61, 72, 267
Arousal from sleep. See also Sleep-wake

regulation
disorders of, 82, 88-90
forced, 88
and myocardial infarction risk, 38
neurological systems, 76, 82
raphe magnus “off” cells, 101
response to respiratory resistance, 39
sleep-disordered breathing and, 65, 71
thresholds, 35-37, 47

Arrhythmias, 65, 69, 74
Asians, 162
Associated Professional Sleep Societies, 177,

186
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Association of SIDS and Infant Mortality
Programs, 180

Asthma, 74, 106, 223-224, 235, 352
Attention-deficit/hyperactivity disorder

(ADHD), 22, 98, 100, 145, 146, 221,
335

Attention deficits, 100, 138, 141-142, 145,
147

Attitudes about sleep and sleepiness, 174-
175

Automobile accidents. See Motor vehicle
accidents

Awareness. See Public awareness of sleep
disorders

B

Back to Sleep campaign, 180-181
Bacterial infections, and sleep, 102
BEARS pediatric screening tool, 190, 336
Behavior

aggressive, 91
obstructive sleep apnea and, 22, 1

45-146
oppositional, 100
REM sleep behavior disorder, 90
risk taking, 142
sleep loss and, 63, 142
violent, 88

Behavioral Risk Factor Surveillance System,
152, 203, 208-209

Blood pressure, 38, 63, 68, 69, 70. See also
Hypertension

Body Mass Index (BMI), 60, 336
Brain. See also individual structures

activity during sleep, 21, 35, 36, 37, 39
blood flow and metabolism, 39, 80, 142,

227
emotional pathways, 80
imaging of cognitive impairments, 142
iron deficiency, 98-99, 227, 262
metastases, 103
pain circuitry, 101
sleep-wake regulation processes and

structures, 40-41, 43, 76-77, 80,
101

suprachiasmatic nucleus, 39, 42-43, 261
Breathing. See Respiratory activity; Sleep-

disordered breathing

C

Caffeine, 65, 106
California Technology Assessment Forum,

226
Cancer, and sleep problems, 101, 103, 105,

106
Cardiovascular activity during sleep, 38
Cardiovascular disease

childhood sleep disorders and, 70, 266
education campaigns, 179, 181
OSA and, 68, 69-71, 72, 74, 263-264, 266
sleep loss and, 21, 25, 28, 59, 62-63
treatment-related sleep problems, 104-

105
Career development in sleep research. See

also Professional training
advances since 2003 research plan, 267
barriers to, 237-238
career training (K) awards, 238-242,

248, 250, 251, 275-276, 339, 360-
367

K12 Multidisciplinary Clinical research
Training Program, 241, 247, 248

mentors and mentoring, 6, 234, 237,
238, 242, 246, 248-250, 296, 361,
363, 364, 365, 366, 367

midcareer, 238, 248, 250, 364, 366
model support programs, 244-245
NIH support, 5-6, 25, 234, 238, 238-

246, 339, 360-367
opportunities to accelerate, 247-251
professional organization and

foundation support, 243-245, 247,
248

public awareness/education and, 237
recruiting  and retaining trainees, 237,

238, 278-279
Caregivers, 154-155
Cataplexy, 83, 85, 86, 87, 103
Catching up on sleep, 64
Catecholamines, 71, 336
Caucasians, 97, 142, 162
Center of Scientific Review, 275, 276
Centers for Disease Control and Prevention,

5, 347
educational activities, 7, 176, 177-178,

179, 180, 182, 257
sleep-related research, 257, 276, 277
surveillance, 8, 57, 203, 204, 208, 209,

210, 257, 285
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Centers for Medicare and Medicaid
Services, 209

Central nervous system tumors, 85
Central sleep apnea, 73, 74, 75, 262, 336
Cerebral blood flow, 39
Cerebrospinal fluid hypocretin-1 (orexin-A),

83, 84, 85, 86, 87, 262
Children

academic performance, 145, 146
ADHD, 22, 98, 100, 145, 146, 221
cardiovascular disease risk in adulthood,

70, 266
cognitive deficits, 145
diagnostic technologies, 220, 221, 227
epilepsy, 94
grants for research on, 274
insomnia, 265
medication safety issues, 65, 78, 87, 100,

265
narcolepsy, 87, 175
nightmares, 91
obesity, 61
OSA, 22, 61, 66, 68, 70, 71, 74, 75,

145-146, 153, 156, 227, 263, 265,
266, 352

parasomnias, 88, 89, 91
periodic limb movement, 100
quality of life, 153
sleep deprivation and sleep disorders,

154-155, 353
sleep patterns, 46, 48
sleepwalking, 89
snoring, 145, 266
tonsillar hypertrophy, 70, 71, 74, 146
utilization of health care, 156

CHQ-PF50, 153, 336
Circadian phase advance, 80
Circadian rhythm

age and, 44-45, 46, 47, 49, 261
defined, 41, 336
development, 44-45, 46
function, 41
gender differences, 47-48
grants for research, 270, 272, 275
and metabolism, 61-62
molecular mechanisms, 41-42, 261
and motor vehicle accidents, 148
neurobiology research advances, 260-

261
and obesity, 261
shift work and, 58, 109, 261

sleep disorders, 21, 82, 107-111
sleep-wake regulation, 39-40, 41
sleeping sickness and, 104
suprachiasmatic nucleus and, 42-43, 261
and thermoregulation, 43, 45, 47, 106

Clinical Fellowship Program, 245
Clock genes, 41, 42-43, 101, 109, 110, 237,

261
Cognitive deficits

brain imaging studies, 142
disasters, fatigue-related, 20, 138
measuring, 137, 141-142
and medical errors, 138, 139-140, 144-

145
OSA and, 145-146, 263, 266
sleep-disordered breathing, 65, 146-147
sleep loss and, 138-142, 145

Cognitive therapy, 78, 336
College students

premed, 185, 187
recruitment for sleep research, 185
sleep disturbances, 176, 184
sleep education programs, 184-185

Colorectal cancer screening campaign, 177-
178, 180

Commission on Collegiate Nursing
Education, 9, 202

Confusional arousals, 88-89, 336
Congenital central hypoventilation

syndrome, 265-266
Congestive heart failure, 65, 69, 74, 95,

152
Continuous positive airway pressure (CPAP)

therapy, 68, 70, 71, 72, 75, 96, 147,
151, 153, 154, 156-157, 161, 177,
218, 228, 264, 295, 298, 299, 314

Coronary artery disease, 65, 69, 70
Corticosteroids, 43, 106, 337
Cortisol, 45, 47, 71, 76, 104
Council of Graduate Schools, 246
Council on Education for Public Health, 9,

202
CPAP. See Continuous positive airway

pressure
Cystic Fibrosis Foundation, 244, 245
Cytokines, 71, 105, 106

D

Dartmouth Sleep Knowledge and Attitude
Survey, 190
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Delayed sleep phase syndrome
etiology and risk factors, 109, 266
genetic factors, 260
interventions, 143
manifestations and prevalence, 83, 107,

108-109
treatment, 109-110, 143

Dementias, 91-93
Dental and orofacial pain, 101
Dental appliances, 75
Department of Commerce, 5, 277, 347
Department of Defense, 5, 257, 276, 277,

347
Department of Education, 5, 179, 277, 347
Department of Energy, 355
Department of Health and Human Services,

204, 258
Department of Labor, 5, 179, 257, 276,

277, 347
Department of Transportation, 5, 179, 257,

276, 277, 347
Department of Veterans Affairs, 208, 219,

257, 258
Depression

adolescents, 63, 79, 143
cancer and, 103, 105
dementias and, 91
and hypersomnia, 85, 87, 296
insomnia and, 23, 77, 79, 80, 81-82,

103, 265
older adults, 48
periodic limb movement and, 100
and quality of life, 152
REM sleep characteristics, 79
sleep loss and, 2, 28, 56, 57, 59, 63,

143, 175, 184
Diabetes

OSA and, 65, 71-72, 74
and quality of life, 153
sleep loss and, 2, 21, 25, 28, 56, 59, 61-

62, 267
type 2 defined, 344

Diagnosis of sleep disorders
access to, 9, 218
accreditation criteria, 28
actigraphy, 82, 83, 221, 227
apnea-hypopnea index, 66, 67, 223, 335
circadian rhythm disorder, criteria for,

107-108
comorbid psychiatric disorders and, 80-

81

costs, 157, 160-161, 219, 307
demand for, 9, 218
evaluating daytime sleepiness, 226-227
future directions, 228-229
genetic and biochemical tests, 227
hypersomnia, 84, 86, 226
imaging technologies, 227
insomnia, criteria for, 75-76
International Classification of Sleep

Disorders, 56, 86, 104, 107-108, 262
microstructural cyclic alternating

patterns analysis, 227
MSLT, 82, 83, 84, 85, 86, 226-227
MWT, 227
narcolepsy, 83, 84, 86, 226, 262
OSA, 65, 67, 83, 160-161
polysomnography, 9, 26, 68, 70, 71, 83,

157, 218, 219, 223, 227
portable tools, 26, 218-223
reimbursement for, 28
revenues from, 310
RLS, 227
scoring and processing of sleep studies,

224-225, 309-310
sleep logs, 82, 83, 227
spectral analysis, 227
survey of trends, 208
telemonitoring from sleep centers, 228
video technologies, 227
waiting time for patients, 26, 218, 303,

307
Disasters, fatigue-related, 20, 138
Disease mortality, 63-64
Dissociative disorders, 89, 342
Dopamine, 40, 41, 87, 98-99, 261, 262

agonists, 90, 99, 100
antagonists, 99

Dreams/dreaming
and muscle atonia, 38, 90
nightmares, 46, 90, 104
sleep stage and, 21
vivid, 38, 104

Drug abuse, 23, 81, 91, 97, 184, 270

E

Eating disorders, 23, 84, 89, 342
Economic impacts

direct costs, 2, 157, 159-161
indirect costs, 108, 158, 160, 161
insomnia, 156, 159-160
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motor vehicle accidents, 158
narcolepsy, 162
obstructive sleep apnea, 156-157, 160-

162
productivity losses, 21, 108, 158
utilization of health care, 2, 21, 155-157

Education on sleep disorders. See Medical
education in somnology; Professional
training; Public education

Elderly people. See Older adults
Electrocardiography, 69
Electrooculography, 69, 139, 337
Electroencephalography (EEG), 21, 34, 35,

36, 40, 43, 69, 103, 186, 337
Electromyography, 69
End-stage renal disease, 98, 99, 105-106, 296
Endocrine function, 39
Endothelial dysfunction, 68
Entertainment Industry Foundation, 178
Enuresis, 89
Epilepsy, 93-95, 337, 340
Epworth Sleepiness Scale, 154, 155, 337
Exploding head syndrome, 89, 337
Exploratory Center award, 281

F

Falls, 150, 160
Familial/genetic factors, 73, 74, 77, 79, 85,

87, 90, 94, 97, 98, 109, 110, 260,
261, 262, 263, 265-266

Fatigue, 20, 79, 95, 100, 104, 105, 149, 353
Fellowship (F) awards, 238, 239, 250, 275-

276, 337-338, 371-372
Fogarty International Center, 255, 355, 359
Folate deficiency, 98
Francis Fellowship Program, 244

G

Garfield Star Sleeper Campaign, 176
Gastric bypass surgery, 72, 98
Gender differences

insomnia, 76, 77
OSA, 66
REM sleep disorders, 90
RLS, 98
SIDS, 97
sleep patterns, 47-48, 142
thermoregulation, 48-49

Generalized anxiety disorder, 79, 338
Genetic disorders, 85
Genetic factors. See Familial/genetic factors
Ghrelin, 60, 267
Grants for sleep research. See National

Institutes of Health
Glucose metabolism

and AHI threshold, 223
circadian rhythm and, 42
CPAP and, 71
OSA and, 65, 71-72
sleep loss and, 59, 61-62, 63

Grants for sleep research. See National
Institutes of Health

Growth hormone, 39, 104

H

Harvard University, 187, 236, 239, 298,
376-377

Harvard Work Hours Health and Safety
Study, 139

Head trauma, 85, 87
Health care professionals. See also

Professional training
attraction to sleep field, 183
awareness about sleep disorders, 182-

183
board certification in sleep medicine,

197-201, 298, 314-315
Health insurance coverage, 28, 209, 219,

315
Healthy Sleep Handbook, 176
Heart attack. See Myocardial infarction
Hemodialysis, 105
Hispanics, 205
HIV/AIDS, 103, 353
Homeostatic sleep pressure, 47, 49
Hormone replacement therapy, 74
Human Brain Project, 355
Huntington’s chorea, 91, 262
Hyperactivity, 106
Hyperarousal, 265
Hypercapnia, 72
Hypersexuality, 84
Hypersomnia

defined, 83, 338
diagnosis, 226
etiology and risk factors, 85, 87
grants for research, 270, 272-273
idiopathic, 82, 84, 86, 87, 272-273
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labeling and stigmatization of
individuals, 175

manifestations and prevalence, 82, 84-
85, 86, 87

and mortality risk, 74
neurological disorders and, 92, 296
with normal sleep length, 84, 86, 87
OSA and, 65, 66, 68
periodic, 84, 86, 87
and periodic limb movement disorder,

100
with prolonged sleep time, 84, 86, 87
and psychiatric disorders, 78-79, 80-81,

85, 87, 296
secondary, 85, 86, 88, 100, 105
sleep attacks, 93
treatment, 80-81, 87, 94-95
and work-related injuries, 150

Hypertension, 2, 21, 25, 56, 59, 62, 65, 66-
69, 70, 74, 95, 180, 181, 223, 338

Hypnagogic/hypnopompic hallucinations,
84, 87, 89, 338

Hypnotic drugs, 77-78, 96, 150, 158, 160,
265, 338

Hypocretin (orexin), 41, 85, 87, 101, 261,
262, 338

Hypolipidemic drugs, 104-105
Hypomania, 106
Hypoperfusion, 74
Hypothalamic-pituitary-adrenal axis, 71, 76

dysregulation, 80, 82
Hypothalamus, 40, 41, 43, 85, 101, 103,

261
Hypoventilation, 38
Hypoxemia, 71, 72, 145, 147
Hypoxia, 71, 74, 263-264, 338, 353
Hypoxic ventilatory response, 39

I

Immune response, 102
Immunologic disorders, 106
Infants

congenital central hypoventilation
syndrome, 265-266

low birth weight, 97
newborns, 35, 44-45, 261
premature, 74, 97, 146
SIDS, 96-97, 180-181, 265
sleep patterns, 35, 44-45, 47-48

Infectious diseases, and sleep, 102-104
Inflammatory disorders, 85
Insomnia

brain imaging studies, 265
circadian rhythm disruptions and, 108
comorbid sleep disorders, 295
defined, 338
and depression, 23, 77, 79, 80, 81-82,

103, 265, 296
deterrents to seeking help, 175
economic impacts, 155, 156, 157, 159-

160
etiology and risk factors, 23, 40, 76-77,

100
and fall risk in older people, 150, 160
grants for research, 270
human leukocyte antigen DQB1*0602,

83, 85, 86
manifestations and prevalence, 2, 20, 58,

75-76, 159
medications and, 99, 103, 104-105, 106,

150, 159
narcolepsy and, 84
NIH State-of-the-Science Conference,

265
pain and, 101
psychiatric disorders and, 77, 79, 80, 81-

82, 156, 159
and quality of life, 75, 152-153
sleeping sickness and, 103
stroke and, 95
treatment, 23, 65, 77-78, 96, 150, 265
undiagnosed and untreated cases, 218,

294-295
utilization of health care, 155, 156, 159
and work-related injuries, 149

Institutional National Research Service
Award, 354

Insulin resistance, 71, 72, 264
Intelligence quotient, 145, 146
Interdisciplinary research, defined, 27, 28,

298
Interdisciplinary sleep programs, academic.

See also Sleep centers and
laboratories

accreditation and certification, 28, 312-
315, 318, 321

administrative jurisdictions, 301
approach, 27-28, 296-303
Centers of Excellence, 11-12, 278-282,

283
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chronic disease management model, 28,
304, 321

consortia, 185, 187
constraints on, 26-28, 300-303
diagnosis-treatment linkages, 28, 303-

305
direct costs, 307-309
education and training, 304
examples of approaches, 299
grants, 318, 370
guiding principles, 11, 14-16, 305-306
health insurance coverage, 315
institutional reward system and, 301
key components, 303-306
knowledge base, 26, 296
leadership, 305
macrostructure, 310-311
microstructure, 311
network participation, 12-13, 282, 284,

305, 320
next steps, 315-321
obstacles, 27, 301-302
organizational structures, 13-14, 27-28,

310-311, 312, 316-320
and quality of care, 27
rationale for, 26-28, 294-300
recommendations, 14, 319, 321
research component, 304-305
revenue generation and fiscal

independence, 28, 305-310,
311-312

staffing, 298-300, 302-303, 307
transparent policies and procedures, 306,

311
Type I clinical program, 13, 15-16, 279,

284, 316, 317, 319-320
Type II training and research program,

13, 15-16, 200, 284, 316, 317, 318,
320

Type III regional program, 13-14, 15-16,
200, 284, 316, 317, 318, 320

International Classification of Sleep
Disorders, 56, 86, 104, 107, 262

Internet, 21, 58
Interventions. See also Treatment

effectiveness of, 150-151
Iron deficiency, 98, 262, 295-296
Irregular sleep schedules, 58
Irregular sleep-wake disorder, 107
Irritability, 79, 108, 184

J

Jet lag, 58, 107

K

K awards. See Career development in sleep
research

K complexes, 36, 38
Kleine-Levin syndrome, 84, 86, 87, 273,

340

L

Learning and vocabulary, sleep loss and,
140, 145, 146, 184, 264

Leptin, 60, 72, 267, 340
Lewy body disease, 92, 262, 296
Light-dark cycle, 39, 40, 43
Light exposure, 47, 76, 109, 110, 143

M

Magnetic resonance imaging, 186, 227, 340
Maintenance of Wakefulness Test (MWT),

227
Maternal and Child Health Bureau, 180
Median thalamic stroke, 85
Medical disorders and sleep. See also

individual disorders
cancer, 103, 105
grants for research, 270
infectious diseases, 102-104
pain, 100-101
treatment-related effects, 104-106

Medical education in somnology. See also
Professional training

accreditation and certification, 189, 190,
191-192, 196, 197-201, 202

barriers to curriculum implementation,
25, 188

evaluation of effectiveness of, 188, 189-
190

inadequacy of, 187-188
multidisciplinary learning environment,

189, 192, 193, 202
nurses as care managers, 190-191
overview, 187-191
residency training curricula, 191-192
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Sleep Academic Award program, 189-
190, 240, 241, 352

undergraduate education, 185, 187
workforce shortages, 192

Medical errors, sleep loss and, 138, 139-
140, 144-145, 266

Medical Expenditure Panel Survey, 203,
206, 209

Medical residents
medical errors, 138, 139-140, 144-145
motor vehicle accidents, 149
restriction of work hours, 25, 139, 189
somnology training curricula, 191-192

Medicare Current Beneficiary Survey, 205,
209-210

MEDSleep, 25, 189
Melatonin, 39, 43, 45, 47, 49, 104, 106,

109-111, 159, 340
Memory, 36, 38, 57, 100, 138, 140, 147,

184
Menopause and menopausal symptoms, 74,

105
Menstruation, 48, 84
Metabolic syndrome, 261, 266, 295, 353
Microsleeps, 138
Microstructural cyclic alternating patterns

analysis, 227
Modafinil, 65, 87, 93, 266
Molecular Biology and Genetics of Sleep

and Sleep Disorders, 352
Monitoring. See Sleep monitoring
Mood, sleep loss and, 23, 48, 63, 65. See

also Anxiety and anxiety disorders;
Depression

Mortality
falls in older people, 150
RLS and, 99
SIDS, 181
sleep-disordered breathing and, 74-75,

264
survey, 206
work-related fatalities, 150

Motor vehicle accidents, 2, 21, 56, 147-149,
158, 160, 161, 266

Movement disorders. See also Periodic limb
movement disorder; Restless legs
syndrome

neurological disorders and, 92
Multidisciplinary research, defined, 27, 28,

298
Multiple sclerosis, 85

Multiple Sleep Latency Test (MSLT), 82,
197, 199, 226-227, 340

Multiple systems atrophy, 90, 93
Muscular Dystrophy Cooperative Research

Centers, 283
Musculoskeletal disorders, 101
MWT. See Maintenance of Wakefulness

Test
Myocardial infarction, 2, 38, 56, 60, 62, 69,

70, 95, 153
Myotonic dystrophy, 85

N

Naps/napping, 64, 83, 84, 87, 151, 226
Narcolepsy

and academic performance, 82
and accidents and injuries, 147
with cataplexy, 83, 85, 86, 87, 262, 336
without cataplexy, 85-87, 272
comorbid sleep disorders, 295
defined, 340
diagnosis, 226, 227, 262
economic impacts, 155, 162
etiology and risk factors, 85-87, 237
grants for research, 270, 272
manifestations and prevalence, 34-35,

82-85, 86
and periodic limb movement disorder,

100
and quality of life, 151-152
secondary, 85, 86
and stigma, 175
treatment, 23, 87
undiagnosed and untreated cases, 218,

294-295
National Aeronautics and Space

Administration (NASA), 355
National Ambulatory Medical Care Survey,

207
National Association of Student Personnel

Administrators, 185
National Cancer Institute (NCI), 255, 278-

280, 283, 352, 354, 355, 359, 366
National Center for Complementary and

Alternative Medicine (NCCAM),
255, 355, 359, 365

National Center for Health Statistics
(NCHS), 57, 203, 204, 206

National Center for Medical Rehabilitation
Research, 268, 283
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National Center for Research Resources
(NCRR), 354, 365, 366

National Center on Sleep Disorders
Research (NCSDR), 22, 256-258

advisory board to, 3, 5, 257, 258-259,
276-277, 345-350

budget, 257
educational materials, 176
establishment, 24, 175, 254, 256, 345
funding, 24, 355
information collection and

dissemination, 347
leadership, 3
mission, 24, 256-257, 345
public education campaigns, 7, 175-176,

179, 180, 182, 347
recommended role, 4-5, 7, 8, 10, 277
research plans, 2, 29, 259-267, 347
RFA, PA, 239, 256, 268-269, 274, 275-

276
Sleep Academic Award, 189
strengthening, 4-5, 276-277
technology evaluation and validation,

229
National Colorectal Cancer Research

Alliance, 178
National Death Index, 206
National Eye Institute (NEI), 24, 255, 354,

357, 358, 366
National Health and Nutrition Examination

Survey (NHANES), 203, 204, 205,
211, 257

National Health Care Survey, 203, 206-208
National Health Interview Survey, 57, 203,

204-206, 211
National Heart, Lung, and Blood Institute

(NHLBI), 12, 22, 23, 24, 25, 175,
180, 181, 189, 204, 211, 240, 241,
255, 256, 257, 258, 273, 274, 275,
283, 352, 353, 354, 355, 358, 364,
365, 366, 367

National High Blood Pressure Campaign,
180

National Hospital Discharge Survey, 207-208
National Human Genome Research Institute

(NHGRI), 23, 354
National Immunization Survey, 203
National Institute for Occupational Safety

and Health (NIOSH), 352, 355, 359
National Institute of Allergy and Infectious

Diseases (NIAID), 23, 255, 354, 355,
359

National Institute of Arthritis and
Musculoskeletal and Skin Diseases
(NIAMS), 255, 283, 353, 354, 355,
359

National Institute of Child Health and
Human Development (NICHD), 22,
180, 255, 258, 268-269, 273, 283,
352, 353, 354, 355, 359, 365, 366

National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK), 23,
255, 353, 359, 365, 366

National Institute of Dental and
Craniofacial Research (NIDCR), 23,
352, 353, 355, 359

National Institute of Environmental Health
Sciences (NIEHS), 23, 352, 355

National Institute of General Medical
Sciences (NIGMS), 255, 357, 358,
366

National Institute of Mental Health
(NIMH), 22, 23, 24, 186, 240, 255,
258, 273, 274, 352, 353, 354, 355,
358, 365, 366

National Institute of Neurological Disorders
and Stroke (NINDS), 22, 23-24, 255,
258, 274, 283, 352, 354, 355, 358,
365, 366

National Institute of Nursing Research
(NINR), 23, 255, 353, 354, 355,
358, 365

National Institute on Aging (NIA), 22-23,
255, 258, 274, 352, 353, 354, 355,
358, 365, 366

National Institute on Alcohol Abuse and
Alcoholism (NIAAA), 23, 255, 352,
354, 355, 358, 366

National Institute on Deafness and Other
Communication Disorders (NIDCD),
24, 255, 352, 354, 355, 359

National Institute on Drug Abuse (NIDA),
23, 255, 353, 354, 355, 358

National Institutes of Health (NIH), 22
career development awards, 240-241
conference on insomnia, 265
coordination of sleep research, 2, 254-

259; see also National Center on
Sleep Disorders Research; Trans-NIH
Sleep Research Coordinating
Committee

Exploratory Center award, 281
grants for sleep research, 24, 25, 222,

235-236, 254, 267-276, 351-355
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Institutional Clinical and Translational
Science Award, 282

leadership in somnology research and
training, 3-5, 17

loan repayment policies, 247
new career award support, 241-242
Office of Behavioral and Social Science

Research, 23
Office of Research on Women’s Health,

355
roadmap initiatives, 14, 241, 242, 247,

285
Science Conference on the

Manifestations and Management of
Chronic Insomnia, 77

technology development grants, 222,
229

training awards, 200, 238-240
National League for Nursing, 9, 202
National Library of Medicine (NLM), 354,

355
National Occupational Research Agenda,

352
National Research Service Award

Institutional Training Grants, 238
National Safety Council, 161
National Sleep Foundation (NSF), 2, 22, 29,

148, 176-177, 179, 355
Pickwick Club Award, 243, 244

National Sleep Public Education and
Awareness Campaign, 178-182

National Sleep Awareness Week, 176-177
National Somnology and Sleep Medicine

Research and Clinical Network, 7,
12-13, 14, 179, 279, 282-285, 320

National Survey of Family Growth, 206
National Transportation Safety Board, 149
Native Americans, 97
NCSDR. See National Center on Sleep

Disorders Research
Neurological disorders with sleep

abnormalities
Alzheimer’s disease, 91-92, 262
epilepsy, 93-95
grants for research, 270
multiple system atrophy, 90
Parkinson’s disease, 85, 90, 92-93, 262
spinal cord damage, 101
stroke, 95-96

Nicotine dependence, 81, 97
Nightmare disorder, 89, 90-91, 340

NIH. See National Institutes of Health
Nocturnal frontal lobe epilepsy, 94
Non-rapid-eye-movement (NREM) sleep

arousal disorders, 88-90
brain activity, 21, 35, 36, 40
continuous spike wave epilepsy, 94
cycles, 35
defined, 340
disorders of, 34-35
physiological changes, 37, 38
stages, 21, 34, 35-37, 343; see also Slow-

wave sleep
Nonentrained sleep-wake syndrome, 107
Nonsteroidal anti-inflammatory drugs, 106
Nurses and nurse practitioners

medical errors, 145
role in interdisciplinary programs, 298-

300
somnology education, 183, 185, 187,

190-191
Nurses Health Study, 61, 62, 71

O

Obesity
education campaign, 177, 179
and hypertension, 66
hypoventilation syndrome, 264-265
and OSA, 61, 66, 72, 160-161, 263, 295
sleep loss and, 2, 21, 25, 56, 59-61, 267
stigma of, 175
utilization of health care, 161

Obstructive sleep apnea (OSA)
advances in research, 263, 265, 266
age/aging and, 66, 73, 263
alcohol use and, 73
Alzheimer’s disease and, 91, 262
apnea-hypopnea index, 65, 66, 67, 69,

71, 148, 220
and cardiovascular disease and stroke,

69-71, 72, 74, 263-264
in children, 22, 61, 66, 68, 70, 71, 74,

75, 145-146, 153, 156, 263, 265,
266, 352

comorbid sleep disorders, 295
defined, 340
developmental, behavioral, and cognitive

effects, 145-146
and diabetes and glucose tolerance, 70,

71-72, 74
diagnosis, 65, 67, 83, 160-161, 225
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economic impacts, 156-157, 160-162
etiology, 72-73
familial/genetic factors, 73, 74, 97
gender differences, 66, 73-74
grants for research, 268
and hypertension, 66-69, 74
manifestations and prevalence, 2, 20, 66,

178, 263
and motor vehicle accidents, 148, 161,

219, 263
obesity and, 61, 66, 72, 73-74, 160-161
and periodic limb movement disorder,

100
portable monitoring equipment for, 220,

225
and quality of life, 153
race and, 66, 73, 74, 161-162, 263
research, 23
risk factors, 73-74, 91
and SIDS risk, 97
socioeconomic status and, 161-162
training requirements for health

professionals, 183
treatment, 23, 26, 68, 75, 151, 153,

156-157, 264
and sudden death, 74
undiagnosed and untreated cases, 218
utilization of health care, 156-157,

161
Occupational safety and health. See also

Work
regulation, 150-151
research, 355

Occupational Safety and Health
Administration, 257

Older adults
advanced sleep phase, 260
education campaigns, 176
falls, 150
grants for research on, 274
insomnia, 76, 77, 160
neurological disorders, 92
OSA, 66, 68, 73, 154, 263
periodic limb movement disorder, 100
portable monitoring equipment for, 220
quality of life, 154
REM sleep disorders, 90
RLS, 98
sleep patterns, 22-23, 47, 48-49

OSA. See Obstructive sleep apnea
Oxidative stress, 68, 263-264

P

Pain, and sleep problems, 100-101, 105
Parasomnias

defined, 341
grants for research, 270, 272
manifestations and prevalence, 88
NREM sleep arousal disorders, 88-90
psychiatric disorders and, 79
and quality of life, 152
REM sleep disorders, 90-91
treatment, 96

Parker B. Francis Fellowship Program, 244
Parkinson’s disease, 85, 90, 92-93, 262,

296
Pathway to Independence Award program,

242
Performance problems, 2, 82, 108, 142-144,

145, 146-147, 154, 158, 160, 184,
266. See also Cognitive deficits

Periodic limb movement disorder, 2, 20, 92,
98, 100, 220, 223, 273, 295, 355

Periodic limb movement index, 223
Physical activity education campaign, 177
Physicians. See Health care professionals
Polysomnography, 26, 68, 70, 71, 83, 139,

146, 157, 341
Portable monitoring and therapeutic devices

challenges to developing, 222-228
cost-effectiveness, 157, 221
evaluation of effectiveness, 10, 225-226,

273
feasibility and quality, 220-222, 228
future directions, 228
rationale for, 9, 218-220, 228
validation of, 26, 222-224, 273

Posttraumatic stress disorder, 91, 257
Prader-Willi syndrome, 85, 341
Pregnancy and postpartum period

RLS, 48, 98, 296
sleep patterns, 48
substance abuse, 97

Process C, 39-40
Process S, 39-40
Professional training. See also Medical

education in somnology
access to, 296
accreditation, 177, 192-197, 314
advances since 2003 research plan, 260,

267
awareness programs, 184-185
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board certification, 197-201, 314-315
challenges, 201
costs, 307-309
curriculum development, 6, 8-9, 183,

185-187, 202, 238, 240, 241, 296,
362

fellowship programs, 192-197, 198, 199,
200, 238, 240, 242, 243, 244, 296,
314, 337-338, 371-372

funding, 5, 6, 186, 200, 201-202, 343-
344, 362, 369

graduate research programs, 8-9, 187,
189, 373

improvement strategies, 248-250
integration with other programs, 8, 249-

250
interdisciplinary approach, 25-26, 183,

187, 247, 249-251
leadership skills, 240, 241
limitations of current programs, 27, 160

182-183
next steps, 201-202
NIH awards, 25, 238-240
pooling funds for, 241
recommendations, 6, 8-9, 202, 250-251
remote mentoring programs, 248-249
requirements, 182-187
revenues from, 311
tools and products, 25, 202
undergraduate education, 8-9, 183, 184-

187, 373
workforce shortages, 192, 296

Program (P) awards, 281, 340-341, 352,
355, 370

Psychiatric disorders with sleep disturbances
database, 208
economic costs, 159
etiology and risk factors, 80
grants for research, 270, 272
insomnia, 77, 78, 81-82, 156, 159, 296
manifestations and prevalence, 78-79,

208, 295
parasomnias, 79
treatment, 80-81
utilization of health care, 156, 175

Psychomotor vigilance task, 142
Public education

absence of sleep content, 175
awareness of sleep disorders, 2, 20, 22,

26, 29, 175, 234
Back to Sleep program, 97, 180-181

CDC activities, 177-178, 257
celebrity spokespersons, 178
for college students, 185
coordinating activities, 179, 180, 181
costs and challenges, 180
curriculum supplements for children and
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Executive Summary 
 
A legislative mandate required the Massachusetts Department of Public Health (DPH) 
to conduct a baseline study to investigate three topics: (1) Patterns of use, methods of 
consumption, and general perceptions of marijuana; (2) Incidents of impaired driving 
and hospitalization related to marijuana use; and (3) Economic and fiscal impacts for 
state and local governments.  Pursuant to Section 18 of Chapter 351 of the Acts of 
2016, a Report of Findings was submitted to the legislature on June 29, 2018.  This 
document serves as the Final Report. 
  
Summary of Findings 
 
(1) Patterns of Use and Perceptions of Marijuana 

 
 A survey of adults in Massachusetts suggests that approximately 21% of adults have 

used marijuana in the past 30 days. The proportion of marijuana use was highest 
among those 18-25 years old. Smoking is the most common method of marijuana 
consumption, although more than 40% of marijuana users report using multiple 
methods of use.  More than half of adults perceive marijuana to have slight or no 
risks, and use marijuana for non-medical purposes.  

 
 A survey of patients who use marijuana products for therapeutic use suggests these 

individuals use marijuana treatments for approximately 24 days a month, with the 
majority of respondents using a marijuana product for at least 21 out of the past 30 
days. On average, respondents spend at least $246.00 on marijuana each month, 
and use at least 3 different modes of use. The most common method of marijuana 
administration is smoking (combusting) dried flower (65%), followed by vaporizing 
marijuana concentrate (62%) and eating marijuana products (51%). 

  
(2) Incidents of Impaired Driving and Hospitalization 

 
 Tools to reliably ascertain levels of marijuana exposure and impairment in the field 

do not currently exist.  Marijuana has cognitive and behavior effects in the areas of 
automative behavior (i.e., well-learned skills), and executive function impacts (i.e., 
how the user interacts with traffic).  These effects have not been reliably linked to a 
level of marijuana or THC in the body.   

 
 In a survey of Massachusetts residents, among respondents that use marijuana, the 

prevalence of self-reported driving under the influence is 34.3%.  Overall, 7.2% of 
the adult population drove under the influence of marijuana in the past 30 days, and 
11.3% of adults rode with a marijuana-using driver in the past 30 days.  This is 
similar to estimates from a survey of medical marijuana patients that found 
approximately 10% of respondents drove under the influence in the past 30 days. 
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 Retrospective evaluations of fatal crash data suggest that drivers who died in a fatal 
crash are much more likely to have had their blood tested for marijuana, than drivers 
who survived a crash in which there was at least one fatality.   

 Marijuana-related treatment is a small portion of the overall volume of substance use 
disorder treatment episodes. In a statewide-survey of Massachusetts, no 
respondents reported marijuana-related use of emergency room or urgent care 
facilities.   

 
 The number of marijuana-related calls to the Regional Poison Control Center in 

Massachusetts has been increasing over time. The calls include incidents of 
unintentional exposures among children, with the majority of calls related to 10-19 
year old individuals, and/or exposure to dried marijuana flower. The proportion of 
calls increased after medical marijuana was available in the Commonwealth.   

 
(3) Economic and Fiscal Impacts for State and Local Governments 

 
 Economic projections suggest that marijuana will increase Massachusetts state 

revenue by about $215.8 million in the first two years of retail sales. The increase 
will largely come from sales and excise taxes collected on retail purchases.  Based 
on experiences from states with existing legalized adult use, sales tax revenue will 
be higher in the second year ($154.2 million), as compared to the first year ($61.6 
million).  

 
 Economic projections of the impacts to local government, suggest that local tax 

revenue over the first two years of retail sale are projected to be highest in the most 
densely populated regions (ranging from $233,498 to $2,875,048), with considerable 
fluctuation in two-year revenue projections among high-density suburban cities and 
towns (ranging from $68,139 to $991,873, over the two year period).    
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Introduction 
 
A legislative mandate required the Massachusetts Department of Public Health (DPH) 
to conduct a baseline study to investigate three topics: (1) Patterns of use, methods of 
consumption, and general perceptions of marijuana; (2) Incidents of impaired driving 
and hospitalization related to marijuana use; and (3) Economic and fiscal impacts for 
state and local governments (Chapter 351 of the acts of 2016).  This study, referred to 
as the Marijuana Baseline Health Study (MBHS), was conducted by DPH, under the 
leadership of the DPH Commissioner, in consultation with the Executive Office of Health 
and Human Services, the Executive Office for Administration and Finance, and the 
Executive Office of Public Safety and Security. Pursuant to the legislative mandate, 
DPH entered into an agreement with the following research entities to assist with the 
execution the study: University of Massachusetts Donahue Institute, Mathematica Policy 
Research Inc., and JSI Research and Training, Inc.  Pursuant to Section 18 of Chapter 
351 of the Acts of 2016, a Report of Findings was submitted to the legislature on June 
29, 2018.  This document serves as the Final Report 
 
Topic 1: Patterns of Use and Perceptions of Marijuana 
 

a. Retrospective Evaluation  
 

A retrospective analysis of previous surveys of “marijuana use” was conducted by 
comparing national and state-specific information from three states which have 
legalized marijuana, compared to three states which have not.  This evaluation was 
conducted to identify indicators which may be sensitive to factors associated with 
legalization of marijuana, thus providing a valuable reference to monitor trends in use 
and perceptions of marijuana as the legalization of marijuana progresses. This 
retrospective analysis suggests that thirteen different indicators from national surveys 
with information available at the state level appear to be responsive to factors 
associated with the legalization of marijuana and sensitive to changes over time. These 
indicators include evaluating if minors have “ever used marijuana,” and if they “believe 
occasional use poses no risk of harm.”  The evaluation also suggests that monitoring 
similar indicators in adults is valuable, as well as monitoring indicators of “perceptions of 
great risk from smoking marijuana once a month” and “any use in the past year.” 
 

b. Statewide Survey 
  

A cross-sectional population-based survey of adults was conducted to assess past 30-
day use of marijuana, alcohol, and other substances. For each of these three substance 
types, the survey collected information on frequency of use, spending on the substance, 
driving under the influence, riding as a passenger with a driver under the influence, and 
use of emergency room or urgent care services. The mail and web-based survey was 
designed to be representative of adults in Massachusetts, age 18 years or older. 
Participants were chosen randomly using address-based sampling from a list of 
Massachusetts residential households obtained through a sampling vendor. The sample 
was stratified by 6 regions (Boston, Central, Metrowest, Northwest, Southeast, and 
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Western). A simple random sample of 15,000 addresses were selected to participate 
with an equal number of households (n = 2,500) selected from each region. 
 
Once duplicates were removed from the study results, there were 3,022 individuals that 
responded to the survey (21.8% response rate). The respondent data was weighted to 
allow estimates to be representative of the entire Massachusetts population. These 
weighted results suggest that 21% of adults in Massachusetts have used marijuana in 
the past 30 days; 26% of men and 17.0% of women. The proportion of marijuana use 
was highest among those 18-20 years of age and 21-25 years (54.4% and 49.1%, 
respectively), as compared to older age groups.  Eighteen percent of adults aged 26 or 
older had used marijuana in the past 30 days. By region, residents in the Western area 
of the state report the highest prevalence of past 30-day marijuana use (~30%).  Among 
marijuana users living in Massachusetts, most are White, 70.8%, and many fewer are 
Hispanic, 12.0%, Black, 7.1%, other, 6.9%, or Asian, 3.2%.  In statistical analysis of the 
data (which accounted for the effect of other factors), race/ethnicity was not associated 
with marijuana use, suggesting that the likelihood of using marijuana is similar for each 
group (compared to Whites). Fifty-three percent of adults perceive marijuana to have 
slight or no risks.  The patterns of marijuana consumption indicate that smoking is most 
common, although 43% of marijuana users report using more than just one method.  
More than half of all adult marijuana users (56.0%) report using marijuana only for adult 
non-medical purposes.  Data suggest that men are more likely than women to report 
past 30-day use, and adults 18-20 years old are more likely to have used marijuana, 
compared to adults older than 26 years old.  Marijuana use is positively associated with 
past 30-day alcohol use. Population groups such as men, White, non-Hispanic 
individuals and individuals age 18-20 years had the highest prevalence of marijuana 
use, when compared to other groups.  
 

c. Survey of Medical Use of Marijuana Patients 
 

An online survey of the patterns of use and perceptions of marijuana was sent to 
patients actively using medical marijuana.  The survey remained open for approximately 
5 weeks, with a stated goal of characterizing how regulated legal retail marijuana is 
consumed in Massachusetts.  The survey included 81 questions focused on collecting 
information on demographics, product use, methods of use, perceptions of medical use, 
driving behavior, alcohol consumption, non-medical use of prescription drugs and other 
substances, and combined substance use.   
 
A total of 6,934 participants completed the entire survey, for a response rate of 16%.  
There were no notable differences between respondent gender, age, or county of 
residence as compared to the eligible population (i.e., all patients).  On average, 
respondents indicated marijuana use for 23.5 out of the past 30 days, with over 60% 
reporting marijuana use at least 21 out of the past 30 days.  However, 8% of 
respondents reported no use of marijuana or marijuana products in the past 30 days. 
Over 65% of respondents reported using marijuana or marijuana products for medical 
purposes for at least 1 year, with approximately 1 in 5 of respondents using marijuana 
or marijuana products for medical purposes for at least 3 years. On average, 
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respondents reported spending $246 on marijuana products in the past 30 days, with a 
significantly larger amount spent among respondents under 50 years old and among 
respondents with an educational attainment less than a Bachelor’s degree.  On 
average, participants reported using approximately 3 different modes of use in the past 
30 days. Approximately 16% of respondents who indicated marijuana use in the past 30 
days reported using only 1 method of administration, while over 30% reported using 4 or 
more methods.  The most common method of marijuana administration was smoking 
dried flower (65%), followed by vaporized marijuana concentrate (62%) and edible 
marijuana products (51%).  The amount of product used varied by gender, age group, 
and educational attainment. A significantly larger proportion of males compared to 
females reported using vaporized dried flower or a concentrated preparation of THC 
referred to as “dabbing”, while a larger proportion of females compared to males 
reported using sublingual or orally administered uptake products and applying topical 
cannabis products to the skin.  A significantly larger proportion of respondents 50 years 
old or younger reported smoking (combusting) dried flower cigarettes (or “joints”), 
vaporizing dried flower, vaporizing marijuana concentrate, dabbing, or consuming edible 
marijuana products.  A significantly larger proportion of respondents with an educational 
attainment less than a Bachelor’s degree reported smoking dried flower and dabbing 
compared to respondents with a Bachelor’s degree or higher.   
 
All respondents were asked questions related to their perceptions of the medical use of 
marijuana.  Over 65% of respondents reported that they believed marijuana products 
have been “very effective” in treating their medical condition(s), while an additional 26% 
believed use of marijuana to be “effective.” Almost 90% of respondents reported that 
they had “somewhat high” or “very high” confidence that they were receiving safe, 
uncontaminated products when purchasing marijuana or marijuana products at a 
registered medical marijuana dispensary. All respondents were asked questions related 
to positive and negative outcomes/consequences of their marijuana use. Overall, 
respondents reported high rates of positive outcomes/consequences of marijuana use, 
and little obvious harm.  Among all respondents, 78% reported positive changes in their 
mood or mental health, and 67% reported improved physical health.  In addition, 83% of 
respondents reported no negative outcomes/consequences related to their marijuana 
use.  Approximately 10% of respondents reported driving or operating a car or other 
motor vehicle while under the influence of marijuana in the past 30 days.  
 
Topic 2: Incidents of Impaired Driving and Hospitalization 
 

a. Measuring Marijuana and Driving Impairment 
 

Marijuana intoxication can impair psychomotor and cognitive functions related to driving 
and increase the risk of involvement in a motor vehicle crash. A literature review was 
conducted to examine the state of the science on quantifying marijuana and impairment 
leading to the inability to operate a motor vehicle. Various point-of-collection (POC) 
devices/kits were compared to standard analytical chemistry methods (e.g., gas 
chromatography mass spectrometry, or liquid chromatography- tandem mass 
spectrometry) to determine concentrations of ∆9-tetrahydrocannabinol (THC), the 
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primary psychoactive compound in marijuana.  While some of the POC devices showed 
a screening-level accuracy that meets or exceeds recommended standards, they are 
limited in their ability to serve as a diagnostic tool to indicate driving impairment. The 
review of studies assessing cognitive and behavioral impacts of marijuana that are 
relevant to driving indicate that marijuana has cognitive and behavior effects in the 
areas of automative behavior (i.e. well-learned skills), especially for occasional users, 
and there also are likely executive function impacts (i.e. how the user interacts with 
traffic) for some users.  Additional research is needed to establish baseline levels of 
cannabinoids in blood, urine, and saliva, and the relationship between these levels and 
marijuana use. Additional data are also needed to characterize the variability in 
cannabinoid levels across product types and modes of consumption.  
 

b. Baseline Assessment of Medical Use of Marijuana Patients 
 

As a follow-up to the survey of Medical Use of Marijuana patients described above, 
DPH conducted a biomonitoring study to evaluate baseline levels of 
tetrahydrocannabinol (THC) and 1-nor-9-carboxy-Δ9-tetrahydrocannnabinol (THC-
COOH) in the blood and urine of patients that were regular marijuana consumers.  This 
study, referred to as the Baseline Assessment of Medical Marijuana Patients (BAMMP) 
Study, was conducted in two distinct phases.  The first “recruitment” phase, involved 
leveraging the patient survey component of the MBHS sent to 42,519 active medical 
marijuana patients, and included opinion, attitude, and perception questions as well as 
questions specifically addressing the magnitude, frequency, type and method of 
marijuana use.  The survey also collected data on the social and demographic 
characteristics of respondents, including: age, gender, race/ethnicity, employment 
status, income level as well as county and zip code of residence.  Recruitment of 
BAMMP study participants from the 6,934 patient survey respondents was achieved by 
creating a pool of respondents that indicated an interest in participating in a follow-up 
research study (e.g., question No. 81 on the patient survey; see Appendix B). From this 
pool of 2,113 interested individuals, 333 participants were selected for follow-up for 
study participation based on a sampling methodology to generate a sample 
representative of the geography, race/ethnicity, age, and gender of the statewide 
population.  The second “field-based” phase of the BAMMP study involved the 
recruitment, scheduling, and collection of detailed marijuana use information and 
biological specimens (e.g., blood and urine) from 134 of the 333 individuals.  These 
field-based appointments were conducted across the state of Massachusetts, where 
each of the 134 participants executed a consent form, returned a completed 7-day 
marijuana use diary, responded to questions on a same-day questionnaire, and 
underwent a physical and cognitive evaluation to confirm that they were not impaired.  
Participants then provided clinical specimens of either urine (n = 16), or urine and blood 
(n = 118) for quantitative analysis of THC and THC-COOH.  A full report of the BAMMP 
study findings are expected later this year.  
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c. Marijuana-Involved Motor Vehicle Crashes in Massachusetts 
 

Baseline prevalence of self-reported DUI-marijuana and riding with a driver under the 
influence of marijuana (RUI-marijuana) was characterized to identify demographic risk 
factors associated with these behaviors. Retrospective trends and patterns of 
marijuana-involved motor vehicle crashes in Massachusetts were investigated between 
2006 and 2016, using (1) DUI and RUI data collected as part of a statewide baseline 
survey of Massachusetts adults age 18 years and older; (2) Prevalence of marijuana, 
alcohol and drug-involved fatal crashes in Massachusetts from 2006-2016; and (3) 
Marijuana-involved non-fatal crashes in Massachusetts. The baseline data in 
Massachusetts suggests that approximately 7% of adults drove under the influence of 
marijuana in the past 30 days and about 12% of adults rode with a driver who was 
under the influence of marijuana. Nearly 35% of adults who reported marijuana use also 
reported DUI-marijuana, and a similar proportion reported RUI-marijuana.  
Retrospective evaluation of fatal crash data suggest that over the 11-year study period 
of 2006-2016, there were an average of 351 crashes per year in which someone died 
and an average of 373 traffic fatalities per year.  Approximately 73% of the drivers who 
died in a crash were administered a post-mortem blood test. Of the deceased, blood-
tested drivers, there was an increasing trend for the proportion or drivers testing positive 
for any cannabinoid post-mortem. In contrast, alcohol-involved crashes in 
Massachusetts have steadily decreased in frequency since 2006.  In an examination of 
non-fatal crash data, an increasing number and proportion of crash reports describe 
marijuana.  These reports preclude the accurate characterization of marijuana-involved, 
non-fatal crashes as the crash reports do not systematically include reporting of drug 
testing.  
 

d. Marijuana-Related Health System Contacts in Massachusetts 
  

The use of health care systems by frequent and occasional marijuana users was 
evaluated to determine the number and prevalence of (1) substance use treatment 
admissions for a primary diagnosis of cannabis use disorder; (2) emergency room and 
urgent care services due to marijuana, and (3) marijuana-related calls received by the 
regional poison control center (PCC).  This phase of the study sought to provide a 
summary of valuable health system-related indicators from before retail sales of adult 
use marijuana. For this phase, three data sources were utilized for analyses.  First, 
Massachusetts-specific data were extracted from a national substance use database to 
compile the number of marijuana-related treatments over 2004-2014. Second, baseline 
data from the statewide survey on emergency or urgent care related to marijuana use, 
alcohol use, and other substance use were evaluated.  Finally, data from the 
Massachusetts and Rhode Island Regional Poison Control Center (PCC) were 
evaluated to characterize marijuana-related calls (for all exposure reasons) by age and 
year, trends in specific marijuana product type as the source of exposure (e.g. dried 
plant, edible preparation, etc.).  
 
These evaluations suggest that marijuana-related treatment is a small portion of the 
overall volume of substance use disorder treatment episodes, with an estimated 
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prevalence of 45 admissions per 100,000 individuals.  Of the 436 individuals who 
reported using marijuana in the past 30 days on the statewide-survey, no respondents 
reported marijuana-related use of emergency room or urgent care services in the prior 
year.  Data from the PCC suggest that the number and proportion of marijuana-related 
calls has been increasing over time for all age groups.  For example, during the 10-year 
study period (2007-2016) there were 641 calls to the PCC that involved marijuana 
exposure, equal to a prevalence of 9.4 calls per a 100,000 population. The evaluated 
calls include incidents of unintentional exposures among children age 0-9 years old (n = 
27, 4.21%).  The greatest number of calls were related to 10-19 year old individuals (n = 
257, or 40.09%).  The proportion of calls due to marijuana exposure in individual ages 
0-5, 6-9, and 10-20 years old showed a statistically significant increase after medical 
marijuana was enacted in the Commonwealth.  In all age groups, it was exposure to 
dried cannabis plant that resulted in the greatest number of calls to poison control, 
followed by edible preparations.   
 
Topic 3: Economic and Fiscal Impacts for State and Local Governments 
 
To evaluate the potential economic impacts on state and local government, a model 
was constructed to estimate the fiscal impacts during the first two years of retail sales.  
The model included three parts: (1) a main model, which included measures that were 
assumed to be major drivers of state economic impacts for which there is strong 
evidence to inform estimates (e.g., sales tax revenue, regulatory oversight costs and 
revenue, and reductions in marijuana-related law enforcement activities); (2) a 
supplemental model, which evaluated secondary impacts on public health, public safety, 
and income tax revenue for which the strength of the evidence is less definitive; and (3) 
a local model, which estimates local tax revenue for each city or town in Massachusetts 
(assuming the maximum local tax rate of 3%). 
 
This approach suggests that marijuana will increase Massachusetts state revenue by 
about $215.8 million in the first two years of retail sales.  The increase will largely come 
from sales and excise taxes collected on retail purchases.  Based on experience from 
states with existing legalized adult use, sales tax revenue will be higher in the second 
year ($154.2 million), as compared to the first year ($61.6 million). When measures 
calculated with less certainty are included in the model (because of either a lack of data 
or uncertain timing), the state revenue may increase by an additional $65.3 million.  
Because the model includes multiple measures, the overall estimate compounds 
uncertainty from each of the measures.  To address this, low and high ranges have 
been calculated. For example, the total fiscal contribution could range from $95.7 to 
$405.9 million, with two major assumptions heavily influencing the estimates. The first 
assumption involves the number of expected marijuana users in Massachusetts. While 
the model uses previous population surveys that show a prevalence of use ranging from 
8.6% to 12.1%, data collected in Massachusetts suggest that it may be as high as 
20.1%.When this Massachusetts-based estimate is used, revenue projections increased 
by 38% (from $215.8 million to $298.8 million).  Another source of uncertainty is the 
changes that arise in a state when moving a regulated medical marijuana marketplace 
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to a combined medical and adult-use marketplace, versus changes in a state going from 
no sales to adult-use retail sales.   
 
The model-based approach of estimating fiscal impacts to local government, projects 
that local tax revenue over the first two years of retail sale are projected to be highest in 
the most densely populated regions (ranging from $233,498 to $2,875,048), with 
considerable fluctuation in the two-year revenue projections in high-density suburban 
cities and towns (ranging from $68,139 to $991,873, over the two year period).  These 
local analyses assume that approximately 65% of marijuana users would shift from 
purchasing their marijuana in the illicit marketplace to purchasing from a dispensary.  In 
general, the estimated median local tax revenue over the first two years of retail sale 
ranges from $72,835 in suburban communities with a low population density, to 
$582,899 in urban communities with a high population density.  Because these model 
estimates rely on the location and availability of dispensaries, each community-level 
estimate is dependent upon the availability of marijuana in that community and the 
demand for marijuana in nearby communities.  For some of the 83 cities and towns 
included in the primary analysis, local tax revenue estimates fluctuated dramatically 
based on these community-level effects (for example, from about $992,000 to 
$108,000).  
 
In general, the modeling efforts described here estimate that adult-use marijuana sales 
are driven primarily by the availability of dispensaries and the potential for medical 
marijuana dispensaries to expand and/or convert operations to include adult-use 
marijuana sales.  The increase in revenue will largely be a result of retail purchases 
made by adults with heavy use (defined as consuming marijuana an average of 21 days 
or more each month). It is difficult to speculate what regulatory costs/benefits may have 
already been realized when Massachusetts implemented a medical marijuana program.  
For example, if revenue changes have already been realized, the assumption could be 
inflating some of the revenue projections by 7-28%. While it is important to consider all 
aspects of the fiscal impact of legalization, the estimated increase from sales and 
business tax revenue appear to be most significant. 
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Task 1: Prevalence and Perceptions of Marijuana Use 

Chapter 1:  Retrospective Analysis of Indicators of Use and 
Perceptions of Marijuana 
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Introduction 
 
In this chapter an exploratory, secondary data analysis of marijuana indicators using 
national and state-specific data from Massachusetts as well as three states which have 
fully legalized marijuana (Oregon, Washington, and Colorado) and three states which 
have made no changes to marijuana laws (Texas, Kansas, Oklahoma) is presented. 
The goal of the study was to identify indicators of use and perception of risk of 
marijuana that may be used by policymakers and program leaders to monitor the impact 
of the legalization of marijuana over time. 
 
Background 
 
During the past two decades, there have been many state policy changes with regard to 
marijuana use. Currently, 29 states and the District of Columbia have legalized medical 
marijuana and 8 states have legalized recreational marijuana. National data indicates 
that marijuana is the most commonly used illicit drug in the U.S. and the shifts in policy 
align with changes in public opinion regarding the acceptance and legality of marijuana. 
In addition, an increase in marijuana use prevalence and a decrease in the perceived 
harmfulness of marijuana use have also been noted (Hall & Kozlowski, 2015; Monte, 
Zane, & Heard, 2015). Recent polls show growing support for the legalization of 
marijuana, with some reports indicating that over 50% of Americans now view the use of 
marijuana as a non-moral issue (Swift, 2013; Pew Research Center, 2013). Between 
2002 and 2014, marijuana use increased from 10.2% to 13.4% among adults, and the 
perception of harmfulness associated with marijuana use decreased from 40% to 27.8% 
(Swift, 2013). 
 
Although trends in marijuana use for both adolescents and adults have been examined 
using national data as well as data specific to states that have legalized marijuana, few 
studies, if any, have conducted a comparative analyses of legalized states versus non-
legalized states with regard to marijuana use (Swift, 2013; Pew Research Center, 2013; 
Allen & Holder, 2014; Keyes, et al. 2016). And while several studies have examined 
trends in marijuana use following its legalization in specific states, these trends have not 
been examined in relation to key policy milestones. The purpose of this study is to 
conduct a comparative, secondary data analysis of marijuana indicators using national 
and state-specific data from three legal states (Oregon, Washington, Washington) and 
three non-legal states (Texas, Kansas, Oklahoma). Recreational marijuana was 
legalized in Massachusetts in 2016, and a focal point of this study is to compare 
Massachusetts indicators to other states in order to identify indicators which are 
responsive to changes in legalization. Given changes in marijuana policies regarding 
recreational use, the primary purpose of this study is to identify indicators that may be 
sensitive to those changes and factors associated with marijuana. The data reported 
reflect marijuana indicators that were reported for both legal and non-legalized 
comparison states.  
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Methods 
 
In order to identify the indicators which may be sensitive to factors associated with 
legalization of marijuana, a list of the most relevant potential indicators from four 
national data sets was detailed. This list was then honed to only those which met 
specific criteria for inclusion. The remaining indicators were then analyzed for 
responsiveness to factors associated with marijuana and change over time. In sum, the 
process included four steps: 
 
1. Conduct an indicator inventory  
2. Choose comparison states 
3. Confirm data sources 
4. Conduct statistical analyses  

 
Along with identifying indicators that appear to be responsive to changes over time, this 
approach also provided a baseline for chosen indicators from which to assess future 
trends.  
 
Indicator Inventory 
 
The purpose of the inventory was to identify a comprehensive list of potential indicators 
and detail salient information to inform the selection of indicators for further analysis. 
Four data sets were selected from which to pull the comprehensive list of indicators:  
 

• Massachusetts Youth Risk Behavior Survey (YRBS) 
• Massachusetts Youth Health Survey (YHS) 
• Massachusetts Behavioral Risk Factor Surveillance Survey (BRFSS) 
• National Survey on Drug Use and Health (NSDUH) 

 
Sixty-eight initial indicators were identified for consideration. From this list, indicators 
were chosen that met the following criteria: 
 

 Represents population of youth and/or adults  
 Availability in potential comparison states 
 Sampling and weighting representative of the entire state  
 Administration at regular intervals over the course of the last 10 years 

 
The result of the prioritization was the identification of 22 indicators for further analysis. 
 
Selection of Comparison States 
 
The next step was to select comparison states. Two types of comparison states were 
selected: those that have legalized recreational marijuana and those that have not 
legalized nor decriminalized marijuana use. Many states have made some changes to 
marijuana laws either by decriminalizing, legalizing medical marijuana use, or ultimately 
legalizing recreational marijuana use. These changes appear to occur in a progression 
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and therefore our focus was to identify states on either end of the continuum. The map 
below (Figure 1) demonstrates the range of legalization across the United States. 
 

 
 
Figure 1: Current marijuana legalization status by state 
 
For the purposes of this analysis, legalized comparison states considered included 
Washington, Oregon, California, Nevada, Colorado and Maine. However, only three 
states had legalized recreational use for sufficient time to make a trend analysis 
plausible: Washington, Oregon and Colorado. 
 
A search found that there are seven states which have not decriminalized marijuana 
use or possession and have no recreational or medical marijuana laws, nor any legal 
cannabidiol oil use. These include: Idaho, Kansas, Louisiana, Nebraska, Oklahoma, 
South Dakota and Texas. It was assumed that states that meet this profile would be 
politically dissimilar (e.g. approach to criminal justice reform, social programs, etc.) from 
Massachusetts and therefore selecting on the basis on similarity of social factors would 
not be fruitful. Therefore, the selection criteria focused upon population density and 
unemployment rate. The table below details how each state met those criteria. Of the 
seven potential comparison states, the three selected had the most similar 
unemployment rate and population density to Massachusetts. Based on this 
information, the chosen non-legalization comparison states were Texas, Oklahoma   
and Kansas.   
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Table 1: Comparison State Census Information 

 
 
Confirmation of Data Sources 
 
Once the indicators and comparison states were chosen for analysis, the data sets were 
obtained. For adults, the final data sources include the NSDUH and the BRFSS. While 
raw NSDUH data were not available due to upgrades to SAMHSA’s online data portal 
and restricted data access system, a limited number of NSDUH indicators (with point 
estimates and confidence intervals) were available from SAMHSA’s public data access 
system for Massachusetts, the U.S., and all comparison states. BRFSS data regarding 
marijuana were only available for Washington state; other states did not include 
marijuana questions or included them too recently for a trend analysis to be conducted. 
For youth, the final data sources included the NSDUH, the YRBS, the YHS, the Healthy 
Youth Survey from Washington state. While the Healthy Kids Colorado Survey and the 
Oregon Healthy Teen Data Set were explored for use. Ultimately, they were not used 
due to their failing to meet the criteria set forth for the indicator inventory or their 
indicators did not align with Massachusetts indicators. The NSDUH data were available 
as described above through the public data access system for a limited number of 
indicators for youth aged 12-17. For high school youth, YRBS data were available for 
the U.S., Massachusetts, Texas, Kansas, and Oklahoma. Colorado deployed the YRBS 
through 2011, then switched to include the YRBS instrument in the Healthy Kids 
Colorado Survey, which is available for 2013 and 2015. In Washington State, the 
Healthy Youth Survey sampled students in grades 10 and 12; these data are not directly 
comparable to YRBS data but are presented on their own for trend analysis. The raw 
Healthy Youth Survey data were not available, but point estimates and confidence 
intervals available from published reports were used. For middle school youth, 
Massachusetts data are available from the YHS, and Washington state data are 
available from the Healthy Youth Survey for grades 6 and 8.  
 
 
 
 

State Population People per sq. mile Unemployment rate 

Massachusetts 6,547,629 839.4 4.3% 

Idaho 1,567,582 19.0 3.1% 

Kansas 2,853,118 34.9 3.7% 

Nebraska 1,826,341 23.8 2.9% 

Oklahoma 3,751,351 54.7 4.3% 

South Dakota 814,180 10.7 3.0% 

Texas 25,145,561 96.3 4.6% 
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Statistical Analysis 
 
Where raw data were available (for the YRBS, BRFSS, YHS), tests for linear and non-
linear trends using logistic regression were conducted. Data were compiled and 
analyzed in two ways. Variables representing gender, race, and grade (in the case of 
youth data) were entered as control variables to adjust for demographic shifts in the 
underlying populations. Where raw data were not available, a significant trend was 
determined by non-overlapping confidence intervals; this analysis did not adjust for 
demographic variables. Because the sampling for each of the surveys involved complex 
sampling, SPSS Complex Samples version 21.0 was used to account for the sampling 
design and to ensure there was not an underestimation of the standard errors 
(Cambron, Guttmannova & Fleming, 2017). 
 
Finally, a literature review of peer-reviewed journal articles related to marijuana 
legalization and block grant review was conducted to inform the selection of key 
milestones related to marijuana legislation in each state. Trends for each of the 
marijuana indicators were plotted alongside the key milestones to illustrate which 
indicators may be sensitive to state-level changes. 
 
Results 
 
The retrospective analysis resulted in identifying 13 indicators which appear to be 
responsive to factors associated to marijuana legalization and sensitive to change over 
time. Table 2 below presents a summary of the results of the analysis. 
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Table 2: Retrospective Analysis Results 
Youth Adult 

Indicator Data 
Source 

Type of 
Analysis 

Indicator Data 
Source 

Type of 
Analysis 

Ever Used 
Marijuana - Middle 
School Students 

YHS F-test, p=0.002 Ever Used 
Marijuana - Adults 
Ages 18 and Older 

BRFFS F-test, p=0.000 

Used Marijuana 
Before Age 13 - 
High School 
Students 

YRBS F-test, p=0.005 Use in the Past 
Year - Adults Ages 
18-25 

NSDUH State 
comparison, 
non-overlapping 
95% confidence 
intervals 

Current Marijuana 
Use - Middle 
School Students 

YHS F-test, p=0.000 Use in the Past 
Year - Adults Ages 
26+ 

NSDUH State 
comparison, 
non-overlapping 
95% confidence 
intervals 

Believe 
Occasional 
Marijuana Use 
Poses No Risk of 
Harm - High 
School Students  

YHS F-test, p=0.000 Current Marijuana 
Use - Adults Ages 
18-25 

NSDUH State 
comparison, 
non-overlapping 
95% confidence 
intervals 

Believe it Would 
Be Easy to Obtain 
Marijuana - High 
School Students 

YHS F-test, p=0.001 Current Marijuana 
Use - Adults Ages 
26+ 

NSDUH State 
comparison, 
non-overlapping 
95% confidence 
intervals 

Perceptions of 
Great Risk of 
Smoking 
Marijuana Once a 
Month, Youth 
Ages 12-17 

NSDUH 
(data not 
available 
for 2014-
15) 

State 
comparison, 
non-
overlapping 
95% 
confidence 
intervals 

Perceptions of 
Great Risk of 
Smoking Marijuana 
Once a Month, 
Adults Ages 18-25  

NSDUH 
(data not 
available 
for 2014-
15) 

State 
comparison, 
non-overlapping 
95% confidence 
intervals 

   Perceptions of 
Great Risk of 
Smoking Marijuana 
Once a Month, 
Adults Ages 26+ 

NSDUH 
(data not 
available 
for 2014-
15) 

State 
comparison, 
non-overlapping 
95% confidence 
intervals 

 
Indicators of Youth Marijuana Use 
 
Marijuana use among youth has generally been stable over time, both in states that 
have legalized recreational marijuana use and those that have not. However, data from 
Massachusetts suggest that marijuana use may be declining among Massachusetts 
middle school aged youth. Please see Figure 2 below. 
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Figure 2: Massachusetts Ever Used Marijuana, Middle School Students  
 
The specific indicators that show possible sensitivity to changes include: 

• Ever Used Marijuana - Middle School Students 
• Current Marijuana Use - Middle School Students 
• Used Marijuana Before Age 13 - High School Students 

 
Indicators of Youth Marijuana Perceptions 
 
Perceptions that there is great risk in occasional marijuana use have been declining 
over time among youth. This trend is present in Massachusetts, nationally, and in 
legalized and non-legalized comparison states.  More youth in non-legalized 
comparison states perceive that there is great risk for occasional marijuana use than 
youth in legalized states. Please see Figure 3 below. Massachusetts youth perceive the 
risk of occasional marijuana use to be lowest of all states included in analysis. In 
Massachusetts, this shift in perception of risk may be more pronounced in high school 
aged youth than in younger youth. 
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Figure 3: Massachusetts and Comparison States Perceptions of Great Risk of  
Smoking Marijuana Once a Month, Youth Ages 12-17 
 
Given the parallel trends in several states, trends in these indicators may reflect larger 
national shifts rather than responses to state-level policy: 

 Perceptions of Great Risk of Smoking Marijuana Once a Month, Youth Ages 12-
17 

 
Indicators of Adult Marijuana Use 
 
Marijuana use seems to be increasing among some adult populations. Marijuana use 
among adults ages 26 and older has been increasing in Massachusetts and in states 
that have legalized recreational marijuana. This trend is also present nationally, though 
not in all non-legalized comparison states. Additionally, states that have legalized 
marijuana have higher rates of current use than states that do not. Finally, states that 
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have not legalized have rates of current use that is closer to the national average. 
Please see Figure 4. 
 

 
 
Figure 4: Massachusetts and Comparison States Current Use Ages 26 and Older  
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counterparts, use has increased in some legalized states but not in Massachusetts. 
Overall rates of use for all adults ages 18 and older have increased in Washington 
State, where recreational marijuana is legal. 
The specific indicators that show possible sensitivity to policy changes include: 

• Current Marijuana Use - Adults Ages 18-25 and Adults Ages 26+ 
• Use in the Past Year - Adults Ages 18-25 and Adults Ages 26+ 
• Current Marijuana Use - Adults Ages 18 and Older 
• Ever Used Marijuana - Adults Ages 18 and Older 
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Indicators of Adult Marijuana Perceptions  
 
As with youth, perceptions about the risks of marijuana use among adults seem to be 
shifting; fewer adults believe there is great risk in occasional use. This trend is occurring 
in Massachusetts, nationally, and in legalized and non-legalized states. Those adults in 
non-legalized states perceive the risk of occasional use to be higher than those in 
legalized states. Massachusetts adults’ perceptions were closer to those in legalized 
comparison states than non-legalized.  Please see Figures 5 and 6 below. 
 

 
 
Figure 5. Massachusetts and Comparison States Perceptions of Great Risk of 
Smoking Marijuana Once a Month, Adults Ages 18-25 
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Figure 6: Massachusetts and Comparison States Perceptions of Great Risk of 
Smoking Marijuana Once a Month, Adults Ages 26+ 
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Discussion 
 
Massachusetts rates and trends consistently reflected those in comparison states that 
have legalized marijuana (Colorado, Oregon and Washington). And likewise legal 
states’ trends (Kansas, Texas and Oklahoma), when comparisons were available, were 
different from trends in non-legal states. This suggests that some indicators may be 
responsive to factors associated with legalization of marijuana. The 6 indicators, 2 youth 
and 4 adult indicators, that differentiated between legal and non-legalized comparison 
states include: 

 Used Marijuana Before Age 13, High School Students 
 Perceptions of Great Risk of Smoking Marijuana Once a Month, Youth Ages 12-

17 
 Current Marijuana Use, Adults Ages 26+ 
 Use in the Past Year, Adults Ages 26+ 
 Perceptions of Great Risk of Smoking Marijuana Once a Month, Adults Ages 18-

25 
 Perceptions of Great Risk of Smoking Marijuana Once a Month, Adults Ages 26+ 

 
In some cases, the exact items from which the indicators are drawn, were not available 
for other states. For these indicators, analysis of the trends in response to policy 
changes was conducted. The study identified 7 indicators, 4 youth indicators and 3 adult 
indicators, which appear to be responsive to changes over time. These indicators 
include: 
 

 Ever Used Marijuana - Middle School Students 
 Current Marijuana Use - Middle School Students 
 Believe Occasional Marijuana Use Poses No Risk of Harm - High School 

Students  
 Believe it Would Be Easy to Obtain Marijuana - High School Students 
 Current Marijuana Use - Adults Ages 18-25  
 Use in the Past Year - Adults Ages 18-25  
 Ever Used Marijuana - Adults Ages 18 and Older 

 
One indicator, Current Marijuana Use - Adults Ages 18 and Older, was only available for 
Washington State and therefore it is difficult to assert that similar trends would be 
evident in Massachusetts. The data sets utilized were helpful when considering trends 
in use, consumption, and perceptions of marijuana for health and policy-related 
purposes. While these data are rich information, consistency with regard to the 
availability of the data and wording of the questions make drawing state comparisons 
challenging.  
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Introduction  
 
In this Chapter, we report on prevalence of marijuana use among adults in 
Massachusetts, the characteristics of marijuana users compared with non-users, and 
the correlates of marijuana use. Findings are based on data provided by Massachusetts 
adults who completed a survey in the fall of 2017. Despite the existence of several 
ongoing surveys of Massachusetts adults, such as the Behavioral Risk Factor 
Surveillance Survey (BRFSS) and the National Survey on Drug Use and Health 
(NSDUH), there are significant gaps in the information that they provide. For example, 
existing Massachusetts databases did not provide information about various modes of 
consumption (from smoking, to eating, to vaping and dabbing).  
 
The purpose of this survey was to address these gaps and provide a “snapshot” of 
marijuana use and related behaviors in Massachusetts in the time before retail sales of 
adult use marijuana begin. This study provides a “baseline” or benchmark against which 
future studies can make comparisons. The information from this survey will enable 
ongoing study of impacts that can inform the Commonwealth’s policy and regulatory 
response over the course of the next several years. 
 
Methods 
 
We conducted a cross-sectional, population-based survey of adults in Massachusetts. 
This study was approved by the Institutional Review Board at the Massachusetts 
Department of Public Health. A copy of the survey instrument can be found in the 
Appendix A. 
 
Data Collection and Participants 
 
The University of Massachusetts Amherst partnered with the University of 
Massachusetts Donahue Institute to conducted a mail and web-based survey designed 
to be representative of adults in Massachusetts, age 18 years or older. Participants 
were chosen randomly using address-based sampling from a list of Massachusetts 
residential households obtained through a sampling vendor. The sample was stratified 
by 6 regions (Boston, Central, Metrowest, Northweast, Southeast, and Western). 
Addresses that were known to be vacant, seasonal, educational, or drop points were 
excluded from the sample. A simple random sample of 15,000 addresses were selected 
to participate with an equal number of households (n=2500) selected from each region. 
The survey was then administered in four waves over a four-week period. 
 
Wave 1: Pre-notification postcard 
 
A pre-notification postcard was sent to selected addresses informing participants about 
the survey eligibility to participate. On the postcard and all subsequent mailings an 
online survey link with a unique access code was provided for those who chose to 
complete the web-based version. Online survey participants could only complete the 
survey once, and quality checks were implemented to identify duplicate completions (by 
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mail and online) using the same code. The postcard and all subsequent materials 
included a means to opt out of participation by calling the researchers. 
 
Wave 2: Mail Survey 
 
The postcard was followed by a survey packet containing an informed consent letter, 
the full survey, a postage-paid business reply envelope, and an up-front cash incentive 
of $2. The survey instructed the adult in the household with the most recent birthday to 
complete the survey. Responses were tracked with a unique identification number to 
allow for follow-up mailings. 
 
Wave 3: Reminder Postcard 
 
After the initial wave of survey mailing, a reminder postcard with the online link was sent 
to all non-responders.  
 
Wave 4: Final Mail Survey 
 
The final opportunity to respond was via paper-based survey with the informed consent 
cover letter and online link. This was sent to those who still had not responded or had 
not notified the researchers of their desire not to participate. 
  
Data were collected between November 7, 2017 (first online response opportunity) and 
December 30, 2017. Completed mail surveys were scanned using a computerized 
system. The scanned dataset was combined with the online responses and an initial 
quality review removed all duplicate surveys from the dataset. The resultant dataset 
included 3,023 respondents with a 21.7% response rate.  
 
Measures  
 
The survey contained 37 items that assessed a limited number of demographic 
characteristics, past 30-day substance use (marijuana, alcohol, and other substances), 
and behaviors related to substance use such as driving under the influence and riding 
with a driver who was under the influence. When possible the wording of items was 
aligned with national population health surveys (e.g. Behavioral Risk Factor 
Surveillance Survey, National Survey on Drug Use and Health) to facilitate comparisons 
of estimates.  
 
Demographic characteristics  

 

Basic demographics were ascertained. Participant age was ascertained by asking the 
survey respondent to report their year of birth. Participants reported gender as female, 
male, or other. Race/ethnicity was asked with two questions. One asked “Are you 
Hispanic or Latino?” and required a yes/no response. The second question asked 
“Which one or more of the following would you say is your race?” with response options 
that included (1) white or Caucasian, (2) Black or African American, (3) Asian, (4) Native 



 

34 
 

Hawaiian or Other Pacific Islander, (5) Native American or Alaska Native, (6) Some 
other race. Participants could choose as may categories as were applicable. The survey 
ascertained the participants’ highest degree or level of school completed, which was 
reported on the survey with 10 categories ranging from “never attended school or only 
attended kindergarten” to “doctorate degree”. For analysis, this was coded to a 3-level 
variable that included: (1) high school or less, (2) any college, (3) graduate degree.  
The survey asked about annual household income using the following categories (1) 
less than $15,000 (2) $15-29,000 (3) $30,000-49,000 (4) 50,000-99,000 (5) 100,000-
150,000, or (6) 150,000 or more. Participants also reported zip code as well as home 
ownership (own, rent, something else). Participants reported their type of healthcare 
coverage as one or more of the following (1) private commercial or group plan (2) 
Medicare, (3) Medicaid, (4) Commonwealth Care Program (Health Connector), (5) 
Indian Health Service (6) Veterans Affairs (7) No health insurance, or (8) other plan. 
  
Substance Use 
  
The survey ascertained past 30-day use of marijuana, alcohol, and other substances. 
Marijuana use was assessed with the yes/no question “In the past 30 days, did you use 
marijuana or hashish at least once?” For those who responded “yes,” the survey asked 
about the number of days on which the participated used marijuana in the past 30 days. 
The purpose of marijuana use was ascertained with a multiple response item indicating 
use for one or more of the following: adult use (non-medical), medical use (prescribed 
by a qualified physician), or medical use (not prescribed by a qualified physician). The 
mode of use (smoking, eating, drinking, vaporizing, etc.) was assessed with a multiple 
response item.  
 
Past 30-day alcohol use was reported with the yes/no question “During the past 30 
days, did you have at least one drink of any alcoholic beverage such as beer, wine, a 
malt beverage, or liquor?” For those who responded “yes,” the survey asked them to 
provide the number of days per week that participants consumed an alcoholic beverage. 
Use of other substances was coded as “Yes” if participants reported use of 
crack/cocaine, heroin, non-medical use of antianxiety drugs (sedatives, tranquilizers, 
anxiolytics, or sleeping drugs such as benzodiazepines or barbiturates), non-medical 
use of prescription opioids, or other drugs (e.g. hallucinogens, non-medical use of 
stimulants). The instructions to participants in the section of the survey on other 
substances noted that “non-medical” prescription drug use means using it to get high or 
experience pleasurable effects, see what the effects are like, or use with friends.  
Items and results pertaining to driving under the influence of marijuana, alcohol, and 
other drugs are reported in Task 2 of this report, along with items pertaining to use of 
hospital emergency rooms and urgent care related to substance use.  
 
Data Quality Assessment 
 
The data was subject to a quality check process. Duplicates were identified and 
removed, leaving 3268 respondents. We verified that skip logic was properly applied. 
Other instances with out-of-range responses (e.g. reported having 33 children in the 
home) were also coded as missing. Any instances in which returned responses were 
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unreasonable were coded as a missing response on the illogical variable. In cases in 
which a respondent reported driving under the influence of a substance, but did not first 
report using that substance, we set the response to the question about use to yes. This 
affected a very small number of cases. 
 
Statistical Procedures and Analysis 
 
Weighting 

 
Weights were assigned to each completed survey so that the survey responses closely 
represent the Massachusetts population relative to age, gender, race, and education. 
The weighting scheme included six steps that are summarized below.  
First, a weight was assigned to directly account for the sampling fraction of addresses. 
Second, using information on the sample addresses, adjustments were made for 
unknown eligibility of the addresses. Eligibility was classified into one of four categories: 
(1) eligible respondent, (2) eligible non-respondent, (3) known ineligible addresses, and 
(4) unknown status. Eligible respondents resided at the sample address, were 18 years 
or older, and lived in Massachusetts for 6 or more months per year. Addresses with 
unknown status included addresses where surveys were not returned (n=11,163), 
surveys bounced back to the post office (presumably based on refusal of recipient) 
(n=504), and surveys returned blank (n=65). The eligibility weighting accounted for the 
fact that our knowledge of eligibility status may be related to other address 
characteristics such as the type of postal route (rural, street, firm, high-rise, etc.).  
The third step in the weighting was to adjust for non-response. We defined a complete 
survey as one in which the respondent provided basic demographics (age, gender, 
race, and education) and answered the item on past 30-day marijuana use. We 
observed a difference in the survey completion rate for eligible addresses by region 
(p=0.03) and a weight was developed to account for this. Household size was 
accounted for next.  
 
Raking was then used to align the weights to the distribution of four demographic 
variables (age, gender, race/ethnicity, and education) to the Massachusetts target 
population based on the 2016 American Community Survey Public Use Microdata 
Sample (PUMS) data. The last step trimmed weights to improve estimation accuracy.  
 
Statistical Analysis 
 

In most cases, variables were defined as shown on the survey. For example, past 30-
day marijuana use was defined as “Yes” based on an answer of yes to the question, “In 
the past 30 days, did you use marijuana or hashish at least once?” For analysis 
purposes, we coded race as a 5-level categorical variable with the following categories 
(1) White, non-Hispanic, (2) Black non-Hispanic, (3) Any Hispanic/Latino (4) Asian, non-
Hispanic, (5) Other.  
 
First, we examined the bivariate differences in characteristics between adults who had 
used marijuana in the past 30 days and those who had not. Next, we used modified 
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Poisson regression with robust standard errors (Zou, 2004) to assess associations 
between use of marijuana (yes/no), gender, age, race/ethnicity, and other covariates 
(education, home ownership, children in household, region, alcohol and other substance 
use). This approach allowed estimation of relative risk, adjusting for potential 
confounders. We used a two-tailed significance level at p <0.05 for all statistical tests. 
All analyses were weighted to account for the complex survey design, yielding results 
that have been adjusted to be representative of the adult population in Massachusetts. 
The analysis for this report was generated using SAS/STAT software, Version 9.4 of the 
SAS System for Windows (Copyright © 2016 SAS Institute Inc. Cary, NC, USA.) with 
the exception of the Poisson regression models which were generated using Stata 15 
statistical software (StataCorp, LLC, College Station, TX).  
 
Results 
 
A total of 3,528 surveys were returned, of which 260 were duplicates. And additional 
245 were determined ineligible or incomplete. After removing the duplicate, ineligible 
and complete surveys, 3,023 remained. The logic-checking process resulted in 
identification of one case in which multiple questions had unreasonable responses. This 
case was dropped, resulting in a final analytic sample of 3,022. 
 
Prevalence of Marijuana Use 
 
Of the 3,022 adults in the sample, 439 self-reported marijuana use in the past 30 days, 
and 2,583 did not. After data were weighted, results indicate that 21.1% of adults in 
Massachusetts have used marijuana in the past 30 days (95% Confidence Interval [CI] 
18.6, 23.6), and 78.9% have not (95% CI 76.4, 81.4) (Table 1). Hereafter, we report 
only the population-level point estimates; confidence interval data are presented in each 
table. 
 
We examined prevalence rates of past 30-day marijuana use among key socio-
demographic groups. These analyses indicated that 25.9% of adult men in 
Massachusetts and 17.0% of women have used marijuana in the past 30 days.  
By age category, past 30-day marijuana use was reported by 54.4% of adults aged 18 
to 20, 49.1% of those aged 21 to 25, 34.5% of those aged 26 to 29, 22.7% of those 
aged 30 to 39, 19.3% of those aged 40 to 49, 18.7% of those aged 50 to 59, 14.1% of 
those aged 60 to 69, and 3.4% of those aged 70 or older. To enable comparisons of 
age-specific marijuana prevalence with other estimates (presented in Chapter 1), we 
changed the categorization of age to create a category that captured aged 26 or older. 
Past 30-day marijuana use was reported by 18.0% (95% CI 15.7, 20.3) of adults aged 
26 or older. By race/ethnicity, past 30-day marijuana use was reported by 20.1% of 
Whites, 27.1% of Hispanics, 10.4% of Asians, 25.8% of Blacks, and 37.5% of other 
race/ethnic groups. By educational attainment, past 30-day marijuana use was reported 
by 24.7% of adults with a High School education or less, 22.9% of those with a college 
degree, and 10.7% of adults with a post-secondary graduate degree. By income, past 
30-day marijuana use was reported by 32.5% of adults earning less than $15,000. 
Fewer people in each of the higher income categories reported past 30-day use, with 
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prevalence rates ranging between about 17.3% and 25%. By region, past 30-day 
marijuana use was reported by 29.8% of Western residents, 20.9% of Southeast 
residents, 20.5% of Boston residents, 20.1% of Northeast residents, 19.6% of Central 
residents, and 18.2% of Metrowest residents. 
 
Socio-Demographic Characteristics 
 
Table 2 presents socio-demographic characteristics of adults who had used marijuana 
in the past 30 days compared with adults who had not. A greater proportion of 
marijuana users than non-users are men, 57.7% versus 44.5% (p<0.001). 
With respect to age, marijuana users tend to be younger than non-users, with a greater 
proportion of them in the youngest age categories (p<0.001). Specifically, 9.6% of 
marijuana users are aged 18 to 20, versus 2.2% of non-users, 14.7% of marijuana 
users are 21 to 25, versus 4.2% of non-users, and 14.3% of marijuana users are 26 to 
29, versus 7.4% of non-users. For the 30 to 59 age categories, differences between 
marijuana users and non-users are small (<5%). A smaller proportion of marijuana 
users than non-users are aged 60 to 69, 10.1% versus 16.7%, and a smaller proportion 
are 70 or older, 2.3% versus 17.2%. 
 
A smaller proportion of marijuana users than non-users are White or Asian, and a 
greater proportion are Hispanic, African American, or other race/ethnicity (p<0.05). 
Specifically, 70.8% of marijuana users are White, versus 75.5% of non-users, and 3.2% 
of marijuana users are Asian, versus 7.3% of non-users. Among marijuana users, 
12.0% are Hispanic, 7.1% are African American, and 6.9% are another race/ethnicity. 
Among non-users, in comparison, 8.7% are Hispanic, 5.5% are African American, and 
3.1% are another race/ethnicity. 
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Table 1. Prevalence Rate of Past 30-day Marijuana Use by Key Socio -
Demographic Characteristics 

  % 95% CI 
Total population 21.1 18.6 23.6 
Gender       
Female 17.0 14.1 20.0 
Male 25.9 21.9 29.9 
Age       
18-20 54.4 32.3 76.4 
21-25 49.1 35.1 63.1 
26-29 34.5 23.6 45.5 
30-39 22.7 16.7 28.7 
40-49 19.3 12.8 25.8 
50=59 18.7 14.9 22.5 
60-69 14.1 10.4 17.8 
>=70 3.4 1.0 5.9 
Race/Ethnicity       
White, non-Hispanic 20.1 17.5 22.8 
Hispanic 27.1 16.7 37.5 
Asian, non-Hispanic 10.4 2.7 18.2 
Black, non-Hispanic 25.8 12.1 39.5 
Other, non-Hispanic 37.4 21.9 52.9 
Education       
<=HS 24.7 19.1 30.3 
College 22.9 19.6 26.1 
Graduate degree 10.7 7.9 13.4 
Income       
Less than $15,000 32.5 22.7 42.4 
$15,000  -  $29,999 24.6 16.2 33.1 
$30,000  -  $49,999 17.3 11.2 23.4 
$50,000  -  $99,999 20.7 16.0 25.4 
$100,000  -  $149,999 21.5 15.7 27.3 
$150,000 or more 19.8 13.9 25.7 
Region       
Boston 20.5 13.8 27.2 
Central 19.6 14.0 25.3 
Metrowest 18.2 12.6 23.7 
Northeast 20.1 14.6 25.7 
Southeast 20.9 14.7 27.2 
Western 29.8 23.2 36.4 
 
A greater proportion of marijuana users than non-users have attained a High School 
diploma or college degree, and a smaller proportion have attained a graduate degree 
(p<0.001). A smaller proportion of marijuana users than non-users own a home, and a 
greater proportion rent or have another type of living arrangements (p<0.001). 
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There are no differences between marijuana users and non-users in the remaining 
socio-demographic characteristics, including income, having children in the home, 
health insurance type, and region of residence. For both groups, most report an income 
of $50,000 to $99,999 or more, few have children in the home, private health insurance 
is the most common type of health insurance, followed by Medicare and Mass Health. 
 
Table 2. Socio-Demographic Characteristics of Marijuana Users and Non-Users 
 

  

In the past 30 days, did you use marijuana or hashish at 
least once? 

Yes: n=439, 
21.1%  

(95% CI 18.6, 
23.6) 

No: n=2,583, 
78.9% 

 (95% CI 76.4, 
81.4) 

Total: n=3,022 

% 95% CI % 95% CI % 95% CI 
Gender***                   
Female 42.3 35.6 48.9 55.5 52.7 58.4 52.7 50.0 55.4 
Male 57.7 51.1 64.4 44.5 41.6 47.3 47.3 44.6 50.0 
Age*** 

         18-20 9.6 4.2 15.0 2.2 0.8 3.6 3.8 2.1 5.4 
21-25 14.7 9.5 20.0 4.2 2.5 5.8 6.4 4.7 8.1 
26-29 14.3 9.1 19.6 7.4 5.5 9.2 8.9 7.0 10.7 
30-39 18.1 13.1 23.2 16.8 14.4 19.1 17.0 14.9 19.2 
40-49 15.5 10.0 20.9 17.6 15.2 19.9 17.1 15.0 19.3 
50-59 15.3 11.8 18.9 18.0 16.1 19.9 17.5 15.8 19.1 
60-69 10.1 7.2 13.1 16.7 15.0 18.4 15.3 13.8 16.8 
>=70 2.3 0.6 3.9 17.2 15.5 18.9 14.0 12.6 15.4 
Race/Ethnicity* 

         White, non-Hispanic 70.8 64.0 77.7 75.4 72.6 78.3 74.5 71.8 77.1 
Hispanic 12.0 7.0 16.9 8.7 6.4 10.9 9.4 7.3 11.4 
Asian, non-Hispanic 3.2 0.7 5.7 7.3 5.6 9.0 6.4 5.0 7.8 
Black, non-Hispanic 7.1 2.7 11.6 5.5 4.0 7.0 5.8 4.3 7.4 
Other, non-Hispanic 6.9 3.1 10.7 3.1 2.1 4.1 3.9 2.8 5.0 
Education*** 

         <=HS 38.4 31.1 45.7 31.9 28.8 34.9 33.2 30.4 36.1 
College 53.1 46.1 60.1 48.8 45.9 51.6 49.7 47.0 52.4 
Graduate degree 8.5 6.1 10.9 19.4 17.6 21.1 17.1 15.5 18.6 
Income 

         Less than $15,000 15.9 10.3 21.4 9.2 7.2 11.1 10.6 8.7 12.6 
$15,000  -  $29,999 11.2 6.9 15.6 9.6 7.8 11.3 9.9 8.2 11.6 
$30,000  -  $49,999 12.7 8.0 17.4 16.9 14.5 19.3 16.0 13.8 18.1 
$50,000  -  $99,999 27.3 21.1 33.6 29.2 26.6 31.7 28.8 26.4 31.2 
$100,000  -  $149,999 17.5 12.5 22.6 17.8 15.6 20.1 17.8 15.7 19.9 
$150,000 or more 15.4 10.4 20.4 17.4 15.4 19.3 16.9 15.1 18.8 
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(Continued) Table 2. Socio-Demographic Characteristics of Marijuana Users and 
Non-Users 

  

In the past 30 days, did you use marijuana or hashish at 
least once? 

Yes: n=439, 
21.1%  

(95% CI 18.6, 
23.6) 

No: n=2,583, 
78.9% 

 (95% CI 76.4, 
81.4) 

Total: n=3,022 

% 95% CI % 95% CI % 95% CI 
Home ownership***          
Own 44.2 37.6 50.9 63.6 60.7 66.6 59.5 56.8 62.3 
Rent 46.6 39.7 53.6 30.7 27.9 33.5 34.1 31.4 36.8 
Something else 9.1 4.4 13.8 5.7 3.9 7.4 6.4 4.7 8.1 
Children in 
household          
No 71.4 64.8 78.0 68.4 65.5 71.2 69.0 66.4 71.7 
Yes 28.6 22.0 35.2 31.6 28.8 34.5 31.0 28.3 33.6 
Multiple 10.2 5.8 14.6 15.5 13.8 17.3 14.4 12.8 16.1 
Region          
Boston 13.8 9.0 18.6 14.3 12.1 16.4 14.2 12.2 16.2 
Central 13.3 9.1 17.5 14.6 12.7 16.4 14.3 12.6 16.0 
Metrowest 18.3 12.6 24.0 22.1 19.8 24.5 21.3 19.1 23.6 
Northeast 17.4 12.3 22.4 18.4 16.2 20.7 18.2 16.1 20.3 
Southeast 18.8 12.9 24.6 18.9 16.7 21.1 18.9 16.8 21.0 
Western 18.5 13.7 23.3 11.6 10.0 13.3 13.1 11.4 14.7 
Note: *p<0.05; **p<0.01; ***p<0.001 
 
Marijuana Attitudes and Perceptions 
 
Table 3 presents attitudes and perceptions about marijuana. More than half of 
Massachusetts adults, 58.5%, favor the legalization of marijuana. As for risk 
perceptions, 20.0% of Massachusetts adults perceive marijuana to have no risks, 32.5% 
perceive it to have slight risks, 26.4% perceive moderate risks, and 21.0% perceive 
great risks. 
 
We stratified data to examine attitudes and perceptions among Massachusetts adults 
who had used marijuana in the past 30 days compared with adults who had not. A 
majority of marijuana users, 96.5%, favor the legalization of marijuana, whereas less 
than half of non-users, 48.2%, favor marijuana legalization (p<0.001). A greater 
proportion of marijuana users than non-users perceive marijuana to have no health 
risks, or slight risks (p<0.001). 
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Table 3. Marijuana Attitudes and Perceptions of Marijuana Users and Non-Users 

  

In the past 30 days, did you use marijuana or hashish at 
least once? 

Yes: n=439, 
21.1%  

(95% CI 18.6, 
23.6) 

No: n=2,583, 
78.9% 

 (95% CI 76.4, 
81.4) 

Total: n=3,022 

% 95% CI % 95% CI % 95% CI 
Favor marijuana 
legalization*** 

         No 3.5 1.1 5.9 51.8 48.9 54.6 41.5 38.9 44.1 
Yes 96.5 94.1 98.9 48.2 45.4 51.1 58.5 55.9 61.1 
Perceived marijuana 
risks*** 

         No risk 47.3 40.4 54.3 12.7 10.4 14.9 20.0 17.6 22.5 
Slight risk 44.8 37.9 51.7 29.3 26.7 31.8 32.5 30.0 35.1 
Moderate risk 4.7 2.7 6.7 32.3 29.7 34.8 26.4 24.2 28.6 
Great risk 3.2 0.8 5.6 25.8 23.3 28.2 21.0 18.9 23.1 
Note: *p<0.05; **p<0.01; ***p<0.001 
 
Use of Alcohol and Other Substances 
 
Table 4 presents past 30-day alcohol and other substance use among Massachusetts 
adults. Among all adults, 69.4% had consumed alcohol in the prior 30 days, and 4.1% 
had consumed another substance. Other substance use was defined as past 30-day 
use of any of the following substance types: non-prescribed opioids, cocaine/crack, 
heroin, non-medical anti-anxiety drugs, and other illicit substances. Prevalence rates 
were relatively small for each of the other substance categories, i.e., 0.9% for 
cocaine/crack, 0.1% for heroin, 1.3% for non-medical use of anti-anxiety substances, 
1.4% for non-medical use of opioids, and 0.4% for other illegal substances. 
We stratified data to examine alcohol and other substance use by adults who had used 
marijuana in the past 30 days compared with adults who had not. A greater proportion 
of marijuana users than non-users had used alcohol. Specifically, 82.1% of marijuana 
users had used alcohol, versus 66.0% of non-users (p<0.001). Also, a greater 
proportion of marijuana users than non-users had used other substances. Specifically, 
9.8% of marijuana users had used other substances, versus 2.6% of non-users 
(p<0.01). Analysis of each substance type revealed that 3.8% of marijuana users had 
used non-prescribed opioids, versus 0.8% of non-users (p<0.05), and that similar 
proportions of adults in each group had past 30-day use of cocaine/crack, heroin, non-
medical anti-anxiety drugs, and other illicit substances. Given the low rates of past 30-
day use of each of these substances, interpretation of these results should be made 
with caution. 
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Table 4. Use of Alcohol and Other Substances of Marijuana Users and Non-Users 

  
 

In the past 30 days, did you use marijuana or hashish 
at least once? 

Yes: n=439, 
21.1%  

(95% CI 18.6, 
23.6) 

No: n=2,583, 
78.9% 

 (95% CI 76.4, 
81.4) 

Total: n=3,022 

% 95% CI % 95% CI % 95% CI 
Substance use in past 
30 days 

         Alcohol*** 82.1 76.8 87.4 66 63.2 68.8 69.4 66.9 71.9 
Cocaine/crack 2.8 0.3 5.2 0.4 0.0 0.9 0.9 0.3 1.6 
Heroin . . . 0.1 0.0 0.2 0.1 0.0 0.2 
Anti-anxiety, non-medical 1.3 0.0 2.8 1.3 0.4 2.1 1.3 0.5 2.0 
Opioids, non-medical* 3.8 1.0 6.6 0.8 0.3 1.2 1.4 0.7 2.1 
Other illegal substances 1.5 0.0 3.2 0.1 0.0 0.4 0.4 0.0 0.8 
Other substances** 9.8 5.3 14.4 2.6 1.5 3.6 4.1 2.8 5.4 
 
Note: *p<0.05; **p<0.01; ***p<0.001. Other substances” is defined as any past 30-day use of 
cocaine/crack, heroin, non-medical anti-anxiety substances, non-medical opioids, and other 
illegal substances. 
 
Marijuana Consumption Patterns, Methods, and Expenditures 
 
Table 5 presents marijuana consumption patterns, methods, and expenditures reported 
by Massachusetts adults who had used marijuana in the past 30 days. About half 
(50.6%) of marijuana users consumed it only by smoking, while 42.9% used more than 
one method of consumption. Fewer marijuana users vaporized or ate marijuana, 2.9% 
and 2.6%, respectively. Less than 1% only drank or dabbed marijuana, or only used it 
topically or sublingually. 
 
More than half of Massachusetts adult marijuana users, 56.0%, report using marijuana 
only for adult non-medical purposes. Adults also use marijuana for medical reasons; 4% 
only used prescribed marijuana, 11.5% only used non-prescribed marijuana. In other 
words, 15.5% used either prescribed or not prescribed marijuana for medical reasons. 
More than one-quarter, 28.5%, reported both adult and medical marijuana use. 
Of Massachusetts adult marijuana users, 35.5% spent no money on marijuana in the 
past month, 31.5% spent between $1 and $80, and 33.0% spent $81 or more. 
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Table 5. Marijuana Consumption Patterns, Methods, and Expenditures 

  
Adults who used 

marijuana in past 30 
days (n=439) 

  % 95% CI 
How used marijuana, past 30 days 

   Smoke 50.6 43.6 57.5 
Vaporize 2.9 1.3 4.4 
Eat 2.6 0.6 4.6 
Drink 0.3 0.0 0.7 
Topical 0.3 0.0 0.6 
Sublingual 0.3 0.0 0.7 
Dab 0.2 0.0 0.7 
More than 1 route of administration 42.9 36.1 49.7 
Reasons used marijuana in past 30 days  

   Adult (non-medical) only 56.0 49.1 62.9 
Medical (prescribed) only 4.0 1.8 6.2 
Medical (not prescribed) only 11.5 7.3 15.6 
Any medical (prescribed and not prescribed) 15.5 -- -- 
Both adult and any medical 28.5 22.3 34.8 
Amount of money spent on marijuana in past 
30 days 

   $0 35.5 28.9 42.1 
$1-80 31.5 24.8 38.3 
$81-800 33.0 26.2 39.7 
 
Correlates of Marijuana Use 
 
Table 6 presents results from the Poisson regression examining socio-demographics 
and other factors associated with past 30-day marijuana use (defined as a dichotomous 
variable, yes versus no) by Massachusetts adults. It is important to remember that 
because the survey used a cross-sectional design, the results shown here reflect 
factors that are associated with marijuana use and cannot be interpreted as being 
causally related to marijuana use. We report relative risk (RR) and 95% confidence 
intervals (CI). Men were more likely than women to use marijuana (RR=1.3; 95% CI: 
1.1-1.6).  Age is also associated with marijuana use. Compared to adults aged 18 to 20, 
adults aged 26 to 34 were less likely to use marijuana (RR=0.6; 95% CI: 0.4-0.9), as are 
those aged 35 to 64 (RR=0.3; 95% CI: 0.2-0.5), and adults aged 65 and older (RR=0.1; 
95% CI: 0.1-0.2). Having a graduate degree, compared with having attained a High 
School education or less, was negatively associated with marijuana use (RR=0.5; 95% 
CI: 0.4-0.8). Renting a home, compared with owning a home, was positively associated 
with marijuana use (RR=1.5; 95% CI: 1.1-1.9).  Having children in the home was 
negatively associated with marijuana use (RR=0.8; 95% CI: 0.6-1.0). Compared with 
living in Boston, living in the Northeast (RR=1.8; 95% CI: 1.2-2.7), Southeast (RR=1.8; 
95% CI: 1.1-2.7), and Western (RR=2.0; 95% CI: 1.3, 3.0) regions of the state are each 
positively associated with marijuana use. Marijuana use is positively associated with 
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past 30-day use of alcohol (RR=1.9; 95% CI: 1.4-2.6) and other substances (RR=1.7; 
95% CI: 1.3-2.4). See Table 6. 
 
Table 6. Adjusted Relative Risk of Marijuana Use 

 Adjusted 
Relative Risk 

95% Confidence Interval 

Male (ref: Female)* 1.3 1.1 1.6 
Age (ref: 18-20)    
21-25 0.8 0.5 1.3 
26-34* 0.6 0.4 0.9 
35-64*** 0.3 0.2 0.5 
65+*** 0.1 0.1 0.2 
Race/Ethnicity (ref: White, non-
Hispanic) 

   

Hispanic 1.0 0.7 1.5 
Black, non-Hispanic 1.1 0.7 1.7 
Asian, non-Hispanic 0.6 0.2 1.2 
Other, non-Hispanic 1.4 0.9 2.1 
Education (ref: Less than high 
school) 

   

College 0.8 0.6 1.1 
Graduate degree** 0.5 0.4 0.8 
Home ownership (ref: own)    
Rent** 1.5 1.1 1.9 
Something else 1.0 0.7 1.6 
Children in household (ref: No)* 0.8 0.6 1.0 
Region (ref: Boston)    
Metrowest 1.4 0.9 2.1 
Northeast** 1.8 1.2 2.7 
Southeast* 1.8 1.1 2.7 
Central 1.5 0.9 2.3 
Western** 2.0 1.3 3.0 
Alcohol use, past 30 days (ref: No)*** 1.9 1.4 2.6 
Other substance use, past 30 days 
(ref: No)** 

1.7 1.3 2.4 

 
Note: *p<0.05; **p<0.01; ***p<0.001. Results are based on weighted, multivariable regression 
analysis. 
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Discussion 
 
We found that 21.1% of adults in Massachusetts had used marijuana in the past 30 
days. Estimates are substantially higher than those provided by other surveys. For 
example, as presented in Chapter 1, 5.2% of Massachusetts adults aged 26 or older 
reported recent use of marijuana in 2006, and 9.2% reported recent use in 2014. In the 
present study, 18.0% of adults aged 26 or older had used marijuana in the past 30 
days. Increases in marijuana prevalence among Massachusetts adults may be 
attributable to shifts in public opinion regarding marijuana, and in marijuana-related law 
and public policy.  
 
Men in Massachusetts are more likely than women to use marijuana, as are individuals 
aged 18 to 20. Marijuana prevalence rates are 25.9% for men and 17.0% for women, 
54.4% for those aged 18 to 20 and 49.1% for those aged 21 to 25. Findings regarding 
the greater likelihood of marijuana use by men and younger adults remained significant 
in regression analysis which accounts for the effect of other factors on marijuana use.  
Relationships are more complex between marijuana use and other factors, in particular, 
race/ethnicity and education. 
 
By race/ethnicity, prevalence of marijuana use is highest among Hispanics, at 27.1%, 
followed by 25.8% of Blacks, 20.1% of Whites, 10.4% of Asians, and 37.5% of other 
race/ethnic groups. Among marijuana users living in MA, most are White, 70.8%, and 
many fewer are Hispanic, 12.0%, Black, 7.1%, other, 6.9%, or Asian, 3.2%. In the 
regression analysis, which accounted for the effect of other factors, race/ethnicity was 
not associated with marijuana use, suggesting that the likelihood of using marijuana is 
similar for each group (compared to Whites), when other factors are accounted for.  
As for educational attainment, prevalence data and bivariate analysis indicate that a 
greater proportion of adults with a High School degree or college education use 
marijuana than adults with a graduate degree. In regression analysis, which accounts 
for the effect of other factors on marijuana use, adults with a college education are as 
likely to use marijuana as those with a high school education or less. In contrast, adults 
with a graduate degree are less likely to use marijuana that those with a High School 
education or less. Relationships between marijuana use, educational attainment, and 
other indicators of economic status are known to be complex and poorly understood. 
For example, college students face added risks for marijuana use that have been 
attributed to a diverse set of factors that include: overestimation among college students 
regarding how often the average student uses drugs (McCabe, 2008); perceptions 
among college students that drug use during their college years is normative (Cook, 
Bauermeister, Gordon-Messer & Zimmerman, 2013; Pischke et al., 2012); the 
expectation among college students that drugs will reduce social anxiety and facilitate 
the formation of new peer friendships (Buckner, 2013); and greater exposure to drug-
using opportunities that exist on college campuses (Arria et al., 2008).  
 
Patterns of marijuana use among college graduates have been attributed to age-graded 
changes in social roles and associated normative behavior that generally accompany 
the life transitions that this event signifies (Kandel & Chen, 2000). The present study 
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was not designed to explore these types of relationships, and therefore findings should 
be interpreted with caution. 
 
By region, residents in the Western area of the state report the highest prevalence rate 
of past 30-day marijuana use, at 29.8%, with rates in other areas of the Commonwealth 
ranging from 20.9% to 18.2%. In Poisson regression analysis, compared with living in 
Boston, living in the Northeast, Southeast, and Western regions of the state are each 
positively associated with marijuana use. Findings suggest that the public health 
impacts of marijuana use may not be evenly distributed across the state. Other factors 
associated with a lower likelihood of marijuana use are home ownership and having 
children in home. Given the cross-sectional design of the study, we cannot determine 
the nature of these relationships and therefore these findings should not be interpreted 
as being causally related. 
 
About 7 out of 10 Massachusetts adults consume alcohol, and 4 out of 100 consume 
another substance (e.g., non-prescribed opioids, cocaine/crack, heroin, non-medical 
anti-anxiety drugs, and other illicit substances). Notably, a greater proportion of 
Massachusetts marijuana users than non-users consume alcohol and other substances, 
particularly non-prescribed opioids, and use of alcohol and other substances is 
associated with a greater likelihood of using marijuana. The co-occurring use of 
marijuana with alcohol and other substances, particularly during adolescence and 
young adulthood, is well-established (Swift et al., 2012; Tzilos, Reddy, Caviness, 
Anderson & Stein, 2014).  
 
Just over half of Massachusetts adults favored the legalization of marijuana, with double 
the proportion of marijuana users than non-users supporting legalization. As there have 
been dramatic shifts in public opinion regarding marijuana and in marijuana-related law 
and public policy (Pacula et al., 2005; Pacula, Kilmer, Wagenaar, Chaloupka, & 
Caulkins, 2014; Pew Research Center, 2014), the incidence and prevalence of both 
marijuana use and also marijuana use disorders are expected to increase (Budney & 
Moore, 2002; Hasin et al., 2017; Martins et al., 2016; Volkow, Baler, Compton, & Weiss, 
2014). Of those who ever use marijuana, about 21% develop a marijuana use disorder 
(Caulkins, 2018). However, the proportion of marijuana users who meet disorder criteria 
is different by age. For example, national prevalence data indicate that in 2016, 
approximately 7.2 million young adults aged 18 to 25 were current users of marijuana, 
or 20.8% of young adults, and of these, 1.7 million had a marijuana use disorder in the 
past year, or 5.0% (SAMHSA, 2017). Expressed another way, these data indicate that 
about 24% of young adults aged 18 to 25 who use marijuana meet disorder criteria. 
Longitudinal studies have documented that while marijuana use can extend over many 
years of the life course, for most individual’s problematic marijuana use is generally 
limited to young adulthood (Chen & Jacobsen, 2012; DeWit, Offord & Wong, 1997; 
Schulenberg et al., 2005), and only about 9% of marijuana users remain dependent on 
the substance over the long-term (Hall & Degenhardt, 2009). However, once a 
marijuana use disorder does develop, it is associated with increased risk of several 
diseases and poor health outcomes, including impaired respiratory function, 
cardiovascular disease, adverse effects on adolescent psychosocial development and 
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mental health, and residual cognitive impairment (Hall & Degenhardt, 2013). In the 
present study, we only examined marijuana use, and we did not include measurement 
of marijuana use disorders. 
 
More than half of adult marijuana users in Massachusetts report using marijuana only 
for adult non-medical purposes, but a significant proportion also report using it for 
medical reasons. At the same time, a greater proportion of marijuana users than non-
users perceive marijuana to have no health risks, or only slight risks, and marijuana 
users are less likely to perceive that marijuana poses moderate or great risks. Marijuana 
is primarily used for adult use because it induces euphoria, drowsiness, and feelings of 
relaxation (Inaba & Cohen, 2011). Individuals who use marijuana therapeutically report 
that it relieves conditions and symptoms such as glaucoma, nausea, AIDS-associated 
anorexia and wasting syndrome, chronic pain, inflammation, multiple sclerosis, and 
epilepsy (Volkow, Baler, Compton, & Weiss, 2014). When taken in combination with 
prescribed medications, however, marijuana may increase the risk of bleeding, change 
the impact of medications to address blood sugar levels and low blood pressure, 
interfere with the body’s ability to process certain medications, and have other negative 
impacts. Studies are underway now to better understand the health risks and benefits of 
marijuana use. 
  
Finally, Accountable Care Organizations and ongoing health care reforms are expected 
to bring more marijuana users into primary care and other health care settings (Tai et 
al., 2014; Gordon, Conley & Gordon, 2013). The National Institute on Drug Abuse and 
other organizations have published evidence-based guidelines on the screening, brief 
intervention, and treatment of marijuana and other substance use. Also, the proliferation 
of electronic health records (EHRs) provides the opportunity to track marijuana use, 
assess its potential interaction with other therapies, and treat it when needed (Fihn et 
al., 2014; Halamka, 2014; Longhurst, Harrington & Shah, 2014; Weil, 2014). However, 
given the special regulations that govern addiction healthcare records (e.g., 42 CFR) 
and reluctance among patients and physicians to report the illicit and stigmatized 
behaviors that marijuana use once entailed, clinicians may not document marijuana use 
or refrain from discussing its potential health impacts with patients.  
 
Limitations and Strengths 
 
Findings must be considered within the context of several limitations. The survey 
response rate was 21.7%. While typical of general population surveys like this one, if 
there was a response bias on a measure not accounted for by the weighting, 
generalizability may be limited. For example, findings may be impacted by response 
bias if adults who used marijuana were more likely to return the survey than adults who 
do not use marijuana. This could lead to overestimation of the prevalence of marijuana 
use. The cross-sectional survey design precludes determining the temporal sequencing 
of experiences and prevents drawing of causal inferences. For this reason, it is 
appropriate to interpret findings as highlighting those factors that are associated with, 
but not necessarily causally related to, the outcomes of interest.  
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Marijuana and other substance use were both self-reported, and not corroborated by 
testing of biological samples. Social desirability bias can lead to underestimates in 
survey research, however a unique contribution of this study is that it is the first to be 
conducted in Massachusetts after legalization of marijuana for adult use. Data was 
collected in late 2017, nearly one year after marijuana became legal for adult use by, 
and several years after legalization of medical marijuana in Massachusetts. Reporting of 
illegal behaviors (e.g. use of illicit drugs; driving under the influence of alcohol or drugs) 
may be underreported. 
 
Small cell sizes for categories of some variables likely mean that models including them 
are underpowered. The survey omitted individuals aged 17 or younger and adults living 
in non-residential settings (e.g., incarcerated settings, group home residents, etc.). 
Therefore, findings may underrepresent certain groups that may be more likely to use 
marijuana. We did not explore associations comparing mental health conditions, 
adulthood trauma, or other known risk factors for marijuana use, whether associations 
are different among subgroups of adults (moderation), or the processes through which 
factors are associated with the outcomes of interest (mediation), constituting several 
areas for future research.  
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Introduction  
 
This report provides data and analysis on the 2018 Medical Use of Marijuana Patient 
Survey, a component of the Massachusetts Department of Public Health 2018 
Marijuana Baseline Study. The aim of this survey is to better understand the patterns of 
marijuana use, perceptions, and behaviors among medical use of marijuana patients in 
Massachusetts. Massachusetts Department of Public Health contracted with JSI 
Research & Training Institute in April 2018 to administer a survey among participants of 
the Massachusetts Medical Use of Marijuana Program. 42,796 participants of the 
Massachusetts Medical Use of Marijuana Program were invited through email to take 
the survey using a computer, smartphone, or tablet. 
 
Methods 
 

Data collection efforts were conducted in April 2018 by JSI Research & Training 
Institute in conjunction with Massachusetts Department of Public Health. All registered 
participants of the Massachusetts Medical Use of Marijuana Program were invited to 
complete the survey via an emailed link to Survey Gizmo. The survey incorporated 81 
items covering topics such as demographics, marijuana and marijuana product use, 
methods of marijuana administration, perceptions of medical use of marijuana, driving 
and other issues related to marijuana use, alcohol consumption, non-medical use of 
prescription drugs and other substances, and combination substance use. Respondents 
were sent 2 reminder emails and given the option at the end of the survey to enter a 
lottery drawing of $500, $250, or $100. 
 
The analyses look both at individual item response summaries as well as investigating 
differences between gender (male vs. female), age (≤50 years old vs. >50 years old), 
and education level (<Bachelor’s (4-year college) degree vs. ≥Bachelor’s degree) 
through cross-tabulation comparisons. Chi-square tests for equality of proportions were 
run to detect significant differences in item response distribution across groups. Exact 
significance tests were used to test equality of proportions in cases where response 
categories were too small for reliable chi-square testing. In cases where mean statistics 
are presented, independent t-tests were run to detect significant differences between 
comparison groups. Highly statistically significant results are highlighted in the summary 
text throughout this report, and all tables present item response frequency, 
percentages, and results of statistical testing.  
Appendix B contains all survey questions administered as well as guiding logic used to 
prompt or restrict respondents to relevant next questions based on their answers to 
previous items. 
 
 
 
 
 
 
 



 

54 
 

Results 
 
Response Rate 
Table 1 shows demographic characteristics of the overall survey sample compared to 
all eligible survey participants. All adult registered medical use of marijuana patients in 
the Massachusetts Medical Use of Marijuana Program were eligible for participation in 
the 2018 Medical Use of Marijuana Patient Survey (N=42,796). 6934 of these patients 
responded to the 2018 Medical Use of Marijuana Patient Survey, for a response rate of 
nearly 16%. There were no noticeable differences between 2018 survey respondent 
distributions and the full eligible population across gender, age, and county, suggesting 
that respondent population demographics are comparable to the overall eligible 
population of medical use of marijuana patients in Massachusetts.  
 
Table 1. DPH Patient Survey Response Rate and Comparison of Sample 
Population  

  
Full Eligible 
Population 
(N=42,796) 

2018 Survey 
Respondents 

(N=6934) 
Response Rate 15.93% 

Gender N=42796              %                   N=6818              %  
Male 24349        (56.90) 3723        (54.61) 

Female 18387        (42.96) 3056        (44.82) 
Other / choose not to answer 60        (  0.14) 39        (  0.57) 

Age (in years) N=42796              % N=6772              %   
18 to 25 3471        (  8.11) 477        (  7.04) 
26 to 35 8695        (20.32) 1256        (18.55) 
36 to 50 11857        (27.71) 1851        (27.33) 
51 to 64 12141        (28.37) 2100        (31.01) 

65 or older 6632        (15.50) 1088        (16.07) 
County N=42796              % N=6864              % 

Barnstable 1567        (  3.66) 245        (  3.57) 
Berkshire 1052        (  2.46) 210        (  3.06) 

Bristol 3155        (  7.37) 460        (  6.70) 
Dukes 95        (  0.22) 23        (  0.34) 
Essex 4950        (11.57) 743        (10.82) 

Franklin 670        (  1.57) 156        (  2.27) 
Hampden 2974        (  6.95) 501        (  7.30) 

Hampshire 1962        (  4.58) 392        (  5.71) 
Middlesex 9969        (23.29) 1536        (22.38) 
Nantucket 40        (  0.09) 6        (  0.09) 

Norfolk 4808        (11.23) 639        (  9.31) 
Plymouth 3686        (  8.61) 533        (  7.77) 

Suffolk 3936        (  9.20) 658        (  9.59) 
Worcester 3876        (  9.06) 606        (  8.87) 

Not provided 56        (  0.13) 223        (  0.02) 
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Respondent Demographics 
 

Approximately equal proportions of all respondents were male compared to female 
(55% vs. 45%) or under 51 years old (53% vs. 47%). A majority of respondents were 
Non-Hispanic White (87%), followed by Hispanic (5%), and Non-Hispanic Black or 
African American (3%). Less than 3% of respondents identified as more than one race, 
or other (Asian, Native Hawaiian, Pacific Islander, American Indian, Alaska Native, or 
other). 98% of all respondents reported their highest level of education as at least high 
school graduation or GED, while over 50% reported receiving a Bachelor’s degree or 
higher.  Less than 10% reported an annual household income below $15,000, with the 
majority reporting over $40,000. Less than 1% of women were currently pregnant or 
breastfeeding.  
 
Table 2A shows results of significance tests comparing demographic characteristics by 
gender. A significantly larger proportion of female than male respondents reported their 
highest education as a professional degree beyond a Bachelor’s degree (27% vs. 22%). 
Female respondents reported annual household incomes between $15,000 and 
$75,000 compared to males (46% vs. 38%), while a larger proportion of male 
respondents than female reported annual household incomes above $75,000 (53% vs. 
44%).  
 
Table 2B shows results of significance tests comparing demographic characteristics by 
age group. The racial distribution of respondents under the age of 51 was significantly 
more diverse than respondents over the age of 50, as exhibited by the proportion of 
non-Hispanic White respondents (83% vs. 93%). Most notably, a larger proportion of 
Hispanic respondents were under age 51 than over 50. A larger proportion of 
respondents over the age of 50 than under had professional degrees beyond a 
Bachelor’s degree (29% vs. 20%). Older respondents reported annual household 
income earnings above $100,000 at a higher rate than younger respondents (38% vs. 
34%).  
 
Table 2C shows results of significance tests comparing demographic characteristics by 
educational attainment. A larger proportion of respondents with at least a Bachelor’s 
degree than respondents without a degree were aged 65 years or older (20% vs. 12%) 
or between 26 to 35 years old (20% vs. 17%), while a larger proportion of respondents 
without a Bachelor’s degree were aged between 18 and 25 (10% vs. 4%) and 51 to 64 
(33% vs. 29%). A larger proportion of respondents with at least a Bachelor’s degree 
identified as non-Hispanic White compared to respondents with an educational 
attainment below a Bachelor’s degree (90% vs. 84%). Respondents with at least a 
Bachelor’s degree also reported annual household incomes above $75,000 at higher 
rates than participants without a Bachelor’s degree (63% vs. 33%).
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Table 2A: DPH Patient Survey Characteristics of Respondents by Gender  

  
Total 

N 
% 

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

Gender 6818     no test 
Male 3723 

54.61 
      

Female 3056 
44.82 

      

Other / choose not to answer 39 
0.57 

      

Age (in years) 6772     ** 
18 to 25 477 

7.04 
244 
6.66 

214 
7.13 

  

26 to 35 1256 
18.55 

668 
18.23 

543 
18.10 

  

36 to 50 1851 
27.33 

1012 
27.62 

819 
27.30 

  

51 to 64 2100 
31.01 

1091 
29.78 

991 
33.03 

  

65 or older 1088 
16.07 

649 
17.71 

433 
14.43 

  

Race/Ethnicity 6672     ns 
White or Caucasian, non-Hispanic 5834 

87.44 
3138 

87.39 
2623 

87.70 
  

Black or African-American, non-Hispanic 188 
2.82 

102 
2.84 

83 
2.77 

  

Asian, non-Hispanic 52 
0.78 

29 
0.81 

22 
0.74 

  

Native Hawaiian, Pacific Islander, 
American Indian or Alaska Native, non-

Hispanic 

14 
0.21 

8 
0.22 

6 
0.20 

  

More than one race, non-Hispanic 171 
2.56 

79 
2.20 

89 
2.98 

  

Hispanic 323 
4.84 

183 
5.10 

133 
4.45 

  

Other 90 
1.35 

52 
1.45 

35 
1.17 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 2A. DPH Patient Survey Characteristics of Respondents by 
Gender 

  
Total 

N 
% 

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

Highest level of education completed 6877     **** 
Less than high school 131 

1.90 
91 

2.45 
37 

1.21 
  

High school or GED 816 
11.87 

483 
12.98 

320 
10.50 

  

Some college credit, less than Bachelor's 
degree 

2335 
33.95 

1233 
33.14 

1066 
34.96 

  

 cBachelor's degree 1930 
28.06 

1097 
29.48 

804 
26.37 

  

Professional degree beyond a Bachelor's 
degree 

1665 
24.21 

817 
21.96 

822 
26.96 

  

Annual household income (all sources) 6279     **** 
Less than $15,000 578 

9.21 
285 
8.39 

275 
9.85 

  

$15,000 to $39,999 1147 
18.27 

559 
16.46 

564 
20.19 

  

$40,000 to $74,999 1475 
23.49 

743 
21.88 

713 
25.53 

  

$75,000 to $99,999 847 
13.49 

467 
13.75 

369 
13.21 

  

$100,000 or more 2232 
35.55 

1342 
39.52 

872 
31.22 

  

Currently Pregnant 3070     no test 
No 3054 

99.48 
      

Yes 16 
0.52 

      

Currently Breastfeeding 3061     no test 
No 3058 

99.90 
      

Yes 3 
0.10 

      

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 2B: DPH Patient Survey Characteristics of Respondents by Age Group 

  
Total 

N 
%  

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Gender 6818     **** 
Male 3723 

54.61 
1924 

54.01 
1740 

54.79 
  

Female 3056 
44.82 

1576 
44.24 

1424 
44.84 

  

Other / choose not to answer 39 
0.57 

37 
1.04 

2 
0.06 

  

Age (in years) 6772     no test 
18 to 25 477 

7.04 
      

26 to 35 1256 
18.55 

      

36 to 50 1851 
27.33 

      

51 to 64 2100 
31.01 

      

65 or older 1088 
16.07 

      

Race/Ethnicity 6672     **** 
White or Caucasian, non-Hispanic 5834 

87.44 
2860 

82.66 
2868 

92.52 
  

Black or African-American, non-Hispanic 188 
2.82 

124 
3.58 

64 
2.06 

  

Asian, non-Hispanic 52 
0.78 

44 
1.27 

8 
0.26 

  

Native Hawaiian, Pacific Islander, 
American Indian or Alaska Native, non-

Hispanic 

14 
0.21 

5 
0.14 

9 
0.29 

  

More than one race, non-Hispanic 171 
2.56 

112 
3.24 

57 
1.84 

  

Hispanic 323 
4.84 

265 
7.66 

55 
1.77 

  

Other 90 
1.35 

50 
1.45 

39 
1.26 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 2B: DPH Patient Survey Characteristics of Respondents by Age 
Group 

  
Total 

N 
%  

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Highest Level of Education Completed 6877     **** 
Less than high school 131 

1.90 
81 

2.26 
45 

1.41 
  

High school or GED 816 
11.87 

434 
12.13 

367 
11.53 

  

Some college credit, less than Bachelor's 
degree 

2335 
33.95 

1235 
34.53 

1052 
33.05 

  

Bachelor's degree 1930 
28.06 

1108 
30.98 

797 
25.04 

  

Professional degree beyond a Bachelor's 
degree 

1665 
24.21 

719 
20.10 

922 
28.97 

  

Annual Household Income (all sources) 6279     **** 
Less than $15,000 578 

9.21 
371 

11.23 
200 
6.98 

  

$15,000 to $39,999 1147 
18.27 

619 
18.73 

504 
17.58 

  

$40,000 to $74,999 1475 
23.49 

766 
23.18 

677 
23.61 

  

$75,000 to $99,999 847 
13.49 

437 
13.22 

399 
13.92 

  

$100,000 or more 2232 
35.55 

1112 
33.65 

1087 
37.91 

  

Currently Pregnant 3070     *** 
No 3054 

99.48 
1581 

99.06 
1417 

99.93 
  

Yes 16 
0.52 

15 
0.94 

1 
0.07 

  

Currently Breastfeeding 3061     ns 
No 3058 

99.90 
1589 

99.81 
1413 

100.00 
  

Yes 3 
0.10 

3 
0.19 

0 
0.00 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 2C: DPH Patient Survey Characteristics of Respondents by Education  

  
Total 

N 
%  

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Gender 6818     ns 
Male 3723 

54.61 
1807 

55.70 
1914 

53.70 
  

Female 3056 
44.82 

1423 
43.87 

1626 
45.62 

  

Other / choose not to answer 39 
0.57 

14 
0.43 

24 
0.67 

  

Age (in years) 6772     **** 
18 to 25 477 

7.04 
320 
9.96 

157 
4.43 

  

26 to 35 1256 
18.55 

533 
16.58 

721 
20.33 

  

36 to 50 1851 
27.33 

897 
27.91 

949 
26.76 

  

51 to 64 2100 
31.01 

1076 
33.48 

1021 
28.79 

  

65 or older 1088 
16.07 

388 
12.07 

698 
19.68 

  

Race/Ethnicity 6672     **** 
White or Caucasian, non-Hispanic 5834 

87.44 
2693 

84.39 
3134 

90.26 
  

Black or African-American, non-Hispanic 188 
2.82 

119 
3.73 

68 
1.96 

  

Asian, non-Hispanic 52 
0.78 

17 
0.53 

35 
1.01 

  

Native Hawaiian, Pacific Islander, 
American Indian or Alaska Native, non-

Hispanic 

14 
0.21 

13 
0.41 

1 
0.03 

  

More than one race, non-Hispanic 171 
2.56 

91 
2.85 

80 
2.30 

  

Hispanic 323 
4.84 

209 
6.55 

113 
3.25 

  

Other 90 
1.35 

49 
1.54 

41 
1.18 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 



 

61 
 

(Continued) Table 2C: DPH Patient Survey Characteristics of Respondents by 
Education  

  
Total 

N 
%  

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Highest level of education completed 6877     no test 
Less than high school 131 

1.90 
      

High school or GED 816 
11.87 

      

Some college credit, less than Bachelor's 
degree 

2335 
33.95 

      

Bachelor's degree 1930 
28.06 

      

Professional degree beyond a Bachelor's 
degree 

1665 
24.21 

      

Annual household income (all sources) 6279     **** 
Less than $15,000 578 

9.21 
436 

14.65 
141 
4.28 

  

$15,000 to $39,999 1147 
18.27 

777 
26.11 

368 
11.18 

  

$40,000 to $74,999 1475 
23.49 

779 
26.18 

694 
21.08 

  

$75,000 to $99,999 847 
13.49 

344 
11.56 

500 
15.18 

  

$100,000 or more 2232 
35.55 

640 
21.51 

1590 
48.28 

  

Currently Pregnant 3070     ns 
No 3054 

99.48 
1420 

99.58 
1626 

99.39 
  

Yes 16 
0.52 

6 
0.42 

10 
0.61 

  

Currently Breastfeeding 3061     ns 
No 3058 

99.90 
1415 

99.86 
1636 

99.94 
  

Yes 3 
0.10 

2 
0.14 

1 
0.06 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
 
Marijuana and Marijuana Product Use 
 

Table 3A, 3B, and 3C show results of survey responses pertaining to marijuana and 
marijuana product use, with comparisons by gender, age group, and educational 
attainment, respectively. All survey respondents were asked to report on the number of 
days in the past 30 days that they used marijuana or marijuana products. On average, 
respondents reported marijuana use for 23.5 days out of 30. Over 60% of respondents 
reported marijuana use for over 20 out of 30 days, while approximately 8% reported no 
use. A slightly higher rate of respondents under the age of 51 reported at least 11 days 
of use compared to respondents over age 50 (82% vs. 76%). A larger proportion of 
respondents without a Bachelor’s degree than respondents with a Bachelor’s degree 
reported use for over 20 out of 30 days (65% vs. 56%).  
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Respondents who indicated having used marijuana or marijuana products at least once 
in the past 30 days were asked to report their total monthly expenditures on marijuana 
and marijuana products. Almost 40% of these respondents reported spending at least 
$201 on marijuana or marijuana products in the past 30 days, while only 10% reported 
spending nothing. On average, male respondents reported spending approximately $20 
more than females, with a larger proportion of males than females spending at least 
$151 (56% vs. 51%). Respondents under age 51 reported spending an average of $82 
more than older respondents, with a larger proportion of younger respondents than 
older spending at least $151 (60% vs. 47%). Respondents without a Bachelor’s degree 
spent approximately $71 more than respondents with a Bachelor’s degree, with a larger 
proportion of respondents without a Bachelor’s spending at least $151 (61% vs. 48%). 
 
All survey respondents were asked to indicate the purpose of their marijuana use in the 
past 30 days. 93% of respondents reported medical use of marijuana certified by a 
medical practitioner, 6% reported medical use not certified by a medical practitioner, 
and 17% of respondents reported recreational use of marijuana. Respondents younger 
than 51 years old reported higher rates of recreational use than older respondents (20% 
vs, 14%). Respondents with a Bachelor’s degree reported higher rates of recreational 
use than respondents without a Bachelor’s degree (20% vs. 14%). 
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Table 3A: DPH Patient Survey Marijuana and Marijuana Products by Gender  

  
Total 

N 
%   

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

Number of days in past 30 days using 
marijuana (Mean; Std.)   

23.53 
8.58 

23.78 
8.36 

23.20 
8.86 

** 

Number of days in past 30 days using 
marijuana 

6640     * 

0 days 529 
7.97 

278 
7.78 

237 
8.01 

  

1-5 days 370 
5.57 

168 
4.70 

196 
6.63 

  

6-10 days 495 
7.45 

260 
7.28 

230 
7.78 

  

11-20 days 1223 
18.42 

662 
18.54 

546 
18.46 

  

21-30 days 4023 
60.59 

2203 
61.69 

1748 
59.11 

  

Money spent on marijuana in past 30 
days (Mean; Std.) † 

$245.59 
313.61 

$255.06 
286.36 

$235.00 
346.64 

* 

Total money spent on marijuana / 
products in past 30 days    

4798     **** 

$0  496 
10.34 

226 
8.65 

263 
12.43 

  

$1 - $50 348 
7.25 

190 
7.27 

149 
7.04 

  

$51 to $100 809 
16.86 

450 
17.21 

346 
16.36 

  

$101 to $150 571 
11.90 

287 
10.98 

278 
13.14 

  

$151 to $200 687 
14.32 

383 
14.65 

294 
13.90 

  

$201 or more 1887 
39.33 

1078 
41.24 

785 
37.12 

  

Purpose of marijuana use †‡         
Recreational (non-medical, e.g., to get 

high) only 
1038 

17.00 
585 

17.79 
428 

15.74 
* 

Medical use NOT certified by a qualified 
practitioner only 

380 
6.22 

238 
7.24 

134 
4.93 

*** 

Medical use certified by a qualified 
practitioner only 

5690 
93.2 

3029 
92.09 

2567 
94.41 

*** 

† Among respondents indicating use of marijuana or marijuana products at least once in past 30 days 
(N=6111) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 3B: DPH Patient Survey Marijuana and Marijuana Product Use by Age 
Group  

  
Total 

N 
%   

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Number of Days in Past 30 Days Using 
Marijuana (Mean; Std.)   

23.53 
8.58 

23.93 
8.27 

23.08 
8.89 

*** 

Number of days in past 30 days using 
marijuana 

6640     **** 

0 days 529 
7.97 

243 
7.01 

268 
8.76 

  

1-5 days 370 
5.57 

171 
4.93 

191 
6.24 

  

6-10 days 495 
7.45 

221 
6.37 

266 
8.69 

  

11-20 days 1223 
18.42 

664 
19.15 

546 
17.84 

  

21-30 days 4023 
60.59 

2168 
62.53 

1790 
58.48 

  

Money Spent on Marijuana in Past 30 
Days (Mean; Std.) † 

$245.59 
313.61 

$285.14 
379.04 

$203.03 
216.65 

**** 

Total money spent on marijuana / 
products in past 30 days    

4798     **** 

$0  496 
10.34 

192 
7.75 

293 
13.04 

  

$1 - $50 348 
7.25 

145 
5.86 

196 
8.72 

  

$51 to $100 809 
16.86 

385 
15.55 

412 
18.34 

  

$101 to $150 571 
11.90 

269 
10.86 

297 
13.22 

  

$151 to $200 687 
14.32 

368 
14.86 

310 
13.80 

  

$201 or more 1887 
39.33 

1117 
45.11 

739 
32.89 

  

Purpose of Marijuana Use †‡         
Recreational (non-medical, e.g., to get 

high) only 
1038 

17.00 
651 

20.20 
381 

13.66 
**** 

Medical use NOT certified by a qualified 
practitioner only 

380 
6.22 

172 
5.34 

203 
7.28 

* 

Medical use certified by a qualified 
practitioner only 

5690 
93.2 

3024 
93.85 

2578 
92.40 

** 

† Among respondents indicating use of marijuana or marijuana products at least once in past 30 days 
(N=6111) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 3C: DPH Patient Survey Marijuana and Marijuana Products Use by 
Education  

  
Total 

N 
%   

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Number of days in past 30 days using 
marijuana (Mean; Std.)   

23.53 
8.58 

24.82 
7.94 

22.40 
8.96 

**** 

Number of days in past 30 days using 
marijuana 

6640     **** 

0 days 529 
7.97 

286 
9.06 

242 
6.98 

  

1-5 days 370 
5.57 

122 
3.86 

245 
7.07 

  

6-10 days 495 
7.45 

180 
5.70 

314 
9.06 

  

11-20 days 1223 
18.42 

507 
16.06 

713 
20.58 

  

21-30 days 4023 
60.59 

2062 
65.32 

1951 
56.31 

  

Money spent on marijuana in past 30 
days (Mean; Std.) † 

$245.59 
313.61 

$285.18 
379.25 

$213.81 
243.93 

**** 

Total money spent on marijuana / 
products in past 30 days    

4798     **** 

$0  496 
10.34 

167 
7.79 

327 
12.38 

  

$1 - $50 348 
7.25 

129 
6.01 

218 
8.25 

  

$51 to $100 809 
16.86 

315 
14.69 

491 
18.59 

  

$101 to $150 571 
11.90 

236 
11.00 

334 
12.65 

  

$151 to $200 687 
14.32 

299 
13.94 

386 
14.62 

  

$201 or more 1887 
39.33 

999 
46.57 

885 
33.51 

  

Purpose of marijuana use †‡         
Recreational (non-medical, e.g., to get 

high) only 
1038 

17.00 
402 

14.01 
633 

19.66 
**** 

Medical use NOT certified by a qualified 
practitioner only 

380 
6.22 

186 
6.48 

194 
6.02 

ns 

Medical use certified by a qualified 
practitioner only 

5690 
93.2 

2673 
93.17 

3000 
93.17 

ns 

† Among respondents indicating use of marijuana or marijuana products at least once in past 30 days 
(N=6111) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Medical Conditions for Marijuana and Marijuana Product Use 
 

Tables 4A, 4B, and 4C summarize results of survey responses pertaining to medical 
conditions for which marijuana and marijuana products were used, with comparisons by 
gender, age group, and educational attainment, respectively. Respondents who did not 
use marijuana or marijuana products for medical use in the past 30 days (whether 
certified or uncertified) were asked to indicate all medical conditions for which they used 
marijuana or marijuana products. Note that percentages in Tables 4A, 4B, and 4C add 
to more than 100% because of multiple conditions being treated at the same time. 
 
The most common medical condition for which respondents indicated marijuana use 
was anxiety (60%), followed by chronic pain (46%), insomnia (43%), depression (42%), 
and stress (41%). Respondents also reported treating arthritis, headaches/migraines, 
muscle spasms, PTSD, and nausea at rates between 16 and 26%. 
 
A significantly larger proportion of female respondents than male reported using 
marijuana or marijuana products to treat anxiety, arthritis, bowel distress, depression, 
fibromyalgia, headaches/migraines, multiple sclerosis, nausea, osteoarthritis, PTSD, 
vomiting, and “other”. A larger proportion of male respondents than female reported 
using marijuana or marijuana products to treat ADHD, alcohol dependency, diabetes, 
HIV/AIDS, and sleep apnea.  
 
A larger proportion of respondents 51 years or older reported using marijuana or 
marijuana products to treat arthritis, cancer, chronic pain, diabetes, glaucoma, 
HIV/AIDS, hypertension, neuropathy, and osteoarthritis. A larger proportion of 
respondents under 51 years old reported using marijuana or marijuana products to treat 
ADHD, anxiety, bipolar disorder, bowel distress, depression, headaches/migraines, 
insomnia, loss of appetite, nausea, OCD, PTSD, stress, and vomiting. 
 
Respondents with a Bachelor’s degree did not report using marijuana or marijuana 
products to treat any of the medical conditions at higher rates than respondents without 
a Bachelor’s degree. Respondents without a Bachelor’s degree reported using 
marijuana or marijuana products at higher rates than respondents with a Bachelor’s 
degree to treat ADHD, anxiety, arthritis, bipolar disorder, carpal tunnel, chronic pain, 
depression, diabetes, fibromyalgia, headaches/migraines, loss of appetite, muscle 
spasms, nausea, OCD, opioid use, PTSD, seizures, sleep apnea, and stress. 
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Table 4A: DPH Patient Survey Medical Use of Marijuana and Marijuana Product 
Use, Medical Conditions Treated by Gender  

  Total 
N 
% 

Gender 
Male 

(N=3293) 
Female 

(N=2720) p-value 

Marijuana used for medical purposes  6111     * 
No 195 

3.19 
122 
3.70 

70 
2.57 

 

Yes 5916 
96.81 

3171 
96.30 

2650 
97.43 

 

Medical condition (s) for which 
respondent uses marijuana or marijuana 
products †‡  

5916      

ADHD 711 
12.02 

424 
13.37 

260 
9.81 

**** 

Alcohol Dependency 164 
2.77 

120 
3.78 

42 
1.58 

**** 

Anxiety 3559 
60.16 

1773 
55.91 

1719 
64.87 

**** 

Arthritis 1563 
26.42 

784 
24.72 

759 
28.64 

*** 

Asthma 190 
3.21 

83 
2.62 

101 
3.81 

** 

  Bipolar Disorder 336 
5.68 

167 
5.27 

162 
6.11 

ns 

Bowel Distress 562 
9.50 

232 
7.32 

318 
12.00 

**** 

Cancer 331 
5.59 

186 
5.87 

141 
5.32 

ns 

Carpal Tunnel 214 
3.62 

101 
3.19 

111 
4.19 

* 

Chronic Pain 2749 
46.47 

1456 
45.92 

1247 
47.06 

ns 

Crohn's Disease 159 
2.69 

80 
2.52 

78 
2.94 

ns 

Depression 2463 
41.63 

1213 
38.25 

1195 
45.09 

**** 

Diabetes 216 
3.65 

160 
5.05 

55 
2.08 

**** 

Fibromyalgia 444 
7.51 

76 
2.40 

359 
13.55 

**** 

Glaucoma 143 
2.42 

91 
2.87 

52 
1.96 

* 

† Among respondents indicating medical use of marijuana or marijuana products (certified or uncertified) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 4A: DPH Patient Survey Medical Use of Marijuana and 
Marijuana Product Use, Medical Conditions Treated by Gender  

  
Total 

N 
% 

Gender 
Male 

(N=3293) 
Female 

(N=2720) p-value 

Medical condition (s) for which 
respondent uses marijuana or marijuana 
products †‡  

5916       

Headaches/Migraines 1185 
20.03 

464 
14.63 

693 
26.15 

**** 

Hepatitis C 56 
0.95 

41 
1.29 

14 
0.53 

** 

HIV/AIDS 43 
0.73 

38 
1.20 

5 
0.19 

**** 

Huntington's Disease 2 
0.03 

1 
0.03 

1 
0.04 

ns 

Hypertension 318 
5.38 

201 
6.34 

111 
4.19 

*** 

Insomnia 2524 
42.66 

1326 
41.82 

1152 
43.47 

ns 

Loss of Appetite 744 
12.58 

396 
12.49 

323 
12.19 

ns 

Multiple Sclerosis 140 
2.37 

45 
1.42 

94 
3.55 

**** 

Muscle Spasms 1050 
17.75 

516 
16.27 

518 
19.55 

** 

Muscular Dystrophy 15 
0.25 

11 
0.35 

3 
0.11 

ns 

Nausea 955 
16.14 

381 
12.02 

550 
20.75 

**** 

Neuropathy 611 
10.33 

287 
9.05 

313 
11.81 

*** 

OCD 276 
4.67 

119 
3.75 

152 
5.74 

*** 

Opioid Use 133 
2.25 

92 
2.90 

38 
1.43 

*** 

Osteoarthritis 466 
7.88 

183 
5.77 

280 
10.57 

**** 

PTSD 1005 
16.99 

464 
14.63 

512 
19.32 

**** 

Schizophrenia 17 
0.29 

13 
0.41 

2 
0.08 

* 

† Among respondents indicating medical use of marijuana or marijuana products (certified or uncertified) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued)Table 4A: DPH Patient Survey Medical Use of Marijuana and Marijuana 
Product Use, Medical Conditions Treated by Gender  

  
Total 

N 
% 

Gender 
Male 

(N=3293) 
Female 

(N=2720) p-value 

Medical condition (s) for which 
respondent uses marijuana or marijuana 
products †‡  

5916       

Seizures 114 
1.93 

60 
1.89 

52 
1.96 

ns 

Skin Conditions 149 
2.52 

60 
1.89 

84 
3.17 

** 

Sleep Apnea 536 
9.06 

371 
11.70 

155 
5.85 

**** 

  Stress 2408 
40.70 

1259 
39.70 

1095 
41.32 

ns 

Tourette's Syndrome 18 
0.30 

16 
0.50 

2 
0.08 

** 

Tremors 126 
2.13 

67 
2.11 

56 
2.11 

ns 

Vomiting 224 
3.79 

88 
2.78 

129 
4.87 

**** 

Wasting 31 
0.52 

18 
0.57 

12 
0.45 

ns 

Weight Loss 243 
4.11 

128 
4.04 

109 
4.11 

ns 

Other 779 
13.17 

360 
11.35 

406 
15.32 

**** 

† Among respondents indicating medical use of marijuana or marijuana products (certified or uncertified) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 4B: DPH Patient Survey Medical Use of Marijuana and Marijuana Product 
Use, Medical Conditions Treated by Age Group   

  Total 
N 
% 

Age Group 
≤ 50 years 
(N=3224) 

≥ 51 years 
(N=2793) p-value 

Marijuana used for medical purposes  6111     ns 
No 195 

3.19 
114 
3.54 

78 
2.79 

 

Yes 5916 
96.81 

3110 
96.46 

2715 
97.21 

 

Medical condition (s) for which 
respondent uses marijuana or marijuana 
products †‡  

5916      

ADHD 711 
12.02 

555 
17.85 

153 
5.64 

**** 

Alcohol Dependency 164 
2.77 

110 
3.54 

54 
1.99 

*** 

Anxiety 3559 
60.16 

2269 
72.96 

1243 
45.78 

**** 

Arthritis 1563 
26.42 

481 
15.47 

1053 
38.78 

**** 

Asthma 190 
3.21 

98 
3.15 

87 
3.20 

ns 

Bipolar Disorder 336 
5.68 

268 
8.62 

64 
2.36 

**** 

Bowel Distress 562 
9.50 

347 
11.16 

207 
7.62 

**** 

Cancer 331 
5.59 

77 
2.48 

242 
8.91 

**** 

Carpal Tunnel 214 
3.62 

110 
3.54 

99 
3.65 

ns 

Chronic Pain 2749 
46.47 

1293 
41.58 

1412 
52.01 

**** 

Crohn's Disease 159 
2.69 

96 
3.09 

58 
2.14 

* 

Depression 2463 
41.63 

1611 
51.80 

823 
30.31 

**** 

Diabetes 216 
3.65 

68 
2.19 

144 
5.30 

**** 

Fibromyalgia 444 
7.51 

211 
6.78 

224 
8.25 

* 

Glaucoma 143 
2.42 

31 
1.00 

111 
4.09 

**** 

† Among respondents indicating medical use of marijuana or marijuana products (certified or uncertified) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 4B: DPH Patient Survey Medical Use of Marijuana and 
Marijuana Product Use, Medical Conditions Treated by Age Group   

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3224) 

≥ 51 years 
(N=2793) p-value 

Medical condition (s) for which 
respondent uses marijuana or marijuana 
products †‡  

5916       

Headaches/Migraines 1185 
20.03 

814 
26.17 

352 
12.97 

**** 

Hepatitis C 56 
0.95 

21 
0.68 

35 
1.29 

* 

HIV/AIDS 43 
0.73 

13 
0.42 

30 
1.10 

** 

Huntington's Disease 2 
0.03 

0 
0.00 

2 
0.07 

ns 

Hypertension 318 
5.38 

112 
3.60 

200 
7.37 

**** 

Insomnia 2524 
42.66 

1434 
46.11 

1059 
39.01 

**** 

Loss of Appetite 744 
12.58 

529 
17.01 

203 
7.48 

**** 

Multiple Sclerosis 140 
2.37 

63 
2.03 

76 
2.80 

ns 

Muscle Spasms 1050 
17.75 

542 
17.43 

494 
18.20 

ns 

Muscular Dystrophy 15 
0.25 

9 
0.29 

6 
0.22 

ns 

Nausea 955 
16.14 

638 
20.51 

298 
10.98 

**** 

Neuropathy 611 
10.33 

213 
6.85 

388 
14.29 

**** 

OCD 276 
4.67 

220 
7.07 

56 
2.06 

**** 

Opioid Use 133 
2.25 

76 
2.44 

55 
2.03 

ns 

Osteoarthritis 466 
7.88 

95 
3.05 

359 
13.22 

**** 

PTSD 1005 
16.99 

634 
20.39 

352 
12.97 

**** 

Schizophrenia 17 
0.29 

14 
0.45 

3 
0.11 

* 

† Among respondents indicating medical use of marijuana or marijuana products (certified or uncertified) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 4B: DPH Patient Survey Medical Use of Marijuana and 
Marijuana Product Use, Medical Conditions Treated by Age Group 
  

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3224) 

≥ 51 years 
(N=2793) p-value 

Medical condition (s) for which 
respondent uses marijuana or marijuana 
products †‡  

5916       

Seizures 114 
1.93 

71 
2.28 

40 
1.47 

* 

Skin Conditions 149 
2.52 

84 
2.70 

65 
2.39 

ns 

Sleep Apnea 536 
9.06 

263 
8.46 

266 
9.80 

ns 

Stress 2408 
40.70 

1529 
49.16 

845 
31.12 

**** 

Tourette's Syndrome 18 
0.30 

13 
0.42 

5 
0.18 

ns 

Tremors 126 
2.13 

60 
1.93 

66 
2.43 

ns 

Vomiting 224 
3.79 

164 
5.27 

55 
2.03 

**** 

Wasting 31 
0.52 

17 
0.55 

14 
0.52 

ns 

Weight Loss 243 
4.11 

149 
4.79 

91 
3.35 

** 

Other 779 
13.17 

374 
12.03 

401 
14.77 

** 

† Among respondents indicating medical use of marijuana or marijuana products (certified or uncertified) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 4C: DPH Patient Survey Medical Use of Marijuana and Marijuana Product 
Use, Medical Conditions Treated by Education  

  Total 
N 
% 

Education 
< Bachelor's 

(N=2871) 
≥ Bachelor's 

(N=3223) p-value 

Marijuana used for medical purposes  6111     ns 
No 195 

3.19 
86 

3.00 
109 
3.38 

 

Yes 5916 
96.81 

2785 
97.00 

3114 
96.62 

 

Medical condition (s) for which 
respondent uses marijuana or marijuana 
products †‡  

5916      

ADHD 711 
12.02 

403 
14.47 

307 
9.86 

**** 

Alcohol Dependency 164 
2.77 

85 
3.05 

79 
2.54 

ns 

Anxiety 3559 
60.16 

1784 
64.06 

1768 
56.78 

**** 

Arthritis 1563 
26.42 

835 
29.98 

725 
23.28 

**** 

Asthma 190 
3.21 

111 
3.99 

79 
2.54 

** 

Bipolar Disorder 336 
5.68 

237 
8.51 

97 
3.11 

**** 

Bowel Distress 562 
9.50 

268 
9.62 

292 
9.38 

ns 

Cancer 331 
5.59 

139 
4.99 

191 
6.13 

ns 

Carpal Tunnel 214 
3.62 

138 
4.96 

76 
2.44 

**** 

Chronic Pain 2749 
46.47 

1460 
52.42 

1284 
41.23 

**** 

Crohn's Disease 159 
2.69 

64 
2.30 

95 
3.05 

ns 

Depression 2463 
41.63 

1327 
47.65 

1128 
36.22 

**** 

Diabetes 216 
3.65 

131 
4.70 

84 
2.70 

**** 

Fibromyalgia 444 
7.51 

278 
9.98 

163 
5.23 

**** 

Glaucoma 143 
2.42 

68 
2.44 

75 
2.41 

ns 

† Among respondents indicating medical use of marijuana or marijuana products (certified or uncertified) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 4C: DPH Patient Survey Medical Use of Marijuana and 
Marijuana Product Use, Medical Conditions Treated by Education  

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2871) 
≥ Bachelor's 

(N=3223) p-value 

Medical condition (s) for which 
respondent uses marijuana or marijuana 
products †‡  

5916       

Headaches/Migraines 1185 
20.03 

669 
24.02 

510 
16.38 

**** 

Hepatitis C 56 
0.95 

37 
1.33 

18 
0.58 

** 

HIV/AIDS 43 
0.73 

27 
0.97 

16 
0.51 

* 

Huntington's Disease 2 
0.03 

1 
0.04 

1 
0.03 

ns 

Hypertension 318 
5.38 

180 
6.46 

137 
4.40 

*** 

Insomnia 2524 
42.66 

1213 
43.55 

1304 
41.88 

ns 

Loss of Appetite 744 
12.58 

438 
15.73 

302 
9.70 

**** 

Multiple Sclerosis 140 
2.37 

68 
2.44 

72 
2.31 

ns 

Muscle Spasms 1050 
17.75 

617 
22.15 

428 
13.74 

**** 

Muscular Dystrophy 15 
0.25 

10 
0.36 

5 
0.16 

ns 

Nausea 955 
16.14 

514 
18.46 

436 
14.00 

**** 

Neuropathy 611 
10.33 

325 
11.67 

282 
9.06 

** 

OCD 276 
4.67 

165 
5.92 

111 
3.56 

**** 

Opioid Use 133 
2.25 

98 
3.52 

35 
1.12 

**** 

Osteoarthritis 466 
7.88 

221 
7.94 

244 
7.84 

ns 

PTSD 1005 
16.99 

626 
22.48 

377 
12.11 

**** 

Schizophrenia 17 
0.29 

14 
0.50 

3 
0.10 

** 

† Among respondents indicating medical use of marijuana or marijuana products (certified or uncertified) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 4C: DPH Patient Survey Medical Use of Marijuana and 
Marijuana Product Use, Medical Conditions Treated by Education  

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2871) 
≥ Bachelor's 

(N=3223) p-value 

Medical condition (s) for which 
respondent uses marijuana or marijuana 
products †‡  

5916       

Seizures 114 
1.93 

74 
2.66 

38 
1.22 

**** 

Skin Conditions 149 
2.52 

73 
2.62 

76 
2.44 

ns 

Sleep Apnea 536 
9.06 

315 
11.31 

221 
7.10 

**** 

Stress 2408 
40.70 

1266 
45.46 

1135 
36.45 

**** 

Tourette's Syndrome 18 
0.30 

10 
0.36 

8 
0.26 

ns 

Tremors 126 
2.13 

71 
2.55 

54 
1.73 

* 

Vomiting 224 
3.79 

127 
4.56 

95 
3.05 

** 

Wasting 31 
0.52 

11 
0.39 

20 
0.64 

ns 

Weight Loss 243 
4.11 

136 
4.88 

106 
3.40 

** 

Other 779 
13.17 

347 
12.46 

430 
13.81 

ns 

† Among respondents indicating medical use of marijuana or marijuana products (certified or uncertified) 
‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 

 
Methods of Marijuana / Marijuana Product Administration 
 

Tables 5A, 5B, and 5C summarize results of survey responses pertaining to methods of 
marijuana and marijuana product administration used in the past 30 days, with 
comparisons by gender, age group, and educational attainment, respectively. 
Respondents were asked additional questions regarding their typical use of marijuana 
and the methods of marijuana or marijuana product administration used in the past 30 
days. Further, for each method of administration reported, respondents were asked to 
provide further detail on the frequency and amount of marijuana product used. 
All respondents who indicated using marijuana at least once in the past 30 days where 
asked to indicated which methods of marijuana administration they used in the past 30 
days. 16% of these respondents used only 1 method in the past 30 days, 26% used 2 
methods, 26% used 3, and 31% used 4 or more. A larger proportion of respondents 
aged 51 or older than younger respondents reported using 1 or 2 methods (51% vs. 
34%), while a larger proportion of younger respondents reported using 4 or 5+ methods 
(38% vs. 22%). A larger proportion of respondents without a Bachelor’s degree than 
with a degree reported using 4 or more methods (34% vs. 27%), while a larger 
proportion of older respondents than younger reported using 2 or 3 methods (56% vs. 
49%).  
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All respondents who indicated using marijuana or marijuana products at least once in 
the past 30 days where asked to report on the amount of THC and CBD in their typical 
marijuana or marijuana product use. 45% of these respondents reported typical use of 
marijuana or marijuana products that contain higher amounts of THC, 34% reported 
approximately equal amounts of THC and CBD, and 14% reported higher amounts of 
CBD. Almost 7% of respondents reported that they did not know. A larger proportion of 
males than females reported using products higher in THC (53% vs. 37%), while a 
larger proportion of females than males reported using products with higher amounts of 
CBD (17% vs. 11%) or equal amounts of THC and CBD (37% vs. 31%). A larger 
proportion of respondents under the age of 51 compared to older respondents reported 
using products higher in THC (50% vs. 40%), while a larger proportion of older 
respondents compared to younger reported using products higher in CBD (17% vs. 
11%) or not knowing (9% vs. 5%). A slightly higher proportion of respondents without a 
Bachelor’s degree than with a degree reported using products higher in THC or 
containing equal amounts of THC and CBD, while a slightly higher proportion of 
respondent with a Bachelor’s degree reported using products higher in CBD. 
 
Respondents who indicated using marijuana or marijuana products at least once in the 
past 30 days were asked about different methods of marijuana or marijuana product 
administration used in the past 30 days. Over 2 in 3 respondents reported smoking 
dried flower (65%) or using vaporized concentrate (62%). 51% reported consuming 
edible marijuana products. Approximately 1 in 4 respondents reported using vaporized 
dried flower (28%), applied topical cannabis oil, ointment, lotion, cream, salve, etc. to 
the skin (27%), and sublingual or orally administered uptake products (23%). 16% of 
respondents reported using dabbed marijuana products, 11% using oral capsules or 
tablets, and 5% drinking marijuana infused products.  
 
A significantly larger proportion of male respondents than female reported using 
vaporized dried flower and dabbed marijuana products. A significantly larger proportion 
of female respondents than male reported using sublingual or orally administered 
uptake products and topical cannabis oil, ointment, lotion, cream, salve, etc. to the skin. 
A significantly larger proportion of respondents under age 51 than older respondents 
reported smoking dried flower, using vaporized dried flower, vaporized concentrate, 
dabbed marijuana products, edible marijuana products, and drinkable marijuana 
products. A significantly larger proportion of respondents without a Bachelor’s degree 
than with a degree reported smoking dried flower and using dabbed marijuana products.  
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Table 5A: DPH Patient Survey Methods of Administration by Gender (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3293) 
Female 

(N=2720) p-value 

Number of administration methods 
used in the past 30 days 

      ns 

0 methods 74 
1.21 

40 
1.21 

33 
1.21 

  

1 method 953 
15.59 

555 
16.85 

387 
14.23 

  

2 methods 1619 
26.49 

881 
26.75 

717 
26.36 

  

3 methods 1598 
26.15 

833 
25.30 

744 
27.35 

  

4 methods 1028 
16.82 

529 
16.06 

474 
17.43 

  

5+ methods 839 
13.73 

455 
13.82 

365 
13.42 

  

Typical marijuana / product use 6081     **** 
Higher in THC 2760 

45.39 
1722 

52.50 
999 

36.96 
  

Higher in CBD 844 
13.88 

365 
11.13 

472 
17.46 

  

Contain somewhat equal amounts of THC 
and CBD 

2063 
33.93 

1010 
30.79 

1011 
37.40 

  

Don't know / not sure 414 
6.81 

183 
5.58 

221 
8.18 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continues) Table 5A: DPH Patient Survey Methods of Administration by Gender 
(Among 6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3293) 
Female 

(N=2720) p-value 

Method of administration used (one 
time or more) in the past 30 days ‡ 

        

Smoked dried flower 3921 
65.12 

2185 
67.21 

1667 
62.39 

*** 

Vaporized dried flower 1704 
28.30 

1033 
31.77 

642 
24.03 

**** 

Vaporized concentrated (cartridge/vape 
oil) 

3751 
62.30 

2040 
62.75 

1647 
61.64 

ns 

Dabbed marijuana products (butane hash 
oil, wax, shatter, etc.) 

984 
16.34 

632 
19.44 

326 
12.20 

**** 

Ate marijuana products (brownies, cakes, 
cookies, etc.) 

3074 
51.05 

1606 
49.40 

1410 
52.77 

** 

Drank marijuana infused products (tea, 
cola, alcohol, etc.) 

285 
4.73 

165 
5.08 

114 
4.27 

ns 

Used sublingual (under the tongue) or 
orally administered uptake products 

(dissolvable strips, sublingual sprays, oil, 
tinctures, medicated lozenges, etc.) 

1413 
23.47 

651 
20.02 

738 
27.62 

**** 

Used oral capsules/tablets 651 
10.81 

353 
10.86 

285 
10.67 

ns 

Applied topical cannabis oil, ointment, 
lotion, cream, slave, etc. to skin 

1600 
26.57 

638 
19.62 

933 
34.92 

**** 

Used rectal/vaginal cannabis 
suppositories 

75 
1.25 

32 
0.98 

39 
1.46 

ns 

Other 96 
1.59 

49 
1.51 

46 
1.72 

ns 

‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 5B: DPH Patient Survey Methods of Administration by Age Group (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3224) 

≥ 51 years 
(N=2793) p-value 

Number of administration methods 
used in the past 30 days 

      **** 

0 methods 74 
1.21 

34 
1.05 

37 
1.32 

  

1 method 953 
15.59 

381 
11.82 

554 
19.84 

  

2 methods 1619 
26.49 

724 
22.46 

858 
30.72 

  

3 methods 1598 
26.15 

861 
26.71 

721 
25.81 

  

4 methods 1028 
16.82 

632 
19.60 

381 
13.64 

  

5+ methods 839 
13.73 

592 
18.36 

242 
8.66 

  

Typical marijuana / product use 6081     **** 
Higher in THC 2760 

45.39 
1594 

49.67 
1123 

40.42 
  

Higher in CBD 844 
13.88 

365 
11.37 

463 
16.67 

  

Contain somewhat equal amounts of THC 
and CBD 

2063 
33.93 

1100 
34.28 

935 
33.66 

  

Don't know / not sure 414 
6.81 

150 
4.67 

257 
9.25 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 5B: DPH Patient Survey Methods of Administration by Age 
Group (Among 6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3224) 

≥ 51 years 
(N=2793) p-value 

Method of administration used (one 
time or more) in the past 30 days ‡ 

        

Smoked dried flower 3921 
65.12 

2296 
72.22 

1573 
57.24 

**** 

Vaporized dried flower 1704 
28.30 

975 
30.67 

706 
25.69 

**** 

Vaporized concentrated (cartridge/vape 
oil) 

3751 
62.30 

2174 
68.39 

1523 
55.42 

**** 

Dabbed marijuana products (butane hash 
oil, wax, shatter, etc.) 

984 
16.34 

727 
22.87 

250 
9.10 

**** 

Ate marijuana products (brownies, cakes, 
cookies, etc.) 

3074 
51.05 

1878 
59.08 

1166 
42.43 

**** 

Drank marijuana infused products (tea, 
cola, alcohol, etc.) 

285 
4.73 

203 
6.39 

79 
2.87 

**** 

Used sublingual (under the tongue) or 
orally administered uptake products 

(dissolvable strips, sublingual sprays, oil, 
tinctures, medicated lozenges, etc.) 

1413 
23.47 

692 
21.77 

708 
25.76 

*** 

Used oral capsules/tablets 651 
10.81 

357 
11.23 

285 
10.37 

ns 

Applied topical cannabis oil, ointment, 
lotion, cream, slave, etc. to skin 

1600 
26.57 

803 
25.26 

770 
28.02 

* 

Used rectal/vaginal cannabis 
suppositories 

75 
1.25 

48 
1.51 

26 
0.95 

ns 

Other 96 
1.59 

45 
1.42 

49 
1.78 

ns 

‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 5C: DPH Patient Survey Methods of Administration by Education (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2871) 
≥ Bachelor's 

(N=3223) p-value 

Number of administration methods 
used in the past 30 days 

      **** 

0 methods 74 
1.21 

44 
1.53 

30 
0.93 

  

1 method 953 
15.59 

447 
15.57 

502 
15.58 

  

2 methods 1619 
26.49 

721 
25.11 

892 
27.68 

  

3 methods 1598 
26.15 

679 
23.65 

917 
28.45 

  

4 methods 1028 
16.82 

521 
18.15 

503 
15.61 

  

5+ methods 839 
13.73 

459 
15.99 

379 
11.76 

  

Typical marijuana / product use 6081     ** 
Higher in THC 2760 

45.39 
1323 

46.36 
1433 

44.64 
  

Higher in CBD 844 
13.88 

351 
12.30 

488 
15.20 

  

Contain somewhat equal amounts of THC 
and CBD 

2063 
33.93 

1005 
35.21 

1053 
32.80 

  

Don't know / not sure 414 
6.81 

175 
6.13 

236 
7.35 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 5C: DPH Patient Survey Methods of Administration by Education (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2871) 
≥ Bachelor's 

(N=3223) p-value 

Method of administration used (one 
time or more) in the past 30 days ‡ 

        

Smoked dried flower 3921 
65.12 

2052 
72.36 

1861 
58.74 

**** 

Vaporized dried flower 1704 
28.30 

742 
26.16 

956 
30.18 

*** 

Vaporized concentrated (cartridge/vape 
oil) 

3751 
62.30 

1816 
64.03 

1925 
60.76 

** 

Dabbed marijuana products (butane hash 
oil, wax, shatter, etc.) 

984 
16.34 

595 
20.98 

389 
12.28 

**** 

Ate marijuana products (brownies, cakes, 
cookies, etc.) 

3074 
51.05 

1452 
51.20 

1615 
50.98 

ns 

Drank marijuana infused products (tea, 
cola, alcohol, etc.) 

285 
4.73 

160 
5.64 

125 
3.95 

** 

Used sublingual (under the tongue) or 
orally administered uptake products 

(dissolvable strips, sublingual sprays, oil, 
tinctures, medicated lozenges, etc.) 

1413 
23.47 

613 
21.61 

796 
25.13 

** 

Used oral capsules/tablets 651 
10.81 

277 
9.77 

373 
11.77 

* 

Applied topical cannabis oil, ointment, 
lotion, cream, slave, etc. to skin 

1600 
26.57 

761 
26.83 

835 
26.36 

ns 

Used rectal/vaginal cannabis 
suppositories 

75 
1.25 

34 
1.20 

41 
1.29 

ns 

Other 96 
1.59 

50 
1.76 

46 
1.45 

ns 

‡ Percentages sum to more than 100% because respondents could choose more than one option 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 

 
Smoking Dried Flower 
 

Tables 6A, 6B, and 6C summarize results of survey responses pertaining to smoking 
dried flower, with comparisons by gender, age group, and educational attainment, 
respectively. 65% of respondents who reported using marijuana or marijuana products 
in the past 30 days reported using smoked dried flower in a joint, bong, pipe, blunt, etc. 
the past 30 days. Smoking dried flower was significantly higher among respondents 
under age 51 compared to older respondents (72% vs. 57%) and respondents without a 
Bachelor’s degree compared to respondents with at least a Bachelor’s degree (72% vs. 
59%).  
 
Thirty-one percent of respondents who reported smoking dried flower in the past 30 
days reported smoking dried flower multiple times per day, while 21% reported smoking 
dried flower less than once per week. A significantly larger proportion of respondents 
without a Bachelor’s degree than with a degree reported smoking dried flower multiple 
times per day (37% vs. 24%), while a larger proportion of respondents with a Bachelor’s 
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degree than without reported smoking dried flower less than once per week (25% vs. 
17%) and more than once per week (but not as much as once per day) (34% vs. 27%).  
 
Thirty-seven percent of respondents who reported smoking dried flower in the past 30 
days reported using less than 1/8 oz. of dried flower in the past 30 days, 30% reported 
using between 1/8 and 1/2 oz., 22% reported using between 1/2 and 1 oz., and 6% 
reported using more than one oz. A larger proportion of male respondents than female 
reported using more than 1 oz. (8% vs. 4%), while a larger proportion of female 
respondents than male reported using no more than 1/8 oz. (42% vs. 33%) or an 
unknown amount (8% vs. 4%). A larger proportion of respondents less than 51 years 
old than older respondents reported using between 1/2 and 1 oz. (23% vs. 20%) and 
more than one oz. (7% vs. 5%), while a larger proportion of respondents older than 50 
reported using up to 1/8 oz. (41% vs 34%) or between 1/8 and 1/4 oz. (15% vs. 13%). A 
larger proportion of respondents without a Bachelor’s degree than with a degree 
reported using between 1/4 and 1/2 oz. (17% vs. 14%), 1/2 and 1 oz. (26% vs. 17%), 
and more than one oz. (8% vs. 4%). A larger proportion of respondents with a 
Bachelor’s degree reported using up to 1/8 oz. (46% vs. 29%) and between 1/8 and 1/4 
oz. (16% vs. 13%). 
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Table 6A: DPH Patient Survey Smoked Dried Flower by Gender (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3251) 
Female 

(N=2672) p-value 

Smoked dried flower in the past 30 days 6021     *** 
No 2100 

34.88 
1066 

32.79 
1005 

37.61 
 

Yes 3921 
65.12 

2185 
67.21 

1667 
62.39 

  

Frequency of smoking dried flower in a 
joint, bong, pipe, blunt, etc. † 

3804     ** 

Less than once per week  802 
21.08 

404 
19.13 

386 
23.75 

 

More than once per week (but not as much 
as once per day) 

1142 
30.02 

645 
30.54 

475 
29.23 

 

Once per day 693 
18.22 

390 
18.47 

295 
18.15 

 

Multiple times per day 1167 
30.68 

673 
31.87 

469 
28.86 

  

Total amount of dried flower smoked 
over past 30 days † 

3827     **** 

0 to 1/8 ounce  1411 
36.87 

702 
32.93 

686 
42.11 

 

1/8 to 1/4 ounce 537 
14.03 

316 
14.82 

212 
13.01 

 

1/4 to 1/2 ounce 596 
15.57 

343 
16.09 

242 
14.86 

 

1/2 to 1 ounce 835 
21.82 

521 
24.44 

303 
18.60 

 

More than 1 ounce 228 
5.96 

162 
7.60 

62 
3.81 

 

Don't know/not sure 220 
5.75 

88 
4.13 

124 
7.61 

 

† Among respondents reporting smoking dried flower in past 30 days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 6B: DPH Patient Survey Smoked Dried Flower by Age Group (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3179) 

≥ 51 years 
(N=2748) p-value 

Smoked dried flower in the past 30 days 6021     **** 
No 2100 

34.88 
883 

27.78 
1175 

42.76 
  

Yes 3921 
65.12 

2296 
72.22 

1573 
57.24 

  

Frequency of smoking dried flower in a 
joint, bong, pipe, blunt, etc. † 

3804     * 

Less than once per week  802 
21.08 

490 
22.00 

303 
19.86 

  

More than once per week (but not as much 
as once per day) 

1142 
30.02 

648 
29.10 

479 
31.39 

  

Once per day 693 
18.22 

382 
17.15 

301 
19.72 

  

Multiple times per day 1167 
30.68 

707 
31.75 

443 
29.03 

  

Total amount of dried flower smoked 
over past 30 days † 

3827     **** 

0 to 1/8 ounce  1411 
36.87 

766 
34.15 

631 
41.11 

  

1/8 to 1/4 ounce 537 
14.03 

295 
13.15 

235 
15.31 

  

1/4 to 1/2 ounce 596 
15.57 

362 
16.14 

223 
14.53 

  

1/2 to 1 ounce 835 
21.82 

521 
23.23 

300 
19.54 

  

More than 1 ounce 228 
5.96 

158 
7.04 

69 
4.50 

  

Don't know/not sure 220 
5.75 

141 
6.29 

77 
5.02 

  

† Among respondents reporting smoking dried flower in past 30 days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 6C: DPH Patient Survey Smoked Dried Flower by Education (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2836) 
≥ Bachelor's 

(N=3168) p-value 

Smoked dried flower in the past 30 days 6021     **** 
No 2100 

34.88 
784 

27.64 
1307 

41.26 
  

Yes 3921 
65.12 

2052 
72.36 

1861 
58.74 

  

Frequency of smoking dried flower in a 
joint, bong, pipe, blunt, etc. † 

3804     **** 

Less than once per week  802 
21.08 

339 
17.14 

461 
25.36 

  

More than once per week (but not as much 
as once per day) 

1142 
30.02 

526 
26.59 

613 
33.72 

  

Once per day 693 
18.22 

383 
19.36 

310 
17.05 

  

Multiple times per day 1167 
30.68 

730 
36.91 

434 
23.87 

  

Total amount of dried flower smoked 
over past 30 days † 

3827     **** 

0 to 1/8 ounce  1411 
36.87 

572 
28.66 

835 
45.80 

  

1/8 to 1/4 ounce 537 
14.03 

250 
12.53 

285 
15.63 

  

1/4 to 1/2 ounce 596 
15.57 

347 
17.38 

249 
13.66 

  

1/2 to 1 ounce 835 
21.82 

528 
26.45 

307 
16.84 

  

More than 1 ounce 228 
5.96 

163 
8.17 

65 
3.57 

  

Don't know/not sure 220 
5.75 

136 
6.81 

82 
4.50 

  

† Among respondents reporting smoking dried flower in past 30 days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 

 
Vaporized Marijuana Concentrate 
 

Tables 8A, 8B, and 8C summarize results of survey responses pertaining to using 
vaporized marijuana concentrated, with comparisons by gender, age group, and 
educational attainment, respectively. 62% of respondents who reported using marijuana 
or marijuana products at least once in the past 30 days reported using vaporized 
marijuana concentrate in the past 30 days. Vaporized marijuana concentrate use was 
significantly higher among respondents under age 51 compared to older respondents 
(68% vs. 55%). 
 
Thirty-six percent of respondents who reported using vaporized marijuana concentrate 
in the past 30 days reported using vaporized marijuana concentrate at least once per 
day, while 26% reported using vaporized marijuana concentrate less than once per 
week. A larger proportion of respondents without a Bachelor’s degree than with a 
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degree reported using vaporized marijuana concentrate multiple times per day (25% vs. 
19%) and once per day (16% vs. 13%), while a larger proportion of respondents with a 
Bachelor’s degree than without reported using vaporized marijuana concentrate less 
than once per week (27% vs. 24%) and more than once per week (but not as much as 
once per day) (41% vs. 34%). 
 
All respondents who reported using vaporized marijuana concentrate in the past 30 
days were asked to indicate the amount of THC administered using vaporized 
marijuana concentrate over the past 30 days. The amount of THC reported by 
respondents should be interpreted with caution, as almost half of all respondents did not 
know how much THC they administered using vaporized marijuana concentrate. 
However, 40% of respondents reported administering between 1 and 150 mg of THC in 
the past 30 days using vaporized marijuana concentrate. A larger proportion of male 
respondents than female reported administering between 1 and 150 mg of THC (41% 
vs. 38%), while a larger proportion of female respondents than male reported that they 
did not know how much THC they administered using vaporized marijuana concentrate 
(51% vs. 42%). A larger proportion of respondents over the age of 50 than younger 
respondents reported that they did not know how much THC they administered using 
vaporized marijuana concentrate (50% vs. 43%). 
 
All respondents who reported using vaporize marijuana concentrate in the past 30 days 
were asked to indicate the amount of CBD administered using vaporized marijuana 
concentrate over the past 30 days. The amount of CBD reported by respondents should 
be interpreted with caution, as more than 2 in 5 respondents did not know how much 
CBD they administered using vaporized marijuana concentrate. However, 38% of 
respondents reported administering between 1 and 150 mg of CBD in the past 30 days 
using vaporized marijuana concentrate. A larger proportion of male respondents than 
female reported administering between 1 and 150 mg of CBD (39% vs. 36%), while a 
larger proportion of female respondents than male reported that they did not know how 
much CBD they administered using vaporized marijuana concentrate (49% vs. 40%). A 
larger proportion of respondents over the age of 50 than younger respondents reported 
that they did not know how much CBD they administered using vaporized marijuana 
concentrate (48% vs. 41%), as did a larger proportion of respondents with a Bachelor’s 
degree than without  a degree (45% vs. 42%).
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Table 8A: DPH Patient Survey Vaporized Marijuana Concentrate by Gender 
(Among 6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3251) 
Female 

(N=2672) p-value 

Used vaporized marijuana concentrate 
in past 30 days  

6021     ns 

No 2270 
37.70 

1211 
37.25 

1025 
38.36 

  

Yes 3751 
62.30 

2040 
62.75 

1647 
61.64 

  

Frequency of using vaporized marijuana 
concentrate † 

3551     ns 

Less than once per week  909 
25.60 

500 
25.75 

397 
25.61 

  

More than once per week (but not as much 
as once per day) 

1346 
37.90 

770 
39.65 

556 
35.87 

  

Once per day 505 
14.22 

261 
13.44 

234 
15.10 

  

Multiple times per day 791 
22.28 

411 
21.16 

363 
23.42 

  

Amount of THC administered † ‡ 3661     **** 
0 mg past 30 days 58 

1.58 
21 

1.06 
37 

2.30 
  

Between 1 and 150 mg in past 30 days 1447 
39.52 

818 
41.15 

607 
37.66 

  

Between 151 and 300 mg in past 30 days 288 
7.87 

194 
9.76 

90 
5.58 

  

More than 300 mg in past 30 days 182 
4.97 

123 
6.19 

53 
3.29 

  

Don't know/not sure 1686 
46.05 

832 
41.85 

825 
51.18 

  

Amount of CBD administered † ‡ 3635     **** 
0 mg past 30 days 428 

11.77 
265 

13.47 
159 
9.89 

  

Between 1 and 150 mg in past 30 days 1368 
37.63 

764 
38.82 

581 
36.15 

  

Between 151 and 300 mg in past 30 days 198 
5.45 

116 
5.89 

76 
4.73 

  

More than 300 mg in past 30 days 39 
1.07 

28 
1.42 

11 
0.68 

  

Don't know/not sure 1602 
44.07 

795 
40.40 

780 
48.54 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 8B: 2018 Marijuana Survey Results - Vaporized Marijuana Concentrate by 
Age Group (Among 6111 respondents indicating marijuana use in past 30 days) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3179) 

≥ 51 years 
(N=2748) p-value 

Used vaporized marijuana concentrate 
in past 30 days 

6021     **** 

No 2270 
37.70 

1005 
31.61 

1225 
44.58 

  

Yes 3751 
62.30 

2174 
68.39 

1523 
55.42 

  

Frequency of using vaporized marijuana 
concentrate † 

3551     * 

Less than once per week  909 
25.60 

543 
26.36 

351 
24.32 

  

More than once per week (but not as much 
as once per day) 

1346 
37.90 

770 
37.38 

559 
38.74 

  

Once per day 505 
14.22 

269 
13.06 

230 
15.94 

  

Multiple times per day 791 
22.28 

478 
23.20 

303 
21.00 

  

Amount of THC administered † ‡ 3661     **** 
0 mg past 30 days 58 

1.58 
27 

1.27 
30 

2.02 
  

Between 1 and 150 mg in past 30 days 1447 
39.52 

839 
39.56 

588 
39.54 

  

Between 151 and 300 mg in past 30 days 288 
7.87 

198 
9.34 

88 
5.92 

  

More than 300 mg in past 30 days 182 
4.97 

143 
6.74 

36 
2.42 

  

Don't know/not sure 1686 
46.05 

914 
43.09 

745 
50.10 

  

Amount of CBD administered † ‡ 3635     **** 
0 mg past 30 days 428 

11.77 
258 

12.22 
160 

10.88 
  

Between 1 and 150 mg in past 30 days 1368 
37.63 

814 
38.56 

536 
36.44 

  

Between 151 and 300 mg in past 30 days 198 
5.45 

137 
6.49 

59 
4.01 

  

More than 300 mg in past 30 days 39 
1.07 

32 
1.52 

7 
0.48 

  

Don't know/not sure 1602 
44.07 

870 
41.21 

709 
48.20 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 8C: 2018 Marijuana Survey Results - Vaporized Marijuana Concentrate by 
Education (Among 6111 respondents indicating marijuana use in past 30 days) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2836) 
≥ Bachelor's 

(N=3168) p-value 

Used vaporized marijuana concentrate 
in past 30 days 

6021     ** 

No 2270 
37.70 

1020 
35.97 

1243 
39.24 

  

Yes 3751 
62.30 

1816 
64.03 

1925 
60.76 

  

Frequency of using vaporized marijuana 
concentrate † 

3551     **** 

Less than once per week  909 
25.60 

412 
24.36 

495 
26.73 

  

More than once per week (but not as much 
as once per day) 

1346 
37.90 

582 
34.42 

763 
41.20 

  

Once per day 505 
14.22 

266 
15.73 

238 
12.85 

  

Multiple times per day 791 
22.28 

431 
25.49 

356 
19.22 

  

Amount of THC administered † ‡ 3661     *** 
0 mg past 30 days 58 

1.58 
21 

1.19 
37 

1.96 
  

Between 1 and 150 mg in past 30 days 1447 
39.52 

689 
39.04 

756 
40.06 

  

Between 151 and 300 mg in past 30 days 288 
7.87 

152 
8.61 

136 
7.21 

  

More than 300 mg in past 30 days 182 
4.97 

109 
6.18 

73 
3.87 

  

Don't know/not sure 1686 
46.05 

794 
44.99 

885 
46.90 

  

Amount of CBD administered † ‡ 3635     **** 
0 mg past 30 days 428 

11.77 
204 

11.63 
224 

11.97 
  

Between 1 and 150 mg in past 30 days 1368 
37.63 

655 
37.34 

711 
37.98 

  

Between 151 and 300 mg in past 30 days 198 
5.45 

123 
7.01 

75 
4.01 

  

More than 300 mg in past 30 days 39 
1.07 

28 
1.60 

11 
0.59 

  

Don't know/not sure 1602 
44.07 

744 
42.42 

851 
45.46 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 

 
Dabbed Marijuana Products 
 

Tables 9A, 9B, and 9C summarize results of survey responses pertaining to dabbing 
marijuana products, with comparisons by gender, age group, and educational 
attainment, respectively. 16% of respondents who indicated using marijuana or 
marijuana products at least once in the past 30 days reported using dabbed marijuana 
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products in the past 30 days. Dabbing was significantly higher among male respondents 
compared to female (19% vs. 12%), respondents under age 51 compared to older 
respondents (23% vs. 9%), and respondents without a Bachelor’s degree compared to 
respondents with a degree (21% vs. 12%).  
 
Twenty-eighty percent of respondents who reported dabbing marijuana products in the 
past 30 days reported dabbing marijuana products at least once per day, while 45% 
reported dabbing less than once per week. There were no significant differences in 
reported dabbing by gender, age, or education. 
 
All respondents who reported dabbing marijuana products in the past 30 days were 
asked to indicate the amount of THC administered by dabbing marijuana products over 
the past 30 days. The amount of THC reported by respondents should be interpreted 
with caution, as more than 2 in 5 respondents did not know how much THC they 
administered through dabbing marijuana products. However, 39% of respondents 
reported administering between 1 and 150 mg of THC in the past 30 days by dabbing 
marijuana products. A larger proportion of respondents over the age of 50 than younger 
respondents reported that they did not know how much THC they administered using 
vaporized marijuana concentrate (47% vs. 41%). 
 
All respondents who reported dabbing marijuana products in the past 30 days were 
asked to indicate the amount of CBD administered by dabbing marijuana products over 
the past 30 days. The amount of CBD reported by respondents should be interpreted 
with caution, as approximately 2 in 5 respondents did not know how much CBD they 
administered through dabbing marijuana products. However, 35% of respondents 
reported administering between 1 and 150 mg of CBD in the past 30 days by dabbing.  
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Table 9A: DPH Patient Survey Dabbing Marijuana Products by Gender (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3251) 
Female 

(N=2672) p-value 

Dabbed marijuana products in the past 
30 days 

6021     **** 

No 5037 
83.66 

2619 
80.56 

2346 
87.80 

  

Yes 984 
16.34 

632 
19.44 

326 
12.20 

  

Frequency of dabbing marijuana † 911     ns 

Less than once per week  408 
44.79 

259 
44.43 

139 
45.57 

  

More than once per week (but not as much 
as once per day) 

247 
27.11 

156 
26.76 

86 
28.20 

  

Once per day 84 
9.22 

58 
9.95 

23 
7.54 

  

Multiple times per day 172 
18.88 

110 
18.87 

57 
18.69 

  

Amount of THC administered † ‡ 952     ** 
0 mg past 30 days 17 

1.79 
11 

1.80 
6 

1.89 
  

Between 1 and 150 mg in past 30 days 374 
39.29 

230 
37.70 

133 
41.82 

  

Between 151 and 300 mg in past 30 days 105 
11.03 

80 
13.11 

22 
6.92 

  

More than 300 mg in past 30 days 51 
5.36 

40 
6.56 

10 
3.14 

  

Don't know/not sure 405 
42.54 

249 
40.82 

147 
46.23 

  

Amount of CBD administered † ‡ 951     ns 
0 mg past 30 days 165 

17.35 
107 

17.60 
54 

16.93 
  

Between 1 and 150 mg in past 30 days 334 
35.12 

214 
35.20 

113 
35.42 

  

Between 151 and 300 mg in past 30 days 56 
5.89 

40 
6.58 

15 
4.70 

  

More than 300 mg in past 30 days 7 
0.74 

3 
0.49 

4 
1.25 

  

Don't know/not sure 389 
40.90 

244 
40.13 

133 
41.69 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 9B: DPH Patient Survey Dabbing Marijuana Products by Age Group (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3179) 

≥ 51 years 
(N=2748) p-value 

Dabbed marijuana products in the past 
30 days 

6021     **** 

No 5037 
83.66 

2452 
77.13 

2498 
90.90 

  

Yes 984 
16.34 

727 
22.87 

250 
9.10 

  

Frequency of dabbing marijuana † 911     ns 
Less than once per week  408 

44.79 
299 

43.78 
107 

48.20 
  

More than once per week (but not as much 
as once per day) 

247 
27.11 

181 
26.50 

63 
28.38 

  

Once per day 84 
9.22 

67 
9.81 

17 
7.66 

  

Multiple times per day 172 
18.88 

136 
19.91 

35 
15.77 

  

Amount of THC administered † ‡ 952     **** 
0 mg past 30 days 17 

1.79 
7 

0.99 
10 

4.15 
  

Between 1 and 150 mg in past 30 days 374 
39.29 

273 
38.78 

101 
41.91 

  

Between 151 and 300 mg in past 30 days 105 
11.03 

93 
13.21 

10 
4.15 

  

More than 300 mg in past 30 days 51 
5.36 

44 
6.25 

6 
2.49 

  

Don't know/not sure 405 
42.54 

287 
40.77 

114 
47.30 

  

Amount of CBD administered † ‡ 951     * 
0 mg past 30 days 165 

17.35 
122 

17.38 
41 

16.94 
  

Between 1 and 150 mg in past 30 days 334 
35.12 

244 
34.76 

87 
35.95 

  

Between 151 and 300 mg in past 30 days 56 
5.89 

51 
7.26 

5 
2.07 

  

More than 300 mg in past 30 days 7 
0.74 

7 
1.00 

0 
0.00 

  

Don't know/not sure 389 
40.90 

278 
39.60 

109 
45.04 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 9C: DPH Patient Survey Dabbing Marijuana Products by Education (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 
Table 9C: 2018 Marijuana Survey Results - DABBING MARIJUANA PRODUCTS by EDUCATION 
(Among 6111 respondents indicating marijuana use in past 30 days) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2836) 
≥ Bachelor's 

(N=3168) p-value 

Dabbed marijuana products in the past 30 
days 

6021     **** 

No 5037 
83.66 

2241 
79.02 

2779 
87.72 

  

Yes 984 
16.34 

595 
20.98 

389 
12.28 

  

Frequency of dabbing marijuana † 911     ns 
Less than once per week  408 

44.79 
237 

43.25 
171 

47.11 
  

More than once per week (but not as much 
as once per day) 

247 
27.11 

145 
26.46 

102 
28.10 

  

Once per day 84 
9.22 

51 
9.31 

33 
9.09 

  

Multiple times per day 172 
18.88 

115 
20.99 

57 
15.70 

  

Amount of THC administered † ‡ 952     ns 
0 mg past 30 days 17 

1.79 
10 

1.74 
7 

1.85 
  

Between 1 and 150 mg in past 30 days 374 
39.29 

229 
39.90 

145 
38.36 

  

Between 151 and 300 mg in past 30 days 105 
11.03 

68 
11.85 

37 
9.79 

  

More than 300 mg in past 30 days 51 
5.36 

32 
5.57 

19 
5.03 

  

Don't know/not sure 405 
42.54 

235 
40.94 

170 
44.97 

  

Amount of CBD administered † ‡ 951     ns 
0 mg past 30 days 165 

17.35 
91 

15.88 
74 

19.58 
  

Between 1 and 150 mg in past 30 days 334 
35.12 

210 
36.65 

124 
32.80 

  

Between 151 and 300 mg in past 30 days 56 
5.89 

41 
7.16 

15 
3.97 

  

More than 300 mg in past 30 days 7 
0.74 

5 
0.87 

2 
0.53 

  

Don't know/not sure 389 
40.90 

226 
39.44 

163 
43.12 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 

 
Edible Marijuana Products  
 
Tables 10A, 10B, and 10C summarize results of survey responses pertaining to 
consuming edible marijuana products, with comparisons by gender, age group, and 
educational attainment, respectively. 51% of respondents who reported using marijuana 
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at least once in the past 30 days reported using edible marijuana products in the past 
30 days. A larger proportion of female respondents than male (53% vs. 49%) and 
respondents under age 50 than older (59% vs. 42%) reported edible marijuana use.  
 
Twelve percent of respondents who reported using edible marijuana products in the 
past 30 days reported using these products at least once per day, while 61% reported 
using these products less than once per week. A larger proportion of respondents less 
than 51 years old than older respondents reported using edible marijuana products less 
than once per week (66% vs. 52%), while a larger proportion of older respondents than 
younger reported these products more than once per week (31% vs. 25%) and once per 
day (14% vs. 7%).  
 
All respondents who used edible marijuana products in the past 30 days were asked to 
indicate the amount of THC administered by using these products over the past 30 
days. The amount of THC reported by respondents should be interpreted with caution, 
as almost 1 in 4 respondents did not know how much THC they administered. However, 
59% of respondents reported administering between 1 and 150 mg of THC in the past 
30 days by through edible marijuana products. A larger proportion of male respondents 
than female reported administering between 150 and 300 mg of THC (13% vs. 8%), 
while a larger proportion of female respondents than male reported that they did not 
know (27% vs. 22%). A larger proportion of respondents under the age of 51 than older 
respondents reported administering between 150 and 300 mg of THC (12% vs. 9%), 
while a larger proportion of older respondents than younger reported that they did not 
know how much THC they administered through edible marijuana products (27% vs. 
23%). A larger proportion of respondents with a Bachelor’s degree than respondents 
without a degree reported administering between 1 and 150 mg of THC through edible 
marijuana products (63% vs. 54%), while a larger proportion of respondents without a 
Bachelor’s degree reported that they did not know (28% vs. 22%). 
 
All respondents who used edible marijuana products in the past 30 days were asked to 
indicate the amount of CBD administered by using edible marijuana products over the 
past 30 days. The amount of CBD reported by respondents should be interpreted with 
caution, as approximately 1 in 3 respondents did not know how much CBD they 
administered through edible marijuana products. However, 45% of respondents 
reported administering between 1 and 150 mg of CBD in the past 30 days through 
edible marijuana products. 
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Table 10A: DPH Patient Survey Edible Marijuana Products by Gender (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3251) 
Female 

(N=2672) p-value 

Used edible marijuana or marijuana 
products in the past 30 days 

6021     ** 

No 2947 
48.95 

1645 
50.60 

1262 
47.23 

  

Yes 3074 
51.05 

1606 
49.40 

1410 
52.77 

  

Frequency of using edible marijuana or 
marijuana products †  

2941     * 

Less than once per week  1781 
60.56 

937 
61.24 

806 
59.48 

  

More than once per week (but not as much 
as once per day) 

798 
27.13 

431 
28.17 

357 
26.35 

  

Once per day 284 
9.66 

128 
8.37 

151 
11.14 

  

Multiple times per day 78 
2.65 

34 
2.22 

41 
3.03 

  

Amount of THC administered † ‡ 3000     **** 
0 mg past 30 days 80 

2.67 
36 

2.30 
44 

3.19 
  

Between 1 and 150 mg in past 30 days 1770 
59.00 

918 
58.70 

817 
59.20 

  

Between 151 and 300 mg in past 30 days 332 
11.07 

211 
13.49 

112 
8.12 

  

More than 300 mg in past 30 days 82 
2.73 

52 
3.32 

28 
2.03 

  

Don't know/not sure 736 
24.53 

347 
22.19 

379 
27.46 

  

Amount of CBD administered † ‡ 2981     *** 
0 mg past 30 days 488 

16.37 
284 

18.36 
194 

14.08 
  

Between 1 and 150 mg in past 30 days 1332 
44.68 

688 
44.47 

619 
44.92 

  

Between 151 and 300 mg in past 30 days 134 
4.50 

77 
4.98 

53 
3.85 

  

More than 300 mg in past 30 days 28 
0.94 

20 
1.29 

8 
0.58 

  

Don't know/not sure 999 
33.51 

478 
30.90 

504 
36.57 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 10B: DPH Patient Survey Edible Marijuana Products by Age Group (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3179) 

≥ 51 years 
(N=2748) p-value 

Used edible marijuana or marijuana 
products in the past 30 days 

6021     **** 

No 2947 
48.95 

1301 
40.92 

1582 
57.57 

  

Yes 3074 
51.05 

1878 
59.08 

1166 
42.43 

  

Frequency of using edible marijuana or 
marijuana products †  

2941     **** 

Less than once per week  1781 
60.56 

1181 
65.76 

584 
52.19 

  

More than once per week (but not as much 
as once per day) 

798 
27.13 

450 
25.06 

343 
30.65 

  

Once per day 284 
9.66 

121 
6.74 

159 
14.21 

  

Multiple times per day 78 
2.65 

44 
2.45 

33 
2.95 

  

Amount of THC administered † ‡ 3000     **** 
0 mg past 30 days 80 

2.67 
39 

2.13 
39 

3.41 
  

Between 1 and 150 mg in past 30 days 1770 
59.00 

1083 
59.28 

672 
58.74 

  

Between 151 and 300 mg in past 30 days 332 
11.07 

222 
12.15 

106 
9.27 

  

More than 300 mg in past 30 days 82 
2.73 

65 
3.56 

17 
1.49 

  

Don't know/not sure 736 
24.53 

418 
22.88 

310 
27.10 

  

Amount of CBD administered † ‡ 2981     *** 
0 mg past 30 days 488 

16.37 
325 

17.86 
156 

13.78 
  

Between 1 and 150 mg in past 30 days 1332 
44.68 

805 
44.23 

514 
45.41 

  

Between 151 and 300 mg in past 30 days 134 
4.50 

94 
5.16 

39 
3.45 

  

More than 300 mg in past 30 days 28 
0.94 

21 
1.15 

7 
0.62 

  

Don't know/not sure 999 
33.51 

575 
31.59 

416 
36.75 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 10C: DPH Patient Survey Edible Marijuana Products by Education (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 
Table 10C: 2018 Marijuana Survey Results - EDIBLE MARIJUANA PRODUCTS by EDUCATION 
(Among 6111 respondents indicating marijuana use in past 30 days) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2836) 
≥ Bachelor's 

(N=3168) p-value 

Used edible marijuana or marijuana 
products in the past 30 days 

6021     ns 

No 2947 
48.95 

1384 
48.80 

1553 
49.02 

  

Yes 3074 
51.05 

1452 
51.20 

1615 
50.98 

  

Frequency of using edible marijuana or 
marijuana products †  

2941     ** 

Less than once per week  1781 
60.56 

845 
61.19 

930 
59.88 

  

More than once per week (but not as much 
as once per day) 

798 
27.13 

357 
25.85 

441 
28.40 

  

Once per day 284 
9.66 

129 
9.34 

155 
9.98 

  

Multiple times per day 78 
2.65 

50 
3.62 

27 
1.74 

  

Amount of THC administered † ‡ 3000     **** 
0 mg past 30 days 80 

2.67 
43 

3.04 
37 

2.35 
  

Between 1 and 150 mg in past 30 days 1770 
59.00 

767 
54.17 

1001 
63.47 

  

Between 151 and 300 mg in past 30 days 332 
11.07 

171 
12.08 

161 
10.21 

  

More than 300 mg in past 30 days 82 
2.73 

45 
3.18 

37 
2.35 

  

Don't know/not sure 736 
24.53 

390 
27.54 

341 
21.62 

  

Amount of CBD administered † ‡ 2981     * 
0 mg past 30 days 488 

16.37 
210 

14.91 
277 

17.69 
  

Between 1 and 150 mg in past 30 days 1332 
44.68 

629 
44.67 

701 
44.76 

  

Between 151 and 300 mg in past 30 days 134 
4.50 

74 
5.26 

60 
3.83 

  

More than 300 mg in past 30 days 28 
0.94 

18 
1.28 

10 
0.64 

  

Don't know/not sure 999 
33.51 

477 
33.88 

518 
33.08 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Drinkable Marijuana Products  
 
Tables 11A, 11B, and 11C summarize results of survey responses pertaining to 
consuming drinkable marijuana products, with comparisons by gender, age group, and 
educational attainment, respectively. 5% of respondents who reported using marijuana 
or marijuana products at least once in the past 30 days reported using drinkable 
marijuana products in the past 30 days. Consuming drinkable marijuana products was 
significantly higher among respondents under age 51 compared to older respondents 
(6% vs. 3%) and respondents without a Bachelor’s degree compared to respondents 
with a degree (6% vs. 4%). 
 
Nine percent of respondents who reported drinking marijuana products in the past 30 
days reported drinking marijuana products at least once per day, while 81% reported 
drinking marijuana products less than once per week.   
All respondents who reported drinking marijuana products in the past 30 days were 
asked to indicate the amount of THC administered by drinking marijuana products over 
the past 30 days. The amount of THC reported by respondents should be interpreted 
with caution, as almost 1 in 5 respondents did not know how much THC they 
administered through drinking marijuana products. However, 60% of respondents 
reported administering between 1 and 150 mg of THC in the past 30 days by drinking 
marijuana products.  
 
All respondents who reported drinking marijuana products in the past 30 days were 
asked to indicate the amount of CBD administered by drinking marijuana products over 
the past 30 days. The amount of CBD reported by respondents should be interpreted 
with caution, as approximately 1 in 4 respondents did not know how much CBD they 
administered through drinking marijuana products. However, 43% of respondents 
reported administering between 1 and 150 mg of CBD in the past 30 days through 
edible marijuana products. There were no significant differences in the amount of CBD 
administered by drinking marijuana products by gender, age, or education. 
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Table 11A: DPH Patient Drinking Marijuana Products by Gender (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3251) 
Female 

(N=2672) p-value 

Drank marijuana infused products in the 
past 30 days 

6021     ns 

No 5736 
95.27 

3086 
94.92 

2558 
95.73 

 

Yes 285 
4.73 

165 
5.08 

114 
4.27 

  

Frequency of drinking marijuana infused 
products † 

258     ns 

Less than once per week  209 
81.01 

117 
80.14 

86 
81.13 

 

More than once per week (but not as much 
as once per day) 

26 
10.08 

16 
10.96 

10 
9.43 

 

Once per day 15 
5.81 

6 
4.11 

9 
8.49 

 

Multiple times per day 8 
3.10 

7 
4.79 

1 
0.94 

  

Amount of THC administered † ‡ 277     ns 
0 mg past 30 days 25 

9.03 
14 

8.75 
11 

9.91 
 

Between 1 and 150 mg in past 30 days 166 
59.93 

93 
58.13 

67 
60.36 

 

Between 151 and 300 mg in past 30 days 26 
9.39 

14 
8.75 

12 
10.81 

 

More than 300 mg in past 30 days 4 
1.44 

3 
1.88 

1 
0.90 

 

Don't know/not sure 56 
20.22 

36 
22.50 

20 
18.02 

  

Amount of CBD administered † ‡ 275     ns 
0 mg past 30 days 71 

25.82 
45 

28.13 
25 

22.94 
 

Between 1 and 150 mg in past 30 days 119 
43.27 

62 
38.75 

53 
48.62 

 

Between 151 and 300 mg in past 30 days 12 
4.36 

6 
3.75 

6 
5.50 

 

More than 300 mg in past 30 days 2 
0.73 

2 
1.25 

0 
0.00 

 

Don't know/not sure 71 
25.82 

45 
28.13 

25 
22.94 

 

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 11B: DPH Patient Drinking Marijuana Products by Age Group (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3179) 

≥ 51 years 
(N=2748) p-value 

Drank marijuana infused products in the 
past 30 days 

6021     **** 

No 5736 
95.27 

2976 
93.61 

2669 
97.13 

  

Yes 285 
4.73 

203 
6.39 

79 
2.87 

  

Frequency of drinking marijuana infused 
products † 

258     ** 

Less than once per week  209 
81.01 

158 
85.87 

49 
69.01 

  

More than once per week (but not as much 
as once per day) 

26 
10.08 

17 
9.24 

9 
12.68 

  

Once per day 15 
5.81 

5 
2.72 

10 
14.08 

  

Multiple times per day 8 
3.10 

4 
2.17 

3 
4.23 

  

Amount of THC administered † ‡ 277     ns 
0 mg past 30 days 25 

9.03 
17 

8.59 
8 

10.53 
  

Between 1 and 150 mg in past 30 days 166 
59.93 

126 
63.64 

38 
50.00 

  

Between 151 and 300 mg in past 30 days 26 
9.39 

19 
9.60 

7 
9.21 

  

More than 300 mg in past 30 days 4 
1.44 

3 
1.52 

1 
1.32 

  

Don't know/not sure 56 
20.22 

33 
16.67 

22 
28.95 

  

Amount of CBD administered † ‡ 275     ns 
0 mg past 30 days 71 

25.82 
54 

27.41 
16 

21.33 
  

Between 1 and 150 mg in past 30 days 119 
43.27 

88 
44.67 

30 
40.00 

  

Between 151 and 300 mg in past 30 days 12 
4.36 

6 
3.05 

5 
6.67 

  

More than 300 mg in past 30 days 2 
0.73 

1 
0.51 

1 
1.33 

  

Don't know/not sure 71 
25.82 

48 
24.37 

23 
30.67 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 11C: DPH Patient Drinking Marijuana Products by Education (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2836) 
≥ Bachelor's 

(N=3168) p-value 

Drank marijuana infused products in the 
past 30 days 

6021     ** 

No 5736 
95.27 

2676 
94.36 

3043 
96.05 

  

Yes 285 
4.73 

160 
5.64 

125 
3.95 

  

Frequency of drinking marijuana infused 
products † 

258     ns 

Less than once per week  209 
81.01 

119 
82.07 

90 
79.65 

  

More than once per week (but not as much 
as once per day) 

26 
10.08 

12 
8.28 

14 
12.39 

  

Once per day 15 
5.81 

10 
6.90 

5 
4.42 

  

Multiple times per day 8 
3.10 

4 
2.76 

4 
3.54 

  

Amount of THC administered † ‡ 277     * 
0 mg past 30 days 25 

9.03 
16 

10.26 
9 

7.44 
  

Between 1 and 150 mg in past 30 days 166 
59.93 

85 
54.49 

81 
66.94 

  

Between 151 and 300 mg in past 30 days 26 
9.39 

22 
14.10 

4 
3.31 

  

More than 300 mg in past 30 days 4 
1.44 

2 
1.28 

2 
1.65 

  

Don't know/not sure 56 
20.22 

31 
19.87 

25 
20.66 

  

Amount of CBD administered † ‡ 275     ns 
0 mg past 30 days 71 

25.82 
41 

26.62 
30 

24.79 
  

Between 1 and 150 mg in past 30 days 119 
43.27 

63 
40.91 

56 
46.28 

  

Between 151 and 300 mg in past 30 days 12 
4.36 

10 
6.49 

2 
1.65 

  

More than 300 mg in past 30 days 2 
0.73 

1 
0.65 

1 
0.83 

  

Don't know/not sure 71 
25.82 

39 
25.32 

32 
26.45 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Sublingual or Orally Administered Uptake Marijuana Products 
 

Tables 12A, 12B, and 12C summarize results of survey responses pertaining to use of 
sublingual or orally administered uptake marijuana products, with comparisons by 
gender, age group, and educational attainment, respectively. 23% of respondents who 
reported using marijuana or marijuana products at least once in the past 30 days 
reported using sublingual or orally administered uptake marijuana products in the past 
30 days. Using sublingual or orally administered uptake marijuana products was 
significantly higher among female respondents compared to male respondents (28% vs. 
20%), respondents 51 years or older compared to younger respondents (26% vs. 22%) 
and respondents with a Bachelor’s degree compared to respondents without a degree 
(25% vs. 22%). 
 
Twenty-five percent of respondents who reported using sublingual or orally 
administered uptake marijuana products in the past 30 days reported using these 
products at least once per day, while 47% reported using these marijuana products less 
than once per week. A larger proportion of respondents over the age of 50 than younger 
respondents reported using sublingual or orally administered uptake marijuana products 
once per day (23% vs. 10%) and multiple times per day (10% vs. 6%). 
 
All respondents who reported using sublingual or orally administered uptake marijuana 
products in the past 30 days were asked to indicate the amount of THC administered by 
using these products over the past 30 days. The amount of THC reported by 
respondents should be interpreted with caution, as almost 1 in 4 respondents did not 
know how much THC they administered through sublingual or orally administered 
uptake marijuana products. However, 54% of respondents reported administering 
between 1 and 150 mg of THC in the past 30 days through sublingual or orally 
administered uptake marijuana products.  
 
All respondents who reported using sublingual or orally administered uptake marijuana 
products in the past 30 days were asked to indicate the amount of CBD administered by 
using these products over the past 30 days. The amount of CBD reported by 
respondents should be interpreted with caution, as 30% respondents did not know how 
much CBD they administered through sublingual or orally administered uptake 
marijuana products. However, 48% of respondents reported administering between 1 
and 150 mg of THC in the past 30 days through sublingual or orally administered uptake 
marijuana products.  
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Table 12A: DPH Patient Survey Sublingual Marijuana Products by Gender (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3251) 
Female 

(N=2672) p-value 

Used sublingual/orally administered 
uptake products in the past 30 days 

6021     **** 

No 4608 
76.53 

2600 
79.98 

1934 
72.38 

 

Yes 1413 
23.47 

651 
20.02 

738 
27.62 

  

Frequency of using sublingual or orally 
administered uptake products † 

1337     ns 

Less than once per week  634 
47.42 

296 
48.13 

324 
46.42 

 

More than once per week (but not as much 
as once per day) 

370 
27.67 

170 
27.64 

194 
27.79 

 

Once per day 218 
16.31 

96 
15.61 

119 
17.05 

 

Multiple times per day 115 
8.60 

53 
8.62 

61 
8.74 

  

Amount of THC administered † ‡ 1359     ** 
0 mg past 30 days 182 

13.39 
62 

9.90 
115 

16.22 
 

Between 1 and 150 mg in past 30 days 728 
53.57 

354 
56.55 

361 
50.92 

 

Between 151 and 300 mg in past 30 days 81 
5.96 

45 
7.19 

35 
4.94 

 

More than 300 mg in past 30 days 22 
1.62 

14 
2.24 

8 
1.13 

 

Don't know/not sure 346 
25.46 

151 
24.12 

190 
26.80 

  

Amount of CBD administered † ‡ 1371     * 
0 mg past 30 days 154 

11.23 
84 

13.35 
63 

8.77 
 

Between 1 and 150 mg in past 30 days 664 
48.43 

294 
46.74 

358 
49.86 

 

Between 151 and 300 mg in past 30 days 108 
7.88 

51 
8.11 

56 
7.80 

 

More than 300 mg in past 30 days 36 
2.63 

21 
3.34 

15 
2.09 

 

Don't know/not sure 409 
29.83 

179 
28.46 

226 
31.48 

 

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Oral Capsules/Tablets 
 
Tables 13A, 13B, and 13C summarize results of survey responses pertaining to use of 
oral capsules or tablets, with comparisons by gender, age group, and educational 
attainment, respectively. 11% of respondents reported using oral capsules/tablets in the 
past 30 days to administer marijuana. There were no significant differences in the 
proportion of respondents who reported using oral capsules/tablets by gender, age, or 
education. 
 
Twenty-four percent of respondents reported using oral capsules/tablets at least once 
per day, while 56% reported using these marijuana products less than once per week.  
 
All respondents who reported using oral capsules/tablets in the past 30 days were 
asked to indicate the amount of THC administered by using these products over the 
past 30 days. The amount of THC reported by respondents should be interpreted with 
caution, as almost 1 in 5 respondents did not know how much THC they administered 
through oral capsules/tablets. However, 55% of respondents reported administering 
between 1 and 150 mg of THC in the past 30 days through oral capsules/tablets, and 
15% reported administering 0 mg of THC. There were no significant differences the 
amount of THC administered by using capsules/tablets by gender, age, or education. 
 
All respondents who reported using oral capsules/tablets in the past 30 days were 
asked to indicate the amount of CBD administered by using these products over the 
past 30 days. The amount of CBD reported by respondents should be interpreted with 
caution, as almost 1 in 4 respondents did not know how much CBD they administered 
through oral capsules/tablets. However, 47% of respondents reported administering 
between 1 and 150 mg of CBD in the past 30 days through oral capsules/tablets, and 
16% reported administering 0 mg of CBD. 
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Table 13A: DPH Patient Survey Oral Capsules and Tables by Gender (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3251) 
Female 

(N=2672) p-value 

Respondent used oral capsules/tablets 
(THC and/or CBD) in the past 30 days 

6021     ns 

No 5370 
89.19 

2898 
89.14 

2387 
89.33 

 

Yes 651 
10.81 

353 
10.86 

285 
10.67 

  

Frequency of using oral capsules/tablets 
in the past 30 days 

595     ns 

Less than once per week  331 
55.63 

177 
55.66 

147 
55.47 

 

More than once per week (but not as much 
as once per day) 

121 
20.34 

69 
21.70 

49 
18.49 

 

Once per day 106 
17.82 

53 
16.67 

51 
19.25 

 

Multiple times per day 37 
6.22 

19 
5.97 

18 
6.79 

  

Amount of THC administered † ‡ 623     ns 
0 mg past 30 days 95 

15.25 
48 

14.24 
47 

17.15 
 

Between 1 and 150 mg in past 30 days 345 
55.38 

187 
55.49 

151 
55.11 

 

Between 151 and 300 mg in past 30 days 49 
7.87 

28 
8.31 

20 
7.30 

 

More than 300 mg in past 30 days 15 
2.41 

12 
3.56 

2 
0.73 

 

Don't know/not sure 119 
19.1 

62 
18.40 

54 
19.71 

  

Amount of CBD administered † ‡ 628     ns 
0 mg past 30 days 103 

16.40 
57 

16.76 
45 

16.30 
 

Between 1 and 150 mg in past 30 days 292 
46.50 

157 
46.18 

129 
46.74 

 

Between 151 and 300 mg in past 30 days 56 
8.92 

27 
7.94 

29 
10.51 

 

More than 300 mg in past 30 days 23 
3.66 

15 
4.41 

8 
2.90 

 

Don't know/not sure 154 
24.52 

84 
24.71 

65 
23.55 

 

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 13B: DPH Patient Survey Oral Capsules and Tables by Age Group (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3179) 

≥ 51 years 
(N=2748) p-value 

Respondent used oral capsules/tablets 
(THC and/or CBD) in the past 30 days 

6021     ns 

No 5370 
89.19 

2822 
88.77 

2463 
89.63 

  

Yes 651 
10.81 

357 
11.23 

285 
10.37 

  

Frequency of using oral capsules/tablets 
in the past 30 days 

595     ** 

Less than once per week  331 
55.63 

206 
62.24 

121 
47.27 

  

More than once per week (but not as much 
as once per day) 

121 
20.34 

59 
17.82 

60 
23.44 

  

Once per day 106 
17.82 

49 
14.80 

55 
21.48 

  

Multiple times per day 37 
6.22 

17 
5.14 

20 
7.81 

  

Amount of THC administered † ‡ 623     ns 
0 mg past 30 days 95 

15.25 
51 

14.83 
44 

16.24 
  

Between 1 and 150 mg in past 30 days 345 
55.38 

192 
55.81 

147 
54.24 

  

Between 151 and 300 mg in past 30 days 49 
7.87 

34 
9.88 

14 
5.17 

  

More than 300 mg in past 30 days 15 
2.41 

9 
2.62 

6 
2.21 

  

Don't know/not sure 119 
19.1 

58 
16.86 

60 
22.14 

  

Amount of CBD administered † ‡ 628     * 
0 mg past 30 days 103 

16.40 
61 

17.68 
39 

14.18 
  

Between 1 and 150 mg in past 30 days 292 
46.50 

169 
48.99 

119 
43.27 

  

Between 151 and 300 mg in past 30 days 56 
8.92 

34 
9.86 

22 
8.00 

  

More than 300 mg in past 30 days 23 
3.66 

8 
2.32 

15 
5.45 

  

Don't know/not sure 154 
24.52 

73 
21.16 

80 
29.09 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 13C: DPH Patient Survey Oral Capsules and Tables by Education (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2836) 
≥ Bachelor's 

(N=3168) p-value 

Respondent used oral capsules/tablets 
(THC and/or CBD) in the past 30 days 

6021     * 

No 5370 
89.19 

2559 
90.23 

2795 
88.23 

  

Yes 651 
10.81 

277 
9.77 

373 
11.77 

  

Frequency of using oral capsules/tablets 
in the past 30 days 

595     ns 

Less than once per week  331 
55.63 

133 
52.99 

197 
57.43 

  

More than once per week (but not as much 
as once per day) 

121 
20.34 

49 
19.52 

72 
20.99 

  

Once per day 106 
17.82 

46 
18.33 

60 
17.49 

  

Multiple times per day 37 
6.22 

23 
9.16 

14 
4.08 

  

Amount of THC administered † ‡ 623     ns 
0 mg past 30 days 95 

15.25 
37 

14.02 
58 

16.20 
  

Between 1 and 150 mg in past 30 days 345 
55.38 

136 
51.52 

208 
58.10 

  

Between 151 and 300 mg in past 30 days 49 
7.87 

29 
10.98 

20 
5.59 

  

More than 300 mg in past 30 days 15 
2.41 

6 
2.27 

9 
2.51 

  

Don't know/not sure 119 
19.1 

56 
21.21 

63 
17.60 

  

Amount of CBD administered † ‡ 628     ns 
0 mg past 30 days 103 

16.40 
40 

14.98 
62 

17.22 
  

Between 1 and 150 mg in past 30 days 292 
46.50 

122 
45.69 

170 
47.22 

  

Between 151 and 300 mg in past 30 days 56 
8.92 

27 
10.11 

29 
8.06 

  

More than 300 mg in past 30 days 23 
3.66 

11 
4.12 

12 
3.33 

  

Don't know/not sure 154 
24.52 

67 
25.09 

87 
24.17 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Topical Cannabis, Oil, Ointment, Lotion, Salve 
 

Tables 14A, 14B, and 14C summarize results of survey responses pertaining to 
applying topical cannabis, oil, ointment, lotion, salve, or other marijuana products to the 
skin, with comparisons by gender, age group, and educational attainment, respectively. 
27% of respondents who reported using marijuana at least once in the past 30 days 
reported applying topical cannabis to the skin in the past 30 days. A significantly larger 
proportion of female respondents compared to males report applying topical cannabis 
(35% vs. 20%). 
 
Twenty-six percent of respondents who reported using topical cannabis in the past 30 
days reported applying topical cannabis to the skin at least once per day, while 42% 
reported applying topical cannabis less than once per week. A larger proportion of 
respondents without a Bachelor’s degree than respondents with a degree reported 
applying topical cannabis to the skin multiple times per day (14% vs. 7%), while a larger 
proportion of respondents with a Bachelor’s degree than without reported applying 
topical cannabis to the skin less than once per week (46% vs. 36%). 
 
All respondents who reported applying topical cannabis, oil, ointment, lotion, salve, etc. 
to the skin in the past 30 days were asked to indicate the amount of THC administered 
by using these products over the past 30 days. The amount of THC reported by 
respondents should be interpreted with caution, as more than 2 in 5 respondents did not 
know how much THC they administered through topical cannabis. However, 38% of 
respondents reported administering between 1 and 150 mg of THC in the past 30 days 
through topical cannabis, and 13% reported administering 0 mg of THC. A larger 
proportion of male respondents than female reported administering between 1 and 150 
mg of topical cannabis to the skin (46% vs. 33%), while a larger proportion of females 
than males did not know how much THC they administered through topical cannabis 
(49% vs. 38%).  
 
All respondents who reported applying topical cannabis, oil, ointment, lotion, salve, etc. 
to the skin in the past 30 days were asked to indicate the amount of CBD administered 
by using these products over the past 30 days. The amount of CBD reported by 
respondents should be interpreted with caution, as almost one half of all respondents 
did not know how much CBD they administered through topical cannabis. However, 
42% of respondents reported administering between 1 and 150 mg of CBD in the past 
30 days through topical cannabis. 
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Table 14A: DPH Patient Survey Topical Marijuana by Gender (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Gender 
Male 

(N=3251) 
Female 

(N=2672) p-value 

Respondent applied topical marijuana to 
skin in the past 30 days 

6021     **** 

No 4421 
73.43 

2613 
80.38 

1739 
65.08 

 

Yes 1600 
26.57 

638 
19.62 

933 
34.92 

  

Frequency of applying topical marijuana 
to skin  

1513     *** 

Less than once per week  628 
41.51 

271 
45.55 

344 
38.65 

 

More than once per week (but not as much 
as once per day) 

494 
32.65 

195 
32.77 

293 
32.92 

 

Once per day 229 
15.14 

88 
14.79 

136 
15.28 

 

Multiple times per day 162 
10.71 

41 
6.89 

117 
13.15 

  

Amount of THC administered † ‡ 1554     **** 
0 mg past 30 days 205 

13.19 
71 

11.45 
130 

14.35 
 

Between 1 and 150 mg in past 30 days 593 
38.16 

284 
45.81 

298 
32.89 

 

Between 151 and 300 mg in past 30 days 57 
3.67 

27 
4.35 

28 
3.09 

 

More than 300 mg in past 30 days 10 
0.64 

3 
0.48 

6 
0.66 

 

Don't know/not sure 689 
44.34 

235 
37.90 

444 
49.01 

  

Amount of CBD administered † ‡ 1557     *** 
0 mg past 30 days 103 

6.62 
40 

6.43 
60 

6.62 
 

Between 1 and 150 mg in past 30 days 656 
42.13 

299 
48.07 

344 
37.93 

 

Between 151 and 300 mg in past 30 days 70 
4.50 

31 
4.98 

36 
3.97 

 

More than 300 mg in past 30 days 10 
0.64 

3 
0.48 

7 
0.77 

 

Don't know/not sure 718 
46.11 

249 
40.03 

460 
50.72 

 

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 14B: DPH Patient Survey Topical Marijuana by Age Group (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3179) 

≥ 51 years 
(N=2748) p-value 

Respondent applied topical marijuana to 
skin in the past 30 days 

6021     * 

No 4421 
73.43 

2376 
74.74 

1978 
71.98 

  

Yes 1600 
26.57 

803 
25.26 

770 
28.02 

  

Frequency of applying topical marijuana 
to skin  

1513     *** 

Less than once per week  628 
41.51 

355 
46.65 

261 
35.80 

  

More than once per week (but not as much 
as once per day) 

494 
32.65 

238 
31.27 

252 
34.57 

  

Once per day 229 
15.14 

94 
12.35 

130 
17.83 

  

Multiple times per day 162 
10.71 

74 
9.72 

86 
11.80 

  

Amount of THC administered † ‡ 1554     * 
0 mg past 30 days 205 

13.19 
99 

12.68 
103 

13.79 
  

Between 1 and 150 mg in past 30 days 593 
38.16 

323 
41.36 

259 
34.67 

  

Between 151 and 300 mg in past 30 days 57 
3.67 

34 
4.35 

22 
2.95 

  

More than 300 mg in past 30 days 10 
0.64 

6 
0.77 

4 
0.54 

  

Don't know/not sure 689 
44.34 

319 
40.85 

359 
48.06 

  

Amount of CBD administered † ‡ 1557     *** 
0 mg past 30 days 103 

6.62 
52 

6.68 
50 

6.65 
  

Between 1 and 150 mg in past 30 days 656 
42.13 

361 
46.34 

283 
37.63 

  

Between 151 and 300 mg in past 30 days 70 
4.50 

41 
5.26 

28 
3.72 

  

More than 300 mg in past 30 days 10 
0.64 

7 
0.90 

3 
0.40 

  

Don't know/not sure 718 
46.11 

318 
40.82 

388 
51.60 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 14C: DPH Patient Survey Topical Marijuana by Education (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=2836) 
≥ Bachelor's 

(N=3168) p-value 

Respondent applied topical marijuana to 
skin in the past 30 days 

6021     ns 

No 4421 
73.43 

2075 
73.17 

2333 
73.64 

  

Yes 1600 
26.57 

761 
26.83 

835 
26.36 

  

Frequency of applying topical marijuana 
to skin  

1513     **** 

Less than once per week  628 
41.51 

256 
36.26 

370 
46.02 

  

More than once per week (but not as much 
as once per day) 

494 
32.65 

239 
33.85 

255 
31.72 

  

Once per day 229 
15.14 

109 
15.44 

120 
14.93 

  

Multiple times per day 162 
10.71 

102 
14.45 

59 
7.34 

  

Amount of THC administered † ‡ 1554     *** 
0 mg past 30 days 205 

13.19 
86 

11.72 
119 

14.57 
  

Between 1 and 150 mg in past 30 days 593 
38.16 

272 
37.06 

320 
39.17 

  

Between 151 and 300 mg in past 30 days 57 
3.67 

43 
5.86 

13 
1.59 

  

More than 300 mg in past 30 days 10 
0.64 

5 
0.68 

5 
0.61 

  

Don't know/not sure 689 
44.34 

328 
44.69 

360 
44.06 

  

Amount of CBD administered † ‡ 1557     ** 
0 mg past 30 days 103 

6.62 
54 

7.32 
48 

5.89 
  

Between 1 and 150 mg in past 30 days 656 
42.13 

296 
40.11 

359 
44.05 

  

Between 151 and 300 mg in past 30 days 70 
4.50 

47 
6.37 

22 
2.70 

  

More than 300 mg in past 30 days 10 
0.64 

6 
0.81 

4 
0.49 

  

Don't know/not sure 718 
46.11 

335 
45.39 

382 
46.87 

  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Rectal/Vaginal Cannabis 
 
Tables 15A, 15B, and 15C summarize results of survey responses pertaining to using 
rectal/vaginal cannabis, with comparisons by gender, age group, and educational 
attainment, respectively. 1% of respondents who reported marijuana or marijuana 
product use at least once in the past 30 days reported using rectal/vaginal cannabis in 
the past 30 days. There were no significant differences in the proportion of respondents 
who reported use of rectal/vaginal cannabis by gender, age, or education. 
 
Eighty-nine percent of respondents who reported using rectal/vaginal cannabis in the 
past 30 days reported using rectal/vaginal cannabis less than once per week. There 
were no significant differences in the frequency of rectal/vaginal cannabis use by 
gender, age, or education. 
 
All respondents who reported using rectal/vaginal cannabis in the past 30 days were 
asked to indicate the amount of THC administered by using these products over the 
past 30 days. The amount of THC reported by respondents should be interpreted with 
caution, as almost 1 in 5 did not know how much THC they administered through 
rectal/vaginal cannabis. However, 70% of respondents reported administering between 
1 and 150 mg of THC in the past 30 days through rectal/vaginal cannabis. There were 
no significant differences in the amount of THC administered by using rectal/vaginal 
cannabis by gender, age, or education. 
 
All respondents who reported using rectal/vaginal cannabis in the past 30 days were 
asked to indicate the amount of CBD administered by using these products over the 
past 30 days. The amount of CBD reported by respondents should be interpreted with 
caution, as almost one third of all respondents did not know how much CBD they 
administered through rectal/vaginal cannabis. However, 39% of respondents reported 
administering between 1 and 150 mg of CBD in the past 30 days through rectal/vaginal 
cannabis, while 24% reported administering 0 mg. There were no significant differences 
in the amount of CBD administered by using rectal/vaginal cannabis by gender, age, or 
education. 
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Table 15A: DPH Patient Survey Rectal/Vaginal Marijuana by Gender (Among 6,111 
Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
%  

Gender 
Male 

(N=3293) 
Female 

(N=2720) p-value 

Respondent used rectal/vaginal cannabis 
in the past 30 days 6021     ns 

No 5946 
98.75 

3219 
99.02 

2633 
98.54  

Yes 75 
1.25 

32 
0.98 

39 
1.46   

Frequency of using rectal/vaginal 
cannabis in the past 30 days 66     ns 

Less than once per week  58 
87.88 

23 
82.14 

33 
91.67  

More than once per week (but not as much 
as once per day) 

3 
4.55 

1 
3.57 

2 
5.56  

Once per day 2 
3.03 

1 
3.57 

1 
2.78  

Multiple times per day 3 
4.55 

3 
10.71 

0 
0.00   

Amount of THC administered † ‡ 69      ns 
0 mg past 30 days 3 

4.35 
1 

3.45 
1 

2.70  
Between 1 and 150 mg in past 30 days 48 

69.57 
19 

65.52 
27 

72.97  
Between 151 and 300 mg in past 30 days 4 

5.80 
3 

10.34 
1 

2.70  

More than 300 mg in past 30 days 1 
1.45 

1 
3.45 

0 
0.00  

Don't know/not sure 13 
18.84 

5 
17.24 

8 
21.62   

Amount of CBD administered † ‡ 70      ns  
0 mg past 30 days 17 

24.29 
4 

13.79 
12 

31.58  
Between 1 and 150 mg in past 30 days 27 

38.57 
12 

41.38 
13 

34.21  
Between 151 and 300 mg in past 30 days 3 

4.29 
2 

6.90 
1 

2.63  

More than 300 mg in past 30 days 0 
0.00 

0 
0.00 

0 
0.00  

Don't know/not sure 23 
32.86 

11 
37.93 

12 
31.58  

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 15B: DPH Patient Survey Rectal/Vaginal Marijuana by Age Group (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
%  

Age Group 
≤ 50 years 
(N=3224) 

≥ 51 years 
(N=2793) p-value 

Respondent used rectal/vaginal cannabis 
in the past 30 days 6021     ns 

No 5946 
98.75 

3131 
98.49 

2722 
99.05   

Yes 75 
1.25 

48 
1.51 

26 
0.95   

Frequency of using rectal/vaginal 
cannabis in the past 30 days 66     ns 

Less than once per week  58 
87.88 

41 
95.35 

17 
73.91   

More than once per week (but not as much 
as once per day) 

3 
4.55 

1 
2.33 

2 
8.70   

Once per day 2 
3.03 

0 
0.00 

2 
8.70   

Multiple times per day 3 
4.55 

1 
2.33 

2 
8.70   

Amount of THC administered † ‡ 69      ns 
0 mg past 30 days 3 

4.35 
2 

4.44 
1 

4.17   
Between 1 and 150 mg in past 30 days 48 

69.57 
33 

73.33 
15 

62.50   
Between 151 and 300 mg in past 30 days 4 

5.80 
2 

4.44 
2 

8.33   

More than 300 mg in past 30 days 1 
1.45 

0 
0.00 

1 
4.17   

Don't know/not sure 13 
18.84 

8 
17.78 

5 
20.83   

Amount of CBD administered † ‡ 70      ns  
0 mg past 30 days 17 

24.29 
11 

24.44 
6 

24.00   
Between 1 and 150 mg in past 30 days 27 

38.57 
18 

40.00 
9 

36.00   
Between 151 and 300 mg in past 30 days 3 

4.29 
3 

6.67 
0 

0.00   

More than 300 mg in past 30 days 0 
0.00 

0 
0.00 

0 
0.00   

Don't know/not sure 23 
32.86 

13 
28.89 

10 
40.00   

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 15C: DPH Patient Survey Rectal/Vaginal Marijuana by Education (Among 
6,111 Respondents who Used Marijuana in Past 30 Days) 

  
Total 

N 
%  

Education 
< Bachelor's 

(N=2871) 
≥ Bachelor's 

(N=3223) p-value 

Respondent used rectal/vaginal cannabis 
in the past 30 days 6021     ns 

No 5946 
98.75 

2802 
98.80 

3127 
98.71   

Yes 75 
1.25 

34 
1.20 

41 
1.29   

Frequency of using rectal/vaginal 
cannabis in the past 30 days 66     ns 

Less than once per week  58 
87.88 

25 
83.33 

33 
91.67   

More than once per week (but not as much 
as once per day) 

3 
4.55 

3 
10.00 

0 
0.00   

Once per day 2 
3.03 

1 
3.33 

1 
2.78   

Multiple times per day 3 
4.55 

1 
3.33 

2 
5.56   

Amount of THC administered † ‡ 69       ns 
0 mg past 30 days 3 

4.35 
1 

3.33 
2 

5.13   
Between 1 and 150 mg in past 30 days 48 

69.57 
22 

73.33 
26 

66.67   
Between 151 and 300 mg in past 30 days 4 

5.80 
0 

0.00 
4 

10.26   

More than 300 mg in past 30 days 1 
1.45 

0 
0.00 

1 
2.56   

Don't know/not sure 13 
18.84 

7 
23.33 

6 
15.38   

Amount of CBD administered † ‡ 70       ns 
0 mg past 30 days 17 

24.29 
5 

16.67 
12 

30.00   
Between 1 and 150 mg in past 30 days 27 

38.57 
13 

43.33 
14 

35.00   
Between 151 and 300 mg in past 30 days 3 

4.29 
2 

6.67 
1 

2.50   

More than 300 mg in past 30 days 0 
0.00 

0 
0.00 

0 
0.00   

Don't know/not sure 23 
32.86 

10 
33.33 

13 
32.50   

† Among respondents reporting using vaporized marijuana concentrate in the past 30 days  
‡ Total monthly amount consumed 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Perceptions of Medical Marijuana Use 
 

All respondents, regardless of their use of marijuana in the past 30 days, were asked to 
report on various perceptions and behavior related to medical use of marijuana. Results 
are summarized in Tables 16A, 16B, and 16C, with comparisons by gender, age group, 
and educational attainment, respectively. 
 
Sixty-six percent of survey respondents reported using marijuana or marijuana products 
for medical purposes for at least a year, with 20% reporting use for over 3 years. 7% of 
respondents reported medical use of marijuana or marijuana products for 3 months or 
less. A larger proportion of male respondents than female reported medical use for at 
least 3 years (21% vs. 16%), while a larger proportion of respondents under the age of 
51 compared to older respondents reported medical use for at least 3 years (22% vs. 
16%). Finally, a larger proportion of respondents without a Bachelor’s degree than with 
reported medical use for at least 3 years (22% vs. 17%).  
 
Ninety-four percent of survey respondents reported feeling safe or very safe when 
buying medical marijuana products at a licensed dispensary, while 5% reported feeling 
very unsafe. A larger proportion of respondents over the age of 50 than younger 
respondents reported felling very unsafe (7% vs. 4%), while a larger proportion of 
younger respondents than older reported feeling very safe (89% vs. 86%). A larger 
proportion of respondents without a Bachelor’s degree than with a degree reported 
feeling very unsafe (7% vs. 4%), while a larger proportion of respondents with a 
Bachelor’s degree than without reported feeling very safe (90% vs. 85%). 
Sixty-six percent of survey respondents reported somewhat high or very high 
knowledge of products when selecting products for medical use, while 7% reported 
somewhat low or very low knowledge. A larger proportion of male respondents than 
female reported very high knowledge (42% vs. 32%), while a larger proportion of female 
respondents than male reported average knowledge (31% vs. 23%). A larger proportion 
of respondents under the age of 51 than older respondents report very high knowledge 
(43% vs 32%), while a larger proportion of older respondents than younger report 
average knowledge (29% vs. 24%).  
 
Eighty-nine percent of survey respondents indicated that they had somewhat high or 
very high confidence that they were receiving safe, uncontaminated products at 
licensed dispensaries, while less than 2% reported that they had somewhat low or very 
low confidence. A larger proportion of respondents younger than 51 compared to older 
respondents reported very high confidence (71% vs. 67%), while a larger proportion of 
older respondents reported average confidence (11% vs. 8%). A larger proportion of 
respondents with a Bachelor’s degree than without a degree reported very high 
confidence in receiving safe, uncontaminated products (71% vs. 68%). 
 
Ninety-one percent of survey respondents reported that marijuana use has been 
effective or very effective in treating their medical condition, while 2% reported that 
marijuana use has had little effect or no effect at all. A larger proportion of male 
respondents than female reported that marijuana use has been effective (27% vs. 24%). 
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A larger proportion of respondents less than 51 years old than older respondents 
reported that marijuana use has been very effective (72% vs. 58%), while a larger 
proportion of older respondents than younger reported that marijuana use has been 
effective (30% vs. 22%) or somewhat effective (10% vs. 5%). 
 
Table 16A: DPH Patient Survey Perceptions of Medical Use of Marijuana by 
Gender (Among All 6,934 Respondents) 

  
Total 

N 
% 

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

Length of time using marijuana or 
marijuana products for medical purposes 

6574     **** 

0-3 months 466 
7.09 

223 
6.31 

238 
8.12 

 

3-6 months 675 
10.27 

341 
9.65 

324 
11.05 

 

6-12 months 1124 
17.10 

584 
16.53 

522 
17.80 

 

1-3 years 3051 
46.41 

1633 
46.22 

1365 
46.56 

 

3+ years 1258 
19.14 

752 
21.29 

483 
16.47 

  

When you buy medical marijuana at a 
licensed dispensary, how do you feel about 
your personal safety? 

6552     ns 

Very unsafe 340 
5.19 

186 
5.28 

150 
5.13 

 

Somewhat unsafe 61 
0.93 

34 
0.97 

26 
0.89 

 

Somewhat safe 408 
6.23 

221 
6.28 

182 
6.22 

 

Very safe 5743 
87.65 

3079 
87.47 

2566 
87.76 

  

When selecting a marijuana product for 
your medical use, how would you rate your 
current knowledge of the recommended 
product based on information provided by 
your certified practitioner? 

6461     **** 

Very low 159 
2.46 

65 
1.87 

90 
3.13 

 

Somewhat low 306 
4.74 

138 
3.97 

166 
5.77 

 

Average 1734 
26.84 

796 
22.88 

906 
31.49 

 

Somewhat high 1825 
28.25 

1015 
29.18 

784 
27.25 

 

Very high 2437 
37.72 

1465 
42.11 

931 
32.36 

 

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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 (Continued) Table 16A: DPH Patient Survey Perceptions of Medical Use of 
Marijuana by Gender (Among All 6,934 Respondents) 

  
Total 

N 
% 

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

When purchasing marijuana or marijuana 
products at a licensed dispensary, how 
confident do you feel that you are receiving 
a safe, uncontaminated product? 

6538     ns 

Very low confidence 41 
0.63 

22 
0.63 

17 
0.58 

 

Low confidence 79 
1.21 

45 
1.28 

33 
1.13 

 

Average confidence 613 
9.38 

322 
9.15 

280 
9.62 

 

Somewhat high confidence 1266 
19.36 

727 
20.65 

520 
17.86 

 

Very high confidence 4539 
69.42 

2404 
68.30 

2062 
70.81 

  

How effective do you feel marijuana or 
marijuana products have been in treating 
the medical condition for which you are 
using it? 

6551     **** 

Not effective at all 40 
0.61 

16 
0.45 

23 
0.79 

 

A little effective 92 
1.40 

37 
1.05 

55 
1.88 

 

Somewhat effective 465 
7.10 

222 
6.31 

235 
8.04 

 

Effective 1678 
25.61 

960 
27.27 

693 
23.70 

 

Very effective 4276 
65.27 

2285 
64.91 

1918 
65.60 

 

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 



 

120 
 

Table 16B: DPH Patient Survey Perceptions of Medical Use of Marijuana by Age 
Group (Among All 6,934 Respondents) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Length of time using marijuana or 
marijuana products for medical purposes 

6574     **** 

0-3 months 466 
7.09 

232 
6.79 

225 
7.40 

  

3-6 months 675 
10.27 

365 
10.68 

301 
9.90 

  

6-12 months 1124 
17.10 

578 
16.91 

523 
17.20 

  

1-3 years 3051 
46.41 

1498 
43.83 

1499 
49.29 

  

3+ years 1258 
19.14 

745 
21.80 

493 
16.21 

  

When you buy medical marijuana at a 
licensed dispensary, how do you feel about 
your personal safety? 

6552     **** 

Very unsafe 340 
5.19 

122 
3.59 

207 
6.81 

  

Somewhat unsafe 61 
0.93 

34 
1.00 

26 
0.86 

  

Somewhat safe 408 
6.23 

220 
6.47 

183 
6.02 

  

Very safe 5743 
87.65 

3023 
88.94 

2623 
86.31 

  

When selecting a marijuana product for 
your medical use, how would you rate your 
current knowledge of the recommended 
product based on information provided by 
your certified practitioner? 

6461     **** 

Very low 159 
2.46 

58 
1.74 

98 
3.26 

  

Somewhat low 306 
4.74 

109 
3.26 

188 
6.25 

  

Average 1734 
26.84 

810 
24.25 

885 
29.43 

  

Somewhat high 1825 
28.25 

918 
27.49 

879 
29.23 

  

Very high 2437 
37.72 

1445 
43.26 

957 
31.83 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 16B: DPH Patient Survey Perceptions of Medical Use of 
Marijuana by Gender (Among All 6,934 Respondents) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

When purchasing marijuana or marijuana 
products at a licensed dispensary, how 
confident do you feel that you are receiving 
a safe, uncontaminated product? 

6538     **** 

Very low confidence 41 
0.63 

25 
0.73 

14 
0.46 

  

Low confidence 79 
1.21 

51 
1.50 

27 
0.89 

  

Average confidence 613 
9.38 

261 
7.67 

342 
11.33 

  

Somewhat high confidence 1266 
19.36 

641 
18.84 

610 
20.21 

  

Very high confidence 4539 
69.42 

2425 
71.26 

2026 
67.11 

  

How effective do you feel marijuana or 
marijuana products have been in treating 
the medical condition for which you are 
using it? 

6551     **** 

Not effective at all 40 
0.61 

7 
0.21 

32 
1.06 

  

A little effective 92 
1.40 

39 
1.15 

49 
1.62 

  

Somewhat effective 465 
7.10 

159 
4.67 

296 
9.77 

  

Effective 1678 
25.61 

762 
22.37 

896 
29.57 

  

Very effective 4276 
65.27 

2439 
71.61 

1757 
57.99 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 16C: DPH Patient Survey Perceptions of Medical Use of Marijuana by 
Education (Among All 6,934 Respondents) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Length of time using marijuana or 
marijuana products for medical purposes 

6574     **** 

0-3 months 466 
7.09 

200 
6.40 

263 
7.67 

  

3-6 months 675 
10.27 

304 
9.73 

368 
10.73 

  

6-12 months 1124 
17.10 

505 
16.16 

619 
18.04 

  

1-3 years 3051 
46.41 

1432 
45.82 

1610 
46.93 

  

3+ years 1258 
19.14 

684 
21.89 

571 
16.64 

  

When you buy medical marijuana at a 
licensed dispensary, how do you feel about 
your personal safety? 

6552     **** 

Very unsafe 340 
5.19 

210 
6.76 

129 
3.76 

  

Somewhat unsafe 61 
0.93 

33 
1.06 

27 
0.79 

  

Somewhat safe 408 
6.23 

223 
7.18 

183 
5.34 

  

Very safe 5743 
87.65 

2639 
84.99 

3091 
90.12 

  

When selecting a marijuana product for 
your medical use, how would you rate your 
current knowledge of the recommended 
product based on information provided by 
your certified practitioner? 

6461     *** 

Very low 159 
2.46 

66 
2.15 

91 
2.69 

  

Somewhat low 306 
4.74 

145 
4.73 

161 
4.76 

  

Average 1734 
26.84 

839 
27.38 

889 
26.31 

  

Somewhat high 1825 
28.25 

791 
25.82 

1029 
30.45 

  

Very high 2437 
37.72 

1223 
39.92 

1209 
35.78 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 16C: DPH Patient Survey Perceptions of Medical Use of 
Marijuana by Education (Among All 6,934 Respondents) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

When purchasing marijuana or marijuana 
products at a licensed dispensary, how 
confident do you feel that you are receiving 
a safe, uncontaminated product? 

6538     **** 

Very low confidence 41 
0.63 

27 
0.87 

13 
0.38 

  

Low confidence 79 
1.21 

39 
1.26 

40 
1.17 

  

Average confidence 613 
9.38 

348 
11.20 

264 
7.73 

  

Somewhat high confidence 1266 
19.36 

590 
18.99 

672 
19.68 

  

Very high confidence 4539 
69.42 

2103 
67.69 

2425 
71.03 

  

How effective do you feel marijuana or 
marijuana products have been in treating 
the medical condition for which you are 
using it? 

6551     *** 

Not effective at all 40 
0.61 

20 
0.64 

20 
0.58 

  

A little effective 92 
1.40 

34 
1.09 

58 
1.69 

  

Somewhat effective 465 
7.10 

193 
6.21 

270 
7.89 

  

Effective 1678 
25.61 

756 
24.31 

919 
26.85 

  

Very effective 4276 
65.27 

2107 
67.75 

2156 
62.99 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
 
Driving Issues Related to Marijuana Use 
 

All survey respondents were asked to report on their driving behaviors related to 
marijuana use. Results are summarized in Tables 17A, 17B, and 17C, with comparisons 
by gender, age group, and educational attainment, respectively. 
 
Ten percent of survey respondents indicated that in the past 30 days they had driven or 
operated a car or other motor vehicle while under the influence of marijuana or 
marijuana products. A larger proportion of respondents without a Bachelor’s degree 
than with a degree reported driving while impaired (11% vs. 10%). 
 
Eleven percent of survey respondents indicated that in the past 30 days they had ridden 
as a passenger in a car or other motor vehicle while the driver was under the influence 
of marijuana or marijuana products. A significantly larger proportion of respondents 
under age 51 compared to over 50 (14% vs. 7%) reported riding as a passenger with an 
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impaired driver in the past 30 days, as did a larger proportion of respondents without a 
Bachelor’s degree compared to with a degree (13% vs. 9%). 
 
Table 17A: DPH Patient Survey Driving Issued Related to Marijuana Use by 
Gender (Among All 6,934 Respondents) 

  
Total 
N 
% 

Gender 
Male 
(N=3732) 

Female 
(N=3056) p-value 

During the past 30 days, how many times did 
you drive/operate a car or other motor vehicle 
when you were under the influence of 
(impaired from) marijuana or marijuana 
products? 

6311     * 

0 times 5472 
86.71 

2900 
85.88 

2489 
87.73 

 

At least once 656 
10.39 

383 
11.34 

262 
9.24 

 

Don’t know/not sure 183 
2.90 

94 
2.78 

86 
3.03 

  

During the past 30 days, how many times did 
you ride as a passenger in a car or other 
motor vehicle when the driver was under the 
influence of (impaired from) marijuana or 
marijuana products? 

6414     ns 

0 times 5486 
85.53 

2939 
85.56 

2463 
85.58 

 

At least once 681 
10.62 

368 
10.71 

303 
10.53 

 

Don’t know/not sure 247 
3.85 

128 
3.73 

112 
3.89 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 17B: DPH Patient Survey Driving Issued Related to Marijuana Use by Age 
Group (Among All 6,934 Respondents) 

  
Total 
N 
% 

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

During the past 30 days, how many times did 
you drive/operate a car or other motor vehicle 
when you were under the influence of 
(impaired from) marijuana or marijuana 
products? 

6311     ** 

0 times 5472 
86.71 

2766 
85.27 

2612 
88.30 

  

At least once 656 
10.39 

377 
11.62 

270 
9.13 

  

Don’t know/not sure 183 
2.90 

101 
3.11 

76 
2.57 

  

During the past 30 days, how many times did 
you ride as a passenger in a car or other 
motor vehicle when the driver was under the 
influence of (impaired from) marijuana or 
marijuana products? 

6414     **** 

0 times 5486 
85.53 

2687 
81.45 

2700 
89.91 

  

At least once 681 
10.62 

465 
14.10 

207 
6.89 

  

Don’t know/not sure 247 
3.85 

147 
4.46 

96 
3.20 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 17C: DPH Patient Survey Driving Issued Related to Marijuana Use by 
Education (Among All 6,934 Respondents) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

During the past 30 days, how many times did 
you drive/operate a car or other motor vehicle 
when you were under the influence of 
(impaired from) marijuana or marijuana 
products? 

6311     **** 

0 times 5472 
86.71 

2548 
84.96 

2912 
88.35 

  

At least once 656 
10.39 

336 
11.20 

317 
9.62 

  

Don’t know/not sure 183 
2.90 

115 
3.83 

67 
2.03 

  

During the past 30 days, how many times did 
you ride as a passenger in a car or other 
motor vehicle when the driver was under the 
influence of (impaired from) marijuana or 
marijuana products? 

6414     **** 

0 times 5486 
85.53 

2505 
82.35 

2968 
88.44 

  

At least once 681 
10.62 

393 
12.92 

286 
8.52 

  

Don’t know/not sure 247 
3.85 

144 
4.73 

102 
3.04 

  

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
 
Other Issues Related to Marijuana Use 
 
All respondents were asked a series of questions pertaining to outcomes and 
consequences related to marijuana use, as well as other issues related to marijuana 
use. Results are summarized in Tables 18A, 18B, and 18C, with comparisons by 
gender, age group, and educational attainment, respectively. 
 
All survey respondents were asked to choose from a list negative 
outcomes/consequences related to their marijuana use. 83% of respondents reported 
experiencing no negative outcomes related to marijuana use. A significantly larger 
proportion of respondents over the age of 51 than under reported no negative outcomes 
related to marijuana use (86% vs 80%). A significantly larger proportion of respondents 
under the age of 51 than over reported negative occupational/job-related issues related 
to marijuana use (1% vs. 0%). A significantly larger proportion of respondents with a 
Bachelor’s degree than without a degree reported negative changes in cognition related 
to marijuana use (8% vs. 5%).  
 
All survey respondents were asked to choose from a list of positive 
outcomes/consequences related to their marijuana use. 78% reported positive changes 
in mood or mental health, 67% reported improved physical health, 30% reported 
positive changes in cognition, 41% reported positive changes in social relationships, 
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and 3% reported no positive outcomes or consequences. A significantly larger 
proportion of respondents younger than 51 years old reported positive changes in mood 
or mental health (87% vs. 70%), positive changes in cognition (37% vs. 22%) and 
positive changes in social relationships (52% vs. 29%). A larger proportion of 
respondents older than 50 years old reported no positive outcomes (4% vs. 2%). A 
significantly larger proportion of respondents without a Bachelor’s degree than with a 
degree reported positive changes in cognition (35% vs. 25%) and positive changes in 
social relationships (46% vs. 38%).  
 
Less than 1% of survey respondents indicated being treated in an emergency room or 
urgent care facility for reasons related to marijuana use. 14% of respondents who have 
used marijuana or marijuana products for medical purposes for at least 6 months 
reported needing to consume larger amounts of marijuana in the past 12 months in 
order to feel the same effects. A significantly larger proportion of respondents under the 
age of 51 than older respondents reported needing to consume larger amounts (19% 
vs. 8%). 
 
Eighteen percent of respondents who have used marijuana or marijuana products for 
medical purposes for at least 6 months reported trying to cut down on their use of 
marijuana in the past 12 months. A significantly larger proportion of male respondents 
than female reported trying to cut down on their use of marijuana (20% vs. 16%), and a 
larger proportion of respondents under the age of 51 than older respondents reported 
trying to cut down their use of marijuana (23% vs. 13%). 9% of respondents have used 
marijuana or marijuana products for medical purposes for at least 6 months and who 
indicated trying to cut down on their marijuana use in the past 12 months reported 
feeling sick or experiencing withdrawal symptoms because of reduced marijuana use. 
There were no significant differences by gender, age, or education. 
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Table 18A: DPH Patient Survey Other Issues Related to Marijuana Use by Gender 
(Among All 6,934 Respondents) 

  
Total 

N 
% 

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

Have you noticed any of the following negative 
outcomes/consequences related to your 
marijuana use? 

6572       

Negative changes in mood or mental health  141 
2.15 

65 
1.84 

71 
2.42 

ns 

Reduction in physical health  57 
0.87 

27 
0.76 

28 
0.96 

ns 

Negative changes in cognition  435 
6.62 

223 
6.32 

191 
6.52 

ns 

Negative changes in social relationships 75 
1.14 

52 
1.47 

22 
0.75 

** 

Occupation/job-related issues 58 
0.88 

43 
1.22 

14 
0.48 

** 

Other outcomes/consequences 370 
5.63 

178 
5.04 

183 
6.24 

* 

No negative outcomes/consequences 5452 
82.96 

2952 
83.63 

2426 
82.77 

ns 

Have you noticed any of the following positive 
outcomes/consequences related to your 
marijuana use? 

6572       

Positive changes in mood or mental health  5158 
78.48 

2804 
79.43 

2261 
77.14 

* 

Improved physical health 4435 
67.48 

2354 
66.69 

2010 
68.58 

ns 

Positive changes in cognition 1979 
30.11 

1109 
31.42 

823 
28.08 

** 

Positive changes in social relationships 2717 
41.34 

1509 
42.75 

1145 
39.07 

** 

Other outcomes/consequences 1005 
15.29 

492 
13.94 

487 
16.62 

** 

No positive outcomes/consequences 168 
2.56 

84 
2.38 

82 
2.80 

ns 

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 18A: DPH Patient Survey Other Issues Related to Marijuana Use by Gender 
(Among the 5433 Respondents who have Used Medical Use of Marijuana or 
Marijuana Products for at least 6 Months) 

  
Total 

N 
%   

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

Treated in an emergency room or urgent 
care facility for any reason related to 
marijuana or marijuana product use? 

6499     ns 

0 times 6492 
99.89 

3486 
99.89 

2901 
99.90 

 

At least once 7 
0.11 

4 
0.11 

3 
0.10 

  

In the past 12 months, have you needed to 
consume larger amounts of marijuana or 
marijuana products in order to feel the same 
effects?   

5011     ns 

No 4313 
86.07 

2381 
86.55 

1864 
85.62 

 

Yes 698 
13.93 

370 
13.45 

313 
14.38 

  

In the past 12 months, have you tried to cut 
down on your marijuana or marijuana 
product use?  

5010     **** 

No 4094 
81.72 

2187 
79.76 

1847 
84.18 

 

Yes 916 
18.28 

555 
20.24 

347 
15.82 

  

In the past 12 months, have you felt sick or 
had withdrawal symptoms because you 
stopped or cut down on your marijuana or 
marijuana product use? † 

863     ns 

No 786 
91.08 

472 
90.08 

300 
92.59 

 

Yes 77 
8.92 

52 
9.92 

24 
7.41 

 

† Among respondents who reported trying to cut down on marijuana or marijuana product use in the past 
12 months 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 18B: DPH Patient Survey Other Issues Related to Marijuana Use by Age 
Group (Among All 6,934 Respondents) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Have you noticed any of the following negative 
outcomes/consequences related to your 
marijuana use? 

6572       

Negative changes in mood or mental health  141 
2.15 

92 
2.70 

48 
1.58 

** 

Reduction in physical health  57 
0.87 

40 
1.17 

17 
0.56 

** 

Negative changes in cognition  435 
6.62 

257 
7.54 

174 
5.71 

** 

Negative changes in social relationships 75 
1.14 

45 
1.32 

30 
0.98 

ns 

Occupation/job-related issues 58 
0.88 

45 
1.32 

12 
0.39 

**** 

Other outcomes/consequences 370 
5.63 

208 
6.10 

156 
5.12 

ns 

No negative outcomes/consequences 5452 
82.96 

2741 
80.40 

2611 
85.72 

**** 

Have you noticed any of the following positive 
outcomes/consequences related to your 
marijuana use? 

6572       

Positive changes in mood or mental health  5158 
78.48 

2955 
86.68 

2123 
69.70 

**** 

Improved physical health 4435 
67.48 

2330 
68.35 

2033 
66.74 

ns 

Positive changes in cognition 1979 
30.11 

1266 
37.14 

678 
22.26 

**** 

Positive changes in social relationships 2717 
41.34 

1784 
52.33 

891 
29.25 

**** 

Other outcomes/consequences 1005 
15.29 

441 
12.94 

551 
18.09 

**** 

No positive outcomes/consequences 168 
2.56 

53 
1.55 

112 
3.68 

**** 

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 18B: DPH Patient Survey Other Issues Related to Marijuana 
Use by Age Group (Among the 5433 Respondents who have Used Medical Use of 
Marijuana or Marijuana Products for at least 6 Months) 

  
Total 

N 
%   

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Treated in an emergency room or urgent 
care facility for any reason related to 
marijuana or marijuana product use? 

6499     ns 

0 times 6492 
99.89 

3363 
99.88 

3016 
99.90 

  

At least once 7 
0.11 

4 
0.12 

3 
0.10 

  

In the past 12 months, have you needed to 
consume larger amounts of marijuana or 
marijuana products in order to feel the same 
effects?   

5011     **** 

No 4313 
86.07 

2097 
81.09 

2141 
91.65 

  

Yes 698 
13.93 

489 
18.91 

195 
8.35 

  

In the past 12 months, have you tried to cut 
down on your marijuana or marijuana 
product use?  

5010     **** 

No 4094 
81.72 

1990 
77.04 

2030 
86.83 

  

Yes 916 
18.28 

593 
22.96 

308 
13.17 

  

In the past 12 months, have you felt sick or 
had withdrawal symptoms because you 
stopped or cut down on your marijuana or 
marijuana product use? † 

863     ns 

No 786 
91.08 

499 
89.75 

270 
93.10 

  

Yes 77 
8.92 

57 
10.25 

20 
6.90 

  

† Among respondents who reported trying to cut down on marijuana or marijuana product use in the past 
12 months 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 18C: DPH Patient Survey Other Issues Related to Marijuana Use by 
Education (Among All 6,934 Respondents) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Have you noticed any of the following negative 
outcomes/consequences related to your 
marijuana use? 

6572       

Negative changes in mood or mental health  141 
2.15 

65 
2.08 

75 
2.18 

ns 

Reduction in physical health  57 
0.87 

28 
0.90 

29 
0.84 

ns 

Negative changes in cognition  435 
6.62 

163 
5.23 

271 
7.89 

**** 

Negative changes in social relationships 75 
1.14 

38 
1.22 

37 
1.08 

ns 

Occupation/job-related issues 58 
0.88 

38 
1.22 

19 
0.55 

** 

Other outcomes/consequences 370 
5.63 

143 
4.58 

226 
6.58 

*** 

No negative outcomes/consequences 5452 
82.96 

2640 
84.64 

2799 
81.51 

*** 

Have you noticed any of the following positive 
outcomes/consequences related to your 
marijuana use? 

6572       

Positive changes in mood or mental health  5158 
78.48 

2488 
79.77 

2656 
77.34 

* 

Improved physical health 4435 
67.48 

2180 
69.89 

2246 
65.40 

*** 

Positive changes in cognition 1979 
30.11 

1101 
35.30 

872 
25.39 

**** 

Positive changes in social relationships 2717 
41.34 

1420 
45.53 

1290 
37.57 

**** 

Other outcomes/consequences 1005 
15.29 

430 
13.79 

567 
16.51 

** 

No positive outcomes/consequences 168 
2.56 

78 
2.50 

90 
2.62 

ns 

*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 18C: DPH Patient Survey Other Issues Related to Marijuana Use by 
Education (Among the 5433 Respondents who have Used Medical Use of 
Marijuana or Marijuana Products for at least 6 Months) 

  
Total 

N 
%   

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Treated in an emergency room or urgent 
care facility for any reason related to 
marijuana or marijuana product use? 

6499     ** 

0 times 6492 
99.89 

3077 
99.77 

3399 
100.00 

  

At least once 7 
0.11 

7 
0.23 

0 
0.00 

  

In the past 12 months, have you needed to 
consume larger amounts of marijuana or 
marijuana products in order to feel the same 
effects?   

5011     ns 

No 4313 
86.07 

2065 
85.12 

2240 
86.96 

  

Yes 698 
13.93 

361 
14.88 

336 
13.04 

  

In the past 12 months, have you tried to cut 
down on your marijuana or marijuana 
product use?  

5010     * 

No 4094 
81.72 

1930 
80.32 

2156 
82.99 

  

Yes 916 
18.28 

473 
19.68 

442 
17.01 

  

In the past 12 months, have you felt sick or 
had withdrawal symptoms because you 
stopped or cut down on your marijuana or 
marijuana product use? † 

863     ns 

No 786 
91.08 

406 
90.83 

377 
91.28 

  

Yes 77 
8.92 

41 
9.17 

36 
8.72 

  

† Among respondents who reported trying to cut down on marijuana or marijuana product use in the past 
12 months 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Alcohol Consumption 
 

All respondents were asked to report on their alcohol consumption in the past 30 days 
and other related behaviors. Results are summarized in Tables 19A, 19B, and 19C, with 
comparisons by gender, age group, and educational attainment, respectively. 
Forty-one percent of survey respondents reported no days in the past 30 days in which 
they consumed an alcoholic beverage, 42% reported consuming alcohol between 1 and 
10 days, and 17% reported consuming alcohol more than 10 days in the past 30. A 
larger proportion of respondents over the age of 50 than younger respondents reported 
consuming no alcoholic beverages in the past 30 days (43% vs. 39%) and consuming 
alcohol for at least 21 days out of the past 30 (10% vs. 4%). A larger proportion of 
respondents under the age of 51 than older respondents reported consuming an 
alcoholic beverage between 1 and 10 days out of the past 30 (47% vs. 36%). A larger 
proportion of respondents without a Bachelor’s degree than respondents with a degree 
reported consuming no alcoholic beverages in the past 30 days (53% vs. 31%), while a 
larger proportion of respondents with a Bachelor’s degree than respondents without a 
degree reported consuming an alcoholic beverage between 1 and 10 days out of the 
past 30 (47% vs. 36%), between 11 and 20 days out of the past 30 (14% vs. 6%), and 
over 21 days out of the past 30 (8% vs. 5%). 
 
Fifty-one percent of survey respondents reported spending $0 on alcohol in the past 30 
days, 42% of respondents reported spending between $1 and $100, and 6% reported 
spending more than $100. A larger proportion of females than males reported spending 
$0 (54% vs. 49%), and a larger proportion of males than females reported spending 
more than $100 (8% vs. 4%). A larger proportion of respondents over the age of 51 than 
under reported spending $0 on alcohol in the last 30 days (54% vs. 48%), while a larger 
proportion of younger respondents reported spending between $1 and $100 (44% vs. 
41%). A larger proportion of respondents without a Bachelor’s degree than with a 
degree reported spending $0 on alcohol in the past 30 days (63% vs. 41%), while a 
larger proportion of respondents with a degree reported spending between $1 and $100 
(50% vs. 35%), between $101 and $200 (7% vs. 2%) and over $200 (3% vs. 1%).   
 
Ninety-four percent of respondents who reported having at least one alcoholic beverage 
in the past 30 days reported that they did not drive while under the influence of alcohol 
in the last 30 days, while 6% reported that they had. There were no significant 
differences in the proportion of respondents driving under the influence of alcohol by 
gender, age, or education. 7% of survey respondents reported riding as a passenger in 
a vehicle while the driver was under the influence in the past 30 days.  
 
Only 0.1% of survey respondents indicated being treated in an emergency room or 
urgent care facility for reasons related to alcohol use in the past 30 days. There were no 
significant differences in the proportion of respondents treated in an emergency room or 
urgent care facility for any reason related to alcohol use by gender, age, or education. 
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Table 19A: DPH Patient Survey Alcohol Consumption by Gender (Among All 6,934 
Respondents) 

  
Total 

N 
% 

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

Number of days respondent consumed an 
alcoholic beverage in past 30 days 

6252     *** 

0 days 2569 
41.09 

1376 
41.15 

1146 
40.84 

 

1-10 days 2609 
41.73 

1337 
39.98 

1233 
43.94 

 

11-20 days 656 
10.49 

389 
11.63 

253 
9.02 

 

21-30 days 418 
6.69 

242 
7.24 

174 
6.20 

  

Money spent on alcohol in past 30 days 5328     **** 
$0  2727 

51.18 
1409 

48.86 
1267 

53.71 
 

$1 to $100 2260 
42.42 

1234 
42.79 

996 
42.22 

 

$101 to $200 240 
4.50 

167 
5.79 

70 
2.97 

 

$201 or more 101 
1.90 

74 
2.57 

26 
1.10 

  

Drove/operated motor vehicle while under 
the influence of alcohol † 

3211     ns 

No 3016 
93.93 

1579 
93.32 

1392 
94.76 

 

Yes 182 
5.67 

104 
6.15 

73 
4.97 

 

Don't know/not sure 13 
0.40 

9 
0.53 

4 
0.27 

  

Rode as a passenger in motor vehicle when 
driver under influence of alcohol  

6343     ** 

No 5901 
93.03 

3188 
93.85 

2621 
92.03 

 

Yes 442 
6.97 

209 
6.15 

227 
7.97 

  

Treated in emergency room for any reason 
related to alcohol use  

6461     ns 

No 6454 
99.89 

3459 
99.86 

2890 
99.93 

 

Yes 7 
0.11 

5 
0.14 

2 
0.07 

 

† Among respondents indicating consuming at least one drink of any alcoholic beverage in the past 30 
days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 19B: DPH Patient Survey Alcohol Consumption by Age Group (Among All 
6,934 Respondents) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Number of days respondent consumed an 
alcoholic beverage in past 30 days 

6252     **** 

0 days 2569 
41.09 

1267 
39.19 

1251 
42.97 

  

1-10 days 2609 
41.73 

1509 
46.67 

1056 
36.28 

  

11-20 days 656 
10.49 

332 
10.27 

318 
10.92 

  

21-30 days 418 
6.69 

125 
3.87 

286 
9.82 

  

Money spent on alcohol in past 30 days 5328     **** 
$0  2727 

51.18 
1338 

48.44 
1334 

53.79 
  

$1 to $100 2260 
42.42 

1206 
43.66 

1024 
41.29 

  

$101 to $200 240 
4.50 

150 
5.43 

89 
3.59 

  

$201 or more 101 
1.90 

68 
2.46 

33 
1.33 

  

Drove/operated motor vehicle while under 
the influence of alcohol † 

3211     ns 

No 3016 
93.93 

1703 
94.04 

1265 
93.70 

  

Yes 182 
5.67 

98 
5.41 

82 
6.07 

  

Don't know/not sure 13 
0.40 

10 
0.55 

3 
0.22 

  

Rode as a passenger in motor vehicle when 
driver under influence of alcohol  

6343     * 

No 5901 
93.03 

3030 
92.24 

2767 
93.86 

  

Yes 442 
6.97 

255 
7.76 

181 
6.14 

  

Treated in emergency room for any reason 
related to alcohol use  

6461     ns 

No 6454 
99.89 

3345 
99.85 

2996 
99.93 

  

Yes 7 
0.11 

5 
0.15 

2 
0.07 

  

† Among respondents indicating consuming at least one drink of any alcoholic beverage in the past 30 
days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 19C: DPH Patient Survey Alcohol Consumption by Education (Among All 
6,934 Respondents) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Number of days respondent consumed an 
alcoholic beverage in past 30 days 

6252     **** 

0 days 2569 
41.09 

1555 
52.78 

1007 
30.59 

  

1-10 days 2609 
41.73 

1066 
36.18 

1537 
46.69 

  

11-20 days 656 
10.49 

187 
6.35 

469 
14.25 

  

21-30 days 418 
6.69 

138 
4.68 

279 
8.48 

  

Money spent on alcohol in past 30 days 5328     **** 
$0  2727 

51.18 
1604 

62.51 
1114 

40.51 
  

$1 to $100 2260 
42.42 

889 
34.65 

1369 
49.78 

  

$101 to $200 240 
4.50 

45 
1.75 

194 
7.05 

  

$201 or more 101 
1.90 

28 
1.09 

73 
2.65 

  

Drove/operated motor vehicle while under 
the influence of alcohol † 

3211     ns 

No 3016 
93.93 

1160 
94.16 

1851 
93.77 

  

Yes 182 
5.67 

66 
5.36 

116 
5.88 

  

Don't know/not sure 13 
0.40 

6 
0.49 

7 
0.35 

  

Rode as a passenger in motor vehicle when 
driver under influence of alcohol  

6343     ** 

No 5901 
93.03 

2853 
94.10 

3034 
92.02 

  

Yes 442 
6.97 

179 
5.90 

263 
7.98 

  

Treated in emergency room for any reason 
related to alcohol use  

6461     ns 

No 6454 
99.89 

3062 
99.87 

3377 
99.91 

  

Yes 7 
0.11 

4 
0.13 

3 
0.09 

  

† Among respondents indicating consuming at least one drink of any alcoholic beverage in the past 30 
days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 

 
Non-Medical Use of Prescription Drugs and Other Substances 
 

All respondents were asked to report on their non-medical use or and behaviors related 
to prescription drugs and other substances in the past 30 days. Results are summarized 
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in Tables 20A, 20B, and 20C, with comparisons by gender, age group, and educational 
attainment, respectively. 
 
Ninety percent of survey respondents reported no use of cocaine or crack, heroin, 
anxiety drugs, sleeping drugs, prescription opioids, or other drugs for non-medical 
purposes in the past 30 days. 3% of respondents reported using anxiety drugs such as 
sedatives , tranquilizers, and anxiolytics, and 2% reported using sleeping drugs such as 
benzodiazepines and barbiturates in the past 30 days. Less than 2% reported using 
prescription opioids such as Oxycodone, OxyContin, Hydrocodone, Vicodin, Morphine, 
Methadone, or Fentanyl in the past 30 days. Less than 1% reported using cocaine, 
crack, or heroin in the past 30 days. 
 
Thirty-five percent of respondents who reported any use of cocaine or crack, heroin, 
anxiety drugs, sleeping drugs, prescription opioids, or other drugs for non-medical 
purposes in the past 30 days reported non-medical use of prescription drugs between 1 
and 10 days out of the past 30, while 65% reported non-medical use of prescription 
drugs and other substances for more than 10 out of 30 days.  
 
One percent of respondents who reported any use of cocaine or crack, heroin, anxiety 
drugs, sleeping drugs, prescription opioids, or other drugs for non-medical purposes in 
the past 30 days being treated in an emergency room or urgent care facility for reasons 
related to non-medical use of prescription drugs and other substances in the past 30 
days. There were no significant differences in the proportion of respondents treated in 
emergency rooms for non-medical use of prescription drugs or other substances in the 
past 30 days by gender, age, or education. 
 
Fifty-nine percent of survey respondents reported cutting down or stopping the use of 
other prescription drugs, over the counter medications, or other substances since 
beginning marijuana use. A significantly larger proportion of female respondents 
compared to male (63% vs. 55%). 
 
Sixty percent of survey respondents reported spending $0 on prescription drugs or other 
substances, and 31% of respondents reported spending between $1 and $100, and 9% 
reported spending over $100 in the past 30 days. A larger proportion of male 
respondents than female reported spending $0 on any other prescription drugs (63% vs. 
57%), while a larger proportion of female respondents than male reported spending 
between $1 and $100 on any other prescription drugs (34% vs. 28%) in the past 30 
days. A larger proportion of respondents under age 51 than over reported spending $0 
on any other prescription drugs (67% vs. 53%), while a larger proportion of older 
respondents than younger reported spending between $1 and $100 on any other 
prescription drugs in the past 30 days (36% vs. 25%). A larger proportion of 
respondents without a Bachelor’s degree than respondents with a degree reported 
spending $0 on any other prescription drugs in the past 30 days (65% vs. 56%), while a 
larger percent of respondents with a Bachelor’s degree than without reported spending 
between $1 and $100 (34% vs. 27%). 
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Four percent of respondents who indicated using prescription drugs or other substances 
for non-medical purposes in the past 30 days reported operating a vehicle while under 
the influence or prescription or other drugs in the past 30 days. 2% of survey 
respondents reported riding as a passenger in a vehicle while the driver was under the 
influence or prescription or other drugs in the past 30 days.  
 
Table 20A: DPH Patient Survey Non-Medical Use of Prescription Drugs and Other 
Substances by Gender (Among All 6,934 Respondents) 

  
Total 

N 
% 

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

Used any of the following drugs for non-
medical purposes †  

6435       

None 5852 
90.07 

3175 
90.92 

2585 
89.20 

* 

Cocaine or Crack 16 
0.25 

9 
0.26 

7 
0.24 

ns 

Heroin 2 
0.03 

1 
0.03 

1 
0.03 

ns 

Antianxiety drugs (sedatives, Tranquilizers, 
Anxiolytics) 

185 
2.85 

84 
2.41 

99 
3.42 

* 

Sleeping drugs (Benzodiazepines, Barbiturates) 145 
2.23 

69 
1.98 

74 
2.55 

ns 

Prescription opioids (Oxycodone/ OxyContin, 
Hydrocodone/ Vicodin, Morphine, Methadone, 

Fentanyl) 

123 
1.89 

66 
1.89 

53 
1.83 

ns 

Other 112 
1.72 

53 
1.52 

56 
1.93 

ns 

Number of days respondent used any of the 
above drugs in past 30 days 

351     ns 

1-10 days 124 
35.33 

56 
34.36 

66 
36.46 

 

More than 10 days 227 
64.67 

107 
65.64 

115 
63.54 

  

Treated in an emergency room for any 
reason related to use of any of the above 

drug(s) ‡   

462     ns 

No 457 
98.92 

217 
98.64 

234 
99.57 

 

Yes 5 
1.08 

3 
1.36 

1 
0.43 

 

† Percentages sum to more than 100% because respondents could choose more than one option 
‡ Among respondents indicating USING cocaine or crack, heroin, antianxiety, sleeping, or prescription 
opioids for non-medical purposes in the past 30 days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 20A: DPH Patient Survey Non-Medical Use of Prescription 
Drugs and Other Substances by Gender (Among All 6,934 Respondents) 

  
Total 

N 
% 

Gender 
Male 

(N=3732) 
Female 

(N=3056) p-value 

Since beginning to use marijuana, 
respondent cut down or stopped using any 
other prescription drugs, over the counter 
medications, or other substance 

6010     **** 

No 2475 
41.18 

1433 
44.67 

1006 
37.12 

 

Yes 3535 
58.82 

1775 
55.33 

1704 
62.88 

  

Total money spent on drugs (prescription or 
other substances) in past 30 days 

4762     **** 

$0  2870 
60.27 

1598 
62.72 

1228 
57.28 

 

$1 to $100 1453 
30.51 

704 
27.63 

729 
34.00 

 

$101 to $200 184 
3.86 

111 
4.36 

70 
3.26 

 

$201 or more 255 
5.35 

135 
5.30 

117 
5.46 

  

Drove /operated motor vehicle when under 
the influence (medical prescription drugs 
only) † 

5746     ns 

No 5436 
94.60 

2943 
94.63 

2407 
94.50 

 

Yes 205 
3.57 

107 
3.44 

98 
3.85 

 

Don't know/not sure 105 
1.83 

60 
1.93 

42 
1.65 

  

Rode as a passenger in motor vehicle when 
under the influence of any of the above drugs  

6175     ns 

No 6031 
97.67 

3247 
97.83 

2696 
97.47 

 

Yes 144 
2.33 

72 
2.17 

70 
2.53 

 

† Among respondents indicating NOT using cocaine or crack, heroin, antianxiety, sleeping, or 
prescription opioids for non-medical purposes in the past 30 days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 20B: DPH Patient Survey Non-Medical Use of Prescription Drugs and Other 
Substances by Age Group (Among All 6,934 Respondents) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Used any of the following drugs for non-
medical purposes †  

6435       

None 5852 
90.07 

3080 
91.31 

2678 
88.94 

** 

Cocaine or Crack 16 
0.25 

15 
0.44 

1 
0.03 

*** 

Heroin 2 
0.03 

1 
0.03 

1 
0.03 

ns 

Antianxiety drugs (sedatives, Tranquilizers, 
Anxiolytics) 

185 
2.85 

89 
2.64 

93 
3.09 

  

Sleeping drugs (Benzodiazepines, Barbiturates) 145 
2.23 

61 
1.81 

81 
2.69 

* 

Prescription opioids (Oxycodone/ OxyContin, 
Hydrocodone/ Vicodin, Morphine, Methadone, 

Fentanyl) 

123 
1.89 

43 
1.27 

76 
2.52 

*** 

Other 112 
1.72 

46 
1.36 

65 
2.16 

* 

Number of days respondent used any of the 
above drugs in past 30 days 

351     * 

1-10 days 124 
35.33 

62 
41.89 

60 
30.30 

  

More than 10 days 227 
64.67 

86 
58.11 

138 
69.70 

  

Treated in an emergency room for any 
reason related to use of any of the above 

drug(s) ‡   

462     ns 

No 457 
98.92 

191 
97.95 

257 
99.61 

  

Yes 5 
1.08 

4 
2.05 

1 
0.39 

  

† Percentages sum to more than 100% because respondents could choose more than one option 
‡ Among respondents indicating USING cocaine or crack, heroin, antianxiety, sleeping, or prescription 
opioids for non-medical purposes in the past 30 days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 20B: DPH Patient Survey Non-Medical Use of Prescription 
Drugs and Other Substances by Age Group (Among All 6,934 Respondents) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Since beginning to use marijuana, 
respondent cut down or stopped using any 
other prescription drugs, over the counter 
medications, or other substance 

6010     *** 

No 2475 
41.18 

1195 
38.75 

1224 
43.37 

  

Yes 3535 
58.82 

1889 
61.25 

1598 
56.63 

  

Total money spent on drugs (prescription or 
other substances) in past 30 days 

4762     **** 

$0  2870 
60.27 

1661 
66.63 

1161 
53.04 

  

$1 to $100 1453 
30.51 

629 
25.23 

798 
36.46 

  

$101 to $200 184 
3.86 

75 
3.01 

104 
4.75 

  

$201 or more 255 
5.35 

128 
5.13 

126 
5.76 

  

Drove /operated motor vehicle when under 
the influence (medical prescription drugs 
only) † 

5746     *** 

No 5436 
94.60 

2898 
95.77 

2449 
93.19 

  

Yes 205 
3.57 

83 
2.74 

120 
4.57 

  

Don't know/not sure 105 
1.83 

45 
1.49 

59 
2.25 

  

Rode as a passenger in motor vehicle when 
under the influence of any of the above drugs  

6175     ns 

No 6031 
97.67 

3130 
97.66 

2800 
97.77 

  

Yes 144 
2.33 

75 
2.34 

64 
2.23 

  

† Among respondents indicating NOT using cocaine or crack, heroin, antianxiety, sleeping, or 
prescription opioids for non-medical purposes in the past 30 days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 20C: DPH Patient Survey Non-Medical Use of Prescription Drugs and Other 
Substances by Education (Among All 6,934 Respondents) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Used any of the following drugs for non-
medical purposes †  

6435       

None 5852 
90.07 

2754 
89.53 

3083 
90.57 

ns 

Cocaine or Crack 16 
0.25 

10 
0.33 

6 
0.18 

ns 

Heroin 2 
0.03 

2 
0.07 

0 
0.00 

ns 

Antianxiety drugs (sedatives, Tranquilizers, 
Anxiolytics) 

185 
2.85 

96 
3.12 

89 
2.61 

ns 

Sleeping drugs (Benzodiazepines, Barbiturates) 145 
2.23 

64 
2.08 

81 
2.38 

ns 

Prescription opioids (Oxycodone/ OxyContin, 
Hydrocodone/ Vicodin, Morphine, Methadone, 

Fentanyl) 

123 
1.89 

79 
2.57 

44 
1.29 

*** 

Other 112 
1.72 

57 
1.85 

55 
1.62 

ns 

Number of days respondent used any of the 
above drugs in past 30 days 

351     ns 

1-10 days 124 
35.33 

50 
30.30 

74 
39.78 

  

More than 10 days 227 
64.67 

115 
69.70 

112 
60.21 

  

Treated in an emergency room for any 
reason related to use of any of the above 

drug(s) ‡   

462     ns 

No 457 
98.92 

233 
98.31 

224 
99.56 

  

Yes 5 
1.08 

4 
1.69 

1 
0.44 

  

† Percentages sum to more than 100% because respondents could choose more than one option 
‡ Among respondents indicating USING cocaine or crack, heroin, antianxiety, sleeping, or prescription 
opioids for non-medical purposes in the past 30 days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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(Continued) Table 20C: DPH Patient Survey Non-Medical Use of Prescription 
Drugs and Other Substances by Education (Among All 6,934 Respondents) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Since beginning to use marijuana, 
respondent cut down or stopped using any 
other prescription drugs, over the counter 
medications, or other substance 

6010     ns 

No 2475 
41.18 

1162 
41.56 

1309 
40.92 

  

Yes 3535 
58.82 

1634 
58.44 

1890 
59.08 

  

Total money spent on drugs (prescription or 
other substances) in past 30 days 

4762     **** 

$0  2870 
60.27 

1443 
65.24 

1421 
55.90 

  

$1 to $100 1453 
30.51 

597 
26.99 

856 
33.67 

  

$101 to $200 184 
3.86 

78 
3.53 

105 
4.13 

  

$201 or more 255 
5.35 

94 
4.25 

160 
6.29 

  

Drove /operated motor vehicle when under 
the influence (medical prescription drugs 
only) † 

5746     ns 

No 5436 
94.60 

2556 
94.32 

2866 
94.87 

  

Yes 205 
3.57 

100 
3.69 

105 
3.48 

  

Don't know/not sure 105 
1.83 

54 
1.99 

50 
1.66 

  

Rode as a passenger in motor vehicle when 
under the influence of any of the above drugs  

6175     ** 

No 6031 
97.67 

2849 
97.00 

3169 
98.26 

  

Yes 144 
2.33 

88 
3.00 

56 
1.74 

  

† Among respondents indicating NOT using cocaine or crack, heroin, antianxiety, sleeping, or 
prescription opioids for non-medical purposes in the past 30 days 
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 

 



 

145 
 

Combination of Substances 
 

All respondents were asked to report on their combination use of alcohol, marijuana, or 
other drugs in the past 30 days. Results are summarized in Tables 21A, 21B, and 21C, 
with comparisons by gender, age group, and educational attainment, respectively. 
Thirty-seven percent of survey respondents reported using a combination of alcohol, 
marijuana, or other drugs in the past 30 days. A significantly larger proportion of 
respondents younger than 51 years old compared to older respondents reported 
combination use between 1 to 10 days out of the past 30 (25% vs. 19%), as did a 
significantly larger proportion of respondents with a Bachelor’s degree compared to 
respondents without a degree (27% vs. 16%). A larger proportion of respondents older 
than 50 years old compared to younger respondents reported combination use for at 
least 11 days out of the past 30 (19% vs. 11%), as did a larger proportion of 
respondents with a Bachelor’s degree compared to respondents without a degree (16% 
vs. 13%). 
 
Nine percent of respondents who indicated using a combination of alcohol, marijuana, 
or other drugs in the past 30 days reported operating a vehicle while under the influence 
of combination substances in the past 30 days. There were no significant differences in 
the proportion of respondents who reported driving/operating a car or other motor 
vehicle under the influence of any combination of alcohol, marijuana, or other drugs by 
gender, age, or education. 
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Table 21A: DPH Patient Survey Combination of Substances by Gender (Among 
All 6,934 Respondents) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Number of days respondent used a 
combination of alcohol, marijuana, or other 
drugs (prescription drugs or other 
substances) in past 30 days 

5947     **** 

None 3772 
63.43 

1989 
64.12 

1714 
62.28 

  

1-10 days 1321 
22.21 

782 
25.21 

521 
18.93 

  

More than 10 days 854 
14.36 

331 
10.67 

517 
18.79 

  

Drove/operated a motor vehicle when under 
the influence of any combination of alcohol, 
marijuana, or other drugs † 

2109     ns 

No 1918 
90.94 

975 
90.28 

920 
91.45 

  

Yes 191 
9.06 

105 
9.72 

86 
8.55 

  

† Among respondents indicating use of a combination of alcohol, marijuana, or other drugs in the past 30 
days  
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 21B: DPH Patient Survey Combination of Substances by Age Group 
(Among All 6,934 Respondents) 

  
Total 

N 
% 

Age Group 
≤ 50 years 
(N=3584) 

≥ 51 years 
(N=3188) p-value 

Number of days respondent used a 
combination of alcohol, marijuana, or other 
drugs (prescription drugs or other 
substances) in past 30 days 

5947     **** 

None 3772 
63.43 

1989 
64.12 

1714 
62.28 

  

1-10 days 1321 
22.21 

782 
25.21 

521 
18.93 

  

More than 10 days 854 
14.36 

331 
10.67 

517 
18.79 

  

Drove/operated a motor vehicle when under 
the influence of any combination of alcohol, 
marijuana, or other drugs † 

2109     ns 

No 1918 
90.94 

975 
90.28 

920 
91.45 

  

Yes 191 
9.06 

105 
9.72 

86 
8.55 

  

† Among respondents indicating use of a combination of alcohol, marijuana, or other drugs in the past 30 
days  
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 
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Table 21C: DPH Patient Survey Combination of Substances by Education (Among 
All 6,934 Respondents) 

  
Total 

N 
% 

Education 
< Bachelor's 

(N=3282) 
≥ Bachelor's 

(N=3595) p-value 

Number of days respondent used a 
combination of alcohol, marijuana, or 
other drugs (prescription drugs or other 
substances) in past 30 days 

5947     **** 

None 3772 
63.43 

1995 
71.00 

1770 
56.64 

  

1-10 days 1321 
22.21 

463 
16.48 

854 
27.33 

  

More than 10 days 854 
14.36 

352 
12.53 

501 
16.03 

  

Drove/operated a motor vehicle when 
under the influence of any combination of 
alcohol, marijuana, or other drugs † 

2109     ns 

No 1918 
90.94 

724 
91.88 

1189 
90.35 

  

Yes 191 
9.06 

64 
8.12 

127 
9.65 

  

† Among respondents indicating use of a combination of alcohol, marijuana, or other drugs in 
the past 30 days  
*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=not significant 

 

Discussion  
 

There were no notable differences between respondent distributions of gender, age, or 
county of residence groups comparing all respondents of the 2018 Medical Use of 
Marijuana Patient Survey to the full eligible population, suggesting that, although the 
response rates was low at 16%, the sample of 6934 respondents in this study was 
representative of the Massachusetts Medical Use of Marijuana patient population.  In 
this survey respondents were asked to type in their Medical Marijuana Registration 
number and that may have led to concerns about confidentiality. 
 
Respondents indicated using marijuana for an average of 23.5 days out of the past 30, 
with over 60% reporting marijuana use at least 21 out of the past 30. Over 90% of 
respondents indicated some certified medical use of marijuana, 6% some uncertified 
medical use, and 17% indicated some recreational use. These categories are not 
mutually exclusive, suggesting that while most respondents are using marijuana to treat 
medical conditions, but some are also using recreationally.   
 
Results from this survey suggest that respondents appear to be treating a wide range of 
medical conditions, and often more than one at a time. The top 5 medical conditions 
being treated were anxiety (60% or all respondents), chronic pain (46%), insomnia 
(43%), depression (42%), and stress (41%), and the average number of conditions 
being treated by medical marijuana is 4.7.  
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Patients registered with the Massachusetts Department of Public Health Medical Use of 
Marijuana Program were certified by a qualified physician or clinician because of a 
debilitating medical situation, which often has multiple associated medical conditions for 
which marijuana use can assuage. Results from this study confirm this, suggesting that 
patients believe marijuana use is alleviating multiple.  
 
While a qualified physician or clinician may certify a patient with a debilitating medical 
condition for medical use of marijuana, they are not required to write a prescription 
specifying the product type the patient must use (although they may make 
recommendations as the patients is under their care). As such, patients have access to 
a wide range of marijuana administration methods. Results from this study indicate that 
respondents use multiple methods of administration, over the course of 30 days, with an 
average of 2.9 methods. In fact, less than one fifth of all respondents reported only one 
method of marijuana administration, while over 30% reported using 4 or more. The most 
common method of marijuana administration was smoking dried flower (65%), followed 
by vaporized marijuana concentrate (62%) and edible marijuana products (51%).  
 
All respondents were asked questions related to perceptions of the Medical Use of 
Marijuana Program. In general, respondents reported favorably towards medical use of 
marijuana.  Almost all respondents considered the use to be effective in treating their 
conditions with over 65% of respondents reported that they believed use of marijuana or 
marijuana products has been “very effective” and an additional 26% believed use of 
marijuana to be “effective”.  Also almost 90% of respondents reported that they had 
“somewhat high” or “very high” confidence that they were receiving safe, 
uncontaminated products when purchasing marijuana or marijuana products at a 
licensed dispensary. 94% reported feeling “somewhat safe” or “very safe” when 
purchasing medical marijuana at a licensed dispensary, and 66% reported “somewhat 
high” or “very high” knowledge of their recommended marijuana or marijuana product 
based on the information provided by their certified practitioner. Findings from this study 
also suggest that respondents perceive marijuana use to have very high rates of 
positive outcomes and little obvious harm. 78% of respondents reported positive 
changes in their mood or mental health, 67% reported improved physical health, and 
83% reported no negative outcomes or consequences related to their marijuana use. 
Thus, respondents are highly satisfied with their access to marijuana products and 
information and believe they have largely benefitted from medical use of marijuana with 
very little, if any negative effects. 
 
Finally, almost 60% or respondents who reported use of prescription drugs, over-the-
counter, medications, or other substances (for medical use only) also reported cutting 
down or stopping use of other prescription drugs, over the counter medications, or other 
substances since beginning to use marijuana.  
 
 
 
 



 

150 
 

Conclusion/Public Health Implications 
 

The Massachusetts Medical Marijuana Program is considered to be a very important 
and valuable asset to the mental and physical health of participants.  Respondents of 
the 2018 Medical Use of Marijuana Patient Survey indicate general satisfaction with the 
program, few negative outcomes, and in particular have reported a reduction in the use 
of other drugs and medications as a result of marijuana use.   
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Task 2: Incidents of Impairment and Hospitalization 

 

Chapter 1: Measuring Marijuana Exposure and its Effects Related to 
Driving Impairment: A State of the Science Review 
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Introduction  
 
In states that have chosen to legalize marijuana, one concern among public health and 
public safety professionals and citizens is the potential impact of marijuana legalization 
on motor vehicle crashes (MVCs). Studies suggest that recent cannabis use is 
associated with an increased crash risk between 22%-100% (Asbridge, Hayden, & 
Cartwright, 2012; G. Li, Chihuri, & Brady, 2017; Rogeberg & Elvik, 2016). However, 
there are challenges to the detection and deterrence of marijuana-impaired driving. 
Although a substantial body of literature related to methods for identifying acute 
marijuana exposure and impairment exists, best practice for doing so has yet to be 
established.  As such, states that are implementing legalization of marijuana are doing 
so without established guidelines for detecting marijuana-impaired driving in a manner 
that is relatively non-invasive and sufficiently accurate to prove impairment. Washington 
State has selected 5ng/mL as a per se limit; Colorado uses this level as “presumptive 
evidence” of impairment. This report reviews the relevant scientific literature on the topic 
of measuring marijuana as it relates to driving impairment.  
 
Scientific Foundation 
 
The content of this report is predicated on several accepted premises that are derived 
from current scientific knowledge. First, with regard to marijuana pharmacokinetics, it is 
established that combustion (burning) of the dried flower of the cannabis plant converts 
tetrahydrocannabinolic acid to ∆9-tetrahydrocannabinol (THC) (Huestis, 2007). THC is 
then metabolized in the liver to psychoactive 11-OH-Δ9-tetrahydrocannabinol (OH-THC; 
pronounced “hydroxy THC”) and non-psychoative 11-nor-9-carboxy-Δ9-
tetrahydrocannabinol (THC-COOH, pronounced “carboxy THC”) which is excreted in 
urine (Grotenhermen, 2003; Huestis, 2007). 
 
The ∆9-THC is the main source of the pharmacological effects caused by cannabis 
consumption. Cannabinoids exert many effects through activation of G-protein-coupled 
cannabinoid receptors in the brain and peripheral tissues (Grotenhermen, 2003). There 
is also evidence for non-receptor-dependent mechanisms (Grotenhermen, 2003). 
Cannabis is usually inhaled or taken orally. The pharmacokinetics of THC vary by route 
of administration (Grotenhermen, 2003; Huestis, 2007; Newmeyer et al., 2017a). After 
inhalation, plasma THC concentration peak within a few minutes (Grotenhermen, 2003). 
Psychotropic effects begin within seconds to a few minutes, reach a maximum after 15-
30 minutes, and taper off within 2-3 hours (Grotenhermen, 2003). Following oral 
ingestion, psychotropic effects onset after 30-90 minutes, reach a maximum after 2-3 
hours, and last for about 4-12 hours, depending on dose and specific effect 
(Grotenhermen, 2003; Hollister et al., 1981; Wall, Sadler, Brine, Taylor, & Perez-Reyes, 
1983). 
 
With regard to biological measurement of marijuana exposure, we take blood to be the 
“gold standard” in terms of the matrix that has been best studied. Urine and oral fluid 
have also been studied to a great extent. The relationship between route of 
administration and measurement of cannabis in oral fluid is an area of ongoing research 
and will be described below.  
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Prevalence of Cannabis-Positive Drivers in Motor Vehicle Crashes 
 
In the U.S. estimates of the prevalence of marijuana involvement in MVCs vary. As part 
of the background information for this state of the science review (SSR) we 
systematically collected all studies reporting prevalence of cannabis involvement in 
MVCs in the U.S. At the national level, one study found that the prevalence of cannabis-
involved motor vehicle crashes in 1982 was 10% and that by 2001, the prevalence had 
increased to 19.6% (Macdonald et al., 2003). Conversely, another nationwide study 
found that the overall prevalence of cannabis in motor vehicle crashes between the 
years 1993-2014 remained constant at 10.4% which suggests that prevalence had not 
increased significantly since 1982 (G. Li et al., 2017). 
 
Studies have also been conducted at the state level in locations that have made 
substantial changes to their marijuana policy by allowing the legal sale of marijuana for 
medical and/or recreational purposes. States that have undergone such policy changes 
provide insight that may be especially relevant for Massachusetts.  In Colorado, one 
study conducted between the years 1994-2011 found that there was an increase in 
prevalence of cannabis related motor vehicle crashes from 4.5% in 1994 to 10% in 
2011, after medical marijuana was commercialized in mid-2009 (Salomonsen-Sautel, 
Min, Sakai, Thurstone, & Hopfer, 2014). Findings from another study in Colorado show 
that in 2006 the prevalence of cannabis related motor vehicle crashes in Colorado was 
6.9% and increased to 19% by 2014; Colorado’s citizens voted in 2012 to legalize 
marijuana for non-medical use (Rocky Mountain High Intensity Drug Trafficking Area, 
2015). 
 
Results from studies in Washington State indicate that about 10% of drivers in fatal 
crashes between 2010-2014 had delta-9-THC in their blood. The prevalence such 
crashes was stable prior to legalization of recreational marijuana use, but approximately 
9 months after legalization took effect it began increasing by nearly 10 percentage 
points per year (Tefft, Arnold, & Grabowski, 2016). Another study from 2013-2014 
showed the prevalence of cannabis related motor vehicle crashes in Washington State 
to be between 7-8% (Banta-Green, Rowhani-Rahbar, Ebel, Andris, & Qiu, 2016). 
Overall, there is conflicting evidence, but studies reviewed here indicate that the 
prevalence of cannabis-positive drivers in motor vehicle crashes has increased in states 
where marijuana policy has become more permissive. It is important to note that in 
these prevalence studies, whether drivers were actually impaired by cannabis at the 
time of the crash was not determined. Collecting a blood test from surviving drivers 
presents a challenge due to the invasive nature of blood collection; time delays between 
a crash and blood testing are common and problematic since delta-9-THC levels rapidly 
decrease after smoking (Wood, Brooks-Russell, & Drum, 2016).  
 
Study Purpose 
 
The establishment of fair and appropriate methods to detect marijuana-related driving 
impairment could help ensure public safety in environments with legal marijuana and 
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provide important information about prevalence. This review of the literature is 
undertaken for the purpose of summarizing the available scientific evidence. 
Specifically, we sought to: 1) Describe the analytical methods used to quantify 
marijuana exposure in laboratory and field settings; 2) Describe measurements of 
marijuana-related impairment that are relevant to operating a motor vehicle; and 3) 
Provide an integration and discussion of evidence for approaches that link marijuana-
related measurements of exposure with measurements of impairment that are relevant 
to operating a motor vehicle.   
 
Research Questions 
 
RQ1: What is the most current science on quantifying marijuana exposure in an 
analytical chemistry laboratory or clinical laboratory setting in different matrices (blood, 
oral fluid, urine) through quantitative measurement of marijuana and its metabolites?  
 
RQ2: What methods (e.g., devices, tests, kits, etc.) are currently available for 
quantifying marijuana exposure in the field and what is the precision and accuracy of 
these methods for detecting marijuana exposure (compared to laboratory-based 
methods)?  
 
RQ3a: What are the cognitive and behavioral indicators of marijuana exposure that are 
relevant to operating a motor vehicle?  How have these been characterized at baseline 
(non-impaired) levels? 
 
RQ3b: How are the cognitive and behavioral effects of marijuana impairment measured 
in laboratory settings and in field settings? What validation has been conducted? What 
is the level of accuracy for determining impairment/non-impairment?  
 
Methods 
 
We approached the research questions above through a systematic literature search 
process. In instances when a high-quality review article was already published on the 
topic of interest, we used the review as a starting point and extracted information from 
the studies gathered by the review authors.  We then conducted a search that covered 
the time period between the publication of the latest paper included in the review and 
December 2017. We conducted the searches in the following order: RQ2, RQ3a, RQ3b, 
RQ1. More information is provided below, and details of the search terms are provided 
in  
 
Table 1. Search Strings. 
 
Research Question 1: Quantifying Marijuana Exposure in a Laboratory Setting 
 
Our systematic search conducted for R2 identified studies that were relevant to 
research question 1. Specifically, all identified R2 studies utilized similar confirmatory 
laboratory testing methods to identify marijuana exposure in blood, urine, and or saliva. 
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Given the consistency in the studies identified in R2, we were confident in our 
assessment that said methods were the state of the science. As such, the goal of our 
research specific to R1 was to identify one or more studies that confirmed our 
assessment. We did not deem a systematic review of the literature necessary to 
accomplish this goal. Instead, we developed several search strings to identify studies 
that provided an overview of current methods as well as potential future directions for 
laboratory marijuana exposure quantification, particularly in regards to new 
quantification and interpretation methods for THC metabolites.  
 
We tested both complex and simple search strings to accomplish this goal. All search 
strings were tested on PubMed. We found that one particular simple search string 
performed best. The string identified 22 total references. Titles and abstracts were 
reviewed for relevance and a recent article written by a leading expert in the field was 
identified. Given that the content of this article matched closely to what we were 
attempting to procure, we chose to utilize it as the center piece of our response to this 
question. Other identified references, either from the broad R1 search or the systematic, 
targeted R2 search were utilized as appropriate. 
 
Research Question 2: Methods for Quantifying Marijuana Exposure in a Field 
Setting 
 
We conducted a systematic search of the current literature related to on-site testing 
devices, sometimes called point-of-collection tests (POCT), for measuring marijuana. 
We did not restrict the search to specific biological matrices (i.e. only blood, only oral 
fluid). We conducted our search in both PubMed and Web of Science, and searched the 
relevant gray literature (e.g. AAA Foundation, National Highway Transportation Safety 
Administration, etc.) for relevant studies. The search was limited to studies published in 
or after 1995.  
 
Search strings were developed in consultation with a University of Massachusetts 
Amherst librarian with expertise in health science search string development. Searches 
were conducted on each separate database and abstracts were screened for 
appropriateness. To be considered for full text review, abstracts had to convey that the 
study met the following criteria: (1) was published in English, (2) was conducted in 
humans, (3) examined field devices or kits, and (4) examined marijuana exposure.  
 
Studies identified as candidates for inclusion after the abstract screening process 
subsequently had their full text reviewed for appropriateness. After full text review, 
studies were excluded if: (1) Device assessed was only for collection and storage of 
sample; (2) Study did not assess devices capability as a rapid on-site test; (3) Study 
assessed devices used to measure synthetic cannabinoids; (4) Device assessed was a 
laboratory device (5) Study did not assess any on-site device; (6) Study did not provide 
sensitivity or specificity measurements of THC for tested device, or (7) Text of study 
was not in English.  
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Of 154 combined peer reviewed results identified through our initial searches, 84 were 
selected for full text review. A majority (61%) of these studies were obtained through 
PubMed. We identified one study from the gray literature for full text review. 
 
During full text review, we identified a systematic review and meta-analysis conducted 
on our topic of interest in 2017 (latest year of included studies was 2015). We used this 
study as the centerpiece of our review and subsequently reviewed identified studies 
from 2015-2017 to update and supplement this already completed review. We identified 
6 studies that were published beyond the 2015 review. Thus, these 7 studies form the 
basis of our review for this question. We reviewed the reference list of the 6 more 
recent, original studies and cross-checked this with the review article to ensure that all 
important papers relevant to the topic were included either in the existing review article 
or in the original research studies we identified and included.  
 
We extracted information about sensitivity and specificity of the POCT devices as 
compared to laboratory methods, and we report accuracy when possible. Sensitivity 
refers to the percentage of cannabis-using individuals that were correctly identified as 
positive for cannabis. Specificity refers to the percentage of individuals who did not use 
cannabis that were correctly identified as non-users by a negative test result.  
 
Given the complexity of the studies in this area, we summarized the results in several 
tables. In synthesizing and interpreting the studies, as a whole, we weighted studies 
with a larger sample size, controlled laboratory conditions, and comparisons between 
multiple devices as more salient than others.  
 
Research Question 3A: Cognitive and Behavioral Effects Relevant to Driving 
 
A systematic search of the current literature related to cognitive and behavioral 
indicators of marijuana exposure was conducted. Following advice from a health 
sciences librarian, we conducted our searches in both PubMed and Web of Science. 
We also sought input from the librarian for developing and refining our search string. 
Searches were conducted on each separate database and abstracts were screened for 
appropriateness. We did not limit the date range on this search.  
Early in the review process, we identified a recent systematic review (Bondallaz et al., 
2016) whose content matched closely with what we were attempting to procure. We 
judged this review to be of high quality, and therefore used it as the basis for our 
response to RQ3a. We extracted all individual studies from the review and reviewed 
them independently. We subsequently conducted an update search, using a search 
string developed in consultation with a health sciences librarian to identify any studies 
on the subject of interest published after 2013 (the newest study reviewed in the review 
article). 
 
In total, 24 studies were extracted from the Bondallaz review. Our update search (2013-
2017) initially yielded 367 results from PubMed and 316 from Web of Science. After 
abstract screening and removal of duplicates, we identified 15 studies for full text review 
from PubMed and 2 studies for full text review from Web of Science.  After full text 
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review, we identified an additional 5 studies that had been published on the topic since 
the Bondallaz review for a total of 29 studies included in our review.  
 
Detailed information such as THC dosage, user population, sample size, study setting, 
indicator tested, measurement approach, and results were extracted from studies 
included in final review. In order to standardize the information extraction, we defined 
the relevance of cognitive / behavioral indicators measured according to the 
recommended behavioral measurements outlined in Guidelines for Research on 
Drugged Driving (J Michael Walsh, Verstraete, Huestis, & Mørland, 2008). These 
include automotive behavior, control behavior, and executive planning. The only 
additional category defined outside of the three listed above was, “driving 
safety/performance metric.” This was only defined for driving simulator and on road 
studies which measured direct driving metrics such as mean speed and SD lateral 
position. This approach was adapted from the Bondallaz review which identified said 
behavioral measurements and grouped typical neurocognitive tests (Tower of London 
Task, Critical Tracking Task etc.) according to their corresponding behavioral 
measurement (Bondallaz et al. 2016 – Table 1) (Bondallaz et al., 2016). We expanded 
on this by incorporating these behavioral measurement categories into our analytic 
table.  
 
After information from all studies was extracted to the large summary table, we further 
refined the analysis in order to enhance the digestibility of the results. We created four 
separate analytic tables grouped by study setting (lab, simulator, on road, and 
observational). Each table presents a refined analysis, where detailed results are 
omitted in favor of a simple summary of the results with regard to the impact of 
marijuana on task performance. We documented whether marijuana exposure hurt 
performance, improved performance, or had no effect on performance on specified 
tests. These tables are designed to allow the reader to digest the results at a higher 
level and examine trends otherwise invisible at increased levels of granularity. 
 
Research Question 3B: Field Measurement of Marijuana’s Effects and Accuracy 
for Determining Impairment 
 
The first component of research question 3b, which addresses how cognitive and 
behavioral effects of marijuana exposure are measured in a laboratory setting, was 
answered using the search results from research question 3a.  Please refer to RQ3a 
methods for details on the search methods. Search efforts for this research question 
focused only on the latter part of the question, which attempts to determine how the 
cognitive behavioral impacts of marijuana exposure are measured in field settings and 
the validation and accuracy of those tools. 
To accomplish this, four separate search strings / strategies were developed to answer 
this question (Table 1. Search Strings). PubMed was searched. The first string scanned 
the peer reviewed literature for studies of screening tools that measure 
cognitive/behavioral indicators of marijuana exposure. After abstract screening, this 
search did not return any results. 



 

158 
 

The second string searched the peer reviewed literature for studies of screening tools 
that measured indicators of cognitive / behavioral deficits. This was done to gain a 
broader understanding of currently available validated tools. The overall goal was to 
identify tools that may have utility when applied to measuring marijuana exposure. After 
abstract screening, this search returned 2 results.  
 
The third string searched the peer reviewed literature for studies that assessed the 
validity of standardized field sobriety tests (SFSTs) for measuring marijuana. This 
search was conducted due to the fact that SFSTs are currently used by law 
enforcement to determine impairment. After abstract screening, this search returned 3 
results. 
 
The fourth component of this approach was to scan of the grey literature / internet for 
tools and or screening devices that might have utility in measuring cognitive or 
behavioral impacts of marijuana exposure. These included mobile applications. This 
search returned 5 results, but we excluded 2 apps that were designed generally for 
cognitive impairment but did not touch directly on tasks used to measure marijuana-
related effects in laboratory settings. Results from the four searches were extracted into 
two separate analytic tables, one for peer reviewed results, and the other for non-peer 
reviewed results. 
 

Table 1. Search Strings 
Research 
Question 

Database Search String / Search Terms 

RQ1 PubMed Marijuana AND Biological Matrices 

RQ2 PubMed ((((marijuana OR cannabis OR Cannabinoids OR 
Tetrahydrocannabinol OR THC) AND (On-site OR 
rapid OR field) AND (method OR test OR evaluation 
OR screening OR measurement OR "Point-of-Care 
Testing” AND (Device OR kit))))) 

RQ2 Web of Science ((((marijuana OR cannabis OR Cannabinoids OR 
Tetrahydrocannabinol OR THC) AND (On-site OR 
rapid) AND (test OR evaluation OR "screening" OR 
"measurement" OR "Point-of-Care Testing") AND 
(Device OR Kit)))) 

RQ2 NHTSA Marijuana, Cannabis, Tetrahydrocannabinol. 
Cannabinoids, On site, Rapid, Test, Evaluation, 
Measurement, Device 

RQ2 AAA Foundation Marijuana, Cannabis, Tetrahydrocannabinol. 
Cannabinoids, On site, Rapid, Test, Evaluation, 
Measurement, Device 

RQ3A PubMed (Initial Search) (cognitive OR cognition OR behavior) AND motor 
vehicle AND (operation OR driving OR drive) 

RQ3A Web of Science Initial 
Search 

(cognitive OR cognition OR behavior) AND motor 
vehicle AND (operation OR driving OR drive) 
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Results 
 
Research Question 1: Quantifying Marijuana Exposure in a Laboratory Setting 
There are currently three widely accepted laboratory methods for measuring 
cannabinoids in human biological matrices: immunoassays, chromatography, and mass 
spectrometry (Huestis & Smith, 2018). Historically, Gas Chromatography with Mass 
Spectrometry (GC-MS) has been most frequently utilized method. However, recent 
desire to identify increasingly informative markers of marijuana exposure has led to 
more frequent utilization of liquid chromatography tandem mass spectrometry (LC-
MS/MS) and high-resolution mass spectrometry (HR-MS) measurement methods. 
Among other advantages, the LC-MS/MS method allows simultaneous quantification of 
free and conjugated analytes in a single assay (Huestis & Smith, 2018). These methods 
also offer high sensitivity and specificity for detecting markers of cannabis use (Huestis 
& Smith, 2018).  
 
LC-MS/MS and HR-MS methods are intriguing because they offer the ability to identify 
the Phase II THC metabolite (THC-Glucuronide) as well as cannabigerol (CBG), 
cannabinol (CBN), and tetrahydrocannabivarin (THCV) (Huestis & Smith, 2018). As 
research on marijuana metabolism continues to advance, particularly as it relates to 
quantifying exposure, identification of these metabolites becomes increasingly valuable. 
For instance, quantification of these metabolites can offer information that helps 
ascertain recent cannabis intake and or the transfer of cannabinoids to alternative 
matrices such as hair (Huestis & Smith, 2018).  
 

RQ3A PubMed (Update Search) (((neurocognitive OR neurocognition OR cognitive OR 
cognition OR Behavior OR Behavioral OR 
Performance))) AND (((driving OR drive))) AND 
((marijuana OR cannabis OR Cannabinoids OR 
Tetrahydrocannabinol OR THC)) 

RQ3A Web of Science (Update 
Search) 

(((neurocognitive OR neurocognition OR cognitive OR 
cognition OR Behavior OR Behavioral OR 
Performance))) AND (((driving OR drive))) AND 
((marijuana OR cannabis OR Cannabinoids OR 
Tetrahydrocannabinol OR THC)) 

R3B PubMed (Search String A) (Cognitive OR Behavioral) AND (Marijuana OR 
Cannabis) AND (Field or On-site or road side) AND 
(Screening OR Test OR app OR measurement OR 
evaluation) 

R3B  PubMed (Search String B) (mobile) AND (Cognitive OR Behavioral) AND 
(Dysfunction OR Impairment) AND (app OR Test OR 
screening OR application OR evaluation OR 
measurement) 

R3B PubMed (Search String C) (Marijuana OR Cannabis) AND (Impairment OR Effect 
OR Influence) AND (Standard Field Sobriety Test or 
SFST) AND (Accuracy OR Validity OR Effectiveness) 

RQ3B Google (Search D) Mobile, app, test, screening, (name of specific test)  
Example: “mobile Stroop test” 
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The wide acceptance of these methods is apparent in examining confirmatory 
laboratory methods utilized in R2 studies. In 100% of the studies we identified in our 
systematic search of the literature for R2, at least one variation of these methods was 
used as the gold standard laboratory comparator for performance assessment of point 
of care detection devices. One recent systematic review related to POCT device 
assessment restricted their search to include only studies where some type of 
chromatographic assay was used as the confirmatory method (Scherer et al., 2017). 
Moreover, among the four most recently published independent studies assessing 
POCT devices against laboratory methods, 50% utilized the LC-MS/MS method 
(Edwards, Smith, & Savage, 2017; S. Gentili, Solimini, Tittarelli, Mannocchi, & Busardo, 
2016; Newmeyer et al., 2017a; Swortwood et al., 2017). Coupled with the recent 
analysis from leading experts in quantitative cannabinoid measurement (Huestis & 
Smith, 2018) these results confirm that measurement of cannabinoids in human 
biological matrices (blood, oral fluid, and urine) using immunoassays, chromatography, 
and or mass spectrometry, particularly LC-MS/MS, is the current state of the science.  
 
Research Question 2: Methods for Quantifying Marijuana Exposure in a Field 
Setting 
 
Point-of-collection testing (POCT) devices make it possible to rapidly screen for 
cannabis exposure without the use of standard laboratory equipment. These devices 
typically test oral fluid or urine as these matrices are easier to obtain in a field setting 
than blood.  Compared with urine analysis, oral fluid (OF) collection presents fewer 
concerns about privacy and adulterations. Drug testing in OF samples usually detects 
parent drugs, whereas testing of urine samples usually detects metabolites. This makes 
OF more reflective of recent drug use (Allen, 2011; Bosker & Huestis, 2009; Drummer, 
2010; Scherer et al., 2017). 
 
Our systematic search revealed one systematic review plus meta-analysis of 31 studies 
that was published in mid-2017 (Scherer et al, 2017). The papers that met inclusion 
criteria for this study were papers evaluating one or more POCT devices and using a 
validated chromatographic assay as the confirmatory method. Devices had to assess 
oral fluid as the biological matrix. Studies had to include analysis of cannabinoids as 
well as cocaine, amphetamines, benzodiazepines (BZD), and opioids. We extracted the 
results for cannabinoids alone from that publication for inclusion in this report. After 
exclusions, we also reviewed 6 original studies that were not already covered in the 
review article. 
 
In the studies we included in this review, we found evidence for 16 POCT devices (i.e. 
tests, kits, etc.) that evaluate cannabis exposure in a field setting, with varying levels of 
evidence and validity testing. In their 2017 review, Scherer et al. noted that the most 
commonly evaluated devices were the Alere™ DDS2 (DDS2), the Dräger DrugTest 
5000™ (DT5000), and the Drugwipe™ manufactured by Securetec.(Scherer et al., 
2017) Across the studies we reviewed, the Alere™ DDS2 and the Dräger DrugTest 
5000™ have the most research evidence available of the POCT devices described in 
the literature in terms of the number of studies, the number of participants in those 
studies, and the relevant variables included (i.e. frequent vs. chronic cannabis users, 
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route of cannabis exposure). These devices also performed well according to the 
Scherer review and thus are the focus of our description.   
 
Our systematic search also returned one study comparing two urine tests (the EZCup 
and the Multi4Card) which we briefly describe below, though there was less evidence 
for these approaches to point-of-collection OF testing. We concur with the authors of 
prior studies who note that the ease of use of OF tests makes them a better candidate 
for field applications (M. A. Huestis et al., 2013). 
 
Oral Fluid POCT Devices 
 
In the Scherer review, the authors included studies that evaluated the following devices: 
Rapiscan™, OralLab™,  SalivaScreen™, Toxiquik™, Oratect™, Uplink™, Drugwipe™, 
Dräger DrugTest 5000™, OraLine™, OralSTAT™, Impact™, Uplink™,  RapidStat™, 
BIOSENS Dynamic™, DDS 806™, OrAlert™, and  DDS™. The Drugwipe™ 
(Securetec, Germany) was the most commonly evaluated device among the studies (n 
= 17), followed by the DrugTest 5000™ (Dräger Safety AG & Co., Germany; n = 12), 
the Rapiscan™ (Cozart Biosciences Ltd., UK; n = 8) and the Rapid Stat™ (Mavand 
Solutions, Germany; n = 7) (Scherer et al., 2017). All other devices were evaluated in 
five or fewer studies. Most other articles we reviewed focused predominantly on the 
DT5000 or the Alere™ DDS2 (DDS2). 
 
The Alere™ DDS2 is a battery operated handheld device that provides a rapid 
qualitative assessment (positive/negative) of the presence or absence of delta-9-THC in 
oral fluid above a concentration of 25ng/mL. Samples are collected using a swab 
cartridge. After collection, the cartridge is inserted into the device for analysis. Results 
are available in five minutes and the device does not require oversight while the 
analysis is taking place. The device features a simple user interface, is lightweight, and 
has the ability to store up to 10,000 unique samples in its memory at once ("Alere 
DDS®2 Mobile Test System: Rapid Screening for Drugs of Abuse in Oral Fluid," 2018).  
 
The Dräger DrugTest 5000™ (DT5000) is a portable device that provides a rapid 
qualitative assessment (positive/negative) of the presence or absence of delta-9-THC 
above a concentration of 5ng/mL. Samples are collected using a test cassette. After 
collection, the cassette is inserted into the device for analysis. Results are available in 
less than 9 minutes in most cases and the device does not require oversight while the 
analysis is taking place. The device features a simple graphical display that 
communicates results in plain text and has the ability to store up to 500 results at one 
time. Stored results are tagged with date and time. Results can also be printed using 
the Dräger Mobile Printer ("Dräger DrugTest® 5000: Analysis system for detecting 
drugs," 2018). 
 
Study Designs for Evaluating POCT Devices 
 
A variety of study designs were included in the articles we reviewed. The review article 
by Scherer et al. included studies of oral fluid POCT drug tests among varied 
populations (e.g. drivers, drug users, laboratory participants, etc.). Generally speaking, 
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the methodology of the reviewed studies was a slight variation of the following: 
Participants ingested cannabis either by smoking, vaporizing, or consumption of foods 
such as brownies in a controlled environment. Upon cannabis consumption, oral fluid 
specimens were qualitatively analyzed (i.e. pass or fail) using the specified on-site 
device. Quantitative analytic specimens were concurrently collected to be used as 
comparators. Analytic samples were either blood or oral fluid (If oral fluid, usually 
collected with a Quantisal device) ("Quantisal™ Oral Fluid Collection Device," 2018) 
and were analyzed at a later date using standard, validated laboratory techniques. 
Results were obtained by comparing the performance of the on-site OF device to the 
validated laboratory method to determine sensitivity and specificity of the POC device. 
Most studies defined cut-off values for a “true positive” using only delta-9-THC, although 
one did conduct additional analyses that included combinations of delta-9-THC and 
other cannabinoids (we did not report on these results in our analysis). Of note, two 
studies did not administer cannabis in a controlled setting but rather screened for it in 
field settings (Edwards et al., 2017; S. Gentili et al., 2016). Otherwise, the general 
outline of their analyses were the same.  
 
The choice of a confirmation cut-point matters for the correct identification of cannabis 
exposure via a POCT device. The European Union’s Driving Under the Influence of 
Drugs, Alcohol, and Medicines (DRUID) program has suggested an 80% target for 
analytical sensitivity, specificity, and efficiency when evaluating devices (Blencowe, 
Pehrsson, & Lillsunde, 2010). The DRUID project utilized a confirmatory cutoff of 
1ng/mL of delta-9-THC (Verstraete et al., 2011). The U.S. Substance Abuse and Mental 
Health Services Administration (SAMHSA) has recommended a cutoff of 2ng/mL as a 
definition for a positive cannabis test in a workplace setting (Department of Health and 
Human Services, 2015). Thus, the papers we reviewed most commonly report 
sensitivity and specificity at a variety of cutoffs: 25 ng/mL (the devices own cutoff for the 
DDS2), 5 ng/mL (the device cutoff for the DT5000), 2 ng/mL (SAMHSA), 1 ng/mL 
(DRUID), and 0.2 or 0.5 ng/mL (the limit of quantitation). Walsh’s guidelines for 
research on drugged driving suggest that for drugs with therapeutic use, the 
confirmatory testing cut-off concentrations should be at least as low as the low end of 
the therapeutic range. For recreational drugs without any therapeutic use, the guidelines 
suggest use of a low analytical cut-off (J. M. Walsh, 2008; J Michael Walsh et al., 2008). 
For cannabis, which is used both medically and recreationally in Massachusetts, and 
has wide interpersonal variation in pharmacokinetics, establishing a cutoff presents a 
challenge. We, therefore, present sensitivity and specificity estimates at multiple cut-offs 
when possible.  
 
Testing revealed, not unexpectedly, that sensitivity and specificity were highest when 
the cut-off level was highest (25ng/mL in the studies of OF POCT devices). The tests 
perform better at correctly identifying the presence of THC when higher levels of THC 
are present in the matrix. The 25ng/mL cutoff was assessed only for the DDS2 device, 
since this is the level above which it is designed to report a positive test.  
 
Another important factor in examining the performance of POCTs is the cannabis use 
history of the study participants. Prior studies have documented that POCT device 
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sensitivity is higher in chronic frequent as compared to occasional cannabis smokers 
due to longer detection windows and higher true positive rates.(M. A. Huestis et al., 
2013) Because THC is fat soluble, it is stored in adipose tissue and can leak back into 
circulation over time, even long after the psychoactive effects of acute cannabis use 
have ceased (Gunasekaran et al., 2009; Wong et al., 2014; Wong et al., 2013). 
However, at least one study has concluded that the cannabinoid concentration changes 
that result from THC reentering circulation are not likely to negatively impact the ability 
to correctly interpret a drug test (Westin, Mjønes, Burchardt, Fuskevåg, & Slørdal, 
2014). In addition, since cannabis is consumed via different routes of exposure (e.g. 
smoked, vaporized, edible), POCT devices may not assess all possible routes of 
exposure.  
 
Overall POC Test Performance  
 
Table 2 shows the results from studies of OF POCT devices included in this review, 
number of participants), route of administration, and the sensitivity, specificity, and 
accuracy of the device for detecting marijuana exposure as compared to laboratory-
based confirmation methods. In this table, we include the overall results from studies 
that included both chronic and frequent users, as well as results from the meta-analysis 
and studies conducted in naturalistic settings (e.g. pubs, bars; individuals arrested for 
driving impairment).  
Scherer and colleagues pooled data from the studies in their meta-analysis to examine 
performance of individual POCT devices for cannabinoid detection. They found that the 
DDS2 had a sensitivity of 92.5% and specificity of 92.1%.  The DT5000 had a sensitivity 
of 86.5% and specificity of 95.2%. Two other devices, the DrugWipe5+ and RapidStat 
also performed well for cannabis detection. The RapidStat was not reviewed in any 
other studies since Scherer’s publication. The DrugWipe5A was examined in one 
naturalistic setting (social venues) and had low sensitivity (29%) and acceptable 
specificity (88%) (Stefano Gentili, Solimini, Tittarelli, Mannocchi, & Busardò, 2016). We 
do not discuss it further in this review.  
Among all cannabis users, including frequent and occasional users, and across 
exposure routes, using a confirmation cut-off of 5ng/mL, the DDS2 had a sensitivity of 
84.4% and specificity of 94.5% (Swortwood et al., 2017). The DT5000 had a sensitivity 
of 80.0% and specificity of 91.9% at the same cut-off (Swortwood et al., 2017). The 
DDS2 was also tested among individuals arrested for operating a motor vehicle while 
intoxicated (OWI) and compared to blood test values. Using a cutoff of 25 ng/mL that 
mirrors the devices own cutoff level, Edwards and colleagues report a sensitivity of 88.4 
and specificity of 86.9 (Edwards et al., 2017). 
 
Huestis and colleagues (2013) tested the DT5000 among 24 cannabis users (10 
occasional, 14 frequent) and provided information about sensitivity 6-8 hours post-
inhalation of smoked cannabis because this time frame is relevant for detecting drivers 
who may be under the influence of recently used marijuana (Huestis et al., 2013) They 
found the device sensitivity within 6 and 8 hour time frames was 85.6 and 84.7%, 
respectively, at the confirmation cutoff of 2ng/mL (SAMHSA). Sensitivity within 6 and 8 
hour time frames was 84.0 and 82.5%, respectively, at the cutoff of 1ng/mL (DRUID) 
(Huestis et al., 2013). This can be interpreted to mean that the DT5000 provides a 
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positive test result that accurately identifies approximately 85% of cannabis users who 
are 6-8 hour post smoking, with 15% false negatives (i.e. the test provides a negative 
results but the individual has THC levels above the confirmation cutoff). 
The DRUID project recommended a threshold of 80% sensitivity, 80% specificity, and 
80% accuracy has been established as minimum acceptable level of testing 
performance for a roadside drug screening test. Across all studies, the DT5000 had a 
sensitivity range from 80.0%-85.5% and specificity range from 82.5%-95.2%. The DDS2 
had a sensitivity range from 84.4%-92.5% and specificity range from 86.9-94.5%.



 
 

 
 

Table 2. Sensitivity and Specificity of Point of Collection Devices for Measuring Cannabis Exposure in Oral Fluid, 
All Users 

 

Device(s) Study Year N  Age  Population Exposure 
route 

Comparison 
Matrix/Method 

Cut off 
value(s) 

Sensitivity Specificity Accuracy 

17 devices 
including: 
DDS™ 
DT5000 
Drugwipe™ 

Scherer et al.  2017 NA 
(Meta 
analysis
)  

NA  Drivers; Drug 
users; 
Laboratory 
participants 

Various Validated 
chromato-
graphic assay 

Not reported 80.5% (7 - 100%) 81.3% (9 - 100%)  41 - 100%  

DDS2 Swortwood et al.  2017 545 18-50  Healthy 
users* 

Multiple** OF (LCMS/MS)  ≥ 25 ng/mL 
 ≥ 5 ng/mL 
 ≥ 2 ng/mL 
≥ 1n g/L 
 ≥ 0.2 ng/mL 

≥ 25 ng/mL =98.5 
≥ 5 ng/mL =84.4 
≥ 2 ng/mL =65.1 
≥ 1 ng/mL =53.2 
≥ 0.2 ng/mL =36.5 

≥ 25 ng/mL =84.0 
≥ 5 ng/mL =94.5 
≥ 2 ng/mL =97.6 
≥ 1 ng/mL =98.2 
≥ 0.2 ng/mL =99.2 

NA 

DDS2 Newmeyer et al. 2017 134 18-50  Healthy 
users* 

Edible  OF and Blood 
(LCMS/MS) 

 ≥ 25 ng/mL 
≥ 10 ng/mL 
 ≥ 5 ng/mL 
 ≥ 2 ng/mL 
 ≥ 1 ng/mL 
 ≥0.2 ng/mL  

 ≥ 25 ng/mL =95.5 
 ≥ 10 ng/mL =96.0 
≥ 5 ng/mL=96.8 
 ≥ 2 ng/mL =61.7 
 ≥ 1 ng/mL =61.7 
 ≥0.2 ng/mL =44.1 

 ≥ 25 ng/mL =79.5 
 ≥ 10 ng/mL =81.7 
≥ 5 ng/mL=86.4 
 ≥ 2 ng/mL =90.5 
 ≥ 1 ng/mL =90.5 
 ≥0.2 ng/mL =92.7 

NA 

DDS2 Edwards et al. 2017 104 18-72 subjects 
arrested for  
(OWI) 

NA Blood (Enzyme 
Immunoassay) 

25 ng/mL 88.37 86.89 87.5 
PPV: 82.61 
NPV: 91.34 

DT5000 Swortwood et al.  2017 551 18-50  Healthy  
Users* 

Multiple** OF (LCMS/MS)  ≥ 5 ng/mL 
 ≥ 2 ng/mL 
≥1 ng/mL 
 ≥0.2 ng/mL 

 ≥ 5 ng/mL: 80.0 
 ≥ 2 ng/mL: 66.3 
 ≥1 ng/mL: 57.5 
 ≥0.2 ng/mL: 36.9 

 ≥ 5 ng/mL: 91.9 
 ≥ 2 ng/mL: 96.8 
 ≥1 ng/mL: 98.7 
 ≥0.2 ng/mL: 99.3 

NA 

DT5000 Newmeyer et al. 2017 103 18-50  Healthy  
Users* 

Edible OF and Blood 
(LCMS/MS) 

 ≥ 5 ng/mL 
≥ 2 ng/mL 
≥ 1 ng/mL 
≥ 0.2 ng/mL  

 ≥ 5 ng/mL =89.3 
 ≥ 2 ng/mL =50.0 
 ≥1 ng/mL  =50.0 
 ≥0.2 ng/mL =34.9 

 ≥ 5 ng/mL =94.7 
 ≥ 2 ng/mL =97.9 
 ≥1 ng/mL  =97.9 
 ≥0.2 ng/mL =100 

NA 

DT5000 Hartman et al. 2015 43 21-42 Healthy 
users* 

Vaporizer OF (2D-GCMS) 5 ng/mL 
2 ng/mL 
1 ng/mL 

5 ng/mL: 64.9 
2 ng/mL: 53.8 
1 ng/mL: 48.7 

5 ng/mL: 97.2 
2 ng/mL: 99.3 
1 ng/mL: 100 

5 ng/L: 77.5 
2 ng/L: 65.0 
1 ng/L: 57.1 

DT5000 Huestis et al. 2013 24 18-45 Healthy 
users* 

Smoked OF (2D-GCMS) 2 ng/mL 
1 ng/mL 

2 ng/mL: 75.3 
1 ng/mL: 66.4 

2 ng/mL: 94.1 
1 ng/mL: 98.9 

2 ng/mL: 81.8 
1 ng/mL: 73.9 

DrugWipe5A Gentili et al.  2016 83 NA Subjects in a 
social setting 
(e.g. bars) 

NA OF (HS-SPME-
GC, MS- EIO) 

30 ng/mL 29 88 53 

Note: Studies that tested multiple populations and devices may appear more than once. DT5000=Drager™ DrugTest 5000; DDS2= Alere™ DDS2; OF=Oral Fluid; LC-MS/MS=Liquid 
chromatography – tandem mass spectrometry; 2D-GCMS=Two dimensional gas chromatography-mass spectrometry; HS-SPME-GC=Headspace-Solid Phase Microextraction-Gas 
Chromatography; MS-EIO= mass spectrometry, electron impact ionization; OWI=operating while intoxicated; *Healthy cannabis users in a laboratory setting; ** multiple routes refers to exposure 
by controlled smoking, vaporizing, and edible routes in a laboratory setting. The limit of quantitation (LOQ) was 0.2 ng/mL. 
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Table 3. Sensitivity and Specificity of Point of Collection Oral Fluid Cannabis Exposure Screening Devices, by 
Cannabis Use Frequency 

Device(s) Study Year N  Age  Population Exposure 
route 

Comparison 
Matrix/Method 

Cut off 
value(s) 

Sensitivity Specificity 

DDS2 Swortwood et al.  2017 345 18-50  Frequent 
users 

Multiple OF (LCMS/MS)  ≥ 25 ng/mL 
 ≥ 5 ng/mL 
 ≥ 2 ng/mL 
 ≥ 1 ng/mL  
 ≥0.2 ng/mL 

≥ 25 ng/mL =98.0 
 ≥ 5 ng/mL =85.6 
 ≥ 2 ng/mL =64.0 
 ≥ 1 ng/mL =51.6 
 ≥0.2 ng/mL =37.0 

 ≥ 25 ng/mL =82.7 
 ≥ 5 ng/mL =93.1 
 ≥ 2 ng/mL =97.9 
 ≥ 1 ng/mL =98.7 
 ≥0.2 ng/mL =100 

DDS2 Newmeyer et al. 2017 72 18-50  Frequent 
users 

Edible OF and Blood  ≥ 25 ng/mL 
 ≥ 5 ng/mL 
 ≥ 2 ng/mL 
 ≥ 1 ng/mL  
 ≥0.2 ng/mL 
  

≥ 25 ng/mL =100 
≥ 5 ng/mL=100 
 ≥ 2 ng/mL =58.8 
 ≥ 1 ng/mL =58.8 
 ≥0.2 ng/mL =37.0 

 ≥ 25 ng/mL =86.7 
≥ 5 ng/mL=94.5 
 ≥ 2 ng/mL =100 
 ≥ 1 ng/mL =100 
 ≥0.2 ng/mL =100 

DT5000 Swortwood et al.  2017 300 18-50  Frequent 
users 

Multiple OF (LCMS/MS)  ≥ 5 ng/mL 
 ≥ 2 ng/mL 
≥1 ng/mL   
 ≥0.2 ng/mL 

 ≥ 5 ng/mL =79.1 
 ≥ 2 ng/mL =65.0 
 ≥1 ng/mL  =56.6 
 ≥0.2 ng/mL =39.5 

 ≥ 5 ng/mL =89.5 
 ≥ 2 ng/mL =97.9 
 ≥1 ng/mL  =100 
 ≥0.2 ng/mL =100 

DT5000 Newmeyer et al. 2017 60 18-50  Frequent 
users 

Edible OF and Blood  ≥ 5 ng/mL 
≥ 2 ng/mL 
≥ 1 ng/mL 
≥ 0.2 ng/mL  

 ≥ 5 ng/mL =82.4 
 ≥ 2 ng/mL =43.2 
 ≥1 ng/mL  =43.2 
 ≥0.2 ng/mL =30.4 

 ≥ 5 ng/mL =93.0 
 ≥ 2 ng/mL =95.7 
 ≥1 ng/mL  =95.7 
 ≥0.2 ng/mL =100 

DDS2 Swortwood et al.  2017 200 18-50  Occasional 
users 

Multiple OF (LCMS/MS)  ≥ 25 ng/mL 
 ≥ 5 ng/mL 
 ≥ 2 ng/mL 
≥ 1 ng/mL 
 ≥0.2 ng/mL 

 ≥ 25 ng/mL =100 
 ≥ 5 ng/mL =82.0 
 ≥ 2 ng/mL =67.7 
 ≥ 1 ng/mL =57.3 
 ≥0.2 ng/mL =35.4 

≥ 25 ng/mL =86.2 
 ≥ 5 ng/mL =96.7 
 ≥ 2 ng/mL =97.1 
 ≥ 1 ng/mL =97.6 
 ≥0.2 ng/mL =98.6 

DDS2 Newmeyer et al. 2017 62 18-50  Occasional 
users 

Edible 
Cannabis 

OF and Blood  ≥ 25 ng/mL 
 ≥ 5 ng/mL 
 ≥ 2 ng/mL 
 ≥ 1 ng/mL 
 ≥0.2 ng/mL  
  

 ≥ 25 ng/mL =90.0 
≥ 5 ng/mL=92.9 
 ≥ 2 ng/mL =65.4 
 ≥ 1 ng/mL =65.4 
 ≥0.2 ng/mL =53.8 

 ≥ 25 ng/mL =71.2 
≥ 5 ng/mL=77.1 
 ≥ 2 ng/mL =80.6 
 ≥ 1 ng/mL =80.6 
 ≥0.2 ng/mL =87.0 

DT5000 Swortwood et al.  2017 251 18-50  Occasional 
users 

Multiple OF (LCMS/MS)  ≥ 5 ng/mL 
 ≥ 2 ng/mL 
 ≥ 1 ng/mL 
 ≥0.2 ng/mL 

 ≥ 5 ng/mL =82.9 
 ≥ 2 ng/mL =70.8 
 ≥1 ng/mL  =60.3 
 ≥0.2 ng/mL =31.5 

 ≥ 5 ng/mL =94.0 
 ≥ 2 ng/mL =96.1 
 ≥1 ng/mL  =97.9 
 ≥0.2 ng/mL =99.2 

DT5000 Newmeyer et al. 2017 43 18-50  Occasional 
users 

Edible OF and Blood  ≥ 5 ng/mL 
≥ 2 ng/mL 
≥ 1 ng/mL 
≥ 0.2 ng/mL  

 ≥ 5 ng/mL =100 
 ≥ 2 ng/mL =63.2 
 ≥1 ng/mL  =63.2 
 ≥0.2 ng/mL =44.4 

 ≥ 5 ng/mL =96.9 
 ≥ 2 ng/mL =100 
 ≥1 ng/mL  =100 
 ≥0.2 ng/mL =100 

Note: Studies that tested multiple populations and devices may appear more than once. Table reflects same studies and participants as prior table stratified by frequency of cannabis use. 
Accuracy not available in these studies for these subpopulations. DT5000=Drager™ DrugTest 5000; DDS2= Alere™ DDS2; OF=Oral Fluid; LC-MS/MS=liquid chromotography-tandem 
mass spectrometry; The limit of quantitation (LOQ) was ~ 0.2 ng/mL. 
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Chronic Frequent Users versus Occasional Users 
 
Table 3 shows the results from studies testing the accuracy of the OF POCT devices, 
grouped by participant cannabis use history (e.g. frequent user vs. occasional) and by 
device. This table reflects the two key studies found by our search that differentiated 
results based on the participants’ cannabis use history. These are the same studies as 
reported above, but broken out for the subpopulations included rather than overall 
results.  
 
Swortwood’s study for the DDS did not show substantially different performance (e.g. 
more than few percentage points) between chronic vs. frequent users at a 25ng/ML or 
5ng/mL confirmation cutoff. In both groups, sensitivity approached 100% for the 
25ng/mL cutoff, and sensitivity was 82%-86%. The same study suggested that at the 
5ng/ML cutoff, the DT5000 had a sensitivity of 79.1 for frequent users vs. 82.9 for 
occasional users; specificity of 89.5 for frequent users vs. 94.0 for occasional users. In 
their study of smoked cannabis, Huestis et al. report that the sensitivity of the DT5000 
was was 6-11% higher in frequent as compared to occasional cannabis users and 
suggest that this was due to having a longer detection windows and higher true positive 
rates (Huestis et al., 2013; Huestis et al., 2013). The DDS performed slightly better that 
the DT5000 among frequent users at the 5ng/mL cutoff in the two original studies we 
reviewed that directly compared the devices. Taking all evidence into account, both 
devices perform reasonably well for both frequent and occasional users.  
 
Edible Route of Exposure 
 
As shown in Table 3, the DT5000, in a study that focused only on edible cannabis, had 
a sensitivity of 64.9% and specificity of 97.2%, for an overall accuracy of 77.5% 
(Hartman et al., 2015). A smaller study found a sensitivity of 89.3 and specificity of 94.7. 
This is in contrast to the DDS2 which, in the smaller study, had a sensitivity of 96.8 and 
specificity of 86.5. The DT5000 may perform slightly better than the DDS2 when edible 
cannabis has been consumed, as its specificity was higher (96.9% vs. 77.1%) in the 
study by Newmeyer and colleagues that focused on the edible route of exposure 
(Newmeyer et al., 2017a).  
 
Vaporized Route of Exposure 
 
Hartman and colleagues (2015) reported that the DT5000 showed sensitivity of 64.9, 
specificity of 97.2, and efficiency of 77.5% after vaporized cannabis, using the 5ng/mL 
confirmatory cutoff (Hartman et al., 2015). These authors noted that cannabis vapor 
may interact with oral mucosa differently to smoke, altering the performance of the 
POCT (Hartman et al., 2015). While the sensitivity in this study was reduced due to 
false negatives compared to other studies that tested the device after smoked or edible 
routes of administration, the high specificity indicates that false positives were rare. 
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POC Urine Testing 
 
One study returned by our searches evaluated POTC urine tests, the EZ Cup and the 
Multi4Card (Kim et al., 2017). The study utilized commercially available samples 
(Detectabuse) and information about the individuals who originally provided the samples 
was not available. The cut-off value for these tests was 50 ng/mL of THC-COOH. The 
results were assessed on a grading scale (G2-G4) where lower grade meant a higher 
drug concentration for confirmation testing. The EZ Cup had a sensitivity ranging from 
98.5 (G2) to 100 (G4) and a specificity ranging from 93.0 (G2) to 53.0 (G4).  The 
Multi4Card had a sensitivity range from 6.0 (G2) to 92.0 (G4) and a specificity range 
from 99.2 (G2) to 87.7 (G4). The EZ cup had with consistently low false negative tests, 
but, as concentration decreased, there were more false positives. The EZ Cup therefore 
exhibited better performance, but it is important to note that the inactive metabolite 
THC-COOH can be detected for days to weeks after cannabis administration (Goodwin 
et al., 2008) and a positive screening result alone (absent other information) does not 
permit inference regarding time of cannabis use.  
 
Other Considerations 
 
Across all studies, authors note that frequent smokers had significantly later median tlast 
(time of last cannabis detection) compared to occasional smokers. This means that 
frequent marijuana users may show positive results on POCT results for longer after 
cannabis administration compared to occasional users who used the same amount.  
 
The studies described here utilize THC as the confirmation marker of cannabis 
exposure. Hartman (2015) and colleagues note that THC-COOH has been proposed as 
a potential additional confirmatory criterion, to be used with THC because it helps rule 
out passive environmental exposure, detects oral cannabis use, and can extend 
detection windows in chronic frequent cannabis smokers (Lee et al., 2011; Moore et al., 
2011). However, in Hartman’s study of vaporized cannabis, THCCOOH was not always 
detected; including THCCOOH as a requirement for confirmation decreased sensitivity. 
At this point, the use of additional metabolites as a confirmatory method with POCT 
devices is not firmly established in the literature.  
 
Research Question 3a: Cognitive and Behavioral Effects Relevant to Driving 
 
We reviewed 29 studies that contained information about the cognitive and behavioral 
indicators of marijuana exposure that are relevant to operating a motor vehicle. The 
study designs utilized can be grouped into four categories: laboratory studies, studies 
conducted in a driving simulator, on-road studies, and observational studies. The 
cognitive and behavioral effects of marijuana that relate to driving fall into three domains 
which include automotive behavior, control behavior, and executive function/planning. 
These domains were described in Walsh’s 2008 Guidelines for Research on Drugged 
Driving ( Walsh et al., 2008). Based on the literature we obtained through our search, 
for the purpose of this review, we address an additional behavioral domain which is 
driving performance/safety. Table 4 describes the domains and provides examples of 
tasks/tests that measure them.  
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Multiple effects may be measured in one study, and different study designs are well-
suited to evaluate different types of effects. For example, only the simulator and on-road 
studies can address driving performance and safe driving. We also considered the 
elements of the standardized field sobriety test (SFST) which is reflective of control 
behavior. The SFST includes activities such as a one leg stand, walk and turn, and the 
modified Romberg balance test. 
 
Table 4. Domains of Driving-Related Cognitive and Behavioral Effects of 
Marijuana 

 
Automative Behavior  
 
In lab-based studies, we found evidence for 15 different measurements of automotive 
behavior across 6 studies. For frequent users, 5 out of 6 saw no effect, and 1 found hurt 
performance, although it must be noted that two of these studies included low doses of 
cannabis. For occasional users, 5/5 tests indicated that marijuana hurt performance. In 
4 studies in which the population cannabis use history was not specified, both low and 
medium dose administration resulted in generally worse task performance (3/4). Two 
simulator studies that included measurement of automative behavior both found 
decreased performance after marijuana administration.  

Domain Definition Example Tasks Used for Measurement 
Automative Behavior*  Well-learned skills  Tracking, steering (road tracking, critical 

tracking, compensatory tasks). 
 Vigilance or sustained attention (e.g. 

Mackworth Clock Test). 
Control Behavior* Maintaining distance, 

passing, etc. 
 

 Motor performance, maneuvers 
(reaction time, car following tasks). 

 Divided attention (dual attention tasks). 
 Perception (time to collision-type tasks). 

Executive 
Function/Executive 
Planning *  
 

Interactive functions 
with ongoing traffic. 

 Risk taking, impulsivity (e.g. stop signal, 
Iowa gambling 
tasks). 

 Information processing, attention 
(choice, reaction time, selective or 
focused attention tasks). 

 Cognition, judgement  
Driving 
performance/safety 

Appropriate and safe 
operation of a vehicle 

 Maintaining proper headway 
 Lane positioning 
 Speed and braking 

Note: *Definitions from Walsh et al. 2008 "Guidelines for Research on Drugged Driving" 
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Table 5. Assessments of the Impact of Cannabis Exposure on Automative Behavior  
Study Study 

Type 
n  User 

Population  
THC 
Dosage 
(Route) 

Brief 
description  
 

Result* Magni-
tude of 
Result*  

Study 
Quality** 

Weinstein et 
al. 2008 

Lab 14 Frequent 13 and 
17 mg 

Virtual Maze 
task 

HP NA SS, NT 

Desroisers et 
al. 2015 

Lab 25 Frequent 6.80% CTT NE NA SS 

Shwope et al. 
2012 

Lab 10 Frequent 6.80% CTT NE NA LD, SS 

Shwope et al. 
2012 

Lab 10 Frequent 6.80% Divided 
Attention Task 

NE NA LD, SS 

Ramaekers et 
al. 2011 

Lab 21 Frequent  (~28mg) Tracking Task NE NA SS, LD, 

Ramaekers et 
al. 2009 

Lab 12 Frequent ~35mg) CTT NE NA SS 

Sexton et al. 
2000 

Lab 15 NS 1.7% - 
2.67% 

Critical 
Tracking Task 

HP NA SS, LD, 
UP 

Ramaekers et 
al. 2006 

Lab 20 NS 17.5mg 
(4%) 

Tracking Task HP NA SS, LD, 
UP 

Ramaekers et 
al. 2006 

Lab 20 NS 35mg 
(13%) 

Tracking Task HP NA SS, UP 

Sexton et al. 
2000 

Lab 15 NS 1.7% - 
2.67% 

Critical 
Tracking Task 

NE NA SS, LD 
UP 

Desroisers et 
al. 2015 

Lab 25 Occasional 6.80% CTT HP NA SS 

Batistella et al. 
2013 

Lab 31 Occasional 42mg CTT HP NA SS 

Batistella et al. 
2013 

Lab 31 Occasional 42mg FMRI 
(tracking) 

HP NA SS 

Batistella et al. 
2013 

Lab 31 Occasional 42mg FMRI (target & 
cursor) 

HP NA SS 

Ramaekers et 
al. 2009 

Lab 12 Occasional ~35mg CTT HP NA SS 

Papafotiou et 
al. 2005 

Sim. 40 NS 14mg & 
52mg 

Tracking Task HP NA UP 

Menetrey et al. 
2005 

Sim. 8 Occasional 16.5mg & 
45.7mg 
(oral)  

Tracking Task HP NA SS, NT 

Note: NS=not specified; CTT=critical tracking task; *Result classified as: HP=hurt performance, IP=improved 
performance, NE=no effect. Magnitude of results only provided if statically significant. ** Issues potentially 
impacting study quality were noted as: SS=small sample size; NT = no validated tool used; LD = low dose 
marijuana, UP=user population not defined, DR= use of subjective high with no dose response gradient; 
OT=other quality issues. Sim.= Driving simulator study. 
 
Control Behavior 
 
In 18 lab-based measurements of control behavior, 11 focused on frequent or not 
specified user population, and 4 observed poorer performances after marijuana 
administration, 1 with improved performance, and 6 with no effect. Of note, the largest 
study had 136 participants and demonstrated poorer performance.  Among tests in 
occasional users, 6/7 demonstrated poorer performance with one demonstrating no 
effect. Simulator-based studies showed an even split between hurt performance and no 
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effect. In three on-road studies, control behavior, and specifically reaction time, was not 
impacted.  
 
In lab studies, 9/9 tests that used elements of the SFST to assess control behavior 
among frequent users demonstrated no effect. In occasional users, this was 3/9. And in 
two observational studies that together accounted for results on seven tests of control 
behavior as measured with a SFST, decreased performance was noted in all tests, 
though it must be noted that the study design did not allow assessment of most 
potential limitations.  
 
Executive Function and Planning 
 
In 16 tests of executive function among frequent cannabis users, six hurt performance 
and 10 showed no effect. Among occasional users, six hurt performance, and six 
showed no effect. For non-specified users, 9/10 studies showed hurt performance. 
These results indicate more evidence for decreased executive function regardless of 
use history, with about half or more of the studies finding decreased performance.  
 
Driving Performance and Safety 
 
In simulator studies, mean speed decreased in 6/14 studies conducted among 
occasional users. We did not characterize decreased speed as either an improvement 
or detriment to driving performance, since in a real-world environment this behavior 
could be associated either with safer driving or with an increased crash risk, depending 
on the circumstance. There were three studies with decreased performance, including 
on a measure of collisions, and all other results showed no effect. In two studies that did 
not specify the cannabis use history of participants, there was decreased performance 
on 5/7 measures. These included mean headway and lateral position, and speed 
measures. In 10 driving performance tasks conducted in on-road studies of occasional 
users, the authors observed impaired performance for five tasks and no effect for five 
tasks. 
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Table 6. Assessments of the Impact of Cannabis Exposure on Control Behavior 
Study Study 

Type 
n  User 

Population  
THC Dosage 
(Route) 

Brief description Result Result 
Magnitude*  

Study 
Quality 

Ramaekers et al. 2000 On-road  18 NS 100 and 200 ng/kg Reaction time NE NA SS, UP 
Robbe et al. 1998 # 2 On-road  16 Occasional 100, 200, 300 ng/kg Reaction time NE NA SS 

Robbe et al. 1998 # 4 On-road  18 Occasional 100 and 200 ng/kg Reaction time NE NA SS 
Lenne et al. 2009 Simulator 47 NS 19mg & 38mg Sign detection task HP NA UP 
Sexton et al. 2000  Simulator 15 NS 1.7% & 2.6% Reaction time task NE NA SS, UP 
Ronen et al. 2010 Simulator 12 Occasional 13mg Arithmetic Task  HP NA SS, NT 
Ronen et al. 2007 Simulator 14 Occasional 13mg & 17mg Reaction time test - Computerized HP S SS, NT  
Rafaelsen et al. 1973 Simulator 8 Occasional 200, 300, 400mg  Reaction Time  HP NA SS 
Anderson et al. 2010 Simulator 85 Occasional 22.9mg Paced Auditory Serial-Addition Test [PASAT] HP M   
Anderson et al. 2010 Simulator 85 Occasional 22.9mg Emergency Vehicle Avoidance Task NE NA   
Anderson et al. 2010 Simulator 85 Occasional 22.9mg Dog and intersection  Incursion Task, PASAT 

Task, Emergency vehicle avoidance task 
NE NA   

Anderson et al. 2010 Simulator 85 Occasional 22.9mg Emergency Vehicle Avoidance Task NE NA   
Metrik et al. 2012 Lab 136 Frequent 2.80% Stroop test HP M LD 
Hart et al. 2001 Lab 18 Frequent 1.8% & 3.9% Repeated Acquisition Task (Computerized) HP NA SS, LD 
Ramaekers et al. 2011 Lab 21 Frequent ~28mg Divided Attention Task HP NA SS, LD 
Theunissen et al. 2012 Lab 24 Frequent 13% Electro Cap / Neuro Scan Software  HP S SS 
Hart et al. 2001 Lab 18 Frequent 1.8%  & 3.9% Divided Attention Task  IP NA SS, LD 
Shwope et al. 2012 Lab 10 Frequent 6.80% DAT - Computerized NE NA LD, SS 
Shwope et al. 2012 Lab 10 Frequent 6.80% DAT - Computerized NE NA LD, SS 
Theunissen et al. 2012 Lab 24 Frequent 13% DAT - Computerized NE NA SS 
Ramaekers et al. 2009 Lab 12 Frequent ~35mg Divided Attention Task NE NA SS 
Desroisers et al. 2015 Lab 25 Frequent 6.80% Divided Attention Task NE NA SS 
Theunissen et al. 2012 Lab 24 Frequent 13% Electro Cap / Neuro Scan Software  HP M SS 
Chiat 1994 Lab 14 NS 3.60% Time Production Test NE NA SS, LD, UP 
Chiat 1994 Lab 14 NS 3.60% Divided Attention Task NE NA SS, LD, UP 
Desroisers et al. 2015 Lab 25 Occasional 6.80% Divided Attention Task HP NA SS 
Theunissen et al. 2012 Lab 24 Occasional 13% DAT - Computerized HP S SS 
Theunissen et al. 2012 Lab 24 Occasional 13% Electro Cap / Neuro Scan Software  HP S SS 
Theunissen et al. 2012 Lab 24 Occasional 13% Electro Cap / Neuro Scan Software  HP S SS 
Ramaekers et al. 2009 Lab 12 Occasional ~35mg Divided Attention Task HP NA SS 

Note: DAT=divided attention task; *Result classified as: HP=hurt performance, IP=improved performance, NE=no effect. Magnitude of results only provided if statically 
significant. ** Issues potentially impacting study quality were noted as: SS=small sample size; NT = no validated tool used; LD = low dose marijuana, UP=user population not 
defined, DR= use of subjective high with no dose response gradient; OT=other quality issues. 
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Table 7. Assessments of the Impact of Cannabis Exposure on Executive Function and Planning Behavior 
Study Study 

Type 
n  User 

Population  
THC Dosage 
(Route) 

Brief description Result Result 
Magnitude*  

Study 
Quality 

Metrik et al. 2012 Lab   136 Frequent 2.80% Stop Signal Task HP M LD 
Weinstein et al. 2008 Lab   14 Frequent 13 and 17 mg Wisconsin Card Sorting Task  HP NA SS, NT 
Weinstein et al. 2008 Lab   14 Frequent 13 and 17 mg Gambling Task HP M SS, NT 
Theunissen et al. 2012 Lab   24 Frequent 500 ng/kg (13%) Stop Signal Task - computerized HP M SS 
Ramaekers et al. 2009 Lab   12 Frequent 500ng/kg (~35mg) Stop Signal Task HP NA SS 
Hart et al. 2001 Lab   18 Frequent 1.8%  & 3.9% Digit Recall Task (Computerized) HP (3.9%) NA SS, LD 
Vadhan et al. 2006 Lab  36 Frequent 1.8 & 3.9% Gambling Task NE NA LD, DR 
Desroisers et al. 2015 Lab   25 Frequent 6.80% n-back task NE NA SS 
Desroisers et al. 2015 Lab   25 Frequent 6.80% Balloon Analog Task NE NA SS 
Sewell et al. 2012 Lab   44 Frequent 0.015 - 0.05 mg/kg Time Estimation  NE NA LD, DR 
Hart et al. 2001 Lab   18 Frequent 1.8%  & 3.9% Digit Symbol Substitution  Task  NE NA SS, LD 
Weinstein et al. 2008 Lab   14 Frequent 13 and 17 mg Novel TP task NE NA SS, NT 
Ramaekers et al. 2011 Lab   21 Frequent 400 ng/kg (~28mg) Stop Signal Task NE NA SS, LD 
Ramaekers et al. 2011 Lab   21 Frequent 400 ng/kg (~28mg) Tower of London Task NE NA SS, LD 
Ramaekers et al. 2009 Lab   12 Frequent 500ng/kg (~35mg) Tower of London Task NE NA SS 
Chiat 1994 Lab   14 NS 3.60% Backward Digit Span HP NA SS, LD, UP 
Ramaekers et al. 2006 Lab   20 NS 17.5mg (4%) Stop Signal Task HP NA SS, LD, UP 
Ramaekers et al. 2006 Lab   20 NS 17.5mg (4%) Tower of London Task HP NA SS, LD, UP 
Ramaekers et al. 2006 Lab   20 NS 17.5mg (4%) Gambling task HP NA SS, LD, UP 
Ramaekers et al. 2006 Lab   20 NS 35mg (13%) Stop Signal Task HP NA SS, UP 
Ramaekers et al. 2006 Lab   20 NS 35mg (13%) Tower of London Task HP NA SS, UP 
Ramaekers et al. 2006 Lab   20 NS 35mg (13%) Gambling task HP NA SS, UP 
Chiat 1994 Lab   14 NS 3.60% Digit Symbol Substitution  Task NE  NA SS, LD, UP 
Lane et al. 2005 Lab 10 NS 1.77% & 3.5% Computerized gambling ask HP S  SS, LD, UP 
Desroisers et al. 2015 Lab   25 Occasional 6.80% n-back task NE NA SS 
Desroisers et al. 2015 Lab   25 Occasional  6.80% Balloon Analog Task NE NA SS 
Sewell et al. 2012 Lab   44 Occasional 0.015 - 0.05 mg/kg Time Estimation Software 2.0  HP M LD, DR 
MacDonald et al. 2003 Lab   37 Occasional 15mg (Oral) Verbal Digit Span Task HP NA  
MacDonald et al. 2003 Lab   37 Occasional 15mg (Oral) time perception task HP NA  
MacDonald et al. 2003 Lab   37 Occasional 15mg (Oral) Computerized Stop Signal Task HP NA  
Theunissen et al. 2012 Lab   24 Occasional 500 ng/kg (13%) Stop Signal Task - computerized HP S SS 
Ramaekers et al. 2009 Lab   12 Occasional 500ng/kg (~35mg) Stop Signal Task HP  NA SS 
MacDonald et al. 2003 Lab   37 Occasional 15mg (Oral) Delay Discounting Task NE NA SS, LD 
Ramaekers et al. 2009 Lab   12 Occasional 500ng/kg (~35mg) Tower of London Task NE NA SS 
MacDonald et al. 2003 Lab   37 Occasional 15mg (Oral) Hopkins Verbal Recall Task NE  NA  
MacDonald et al. 2003 Lab   37 Occasional 15mg (Oral) Verbal Go no go task NE  NA  
Note: DAT=divided attention task; *Result classified as: HP=hurt performance, IP=improved performance, NE=no effect. Magnitude of results only provided if statically significant. ** Issues 
potentially impacting study quality were noted as: SS=small sample size; NT = no validated tool used; LD = low dose marijuana, UP=user population not defined, DR= use of subjective high with 
no dose response gradient; OT=other quality issues. 
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Research Question 3b: Field Measurement of Marijuana’s Effects and Accuracy 
for Determining Impairment 
 
Laboratory based measurement of marijuana’s cognitive and behavioral effects are 
described above. While there are many tools used to measure the domains of 
impairment in laboratory settings, as evidenced in Tables 5-7, field measures lag 
behind. 
 
In the peer reviewed literature, we identified three studies testing SFST for detecting 
marijuana impairment. Accuracy was, at best approximately 50% for the one leg stand 
portion of the test. We also conducted a web search that identified several mobile 
applications that offer versions of some of the tests for automative behavior, executive 
function, and control behavior that were measured above, as being impacted by 
marijuana. Although only one tool: DRUID (Milburn, 2017), was developed explicitly for 
measuring marijuana-related effects, these tools in general may have promise. DRUID 
is being tested in an NIH-funded study at Brown University Medical School.   
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Table 8. Field Tests for Cognitive and Behavioral Indicators of Marijuana Effects, 
Peer-Reviewed Literature 
Tool Type Tested for 

MJ 
Study  Year Accuracy for MJ 

Impairment  
Overall Result 

SFST  Yes Porath-
Waller and 
Beirness 

2014 Classification Rate:  
HGN: 1% 
OLS: 55.4%* 
WAT: 39.7% 

Cannabis adversely 
affected performance on 
the OLS test but not the 
WAT and HGN tests 

SFST  Yes  Bosker et 
al. 

2012 HGN: 15% 
OLS: 50%* 
WAT: 35% 

Cannabis significantly 
impaired performance on 
the OLS  

SFST Yes Papafotiou  2005 Overall SFST 
Battery:  
Time 1 (5 min post 
smoking): 46.2% 
Time 2 (55 min 
post smoking): 
41% 
Time 3 (105 min 
post smoking): 
28.2% 

The results indicated that 
the consumption of 
cannabis containing 
either 1.74% THC or 
2.93% THC impaired 
performance on the 
SFSTs. 

Notes: HGN=horizontal gaze nystagmus; WAT=Walk and Turn: OLS= one leg stand 
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Table 9. Field Tests of Cognitive and Behavioral Indicators of Marijuana’s Effects, 
Non-Peer Reviewed 

Tool Type Tool Name Designed for 
MJ 

Relates to R3A Task 
Category / Test 

URL Notes 

Mobile App DRUID  Yes Automotive behavior; 
Executive function; 
Control behavior 
o Reaction time 
o Decision making 
o Tracking 
o Time estimation 

https://www.druid
app.com  

"DRUID is 
currently being 
tested in a NIH-
funded study at 
the Brown 
University Medical 
School." 

Mobile App Brain Turk No Automotive behavior; 
Control behavior 
o Go -no go task  
o N Back task  
o Tracking  
o Digit tasks  
o Wisconsin card 
sorting task 
o Gambling / risk 
taking task 
o Recall tasks 
o Arithmetic task 
o Audio vision 
matching 
o Complex working 
memory 
o Advertises 40+ 
games / available 
tests on mobile app  

https://www.brain
turk.com/games 

Advertised as 
cognitive games. 
Not meant to 
assess exposure 
to MJ. Included 
given mobile 
availability of 
many of the task 
category tests 
identified in RQ3A 

Mobile App Encephal-
app 

No Control behavior 
- Stroop Test 

http://www.encep
halapp.com  

Not meant to 
assess exposure 
to MJ. Included 
given mobile 
availability of task 
category tests 
identified in RQ3A 

Mobile App CANTAB No Control behavior 
-Stop Signal Task 
- Gamblling Task 

http://www.cambr
idgecognition.co
m/cantab/  

Not meant to 
assess exposure 
to MJ. Included 
given mobile 
availability of task 
category tests 
identified in RQ3A 

Mobile App Brain 
Baseline 

No Control behavior 
-Stroop Test 
- N-Back 

https://itunes.appl
e.com/us/app/bra
inbaseline/id4089
75136?mt=8  

Not meant to 
assess exposure 
to MJ. Included 
given mobile 
availability of task 
category tests 
identified in RQ3A 

 
 
 

https://www.druidapp.com/
https://www.druidapp.com/
https://www.brainturk.com/games
https://www.brainturk.com/games
http://www.encephalapp.com/
http://www.encephalapp.com/
http://www.cambridgecognition.com/cantab/
http://www.cambridgecognition.com/cantab/
http://www.cambridgecognition.com/cantab/
https://itunes.apple.com/us/app/brainbaseline/id408975136?mt=8
https://itunes.apple.com/us/app/brainbaseline/id408975136?mt=8
https://itunes.apple.com/us/app/brainbaseline/id408975136?mt=8
https://itunes.apple.com/us/app/brainbaseline/id408975136?mt=8


 

177 
 

Discussion 
 
Well-established laboratory methods for quantifying marijuana exist and offer high 
sensitivity and specificity for measurement of delta-9-THC. Among the most popular 
techniques currently in use are chromatographic methods such as gas chromatography 
mass spectrometry (GC-MS) and liquid chromatography with tandem mass 
spectrometry (LC-MS/MS). In relation to quantifying exposure, the absence of ability to 
discern potentially key pieces of information from measuring THC alone however has 
spurred interest in the utility of THC metabolite quantification. The phase-two THC 
metabolite (THC-Glucuronide) as well as cannabigerol (CBG), cannabinol (CBN), and 
tetrahydrocannabivarin (THCV) offer promise in discerning recency of use and 
movement of metabolites to alternative matrices (Huestis & Smith, 2018). As research 
related to marijuana metabolism continues to advance, such inferences may prove 
useful in efforts to establish legal driving limits and standards. Despite this promise 
however, the inability to quantify THC metabolites in a field setting remains a chief 
limitation. 
This review identified two point-of-collection devices with substantial evidence that they 
perform with sensitivity and specificity above 80% at a confirmation cut-point of 5ng/mL. 
The DT5000 has a slightly lower sensitivity and higher specificity; the DDS2 has a 
slightly higher sensitivity and lower specificity. Most screening tests require tradeoffs 
between these two aspects of correct identification. A higher sensitivity reduces false 
negatives (i.e. a cannabis user with delta-9-THC above the cut-off who screens 
negative); a higher specificity reduces false positives (e.g. an individual with a delta-9-
THC level below the cut-off who screens positive). Choice between the two devices 
should depend upon the specific use case and consequences of misclassification.  The 
findings from this study indicate that OF devices may be effective for use in field 
settings with reasonable accuracy.   
 
For context, recent studies showed that after smoking or vaporizing cannabis in a 
controlled environment, chronic frequent users maintained blood THC levels of 25 
ng/mL for an average of ~ 30-45 minutes. By ~6-10 hours, levels have fallen to 5 ng/mL 
and at 72 hours post smoking, blood THC levels remained between 5 ng/mL and the 
LOQ (1 ng/mL) (Newmeyer et al., 2016). Frequent users that orally ingested cannabis in 
a controlled environment showed similar long term pharmacokinetic profiles, with blood 
THC levels between 5 ng/mL and the LOQ (1 ng/mL) 72 hours post ingestion. However, 
average peak concentrations were lower (~25ng/mL) and average time to peak 
concentration (~ 3-4 hours) was greater with average blood levels remaining under 10 
ng/mL leading up to the peak (Newmeyer et al., 2017a; Newmeyer et al., 2016). 
 
In occasional users, THC blood levels in controlled environments after smoking and 
vaporization peaked on average in ~10 minutes and stayed above 25 ng/mL for ~30 
minutes. At approximately one hour, THC levels remained close to 5 ng/mL but by ~ 3 
hours on average, THC blood levels had fallen below the LOQ and by ~ 12-15 hours, 
THC was undetectable (Newmeyer et al., 2016). Blood THC levels of occasional users 
ingesting THC in a controlled environment followed a similar peaking pattern to that of 
frequent users. On average, concentrations did not peak until ~ 3 hours post ingestion. 
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However, by ~ 5 hours blood THC levels had fallen below 5ng/mL and by ~ 11 hours, 
THC was not detectable in the blood (Newmeyer et al., 2016). 
 
Blood cannabinoid concentration cannot be estimated from OF data (Newmeyer et al., 
2017b).  The studies reviewed indicated that for smoked and vaporized cannabis, OF 
and blood THC concentrations were significantly correlated for up to 8 hours cannabis 
administration (Hartman et al., 2016), with THC concentrations in both matrices peaking 
during or shortly after use followed by rapid decreases. Edible cannabis, however, 
displays a different profile with OF THC Cmax (maximum concentration) occurring by 0.3 
hours, while blood THC Cmax occurs 1-5 hours later. These different pharmacokinetic 
time courses explain the lack of correlation between OF and blood concentrations 
during the first 5 h after edible cannabis (Newmeyer et al., 2017b). Thus, the route of 
cannabis administration has a large impact on how well oral fluid correlates with blood 
THC. At present, most marijuana users smoke or vaporize marijuana, making oral fluid 
testing a reasonable option, though other routes of administration may become more 
frequent as retail sales of adult use marijuana begin in Massachusetts.  
 
The evidence suggests that marijuana has cognitive and behavioral effects in the areas 
of automative behavior, especially for occasional users, and there also are likely some 
executive function impacts for some users. In simulated road environments, marijuana 
exposure was associated with decreased speed; which may be either positive or 
negative for driving performance and crash risk, depending on the circumstance. 
Marijuana exposure also unquestionably hurt driving performance in some ways. The 
overall picture was one of mixed results that on balance fall between no effect and 
decreased performance. It is worth noting that when reported, magnitude of impaired 
performance was generally small. In controlled environments, the marijuana use was 
not associated with performance decreases on elements of the standardized field 
sobriety test, though observational studies reached a different conclusion.  
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Introduction 
 
Experimental research suggests that marijuana (cannabis) use impairs functions related 
to safe driving (Huestis, 2002). Epidemiological evidence for the increase in the 
magnitude of motor vehicle crash risk from marijuana use ranges from 22% to 100% (a 
doubling) (Asbridge et al., 2012; G. Li et al., 2017; Rogeberg & Elvik, 2016). In studies 
of Colorado adults (Davis et al., 2016) as well as college students (Whitehill, Rivara, & 
Moreno, 2014), and high school students (K. Li, Simons-Morton, Gee, & Hingson, 
2016), driving under the influence of marijuana (DUI-marijuana) is common among 
marijuana users. These individuals, as well as passengers who ride with a driver under 
the influence of marijuana (RUI-marijuana), would experience any increased risk for 
involvement in a motor vehicle crash that exists when the driver has used marijuana. 
 
As Massachusetts implements legal retail marijuana sales for all adults, it is important to 
understand the prevalence of driving under the influence of marijuana and riding with a 
marijuana-using driver prior to the start of retail marijuana sales for non-medical use 
among adults age 21 and over.  These topics are not well- measured in other 
Massachusetts datasets that have been previously collected for other purposes.  Such 
information will be necessary to measure the extent to which there are changes in the 
prevalence of these events after retail adult-use marijuana sales are implemented.  
Another useful “baseline” measure related to marijuana and motor vehicle crashes is 
how frequently crash-involved drivers test positive for marijuana. Although such testing 
does not indicate that the driver was intoxicated by or impaired by marijuana at the time 
of the crash, such data nonetheless provides some information on information relevant 
to maintaining safe roadways, such as the extent to which drivers are tested for 
cannabinoids and cannabinoid disposition among drivers.  
 
This chapter describes two studies related to driving and marijuana use. First, we 
present an analysis of data from the statewide population survey conducted as part of 
the MBHS that addresses DUI-marijuana and RUI-marijuana. Second, we present an 
analysis of Massachusetts data from the Fatality Analysis Reporting System which 
includes information on fatal crashes (i.e. crashes in which one occupant died within 30 
days of the crash) and the state’s Crash Data System which includes information on all 
crashes on Massachusetts roadways.  
 
Methods 
 
Population survey of Massachusetts adults  
 
We conducted a population-based, mail and Internet survey of Massachusetts residents 
age 18 years and older. This study was approved by the Institutional Review Board at 
the Massachusetts Department of Public Health. A copy of the survey instrument can be 
found in Appendix A. Details on the methods of survey design, data collection, 
measures, and statistical procedures, including survey weighting, can be found in Task 
1, Chapter 2 of this Marijuana Baseline Health Study report. In addition to the measures 
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described therein, several questions were added to the survey for the purpose of 
addressing DUI-marijuana and RUI-marijuana.  
 
Measures  
 
DUI-marijuana was assessed with the item “During the past 30 days, how many times 
have you driven a car or other motor vehicle while you were under the influence of 
marijuana?” Response options included 0 times, 1 time, 2-3 times, 4-5 times, or 6 or 
more times.  RUI-marijuana was ascertained with the question “During the past 30 days, 
how many times did you ride as a passenger in a car or other motor vehicle when the 
driver was under the influence of marijuana” with the same response options as listed 
above.  
Parallel questions were asked for alcohol and other substances. We also asked about 
driving after the concurrent use of multiple substances with response options that 
included: marijuana and alcohol, marijuana and other drugs, alcohol and other drugs, or 
marijuana, alcohol, and other drugs.  
 
Statistical analysis 
 
Please see the methods section in Chapter 2, Task 1 for details on weighting and 
statistical procedures for this survey. As noted therein, a total of 3,268 non-duplicate 
survey questionnaires were returned with 212 determined ineligible.  After screening for 
completion and eligibility, there were a total of 3,023 eligible surveys. The logic-
checking process resulted in identification of 1 case in which multiple questions had 
unreasonable responses. This case was dropped, resulting in a final analytic sample of 
3,022. 
Several variables relevant to this chapter were re-coded from the original data. DUI-
marijuana was dichotomized as a yes/no variable indicating any driving under the 
influence of marijuana in the past 30 days. RUI-marijuana was similarly dichotomized. 
Frequency of marijuana use in the past 30 days was categorized as a 3-level variable (0 
days, 1-20 days, 21 or more days). Frequency of alcohol use, originally measured in 
days per week, was categorized as a 3-level variable (0 days, 1-4 days, 5-7 days). 
 
First, we examined bivariate differences in driving under the influence of substances 
and riding with a substance-using driver between adults who had used marijuana in the 
past 30 days and those who had not. Next, we examined bivariate differences in socio-
demographics and substance use behavior by DUI-marijuana and RUI-marijuana 
status. Differences were tested with chi-squared tests for categorical variables. Finally, 
to assess which factors were associated with DUI-marijuana and RUI-marijuana, we 
estimated relative risk (RR) using Poisson regression with robust standard errors (Zou, 
2004). We examined associations between driving under the influence of marijuana 
(yes/no) and age, gender, race/ethnicity, education, frequent marijuana use, alcohol 
use, and riding under the influence of marijuana. When variables were not significant in 
initial models they were not retained in the final model, with the exception of age, 
gender, and race, and alcohol use. We used a similar multivariable regression approach 
with RUI-marijuana as the dependent variable. We used a two-tailed significance level 
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at p <0.05 for all statistical tests. All analyses were weighted and were conducted using 
commands that accounted for the complex survey design, yielding results that are 
adjusted to be representative of the adult population in Massachusetts. The analysis for 
this report was generated using SAS/STAT software, Version 9.4 of the SAS System for 
Windows (Copyright © 2016 SAS Institute Inc. Cary, NC, USA.) with the exception of 
the regression models which were generated using Stata 15 statistical software 
(StataCorp, LLC, College Station, TX).  
 
Fatality Analysis Reporting System (FARS) 
 
To estimate the prevalence of marijuana, alcohol and other drug use by drivers in fatal 
crashes, 11 years of data (2006-2016) from the Fatality Analysis Reporting System 
(FARS) were studied. FARS is a national database maintained by the states and 
administered by the National Highway Traffic Safety Administration (NHTSA). It 
contains detailed information on every person and vehicle involved in a fatal crash in 26 
linkable datasets. The various datasets are compiled at the state level; a state FARS 
analyst coordinates with the various agencies to gather the necessary data. For 
example, the police will provide information on the crash (manner of collision, time, 
location, etc.) and the medical examiner will provide toxicology information (blood 
alcohol content, presence of drugs, etc.).  
 
For this analysis, two FARS datasets were utilized, the “Person” and “Accident” files. 
The “Person” file contains an entry for each individual involved in a fatal crash whether 
they are the driver, a passenger, or a non-motorist. This dataset contains information 
such as demographics, seating position, drug and alcohol test results. The “Accident” 
file contains crash level information such as time and location of the crash, manner of 
collision and overall number of fatalities. A full list of fields and datasets can be found in 
the FARS Analytical User’s Manual (National Highway Traffic Safety Administration, 
2016). 
 
Measures 
 
From the FARS “Accident” dataset only the field reflecting the number of fatalities 
resulting from the crash (FATALS) was used.  All other variables came from the FARS 
“Person” dataset, which included an indicator of “person type” which denotes whether 
the person was a driver, passenger or non-motorist (PER_TYP). We used an indicator 
of injury severity to identify individuals who died in a crash. 
 
Demographic measures 

 
The FARS fields for the person’s age, sex, and race/ethnicity were included in this 
analysis. Within FARS, race is only coded for deceased persons. There are 18 options 
for race and an additional six options that indicate whether the person was of 
Hispanic/Latino descent. The available categories were condensed into five categories: 
White, non-Hispanic; Black, non-Hispanic; Asian, non-Hispanic; Other, non-Hispanic; 
and any Hispanic/Latino. 
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Cannabis and other drug measures 

 
FARS includes information on the type of drug testing conducted stored in three 
variables (DRUGTST1/ DRUGTST2/ DRUGTST3). Persons involved in a fatal crash 
can have up to three types of drug tests (e.g. blood, urine, etc.) recorded in FARS in 
these fields. Also included are up to three results from the reported drug tests 
(DRUGRES1/ DRUGRES2/ DRUGRES3). The DRUGRES fields report a code to 
indicate the specific drugs detected, although the level of drug concentrations are not 
available within the dataset. There are over 600 different drug types and an exhaustive 
list can be found in the 2016 FARS/CRSS Coding and Validation Manual (National 
Highway Traffic Safety Administration, 2016). 
 
This analysis focused upon cannabinoids which are indicated in FARS with the following 
codes: 
 

 600 – Delta 9 
 601 – Hashish Oils 
 602 – Hashish 
 603 – Marijuana/Marihuana 
 604 – Marinol 
 605 – Tetrahydrocannabinols (THC) 
 695 – Cannabinoid, Type Unknown 

 
A summary variable was created to indicate whether a drug test result was positive for 
any of the seven cannabinoid codes listed above. Delta-9-THC is a primary 
psychoactive compound from the cannabis plant that contributes to the ‘high’ that users 
experience.  As described in Chapter 1, it is metabolized in the body into other 
cannabinols that can be detected in laboratory testing but are not necessarily 
psychoactive. Generally, delta-9-THC is measurable in blood for a shorter duration after 
marijuana use than other metabolites, but this is complicated by individual 
characteristics such as frequency of cannabis use.  Prior studies of marijuana 
involvement in crashes using FARS data in other states tend to focus on delta-9-THC 
because it is associated with the effects of cannabis (Tefft et al., 2016). However, it is 
important to note that driver impairment in the crash cannot be discerned from values of 
delta-9-THC or other compounds. Delta-9-THC, when present, is generally indicative of 
recent marijuana use.   
Two years of FARS data (2011 and 2012) appeared anomalous in that there were near-
zero levels of code 600 indicating a positive test for Delta-9-THC among drivers given a 
blood test for drugs. This was inconsistent with other years of Massachusetts FARS 
data in this analysis and inconsistent with published reports of FARS data from other 
states (Grondel, Hoff, & Doane, 2018). This absence of code 600 for delta-9-THC in two 
years of FARS data is likely to be a result of data collection or data entry practices and 
not indicative of true rates. Additionally, in the 11 years of Massachusetts data, there 
were only two recorded cases of a person testing positive for codes 601, 602, 603, or 
604. In light of these potential irregularities in the cannabis codes observed in FARS, we 
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report on the presence of “any cannabinoid” which, though less specific than the code 
for delta-9-THC, appeared more reliable.   
 
Alcohol measures 

 
The presence of alcohol in a person is recorded in two fields within the FARS database. 
ATST_TYP reports the type of alcohol test given (blood, breath, etc.) and ALC_RES 
indicates the results of alcohol testing such as the blood alcohol content obtained from 
the given alcohol test. Due to problems that arise from missing data, blood alcohol 
content (BAC), estimates of alcohol-impaired driving are typically reported after NHTSA 
uses a multiple imputation process for cases in which testing was not conducted or 
reported (Subramanian, 2002). Imputation was not used in the present study for alcohol 
because the focus was on marijuana-involved crashes. NHTSA does not presently have 
a standardized imputation procedure for cannabis-related test results, although such 
procedures are being developed and tested with promising results (Chen, Williams, Liu, 
Chihuri, & Li, 2018). To facilitate comparison across substances within this report, only 
known BAC values were used in this analysis. The estimates in this report for fatalities 
with alcohol involvement, therefore, may not match the publicly available estimates 
which incorporate imputed BAC values.  
 
Analysis 
 
The total number of fatal crashes, number of fatally-injured persons, number of fatal 
crash-involved drivers, and number of deceased drivers were tabulated. Numbers and 
percentages of drivers who received a blood test for alcohol or drugs were calculated 
and graphed, as appropriate. Numbers and proportions of drivers testing positive for 
any cannabinoid, by driver sex, race/ethnicity, and age, and the extent to which 
cannabinoids were found in conjunction with alcohol, and with other drugs were 
calculated.  
 
Crash Data System (CDS) 
 
In addition to FARS, the Massachusetts Crash Data System (CDS) was utilized to 
examine trends in frequency of marijuana-related crashes. Unlike FARS, CDS contains 
every reported motor vehicle crash, and not just crashes with a fatality. However, CDS 
is based on the Massachusetts crash report form which is completed by the police 
officer who responded to the crash. This crash report form does not contain the same 
level of detail as FARS; it does not contain any fields related to known or suspected 
drug use.  
 
As an alternative to a specific drug use field, the crash narrative was utilized. The crash 
narrative is a free form field where the responding officer can include any information 
they felt to be important that couldn’t be captured within the existing crash report fields. 
A query was written which identified crash reports which had a crash narrative 
containing the keywords “marijuana”, “weed”, and “cannabis”. The keywords “high” and 
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“pot” were originally queried as well but these resulted in a high rate of false positives so 
they were excluded from the final query.  
 
While it is not possible to determine how many non-fatal crashes occurred which 
involved marijuana, the aforementioned method provides insight into the number of 
crashes in which the responding officer suspected marijuana involvement. 
 
Results 
 
Population survey of Massachusetts adults  
 
Sample Characteristics 

 
The demographic patterns of survey respondents by reported marijuana use in the past 
30 days are provided in Table 1. In reporting survey results, all estimates are weighted 
and all percentages represent population estimates.  
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Table 1. Select sample demographics. Reproduced from Task 1, Chapter 2, Table 
1 
 

 
Prevalence of driving under the influence and riding with a substance-using driver 
 
Among the estimated 21.1% of the adult population that used marijuana, the prevalence 
of driving under the influence of marijuana in the past 30 days was 34.3% (Table 2). 
Overall, 7.2% of the adult population drove under the influence of marijuana in the past 
30 days. For assessment of RUI-marijuana, both non-users and users of marijuana 
were considered to have engaged in the behavior if they reported riding as a passenger 

  
 
 
 

 

Used marijuana in 
past 30 days 

Did not use marijuana 
in past 30 days 

Total 

n=439 (21.1%) n=2583 (76.4%) 
Weighted 

% 
95% CI Weighted 

% 
95% CI Weighted 

% 
95% CI 

Gender 
    Female 42.3 35.6 48.9 55.5 52.7 58.4 52.7 50.0 55.4 
    Male 57.7 51.1 64.4 44.5 41.6 47.3 47.3 44.6 50.0 
Age 

           18-20 9.6* 4.2 15.0 2.2 0.8 3.6 3.8* 2.1 5.4 

 21-25 14.7 9.5 20.0 4.2 2.5 5.8 6.4 4.7 8.1 

 26-29 14.3 9.1 19.6 7.4 5.5 9.2 8.9 7.0 10.7 

 30-39 18.1 13.1 23.2 16.8 14.4 19.1 17.0 14.9 19.2 

 40-49 15.5 10.0 20.9 17.6 15.2 19.9 17.1 15.0 19.3 

 50=59 15.3 11.8 18.9 18.0 16.1 19.9 17.5 15.8 19.1 

 60-69 10.1 7.2 13.1 16.7 15.0 18.4 15.3 13.8 16.8 

 >=70 2.3 0.6* 3.9 17.2 15.5 18.9 14.0 12.6 15.4 
Education 
  High school or 

less 38.4 31.1 45.7 31.9 28.8 34.9 33.2 30.4 36.1 

 College 53.1 46.1 60.1 48.8 45.9 51.6 49.7 47.0 52.4 

 Graduate school 8.5 6.1 10.9 19.4 17.6 21.1 17.1 15.5 18.6 
Ethnicity 
  Hispanic 12.0 7.0 16.9 8.7 6.4 10.9 9.4 7.3 11.4 
  White, non-

Hispanic 70.8 64.0 77.7 75.4 72.6 78.3 74.5 71.8 77.1 
  Black, non-

Hispanic 7.1* 2.7 11.6 5.5 4.0 7.0 5.8 4.3 7.4 
  Asian, non-

Hispanic 3.2* 0.7 5.7 7.3 5.6 9.0 6.4 5.0 7.8 

  
Other, non-
Hispanic 6.9 3.1 10.7 3.1 2.1 4.1 3.9 2.8 5.0 

Region 
  Boston 13.8 9.0 18.6 14.3 12.1 16.4 14.2 12.2 16.2 
  Central 13.3 9.1 17.5 14.6 12.7 16.4 14.3 12.6 16.0 
  Metrowest 18.3 12.6 24.0 22.1 19.8 24.5 21.3 19.1 23.6 
  Northeast 17.4 12.3 22.4 18.4 16.2 20.7 18.2 16.1 20.3 
  Southeast 18.8 12.9 24.6 18.9 16.7 21.1 18.9 16.8 21.0 
  Western 18.5 13.7 23.3 11.6 10.0 13.3 13.1 11.4 14.7 
Note: * denotes fewer than 25 respondents; table reproduced from Task 1, Chapter 2.  
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with a driver that is under the influence of marijuana. Results show that 11.3% of 
Massachusetts adults rode with a marijuana-using driver in the past 30 days. The 
proportion who RUI-marijuana was statistically significantly higher among marijuana 
users (36.7%) compared to non-users (4.2%) [p<0.001]. 
 
We found that 6.9% of the population drove under the influence of alcohol (DUI-alcohol) 
and 7.9% of all adults rode as a passenger with a driver under the influence of alcohol 
(Table 2). Marijuana users were more likely to report DUI-alcohol (15.2%) compared to 
non-users (4.7%) (p <0.001) and to report RUI-alcohol (14.6%) compared to non-users 
(6.1%) (p<0.001).   
Subpopulation prevalence  
 
By age, we found that 25.6% of young adults age 18-20 years reported driving under 
the influence of marijuana, and 24.1% of those age 21-25 years. The proportion of 
adults in each age group who drove after marijuana use subsequently drops off among 
older age groups. (Table 3). Among females, 5.5% reported DUI-marijuana, which was 
statistically significantly less than the percentage of males reporting DUI-marijuana 
(9.1%) (p=0.04).  
 
We observed that as the number of days per month of marijuana use increases, the 
proportion of individuals who drive under the influence of marijuana also increases. 
Among individuals who use marijuana 21 days per month or more, just over 50% 
reported DUI-marijuana.  
 
By age, we also found that nearly 36% of 18-20 year old adults reported riding with a 
marijuana-using driver in the past 30 days. Prevalence was 38% among those age 21-
25 years, then lower for older age groups (Table 3).  We did not observe a difference by 
gender or race/ethnicity. Prevalence of RUI-marijuana was lowest among those with a 
post-graduate degree (5.7%).  
A higher proportion of those who drove under the influence of marijuana reported riding 
as a passenger with marijuana-using driver (67.5%) compared to marijuana users who 
did not drive under its influence (21.2%) (p<0.001) (Table 4). We found that 42.8% of 
individuals who drove under the influence of marijuana reported driving under the 
influence of alcohol and marijuana, used simultaneously
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Table 2. Prevalence of driving under the influence of alcohol, marijuana, or other substances and riding with a 
substance-using driver, Massachusetts adults, 2017 
 

    Marijuana users 
Marijuana non-

users Total   
   n=439 n=2583 n=3022   

  
  

% 
95% 
LCI 

95% 
UCI % 

95% 
LCI 

95% 
UCI % 

95% 
LCI 

95% 
UCI 

P-
value 

Past 30-day behaviors 
  Drove under the influence of marijuana 34.3 27.6 41.0 . . . 7.2 5.5 8.8 

   Rode with driver under influence of marijuana 36.7 29.9 43.6 4.2 2.8 5.7 11.3 9.2 13.4 <0.001 
  Drove under the influence of alcohol 15.2 10.3 20.2 4.7 3.4 5.9 6.9 5.5 8.4 <0.001 
  Rode with a driver under influence of alcohol 14.6 10.1 19.1 6.1 4.9 7.3 7.9 6.5 9.3 <0.001 
  Drove under the influence of other substances 0.9 0.1 1.7 0.5 0.1 1.0 0.6 0.2 1.0 0.440 

  
Rode with a driver under the influence of other 
substances 2.3 0.7 3.9 1.1 0.4 1.9 1.4 0.7 2.0 0.205 

  Drove under influence of any substance 37.2 30.4 44.0 5.0 3.7 6.3 11.8 9.9 13.8 <0.001 

  
Rode with driver under the influence of any 
substance 42.2 35.2 49.2 10.2 8.4 12.0 17.0 14.8 19.3 <0.001 
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Table 3. Past 30-day prevalence of DUI-marijuana and RUI-marijuana, by 
demographic group 

  

Drove under the influence 
of marijuana 

 

Rode with a driver who 
was under the influence 

of marijuana 

% 
95% 
LCL 

95% 
UCL 

p-
value % 

95% 
LCL 

95% 
UCL 

p-
value 

Overall 7.2 5.5 8.8 
 

11.3 9.2 13.4 
 Age 

  18-20 25.6* 5.5 45.6 0.002 35.8 14.2 57.5 <0.001 
  21-25 24.1 12.3 35.8 

 
38.0 24.5 51.6 

   26-34 11.7 6.8 16.5 
 

18.1 12.0 24.3 
   35-64 4.5 3.0 6.0 

 
7.7 5.6 9.7 

   65+ 1.1 0.3 1.9 
 

1.4 0.5 2.4 
 Gender 0.600 

  Female 5.5 3.6 7.5 0.042 11.9 9.1 14.7 
   Male 9.1 6.3 11.8 

 
10.8 7.7 13.9 

 Ethnicity 
   Any Hispanic 11.5 3.5 19.6 0.139 18.4 8.8 28.0 0.390 

  White, non-
Hispanic 6.9 5.1 8.7 

 
10.3 8.1 12.4 

   Black, non-
Hispanic 1.9* 0.0 4.3 

 
15.0 2.7 27.4 

   Asian, non-
Hispanic 3.5* 0.0 7.5 

 
8.3 2.0 14.6 

 
  

Other, non-
Hispanic 16.2 2.9 29.4 

 
13.5 0.5 26.6 

 Education 0.027 
  High school or 

less 7.0 3.4 10.5 0.009 11.4 6.9 15.9 
 College 9.4 7.0 11.7 

 
13.5 10.7 16.4 

 Graduate school 2.2 0.8 3.5 
 

5.7 3.3 8.1 
 # days using marijuana, past 30 days 0.032 

  1-5 days 17.9 9.6 26.1 
 

21.2 11.9 30.4 
   6-10 days 17.8 2.8 32.7 

 
36.9 15.4 58.5 

   11-15 days 45.4 21.2 69.6 
 

52.9 28.3 77.5 
   16-20 days 47.1 21.6 72.5 

 
45.3 19.5 71.2 

   21 or more days 53.6 41.7 65.4 
 

49.4 37.4 61.4 
 * Based on small cell size of 5 or fewer. Percentages are row percents. 

 

Characteristics of individuals who drive under the influence of marijuana (DUI-
marijuana)  
 

Table 4 also shows characteristics and substance use behaviors of marijuana users 
who drove under the influence of marijuana compared to those who did not. We found 
no differences in the distribution of gender or ethnicity by DUI-marijuana status. Of 
those who drove under the influence of marijuana, 47.1% did so six or more times in the 
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past 30 days, 32.7% did so 2-5 times, and 17% did so just once. Of these individuals, 
67.5% also rode with a driver who was under the influence of marijuana once or more in 
the past 30 days; 8% did so only one time. 
 
 
Table 4. Demographic characteristics by driving under the influence among adult 
marijuana users 
 

  

Drove under the 
influence of 
marijuana  

Did not drive under 
the influence of 

marijuana 

Total marijuana 
users 

  
n=129 n=302 n=439   

% 
95% 
LCI 

95% 
UCI % 

95% 
LCI 

95% 
UCI % 

95% 
LCI 

95% 
UCI P-value 

Age   
  18-20 13.3

* 2.3 24.4 7.8 1.9 13.8 9.7 4.2 15.2 0.185 
  21-25 21.3 10.9 31.7 11.6 5.6 17.5 14.9 9.6 20.3 

   26-29 11.9 5.1 18.7 15.9 8.6 23.2 14.5 9.2 19.9 
   30-39 23.0 12.5 33.5 16.0 10.5 21.4 18.4 13.2 23.5 
   40-49 12.2 4.0 20.4 17.2 10.1 24.4 15.5 10.0 21.0 
   50=59 11.7 6.6 16.7 17.4 12.6 22.2 15.5 11.8 19.1 
   60-69 5.7 2.6 8.9 12.4 8.2 16.6 10.1 7.1 13.1 
   >=70 0.9* 0.0 1.8 1.6 0.7 2.6 1.4 0.7 2.1 
 Gender 

  Female 40.5 28.7 52.3 42.6 34.4 50.8 41.9 35.2 48.6 0.771 
  Male 59.5 47.7 71.3 57.4 49.2 65.6 58.1 51.4 64.8 

 Ethnicity 
  Any Hispanic 15.1 4.9 25.3 10.6 5.1 16.1 12.1 7.1 17.2 0.277 
  White, non-

Hispanic 71.5 59.6 83.3 71.1 62.7 79.6 71.2 64.4 78.1 
   Black, non-

Hispanic 1.6* 0.0 3.5 10.1 3.4 16.7 7.1 2.6 11.7 
   Asian, non-

Hispanic 3.0* 0.0 6.6 2.1* 0.0 4.7 2.5 0.4 4.5 
 

  
Other, non-
Hispanic 8.8 1.0 16.6 6.1 1.8 10.4 7.0 3.1 10.9 

 Frequency of DUI Marijuana 
         0 times . . . 100.0 100.0 100.0 65.7 59.0 72.4 

   once 17.0 8.9 25.2 . . . 5.9 2.9 8.8 
   2-3 times 30.0 18.3 41.8 . . . 10.3 5.6 15.0 
   4-5 times 2.7 0.7 4.7 . . . 0.9 0.3 1.6 
   6 or more 47.1 34.9 59.3 . . . 16.2 10.8 21.5 
 

  
yes, frequency 
unknown 3.1* 0.0 6.1 . . . 1.0 0.0 2.1 

 Rode with driver 
under influence 
of marijuana 67.5 56.4 78.6 21.2 13.6 28.7 37.1 30.2 44.1 <0.001 
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Frequency of RUI-Marijuana 
  0 times 32.5 21.4 43.6 78.8 71.3 86.4 62.9 55.9 69.8 <0.001 
  once 8.0 3.2 12.9 7.6 3.4 11.8 7.8 4.5 11.0 

   2-3 times 30.2 18.2 42.3 8.5 2.1 14.9 16.0 9.9 22.1 
   4-5 times 6.2 0.4 12.1 3.2 0.4 6.1 4.3 1.5 7.0 
   6 or more 23.0 12.8 33.2 1.8 0.5 3.2 9.1 5.2 13.0 
 DUI- alcohol 46.8 33.8 59.8 3.7 1.4 6.0 18.8 12.9 24.8 <0.001 

RUI -alcohol 19.3 11.0 27.5 12.5 7.0 18.0 14.8 10.2 19.4 0.175 
DUI- combined 
alcohol and 
marijuana  42.8 27.7 57.9 . . . 16.0 9.0 23.1 - 
Note: Table displays column percentages. DUI-=Drove under the influence; RUI-marijuana=Rode as 
a passenger with a driver under the influence.*based on ≤25 responses 
 
Among those who used both marijuana and alcohol in the past 30 days, 46.8% of those 
who drove under the influence of marijuana also drove under the influence of alcohol. In 
comparison, users of both marijuana and alcohol who did not drive under the influence 
of marijuana had a much lower prevalence of driving under the influence of alcohol, at 
only 3.7%.  
 
Characteristics of individuals who ride with driver under the influence of marijuana (RUI-
marijuana) 
 
Table 5 shows a comparison of demographic and substance use characteristics 
between individuals who rode with a driver under the influence of marijuana and those 
who did not.  The distribution of RUI-marijuana by age showed that higher proportions 
of younger individuals tended to engage in this behavior versus older individuals. . Most 
individuals (70.6%) who RUI-marijuana had used marijuana in the past 30 days; this is 
in contrast to 15.5% of individuals who did not RUI-marijuana who reported past-30 day 
marijuana use.   
 
Factors associated with driving under the influence of marijuana (DUI-marijuana) 
and riding with a driver under the influence of marijuana (RUI-marijuana) 
 
Our multivariable Poisson regression model (Table 6) with DUI-marijuana as the 
outcome included age, gender, race/ethnicity, frequent marijuana use and alcohol use 
(Table 6). In preliminary models, we found no association between education level and 
DUIM and dropped it from subsequent models. We found that Black, non-Hispanic 
individuals had an 81% lower risk of DUI-marijuana compared to White, non-Hispanics 
(RR=0.19; 95% CI:0.05-0.75). Frequent marijuana use (defined as using on 21 or more 
days in the past month) was associated with a 63% increased risk of DUI-marijuana 
compared to using on 20 days or fewer (RR=1.63; 95% CI:1.15-2.32).  Of the model 
covariates, riding with a marijuana-using driver demonstrated the strongest association 
with DUI-marijuana. Individuals who rode with a driver under the influence of marijuana 
had more than triple the risk of DUI-marijuana compared to marijuana users who did not 
ride with a marijuana-using driver (RR=3.42; 95% CI: 2.28-5.15).   



 

196 
 

Table 5. Demographic and substance use characteristics by riding under the 
influence among MA adults  

  

Rode under the 
influence of 
marijuana  

Did not ride under 
the influence of 

marijuana Total respondents   
n=187 n=2720 n=3022   

% 
95% 
LCI 

95% 
UCI % 

95% 
LCI 

95% 
UCI % 

95% 
LCI 

95% 
UCI P-value 

Age   
  18-20 12.2 3.7 20.8 2.8 1.3 4.3 3.9 2.2 5.6 <0.001 
  21-25 20.8 12.7 29.0 4.4 2.8 5.9 6.2 4.5 7.9 

   26-29 15.5 7.6 23.4 8.1 6.2 10.0 9.0 7.1 10.9 
   30-39 24.2 15.7 32.6 16.2 13.9 18.4 17.1 14.9 19.3 
   40-49 11.5 5.5 17.6 18.1 15.7 20.5 17.4 15.1 19.6 
   50=59 9.8 6.2 13.4 18.1 16.3 20.0 17.2 15.5 18.9 
   60-69 4.6 2.2 6.9 16.7 15.0 18.4 15.3 13.8 16.8 
   >=70 1.4 0.2 2.6 15.6 14.0 17.2 14.0 12.6 15.4 
 Gender 

  Female 55.1 45.1 65.1 52.4 49.5 55.2 52.7 49.9 55.4 0.599 
  Male 44.9 34.9 54.9 47.6 44.8 50.5 47.3 44.6 50.1 

 Ethnicity 
  Any Hispanic 15.2 7.2 23.1 8.6 6.4 10.7 9.3 7.2 11.4 0.389 
  White, non-

Hispanic 67.5 57.4 77.6 75.1 72.3 78.0 74.3 71.5 77.0 
   Black, non-

Hispanic 7.8 1.0 14.7 5.7 4.1 7.2 5.9 4.3 7.5 
   Asian, non-

Hispanic 4.8 1.1 8.6 6.8 5.3 8.4 6.6 5.1 8.1 
 

  
Other, non-
Hispanic 4.7 0.0 9.5 3.8 2.7 4.9 3.9 2.7 5.0 

 Education 
  High school 

or less 33.5 22.9 44.1 33.7 30.7 36.8 33.7 30.8 36.7 0.027 

 
College 58.1 47.8 68.4 48.2 45.4 51.0 49.3 46.6 52.1 

 
 

Graduate 
school 8.3 4.6 12.1 18.1 16.4 19.7 16.9 15.4 18.5 

 Used marijuana  70.6 61.9 79.3 15.5 13.2 17.8 21.7 19.2 24.3 <0.001 
Drove under 
influence of 
marijuana 44.2 34.2 54.1 2.7 1.6 3.8 7.4 5.7 9.1 <0.001 
Frequency of RUIM 

  0 times - - - - - - 88.7 86.6 90.8 
   once 26.5 18.2 34.8 - - - 3.0 2.0 4.0 
   2-3 times 43.9 33.7 54.0 - - - 5.0 3.4 6.5 
   4-5 times 10.5 4.9 16.1 - - - 1.2 0.5 1.8 
   6 or more 19.2 11.9 26.5 - - - 2.2 1.3 3.0 
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Drove under the 
influence of 
alcohol 18.1 10.7 25.5 5.5 4.1 6.8 6.9 5.4 8.4 0.001 
Rode with driver 
under influence 
of alcohol 25.2 17.0 33.4 5.4 4.4 6.5 7.7 6.3 9.0 <0.001 
Note: Table displays 
column percentages.                   
 
Table 6. Adjusted relative risk for driving under the influence of marijuana 

  

Adjusted 
Relative 

Risk 

95% 
Confidence 

Limits P-value 
Age 25 and older (ref: 18-24 years) 1.02 0.72 1.43 0.911 
Male (ref: Female) 1.32 0.96 1.82 0.089 
Hispanic (ref: White, non-Hispanic)  1.22 0.76 1.97 0.404 
Black  (ref: White, non-Hispanic)  0.19 0.05 0.75 0.018 
Asian (ref: White, non-Hispanic)  1.10 0.53 2.26 0.797 
Other (ref: White, non-Hispanic)  1.30 0.60 2.83 0.507 
≥21  days of marijuana use (Ref: ≤20 
days) 1.63 1.15 2.32 0.007 
Used alcohol 1.35 0.80 2.28 0.256 
Rode with driver under influence of 
marijuana 3.42 2.28 5.15 <.0001 
Note: Results from multivariable, modified Poisson regression. Only marijuana users 
included. All substance use and DUI or RUI variables refer to behavior in the past 30 
days 
 
Our multivariable Poisson regression model with RUI-marijuana as the outcome 
included age, gender, education, race/ethnicity, frequent marijuana use, alcohol use, 
and riding as a passenger with driver under the influence of alcohol (RUI-alcohol) (Table 
7). We found that being age 25 years or older was associated with a nearly 50% 
reduction in the risk of RUI-marijuana, controlling for other factors. Using marijuana 
between 1-20 days per month was associated with having more than 5 times the risk of 
RUI-marijuana (RR=5.79; 95% CI: 3.70-9.07) compared to not using at all; using 21 or 
more days per month increased the risk more than 8 times (RR=8.57; 95% CI: 5.42-
13.55). Riding with a driver who used alcohol was associated with more than twice the 
risk of riding with a marijuana using driver.  
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Table 7. Adjusted relative risk for riding as a passenger with a driver under the 
influence of marijuana 
 

  

Adjusted 
Relative 

Risk 
95% Confidence 

Limits P-value 
Age 25 and older (ref: 18-24 years) 0.52 0.37 0.74 <.0001 
Male (ref: Female) 0.76 0.55 1.05 0.098 
College education (ref: ≤ High School)  1.04 0.69 1.56 0.865 
Graduate education (ref: ≤ High School) 0.82 0.47 1.43 0.49 
Hispanic (ref: White, non-Hispanic)  1.26 0.73 2.15 0.409 
Black  (ref: White, non-Hispanic)  1.24 0.65 2.39 0.512 
Asian (ref: White, non-Hispanic)  1.35 0.63 2.90 0.441 
Other (ref: White, non-Hispanic)  0.87 0.38 1.99 0.735 
1 - 20 days of marijuana use (Ref: 0 
days) 5.79 3.70 9.07 <.0001 
≥21  days of marijuana use (Ref: 0 days) 8.57 5.42 13.55 <.0001 
Used alcohol 0.97 0.62 1.53 0.907 
Rode with a driver under influence of 
alcohol 2.25 1.66 3.05 <.0001 
Note: Results from multivariable, modified Poisson regression. Entire sample (marijuana 
users and non-users) included. All substance use and DUI or RUI variables refer to 
behavior in the past 30 days 
 
Fatality Analysis Reporting System (FARS) 
 
From 2006-2016, there were an average of 373 traffic fatalities per year. 2015 had the 
lowest number of traffic deaths since 2009, 345, but in 2016 this number increased to 
389, the highest number since 2007 when there were 434 traffic-related fatalities 
(Figure 1, Table 8). 

 
Figure 1. Total fatalities and number of motor vehicle crashes with a fatality in 
Massachusetts by year (2006-2016) 
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Table 8. Number of fatal crashes and total number of fatalities in Massachusetts, 
2006-2016 
 

Year Number of Fatal 
Crashes 

Traffic 
Fatalities in 

MA 

Number of Drivers 
Involved in a Fatal 

Crash 
Number of 

Deceased Drivers 

2006 403 429 568 284 
2007 408 434 570 277 
2008 338 364 442 218 
2009 313 340 447 216 
2010 330 347 448 220 
2011 356 374 499 239 
2012 365 383 497 225 
2013 334 351 445 212 
2014 336 354 456 212 
2015 328 345 457 210 
2016 359 389 501 234 

 
The number of drivers involved in a fatal crash followed a similar trend to the number of 
fatalities per year (Table 8, Figure 2.) Overall, there were an average of 484 drivers 
involved in a fatal crash each year from 2006 to 2016 and an average of 231 drivers 
were deceased from motor vehicle crashes.  

 
 

Figure 2. Number of drivers involved in fatal crashes and number of deceased 
drivers in MA by year (2006-2016)  
 

Toxicological Testing 

 
When drivers in a fatal crash are given a blood test, it is indicated in FARS under the 
ATST_TYP (alcohol test type) and DRUGTST (drug test type) fields. There were three 
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instances in the 11-year sample where a driver was given a blood test for drugs but not 
for alcohol, and 54 instances of the reverse, when a driver’s blood was tested for 
alcohol but not drugs. Nearly 1900 drivers had their blood tested for both drugs and 
alcohol after a fatal crash in the 11-year sample, out of 5330 total crash-involved 
drivers, which is approximately 36% (Table 9.).  
 
Table 9. Blood test types for drivers involved in fatal crashes in MA (2006-2016) 
 

Year 
Alcohol 

Test Only 
Drug Test Only Alcohol and 

Drug Test 
Total 

Drivers 
Percent tested 
for alcohol and 

drugs 
2006 3 1 215 568 37.9 
2007 9 0 207 570 36.3 
2008 16 0 156 442 35.3 
2009 9 0 155 447 34.7 
2010 2 0 186 448 41.5 
2011 3 1 149 499 29.9 
2012 1 0 172 497 34.6 
2013 1 0 164 445 36.9 
2014 4 0 142 456 31.1 
2015 6 0 159 457 34.8 
2016 0 1 192 501 38.3 
Total 54 3 1897 5330 35.6 
 

Within the FARS database there are three options that can be selected to indicate that a 
person was tested for the presence of drugs: (1) blood test, (2) urine test, and (3) both 
blood and urine tests. Among these three options, for both surviving and deceased 
drivers, blood tests were used, almost exclusively, to determine the presence of drugs. 
In the 11-year sample, 1897 drivers were given only a blood test, three were given a 
urine test only and only one person was given both a blood and urine test to determine 
if drugs were present in their system after being involved in a fatal crash. 
 
Overall, approximately 73% of the drivers who were deceased in a crash were given a 
post-mortem blood test for alcohol or drugs. By contrast, less than 1% of drivers who 
survived a crash in which there was at least one fatality were given a blood test for 
alcohol or drugs according to the FARS data (Figure 3). During the 11-year study period 
(2006-2016), the highest proportion of deceased drivers given a blood test for alcohol or 
drugs was 83% in 2010 and the lowest was 63% in 2011. The highest proportion of 
surviving drivers given a blood test for alcohol or drugs was 2% in 2005 and the lowest 
was 0% in 2009 and 2015.  In 2016, the proportion of deceased drivers given a blood 
test for alcohol or drugs was 82%, which was a slightly higher testing rate for deceased 
drivers than in the preceding five years, and less than 1% of surviving drivers were 
tested. 
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Figure 3. Percentage of deceased and surviving drivers in fatal crashes given a 
Blood test for drugs 
 
To detect potential demographic differences in blood-testing trends, testing rates were 
examined by race/ethnicity. Figure 4 displays the percent of all deceased drivers who 
were given a blood test by race/ethnicity. The “Other, non-Hispanic” category was lower 
than others, due to this category containing the “Unknown” race option which was 
strongly correlated with having an “unknown drug test type.  

 
 
Figure 4. Percent of deceased drivers given a blood test for drugs, by 
race/ethnicity. 
 
Marijuana Use 
 
The prevalence of marijuana use among deceased drivers blood-tested for drugs was 
evaluated by examining how often they tested positive for any cannabinoid (Figure 5). 
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Figure 5. Number of deceased drivers given a blood test for drugs testing positive 
for any cannabinoid 
 
When examining the frequency in which deceased drivers given a blood test for drugs 
tested positive for any cannabinoid, a noticeable increase was observed in 2010 (Figure 
6).                
 

 
 
Figure 6. Percentage of deceased drivers given a blood test for drugs who tested 
positive for any cannabinoid  
 
The data was further examined by driver sex, race, and age in order to identify potential 
differences in marijuana use in these demographic groups (Table 10).  
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Table 10. Number of deceased drivers given a blood test for drugs who tested 
positive for any cannabinoid by sex, race, and age 

Demographic Category 
Any 

Cannabinoid 
No 

Cannabinoids Total 
n % n % 

Male 297 20.3% 1167 79.7% 1464 
Female 71 17.1% 343 82.9% 414 
White, non-Hispanic 275 17.8% 1272 82.2% 1547 
Black, non-Hispanic 42 34.4% 80 65.6% 122 
Asian, non-Hispanic 1 7.7% 12 92.3% 13 
Other, non-Hispanic 12 18.8% 52 81.3% 64 
Any Hispanic/Latino 38 28.8% 94 71.2% 132 
<18 years 12 26.1% 34 73.9% 46 
18-20 years 47 32.9% 96 67.1% 143 
21-25 years 115 33.0% 233 67.0% 348 
26-34 years 87 27.4% 231 72.6% 318 
35-64 years 99 13.3% 644 86.7% 743 
65+ years 8 2.9% 272 97.1% 280 
Note: Rows percentages are reported. Any cannabinoid + no cannabinoid will sum to 100% 
within demographic groups. 
 
When examining cannabinoid presence, there was no statistically significant difference 
between male and female drivers (Figure 7). 

 

 

Figure 7. Percentage of deceased drivers given a blood test for drugs who tested 
positive for any cannabinoid, by driver sex 
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When examining race/ethnicity of deceased drivers given a blood test for drugs, the 
proportion of individuals of any Hispanic/Latino ethnicity and Black, non-Hispanic 
race/ethnicity who tested positive for cannabinoids was higher than for White, non-
Hispanic drivers (Figure 8). There were very small samples of deceased Asian, non-
Hispanic and Other, non-Hispanic drivers. 
 
 
 

 
 
Figure 8. Percentage of all deceased drivers given a blood test for drugs who 
tested positive for any cannabinoid, by driver race/ethnicity 
 
Figure note: NH=non-Hispanic 
 
The presence of any cannabinoid in deceased drivers given a blood test for drugs was 
most common in young drivers and decreased precipitously from the 26-34 age group 
to the 35-64 age group, as shown in Figure 9.  
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Figure 9. Percentage of deceased drivers given a blood for drugs who tested 
positive for any cannabinoid by driver age 
 
Alcohol and Drug Use 
 
Reducing the prevalence of drunk driving has long been a focal point for the public 
health community as a way to reduce motor vehicle crash injuries and deaths. As such, 
the presence of alcohol in fatal crashes was examined, both by itself and in conjunction 
with the presence of cannabinoids (Table 11). For all demographic categories, with the 
exception of Black, non-Hispanics there were more blood-tested, deceased drivers with 
a blood alcohol content greater than or equal to 0.08% than with cannabinoids in their 
system.  
 
Cannabinoid results were examined in conjunction with alcohol use. Table 11 displays 
the number of deceased drivers given a blood test for drugs and alcohol who tested 
positive for any cannabinoid only, had a BAC ≥ 0.08% only, had both a positive  
cannabinoid result and a BAC ≥ 0.08%  or tested negative for cannabinoids and had a 
BAC less than 0.08%. 
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Table 11. Number of deceased drivers given a blood test for alcohol and drugs 
who tested positive for any cannabinoid and/or had a blood alcohol content 
(BAC) ≥ 0.08% by sex, race/ethnicity, and age. 

Demographic 
Category 

Any 
Cannabinoid,  
BAC ≤ 0.08%  

No 
Cannabinoid, 
BAC ≥ 0.08%  

Any 
Cannabinoid 

+ BAC≥ 0.08% 

No 
Cannabinoid, 
BAC ≤ 0.08% 

Total 

n % n % n % n %  
Male 176 12.0% 383 26.2% 119 8.1% 752 51.4% 1464 
Female 33 8.0% 86 20.8% 38 9.2% 245 59.2% 414 
White, non-
Hispanic 151 9.8% 395 25.5% 124 8.0% 840 54.3% 1547 

Any 
Hispanic/Latino 29 22.0% 33 25.0% 9 6.8% 57 43.2% 132 

Black, non-
Hispanic 21 17.2% 21 17.2% 19 15.6% 57 46.7% 122 

Other, non-
Hispanic  8 12.5% 17 26.6% 4 6.3% 34 53.1% 64 

Asian, non-
Hispanic 0 0.0% 3 23.1% 1 7.7% 9 69.2% 13 

<18 years 8 17.4% 7 15.2% 4 8.7% 26 56.5% 46 
18-20 years 29 20.3% 31 21.7% 17 11.9% 62 43.4% 143 
21-25 years 61 17.5% 103 29.6% 54 15.5% 126 36.2% 348 
26-34 years 46 14.5% 104 32.7% 40 12.6% 119 37.4% 318 
35-64 years 59 7.9% 206 27.7% 40 5.4% 418 56.3% 743 
65+ years 6 2.1% 18 6.4% 2 0.7% 246 87.9% 280 
 
Table Note: Other drugs could be present in any column. A small portion (2.4%) of all deceased 
drivers given a blood test for alcohol and drugs had an unknown alcohol result and are excluded 
from the table.   
 
When examining alcohol and cannabis presence in fatal crash-involved drivers by age 
group, a trend emerges. The proportion of drivers that had only a BAC ≥ 0.08% 
increased with age until peaking in the 26-34 years age category, whereas those with 
only a positive cannabinoid result peaked in the 18-20 years age group and then 
declined with age (Figure 10). As expected from these two trends, having both a 
positive cannabinoid result and a BAC ≥ 0.08% peaked in the 21-25 years age group. 
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Figure 10. Percentage of all deceased drivers given a blood test for alcohol and 
drugs who tested positive for any cannabinoid and/or had a blood alcohol 
content (BAC) ≥ 0.08%, by driver age (years).  
 
The trend in drivers with a BAC ≥ 0.08% and/or positive cannabinoid results was 
examined over time (Figure 11.) In 2007 and 2008, nearly 40% of all deceased drivers 
given a blood test for alcohol and drugs had a BAC ≥ 0.08%. 
 
 

 
 
Figure 11. Percentage of all deceased drivers given a blood test for alcohol and 
drugs who tested positive for any cannabinoid and/or had a BAC >= 0.08% in 
Massachusetts from 2006 to 2016 
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The number of deaths resulting from these crashes has followed a similar trend (Figure 
12). While the number of deaths from drivers with a BAC ≥ 0.08%  and no cannabinoids 
in their blood has steadily decreased since 2006, the number of deaths from drivers with 
cannabinoids and with a BAC below the legal limit of 0.08%, has steadily increased. 
 

 

 
Figure 12. Number of deaths per year resulting from crashes with deceased 
drivers given a blood test for alcohol and drugs who tested positive for any 
cannabinoid and/or had a BAC ≥ 0.08% in Massachusetts from 2006 to 2016. 
 
The presence of other drugs was examined in addition to alcohol and cannabinoids. 
Figure 13 shows the frequency at which other drugs were present in blood-tested, 
deceased drivers. The drug categories were taken from the 2016 FARS/NASS GES 
Coding and Validation Manual (National Highway Traffic Safety Administration, 2016) 
with “Other” encompassing all drugs other than cannabinoids, narcotics, stimulants, 
depressants, and hallucinogens/PCP. Overall, all drug categories have generally 
trended upwards in the past 11 years. 
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Figure 13. Percentage of all deceased, drivers given a blood test for drugs who 
tested positive for various drug categories in Massachusetts from 2006 to 2016.  
 
Figure note: Totals will not sum to 100% as drivers could test positive in multiple 
categories. Cases with a positive test result but unknown drug type are excluded (0.2% 
of drivers given a blood test for drugs). 
 
Drugs besides cannabinoids were analyzed in conjunction with alcohol (BAC ≥ 0.08) 
and any cannabinoids (Table 12). When examining racial/ethnic differences, White, 
non-Hispanic drivers were more likely to have only other drugs in their system than 
cannabinoids (Table 13). The same did not hold true for drivers with any Hispanic/Latino 
ethnicity and Black, non-Hispanic drivers. Those groups were equally or more likely to 
have cannabinoids only in their system than other drugs only. Sample sizes were too 
small for the other racial/ethnic categories to make similar comparisons. 
 
Table 12, Table 13 and Table 14 show the number and frequency of deceased drivers 
by sex, race and age (respectively) testing positive for the seven combinations of 
cannabinoids, drugs and alcohol (defined as a BAC ≥ 0.08%) or none of those results.. 
Females were less likely than males to have a blood alcohol content above the legal 
limit or test positive for cannabinoids only, but were more likely than males to have a 
positive result for only other drugs (Table 12). 
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Table 12. Number and proportion of deceased drivers given a blood test for drugs 
who tested positive for any cannabinoid and/or had a blood alcohol content 
(BAC) ≥  0.08% and/or positive  results for other drugs, by driver sex 
 

 
Type 

Male Female 
n % n % 

Cannabinoids Only (MJ) 98 6.7% 12 2.9% 
BAC ≥ 0.08%    270 18.4% 53 12.8% 
Other Drugs Only (Drugs) 261 17.8% 110 26.6% 
MJ + BAC ≥ 0.08%    65 4.4% 23 5.6% 
MJ + Drugs 80 5.5% 21 5.1% 
BAC ≥ 0.08% + Drugs 113 7.7% 33 8.0% 
MJ + BAC ≥ 0.08% + Drugs 54 3.7% 15 3.6% 
None 523 35.7% 147 35.5% 
Total 1464 100% 414 100% 

 

Table 13. Number of deceased drivers given a blood test who tested positive for 
any cannabinoid and/or a BAC >= 0.08 and/or other drugs by driver race/ethnicity 
 

Type White NH Hispanic/ 
Latino Black NH Other NH Asian 

NH 
n % n % n % n % n % 

Cannabinoids 
Only (MJ) 73 4.7% 17 12.9% 17 13.9% 3 4.7% 0 0.0% 

BAC ≥ 0.08%    267 17.3% 27 20.5% 15 12.3% 12 18.8% 2 15.4% 
Other Drugs 
Only (Drugs) 333 21.5% 10 7.6% 16 13.1% 11 17.2% 1 7.7% 

MJ + BAC ≥ 
0.08%    71 4.6% 4 3.0% 11 9.0% 2 3.1% 0 0.0% 

MJ + Drugs 78 5.0% 12 9.1% 6 4.9% 5 7.8% 0 0.0% 
BAC ≥ 0.08% 
+ Drugs 128 8.3% 6 4.5% 6 4.9% 5 7.8% 1 7.7% 

MJ + BAC ≥ 
0.08% + Drugs 53 3.4% 5 3.8% 8 6.6% 2 3.1% 1 7.7% 

None 544 35.2% 51 38.6% 43 35.2% 24 37.5% 8 61.5% 
Table Note: NH= Non-Hispanic 
 
Examining results for alcohol, marijuana, and other drugs by age, the percentage of 
deceased drivers within an age group testing positive for other drugs increases with age 
and is highest for the 65+ age bracket (Tables 14a and 14b). Deceased blood-tested 
drivers in this age range rarely tested positive for cannabinoids or had a BAC above 
0.08%, but frequently tested positive for other drugs (Table 14b). This is likely due to the 
number of medications taken by older individuals that are reported in FARS drug 
results. 
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Table 14a and 14b. Number and proportion of deceased drivers given a blood test 
Testing Positive for Any Cannabinoid and/or a blood alcohol content (BAC) >= 
0.08 and/or other drugs by driver age 
 

Type <18 18-20 21-25 
n % n % n % 

Cannabinoids Only (MJ) 7 15.2% 17 11.9% 31 8.9% 
BAC ≥ 0.08% Only  6 13.0% 24 16.8% 79 22.7% 
Other Drugs Only (Drugs) 6 13.0% 13 9.1% 36 10.3% 
MJ + BAC ≥ 0.08% 3 6.5% 11 7.7% 29 8.3% 
MJ + Drugs 1 2.2% 13 9.1% 30 8.6% 
BAC ≥ 0.08% + Drugs 1 2.2% 7 4.9% 24 6.9% 
MJ + BAC ≥ 0.08% + Drugs 1 2.2% 6 4.2% 25 7.2% 
None 21 45.7% 52 36.4% 94 27.0% 
Total 46 100% 143 100% 348 100% 

 

Type 26-34 35-64 65+ 
n % n % n % 

Cannabinoids Only (MJ) 24 7.5% 30 4.0% 1 0.4% 
BAC ≥ 0.08% Only  76 23.9% 127 17.1% 11 3.9% 
Other Drugs Only (Drugs) 47 14.8% 174 23.4% 95 33.9% 
MJ + BAC ≥ 0.08% 20 6.3% 24 3.2% 1 0.4% 
MJ + Drugs 23 7.2% 29 3.9% 5 1.8% 
BAC ≥ 0.08% + Drugs 28 8.8% 79 10.6% 7 2.5% 
MJ + BAC ≥ 0.08% + Drugs 20 6.3% 16 2.2% 1 0.4% 
None 80 25.2% 264 35.5% 159 56.8% 
Total 318 100% 743 100% 280 100% 

 
 
Crash Data System (CDS) 
 
The results from our query of non-fatal crash data to identify officer-written crash 
narratives which contained the words “marijuana”, “weed”, and “cannabis” are shown in 
Figure 14. This figure displays the number of non-fatal crashes per year with a crash 
narrative containing one or more of these keywords. Data from 2017 was included 
because it was available from CDS. The number of crashes per year where the 
responding officer suspected marijuana-involvement has followed the same increasing 
trend as has fatal crashes (Figure 14). 
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Figure 14. Non-fatal motor vehicle crashes which contain a crash narrative 
containing the keywords “marijuana”, “weed”, and/or “cannabis,” by year 
 

Discussion 
 
In 2017, 7.2% of Massachusetts adults drove under the influence of marijuana (DUI) 
and 11.7% rode with a driver who was under the influence of marijuana (RUI). Among 
marijuana users, nearly 4 in 10 reported DUI and or RUI-marijuana. When stratified by 
age, younger age groups appeared more likely to engage in both behaviors. We found 
that DUI-marijuana was reported by 25.6% of individuals age 18-20 years and 24.1% of 
those age 21-24 years. RUI-marijuana was reported by 36% of those age 18-20 years 
and 38% of those age 21-25 years. Prevalence was much lower for both DUI-marijuana 
and RUI-marijuana among adults age 25 years and older compared to those age 24 
years and younger.  
 
Compared to estimates from other states, the prevalence in Massachusetts of DUI- and 
RUI-marijuana appear higher, especially when stratified by age. However, some 
aspects of our results are consistent with prior work. For example, prior estimates from 
Colorado published in 2016 show that 6% of young adults age 18-25 years reported 
driving after using marijuana, while 4.8% 26-34 years old reported the behavior. Thus, 
our point estimates among Massachusetts adults are more than four times higher than 
estimates from Colorado (Department of Health and Environment). The results across 
states, however, are consistent in finding that prevalence of DUI-marijuana among older 
age groups is lower compared to younger age groups. Cross-state differences in results 
may be due to several factors, including regional beliefs, attitudes and policies related to 
DUI-marijuana.  
 
Some prior studies have found that males are over-represented among those who drive 
under the influence of marijuana (Arria, Caldeira, Vincent, Garnier-Dykstra, & O'Grady, 
2011; Whitehill et al., 2014). In the present study, this was not the case, with females 
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representing about 42% of marijuana users, and a similar proportion of those who DUI-
marijuana.  
 
About 4 out of 10 Massachusetts adults who drove under the influence of marijuana 
reported driving under the influence of alcohol and marijuana, simultaneously. This is 
concerning, since studies suggest that the crash risk from the combination of alcohol 
and marijuana may be higher than the risk from using either substance alone (Chihuri, 
Li, & Chen, 2017). Monitoring and preventing driving under the combination of alcohol 
and marijuana is an important consideration as legalization is implemented. 
 
The analysis of data from fatal crashes in Massachusetts demonstrated that there were 
approximately 360 crashes in 2016 in which at least one person died, with a total of 
nearly 390 fatalities, of which 234 were drivers. Many of these crashes are preventable 
and reducing potentially-impairing alcohol and drug use by drivers should remain a 
priority as marijuana policies are changing within the state.  Among the fatal crashes, 
approximately 36% of drivers received a blood drug test between 2002-2016. This 
included testing 73% of fatally injured drivers, and less than 1% of surviving drivers. To 
contextualize these numbers, prior studies seeking to establish national or cross-state 
comparisons using FARS data only include states in which testing rates are above 80% 
for deceased drivers. Thus, comparisons to other states may not be appropriate due to 
lower-than-ideal testing rates in Massachusetts.  
 
We observed a trend that may indicate an increasing proportion of decreased drivers 
involved in fatal motor vehicle crashes testing positive for cannabinoids. This does not 
mean the drivers were impaired by marijuana at the time of the crash, and could merely 
indicate increasing population-level marijuana use, which would be consistent with the 
results from the adult survey. The analysis of FARS data showed a decrease over time 
in the number of deaths per year resulting from crashes with drivers who had a blood 
alcohol content above 0.08%, but an increase in the number of deaths with drivers 
testing positive for cannabinoids or a blood alcohol content above 0.08% plus 
cannabinoids. This trend is something that warrants future investigation in alternate data 
sources with regard to the possibility of either substitution (i.e. drivers using marijuana 
instead of alcohol) or combination (e.g. drivers using alcohol and marijuana) effects.  
 
Limitations 
 
As with all studies, these data are subject to several limitations. As reported in Task 1, 
Chapter 2, the survey response rate was 21.7%.  Although this rate is in line with 
surveys of this kind, there is a possibility for response bias on a measure not accounted 
for by the weighting, which would impact generalizability. For example, if adults who did 
not use marijuana discarded the survey but those who used marijuana were more likely 
to return it, this could lead to overestimation of the prevalence of marijuana use, and 
related measures like driving under the influence. As marijuana legalization continues to 
be implemented in the Commonwealth, it will be important to replicate this survey as 
well as expand data collection to additional modalities that will provide a robust picture 
of marijuana use and related behaviors.  
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The cross-sectional survey design precludes determining the temporal sequencing of 
experiences and prevents drawing of causal inferences. Marijuana and other substance 
use were both self-reported, and not corroborated by testing of biological samples. 
Social desirability bias can lead to underestimates in survey research, however a 
unique contribution of this study is that it is the first to be conducted in Massachusetts 
after legalization of marijuana for adult recreational use.  Data was collected in late 
2017, nearly one year after marijuana became legal for recreational use by adults, and 
several years after legalization of medical marijuana in Massachusetts. This should 
reduce potential for social desirability bias that leads to under-reporting of marijuana 
use. Illegal behaviors (e.g. use of illicit drugs; driving under the influence of alcohol or 
drugs) may be underreported. 
 
Small cell sizes for categories of some variables likely means that models including 
them are underpowered. For some variables, fewer than 5 respondents endorsed the 
items. Weighted estimates based on these few data should be interpreted carefully. 
 
In conclusion, this study presents the first estimate of prevalence of DUI-marijuana and 
RUI-marijuana among Massachusetts adults after the legalization of marijuana for use 
by all adults over 21 years. Driving under the influence of marijuana is common among 
marijuana users, particularly among young adults.  Riding as a passenger with a 
marijuana-using driver is even more common. Efforts to address social norms about 
driving under the influence of marijuana is one strategy that may reduce this behavior. 
In the meantime, more research to understand the true crash risk and methods for 
deterring impaired driving are needed.  
 
Analysis of fatality data is also subject to limitations. In addition to a lower-than-ideal 
rate of testing, described above, prior studies have questioned the validity of drug data 
in FARS due to variability in drug testing practices, even within states (Berning & 
Smither, 2014). The data used for this study, which showed a dramatic dip to near-zero 
levels of recorded delta-9-THC results in 2011-2012 and precluded use of that data for 
this analysis likely reflects the type of testing and/or data coding problems that plague 
the FARS data.  
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Introduction 
 
Problems related to marijuana use may lead users to require medical care. This care 
seeking includes incidents in which someone seeks treatment for a cannabis use 
disorder, or could be related to an acute injury (e.g. from a cannabis-involved motor 
vehicle crash) or episode of marijuana-related illness.  For this study, we brought 
together three sources of data to document the current several aspects of the current 
picture of health system contacts related to marijuana. Specifically, we sought to 
document the number and prevalence of (1) substance use treatment admissions for a 
primary diagnosis of cannabis use disorder; (2) emergency room and urgent care 
services due to marijuana, and (3) marijuana-related exposure calls received by the 
regional poison control center (PCC).  
 
Since historical data is not available on use of emergency room and urgent care 
services for marijuana, we sought to obtain a 2017 point estimate. For treatment 
admissions and cannabis exposures (including unintentional exposure among youth 0-
9) through poison control calls will capture trends associated with regulations, legislation 
and cultural shifts. As marijuana legalization of marijuana for adult use is implemented, 
these are valuable indicator that can serve as a benchmark against which future policy 
changes change be compared.  
 
Methods 
 
Treatment Episode Data 
 
The national Substance Use and Mental Health Services Administration (SAMHSA) 
collects and publishes annual data episodes of substance use treatment in each U.S. 
This data includes information on the raw number and population adjusted number of 
admissions to substance abuse treatment by primary substance of abuse and by year. 
We compiled the number of marijuana-related treatment episodes for 2004-2014, with 
2014 being the most recent year of data available.  We also extracted information on 
alcohol, opioid, cocaine, and methamphetamine/amphetamine admissions for 
comparison purposes. We graphed the trend over time in population-adjusted 
admissions for marijuana, and the proportion of all admissions due to marijuana. 
 
Population Survey of Massachusetts Adults 
 
We analyzed the survey conducted as part of the MBHS included questions on seeking 
emergency or urgent care related to marijuana use. Briefly, we conducted a population-
based, mail and Internet survey of Massachusetts residents age 18 years and older. 
This study was approved by the Institutional Review Board at the Massachusetts 
Department of Public Health. The survey instrument can be found in Appendix A. 
 
Details on the methods of survey design, data collection, measures, and statistical 
procedures, including survey weighting, can be found  in Task 1, Chapter 2. In addition 
to the measures described therein, several questions were added to the survey for the 
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purpose of addressing use of emergency room or urgent care services related to 
substance use.  
 
For individuals who reported yes to using a particular substance (alcohol, marijuana, or 
other substances) in the past 30 days, the survey asked if they had utilized emergency 
room or urgent care services in relation to that substance within the past year.  
 
Poison Control Center Exposure Calls 
 
It can be difficult to distinguish, from secondary data, the intentionality of an exposure. 
For example, if teenagers intentionally experiment with marijuana but have adverse 
reactions, they may call poison control claiming unintentional exposure. Therefore, prior 
studies have coded all exposures under the age of 9 years as unintentional.  
 
As restricting cases to children 9 years old and under has been utilized in previous 
studies to ensure the analysis is accurately assessing unintentional exposures and 
exclude adolescents, this study looked at this age range separately as well as examined 
cases in different age groups. Other age groups of interest revolved around youth and 
adolescents.  As adolescence varies by individual, sex and national differences, this 
analysis used age categories of 10-19 years, based on the World Health Organization 
identification as this time period as the general span of adolescents (World Health 
Organization, 2017). We also used a category for 20-24 years as this age span is 
described as late adolescence in the United States (Arnett & Tanner, 2004) and utilized 
in similar studies in Colorado (Wang et al., 2014).  
 
Unknown age includes teen, unknown adult, unknown 20’s and unknown.  Adults 30 
and over with decade specification but no specific age they were assigned the median 
of their decade, e.g. 50’s was assigned 55.  A listing of marijuana-involved exposure 
calls and aggregate numbers of all PCC exposure calls by age group and by year was 
provided by the PCC for calls originating from within Massachusetts. We excluded calls 
from Rhode Island. 
 
We included the following product codes: 310124 Marijuana: Concentrated Extract 
(Including Oils and Tinctures); 083000 Marijuana: Dried Plant; 310121 Marijuana: Edible 
Preparation, 310122 Marijuana: Oral Capsule or Pill Preparation, 310126 Marijuana: 
Other or Unknown Preparation, 200618 Marijuana: Pharmaceutical Preparation, 310125 
Marijuana: Topical Preparation, 310123 Marijuana: Undried Plant, 310096 eCigarettes: 
Marijuana Device Flavor Unknown, 310034 eCigarettes: Marijuana Device With Added 
Flavors, 310033 eCigarettes: Marijuana Device Without Added Flavors, 310097 
eCigarettes: Marijuana Liquid Flavor Unknown, 310036 eCigarettes: Marijuana Liquid 
With Added Flavors, 310035 eCigarettes: Marijuana Liquid Without Added Flavors. 
There were five cases exposed to two marijuana codes: one exposure always being 
dried plant there was 1 synthetic, 2 edibles, 1 concentrate, and 1 other/unknown.  
These were recoded as 2 marijuana codes.  No combination of marijuana preparations 
exceeded two preparations, for example dried plant and edible.  For calls involving 
multiple substances, we did not have the information on what other substances were 
involved, for example acetometaphin.   
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To explore population fluctuations that could influence prevalence, we examined the 
percent change in the MA population in 2007, 2010, and 2016 within age categories, 
using census data.  If the change was less than 10%, we used 2010 census data to 
calculate calls per 100,000 people.  There was a greater than 10% change in 25-34, 35-
44, 60-64, and 65-74 year age groups, but when collapsed into adults 25 and older, 
there was no significant change. We, therefore, used 2010 census data as the 
denominator for population prevalence rates.  
We graphed trend lines for the percentage of all PCC calls due to marijuana exposure, 
and graphed the number of exposure calls due to various preparations of marijuana. 
Medical marijuana became legal in Massachusetts in late 2012, so we examined 
whether the proportion of all PCC calls due to marijuana was statistically significantly 
different before this change (2007-2012) versus after (2013-2016). Chi-squared tests or 
Fisher’s exact tests were used for those analyses. All analyses were stratified by age 
group.   
 
Results 
 
Episodes of Marijuana-Related Substance Use Treatment 
 
As shown in Table 1, the number of admissions to substance use treatment for 
marijuana was 2652 in 2014. This represents an increase from 2012 and 2013 levels, 
but a decrease from the historic levels in the 2004-2010. The prevalence of marijuana-
related admissions to treatment was 45 per 100,000 in 2014. This was consistent in the 
last few years, and a decline from peak levels in 2006-2005 (Figure 1). 
 
Table 1. Number of Substance Abuse Treatment Admissions in Massachusetts by 
Primary Sub-Substance of Abuse, Age 12+, 2004-2014 
 

 

 
Year 

Primary 
Substance  2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
marijuana 3144 3372 4957 4360 3362 3073 3157 2614 2501 2357 2652 
alcohol 20421 20734 37337 36570 32435 32153 31299 28587 27678 26786 27619 
opioids 29086 28509 41097 42014 39568 41700 40306 41723 46200 50482 50116 
cocaine 3643 4223 7446 6597 4828 4066 3519 3036 2758 2461 2319 
meth/amp 119 152 190 163 94 70 126 90 115 160 182 
Total  53269 53618 86070 85344 76925 77989 75250 73436 76751 79889 80236 
Note: other substances of abuse are not included in this table. 
*meth/amp=methamphetamine/amphetamine. 
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Figure 1. Massachusetts Admissions to Substance Use Treatment with Marijuana as 
Primary Substance of Abuse, Age 12+, 2004-2014 
 
As shown in Figure 2, the proportion of substance abuse treatment admissions due to marijuana 
use has remained at less than 5% of all admissions. However, it is important to note that in the 
midst of the opioid epidemic, which has taxed the capacity of the treatment system, the 
proportion of admissions due to all other substances would inherently be reduced.  
 

 
 
Figure 2. Proportion of Substance Abuse Treatment Admissions by Primary 
Substance of Abuse, 2004-2014 
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Substance Use-Related Emergency Care 
 
Among those who used marijuana in the past 30 days, no respondents reported 
marijuana-related use of emergency room or urgent care services in the prior year. 
Nearly 70% of Massachusetts adults used alcohol in the past 30 days. Among this 
group, 1.7% reported use of emergency use of healthcare due to alcohol in the past 
year. Additionally, 4.1% of the population reported past 30-day use of other substances 
(e.g. cocaine, opioids, etc.); 4.7% of these individuals sought emergency care related to 
their substance use, although we note that this estimate is based on fewer than five 
individuals in the sample and should be interpreted with caution.  
 
Marijuana-Related Exposure Calls to the Poison Control Center 
 
During the 10-year study period (2007-2016) there were 641 calls to the PCC that 
included marijuana exposure (Table 2) with an upward trend over time (Figure 3).  The 
overall period prevalence from 2007-2016 was 9.4 per 100,000 population.  In 2016, 
there were 78 calls to the PCC with marijuana exposure. Six of these calls pertained to 
marijuana exposure in youth age 0-9 years, 33 among youth 10-19 years, 12 among 
young adults age 20-24 years, and 27 among individuals age 25 years and older.  
These numbers correspond to a prevalence of 0.79 per 100,000 among children age 0-
9 years was; 3.8 among 10-19 year olds, 2.5 among 20-24, and 0.6 per 100,000 among 
those over age 25 years. 
 
For youth under age 18, the proportion of all PCC calls that were due to marijuana, by 
age group, is shown in Figure 3. The proportion was highest for youth between 10-19 
years. Although the magnitude is small, with the highest proportion being under 0.5% 
(among 10-17 year olds), this is concerning, since the youngest children 0-9 years are 
being impacted at increasingly levels, presumably through unintentional exposure 
(Figure 3). We also observed increasing proportions of calls due to marijuana for adults 
(Figure 4).  
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Figure 3. Proportion of MA Poison Control Calls due to Marijuana, Youth Age 0-
17, 3-Year Moving Average, and 2004-2016 
  

 
 
Figure 4. Proportion of MA Poison Control Calls Related to Marijuana Exposure, 
Adults 18+ Years, 3-Year Moving Average, 2004-2016 
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Table 2. Demographics and Medical Outcomes of Cannabis-Involved Exposure 
Calls to the Poison Control Center, Massachusetts, 2007-2016  
 

 
One substance was a non-synthetic preparation of Marijuana; Proportion in parentheses 
represents the proportion of all cannabis-involved calls within each medical outcome that were 
due to only one cannabis code. 
 
Table 2 shows the medical outcomes reported by PCC professionals. Not surprisingly, 
there was a higher proportion of calls involving a death or major effect for calls involving 
multiple substances (as many as 14 involved) compared to calls involving only one 
cannabis code. The multi-substance calls included substances that were not marijuana.   
We examined whether there was an increase in the proportion of PCC calls due to 
marijuana after medical marijuana was legalized in Massachusetts versus before. 

 
  Frequency Percent         

Sex 
 

  
   

  
  Female 253 39.47 

   
  

  Male 388 60.53 
   

  
  Total 641 100 

   
  

Age 
     

  
  0-9 years  27 4.21 

   
  

  10-19 years 257 40.09 
   

  
  20-24 121 18.88 

   
  

  25-29   50 7.8 
 

 
 

  
  30’s 79 12.32 

 
 

 
  

  40’s   53 8.27 
 

 
 

  
  50’s 22 3.43 

 
 

 
  

  60’s    6 0.94 
 

    
  70’s+ 3 0.47 

 
    

  Unknown 23 3.59 
 

    
  Total 641 100 

 
    

Medical Outcome 

   

 No. Calls with One 
Codeŧ 

Death 3 0.47 
 

0 (0%) 
 

  
major effect 56 8.74 

 
3 (5.4%) 

 
  

minor effect 143 22.31 
 

31 (22%) 
 

  
moderate effect 277 43.21 

 
53 (19%) 

 
  

no effect 36 5.62 
 

9 (25%) 
 

  
not followed, minimal effects possible 29 4.52 

 
14 (48%) 

 
  

not followed, non-toxic 4 0.62 
 

4 (100%) 
 

  
unable to follow, judged potentially toxic 87 13.57 

 
55 (63%) 

 
  

unrelated effect, exposure probably  
     

  
      not responsible for effects 6 0.94 

 
3(50%) 

 
  

Total 641 100   
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Results from chi-squared and Fisher’s exact tests indicated that although the 
percentages are small, there was a higher proportion of PCC calls due to marijuana 
exposure in 2013-2016 compared to 2007-2012 for children age 0-5 years (p=0.001), 
children 6-9 years (p=0.017) and youth age 10-20 (p=0.001). See Table 3. 
 
When examining the different marijuana product codes involved in calls to the PCC, we 
found that over time and across age groups, most calls involved dried marijuana plant. 
The next most common preparation involved was edible preparations, more frequently 
seen after 2012 (Figures 5-7). 
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Table 3. Differences in Proportions of Marijuana-Related Poison Control Center 
Calls, Pre- versus Post-2012 

Ages 0-5         
    

 
2007-2012     2013-2016 total  

   
 

n % n % n p-value 
  Marijuana calls  7 0.008 16 0.035 23 0.001 

  
Non-marijuana 
calls  84,441 99.992 46,305 99.965 130,846   

  Total calls 84,448 100.000 46,321 100.000 130869   
Ages 6-9             
  

 
2007-2012     2013-2016 total 

   
 

n % n % n p-value 
  Marijuana calls  0 0.000 4 0.043 4 0.017 

  
Non-Marijuana 
calls     16,431 100.000 9,388 99.957 25,919   

  Total calls 16431 100.000 9392 100.000 25923   
Ages 10-20             
   2007-2012     2013-2016 total    
  

 
n % n % n p-value 

  Marijuana calls  155 0.291 129 0.439 284 0.001 

  
Non-Marijuana 
calls         53,286 99.709 29,288 99.561 82,574   

  Total calls 53441 100.000 29417 100.000 82858   
Ages 21+   

 
        

  
 

2007-2012     2013-2016 total  
   

 
n % n % n p-value 

  Marijuana calls  197 0.332 110 0.278 307 0.145 

  
Non-Marijuana 
calls     59,107 99.668 39,450 99.722 98,557   

  Total calls 59304 100.000 39560 100.000 98864   
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Figure 5. Frequency of Poison Control Center Reported Marijuana Exposures by 
Product Code, 2007-2016, Age 0-9 Years 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Frequency of Poison Control Center Reported Marijuana Exposures by Product 
Code, 2007-2016, Age 10-20 Years 
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Figure 7. Frequency of Poison Control Center Reported Marijuana Exposures by 
Product Code, 2007-2016, Age 21 Years and Older 
 
Discussion 
 
In MA from 2005-2016, the period prevalence was 3.5 per 100,000 in children age 0-9 
years. A study of Colorado between 2005 and 2011 found cases of children under the 
age of 9 who had Poison control calls for marijuana related exposures was 6.6 per 
100,000; this was compared to generally less than 2 calls per 100,000 in states without 
similar marijuana legislation (Wang et al., 2014). That study raised discussions about 
whether the finding of increased prevalence in a state with medical marijuana at the 
time was due to increased exposure or less stigma among parents or caregivers calling 
to report such an exposure (Hoffman, 2016).  Our data indicated that there was a 
statistically significant increase in the proportion of calls to the PCC that were related to 
marijuana after medical marijuana was legalized in Massachusetts.  
 
Children age 0-9 years accounted for less than 5% of the calls to the PCC due to 
marijuana exposure during the study period, whereas youth aged 10-19 years 
accounted for 40% of marijuana-related calls.  
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Abstract 
 
Background 
 
 In 2016, Massachusetts voters approved a ballot measure to legalize broad adult use 
of marijuana. As part of the 2017-2018 Massachusetts Marijuana Baseline Health 
Study, we estimated fiscal impacts of legalization for state and local governments. We 
developed a model to estimate changes expected in four key domains within the first 
two years of retail sales: tax revenue from marijuana purchases (based on a 20% 
combined sales, excise, and local tax rate); regulatory oversight; law enforcement 
activities; and public health effects.  
 
Methods 
 
 Estimates of revenue or savings and costs or losses were derived from the literature 
(restricted to impacts attributable to legalization); expert interviews; and secondary 
sources (on marijuana pricing, marijuana use prevalence, regulatory costs and revenue, 
public health and safety outcomes, and Massachusetts population size and 
demographics). For each measure, we defined a range of values, then used Monte 
Carlo simulation to randomly choose a value to calculate post-legalization estimate. We 
calculated post-legalization impacts by combining information on pre-legalization 
estimates with estimates of change due to legalization. We summed estimates across 
all measures and domains to obtain an overall impact estimate. 
 
 Results 
 
 In our main model, which included measures that were major drivers of budgetary 
impacts (sales and business tax revenue, regulatory costs and revenue, and savings 
due to reduced marijuana-related law enforcement), we projected a gain of $215.8 
million to the state budget. In a supplemental model that added in public health impacts 
thought to be less definitive or immediate, we projected an additional gain of $65.3 
million, yielding a total impact of $281.1 million. Local tax revenue estimates (derived 
using local data on marijuana use prevalence and pricing, when available) ranged from 
a median of $63,000 for suburban cities and towns to $583,000 for urban cities.  
 
Discussion 
 
The primary driver of fiscal gains (accounting for 53% of the total impact) was sales and 
excise tax revenue collected on retail marijuana purchases. Other major contributors 
included new business tax revenue from marijuana dispensaries and increased 
individual income tax revenue due to worker productivity gains among older adults who 
are able to control debilitating medical conditions with marijuana. 
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Background 
 

In November 2016, Massachusetts voters approved a ballot measure to legalize adult 
use of marijuana, joining a growing list of states approving and implementing similar 
measures in the past five years. The adult use of marijuana program will build on the 
medical marijuana program that has been operating in Massachusetts since 2013, 
serving nearly 50,000 active patients as of January 2018.1 The program will also build 
on the experiences from other states that have legalized marijuana in recent years. 
However, given that retail sales of marijuana have only been legal in the United States 
for about four years, there is a sparse body of literature on the causal impacts of 
marijuana on a host of fiscal, health, public safety, and criminal justice outcomes. To 
better understand marijuana use in the state and to project fiscal impacts associated 
with retail sales, the state legislated that the Massachusetts Department of Public 
Health (MDPH) conduct the Marijuana Baseline Health Study (MBHS). The study 
examines the use, methods of consumption, and perceptions of marijuana; impaired 
driving and hospitalization related to marijuana use; and economic and fiscal impacts for 
state and local governments.2 In this report, we address the third aim to estimate the 
fiscal impacts of moving from a medical marijuana program to broad adult use. We 
focus on four key domains: (1) tax revenue from marijuana sales, (2) regulatory 
oversight, (3) law enforcement activities, and (4) public health effects. 
 
Retail sales of marijuana are planned to begin in July 2018, after legislation was passed 
in December 2016 to delay implementation of the program by six months.3 Whereas the 
original ballot measure included a 3.75% excise tax, 6.25% state sales tax, and an 
optional local tax up to 2%, for a maximum tax rate of 12%, the state legislature later 
passed a bill to increase the excise tax to 10.75% and the maximum local tax to 3%, 
yielding a total maximum tax rate of 20%.4 A share of the revenues collected by the 
state will be devoted to (1) public and behavioral health, (2) public safety, (3) municipal 
police training, (4) the Prevention and Wellness Trust Fund, and (5) a host of services 
for “economically-disadvantaged persons in communities disproportionately impacted 
by high rates of arrest and incarceration for marijuana offenses.”5 
 
The existing medical marijuana program in Massachusetts registers nonprofit 
organizations to cultivate and dispense marijuana as well as patients and physicians.6 
As of January 2018, the program had 227 registered certifying health care providers 
and nearly 50,000 active patients. The program has consistently added roughly 2,000 
patients per month over its history. There are 22 registered marijuana dispensaries with 
final certification and approval to sell, 6 with final certification but not yet approved to 
                                                           
1 https://www.mass.gov/lists/medical-use-of-marijuana-program-monthly-dashboards. 
2 Mass. Session Laws ch. 351, § 18 (2016).  
3 Mass. Gen. Laws ch. 94G, § 14.  
4 Mass. Session Laws ch. 55, § 12 (2017).  
5 Mass. Gen. Laws ch. 94G, § 14.  
6 https://www.mass.gov/medical-use-of-marijuana-program. 

https://www.mass.gov/lists/medical-use-of-marijuana-program-monthly-dashboards
https://www.mass.gov/medical-use-of-marijuana-program
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sell, and 99 with provisional certificates and in the inspection phase. In contrast to the 
adult use program, the medical program requires those selling medical marijuana to 
follow a seed-to-sale model—that is, the same entity is responsible for the product from 
cultivation to sale in licensed dispensaries. In addition, the marijuana is not subject to 
any taxes, and only nonprofit organizations can participate. 
 
To implement and administer the adult use program and create a safely regulated 
industry, the state formed the Cannabis Control Commission (CCC) in 2017. The CCC 
will also take over regulatory activities for the medical marijuana program, currently 
administered by the MDPH Bureau of Health Care Safety and Quality.7 Massachusetts 
also created the Cannabis Advisory Board, a 25-member group charged with studying 
and making recommendations to the CCC on the regulation and taxation of marijuana in 
Massachusetts.  
 
The adult use program in Massachusetts and the study presented here have the benefit 
of learning from experiences in several other states that have implemented similar 
programs in the past four years. Colorado and Washington approved ballot measures in 
2013 to legalize marijuana for adult use and began retail sales in 2014. In 2014, Alaska, 
Oregon, and Washington, D.C. voted to legalize adult use, with retail sales beginning in 
2015 in Oregon and in 2016 in Alaska; retail sales are not yet permitted in Washington, 
D.C. In 2016, California, Maine, Nevada, and Massachusetts approved ballot measures, 
with retail sales beginning in 2017 in Nevada and 2018 in California and Massachusetts; 
retail sales are not yet permitted in Maine. Finally, the state legislature in Vermont 
legalized adult use in 2018. Although the experiences with adult use of marijuana in 
these states have been brief, the states consistently saw substantial increases in 
revenue collected from retail sales after the first year. Revenue collected in the first year 
ranged from $1.7 million in Alaska to $67.6 million in Colorado.8 There were substantial 
increases in the second and third years of the programs; for example, the revenue 
collected by the Washington Liquor Cannabis Board (LCB) increased from $64.9 million 
in the first year of the program to $314.8 million in the third year (Washington State 
LCB, n.d.). In addition, the revenue collected was substantially above the amount 
projected by the states prior to implementation. Finally, there is some limited evidence 
suggesting that marijuana legalization could have positive impacts on public health and 
safety outcomes and criminal justice costs and outcomes (such as reduced 
incarcerations); however, the evidence is primarily for impacts from medical marijuana 
legalization, little evidence establishes causal links between legalization and the 
outcomes, and the timeline for observing impacts for legalization is brief (four years at 
most for the earliest implementers).  
 
There are a handful of differences between the planned program in Massachusetts and 
other states that will likely affect the implementation and impact of legalization. First, 

                                                           
7 https://mass-cannabis-control.com/about-us-2/. 
8 Alaska: http://tax.alaska.gov/programs/programs/reports/monthly/Marijuana.aspx?ReportDate=8/1/2017; 
Colorado: https://www.colorado.gov/pacific/revenue/colorado-marijuana-tax-data; for a summary of 
revenue collected, see http://www.drugpolicy.org/legalization-status-report. 

https://mass-cannabis-control.com/about-us-2/
http://tax.alaska.gov/programs/programs/reports/monthly/Marijuana.aspx?ReportDate=8/1/2017
https://www.colorado.gov/pacific/revenue/colorado-marijuana-tax-data
http://www.drugpolicy.org/legalization-status-report
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other states have implemented substantially higher tax rates than the planned 17% tax 
rate in Massachusetts (excluding the local tax rate), which influences the price of 
marijuana in the licit market and thus how much demand is met by retail sales versus 
the black market. In high-tax Washington (44% point-of-sale tax, excluding the local tax 
rate), despite the fact that the licit price of marijuana has dropped over time and is only 
slightly above black market prices, licensed sales account for only about 30% of 
demand; the rest is met by the state’s loosely regulated medical marijuana market and 
other black market sources.9 By contrast, in Colorado, where marijuana taxes were 
lower (27.9% combined tax rate through July 2017, excluding the local tax rate), an 
estimated 70% of demand is met by the licit market, with much of the remaining 
demand met by legal home-grown product. Differences in the structure of the medical 
marijuana programs will also influence the impact of legalization. The cultivation and 
sale of medical marijuana is strictly regulated and less accessible to Massachusetts 
residents compared to other states. Out of 27 states with medical marijuana programs, 
Massachusetts ranks 15th highest in terms of the number of medical marijuana patients 
per 1,000 state residents (Marijuana Policy Project, 2018); programs in California, 
Colorado, and Oregon include a much greater proportion of residents.10 On the other 
hand, other states apply taxes to medical marijuana sales to varying degrees; the fact 
that the Massachusetts medical marijuana program is untaxed could make it more 
attractive to marijuana consumers once retail sales begin. 
  
In this study, we combine evidence from implementation in other states with the details 
and nuances of Massachusetts programs and residents to estimate fiscal impacts of 
legalizing adult use of marijuana on state and local budgets. We estimate impacts 
separately for key domains of interest: (1) sales and business tax revenue from retail 
marijuana sales, (2) law enforcement costs, (3) the costs of regulatory oversight, and (4) 
estimated impacts on state public health expenditures and individual income tax 
revenue as a result of changes in worker productivity (both of which were included in a 
supplemental model). Our estimates reflect impacts expected only within the first two 
years after retail sales are allowed but also include start-up costs and revenue. Given 
the uncertainty of many of the inputs used to estimate impacts in some of these 
domains (for example, the projected price of marijuana in the retail market or the 
percentage of current users that will purchase their marijuana in the licit market), we 
conducted a number of sensitivity analyses to test the robustness of the results to our 
inputs. The results generated in the study will help the state and municipalities plan for 
the impacts of legalization while also providing a point of comparison for early impacts 
once the program is implemented. Furthermore, the study will provide valuable 
information to other states considering legalization on the complex public health, public 
safety, and economic impacts of legalizing marijuana. 
 
 

                                                           
9 http://www.denverpost.com/2016/01/06/washington-state-marijuana-retailers-cope-with-falling-pot-
prices/ and https://www.economist.com/news/briefing/21692873-growing-number-countries-are-deciding-
ditch-prohibition-what-comes.  
10 https://medicalmarijuana.procon.org/view.resource.php?resourceID=005889. 

http://www.denverpost.com/2016/01/06/washington-state-marijuana-retailers-cope-with-falling-pot-prices/
http://www.denverpost.com/2016/01/06/washington-state-marijuana-retailers-cope-with-falling-pot-prices/
https://www.economist.com/news/briefing/21692873-growing-number-countries-are-deciding-ditch-prohibition-what-comes
https://www.economist.com/news/briefing/21692873-growing-number-countries-are-deciding-ditch-prohibition-what-comes
https://medicalmarijuana.procon.org/view.resource.php?resourceID=005889
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Methods 
 
Data Sources 
 
We developed a model to estimate changes expected in four key domains within the 
first two years of retail sales. Each domain (for example, marijuana sales tax revenue) 
included individual measures (for example, marijuana use prevalence and the price of 
marijuana) that we estimated using three main sources of information: existing 
literature, interviews with academic and government experts, and secondary data 
sources. For each measure that fed into the model, we defined a range of plausible 
values as follows: 
 
 If multiple (high quality, rigorous) studies or sources estimated the same metric, we 

defined the range based on the point estimates from these sources.  
 If only a single study was used to estimate a metric, we defined the range based on 

the confidence interval around the point estimate from that paper. 
 If there was no credible study or source for a given metric, we estimated a range 

using information from other states with legalized adult use or from expert 
stakeholder input. 

 

Literature Review 

  
To inform estimates of the impact of legalization in Massachusetts, we first reviewed the 
literature on the impacts of marijuana laws or policies on consumption of marijuana, 
alcohol, and tobacco; public health; public safety; and worker productivity. We also used 
the literature to identify major sources of direct costs and revenue stemming from 
marijuana legalization, plus demographic subgroups that are affected differentially by 
legalization. As a starting point, we first searched peer-reviewed publications based on 
key search terms (such as “marijuana” and “legalization”) applied to the MEDLINE®, 
Scopus, and EconLit databases. To avoid excluding potentially relevant search results, 
we used a broad set of search terms related to marijuana legalization rather than 
searching by specific terms related to consumption, public health, public safety, and 
labor productivity. We then searched the gray literature to identify working papers from 
the National Bureau of Economic Research, research briefs, and other reports 
published from policy institutes and state governments. After excluding papers based on 
a review of titles, we reviewed the abstracts to ascertain relevance. We identified 57 
candidate papers, to which we uniformly applied a set of causal evidence criteria, as 
described below, to determine inclusion. 
 
Because the literature has focused mostly on medical marijuana legalization, and there 
is limited literature on adult use legalization, many of the model impacts derived from 
the literature are based on the experiences of medical marijuana programs. To account 
for the possibility that these impacts will not accurately reflect the experience of 
legalization in Massachusetts, we incorporate ranges for estimates derived from this 
literature, along with a sensitivity analysis that removes all impacts taken from the 
medical marijuana literature. 
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Causal Criteria 
 
To ensure that our model estimates are based only on papers that demonstrate strong 
causal evidence that links outcomes directly to marijuana policies, we developed a set 
of guidelines to determine inclusion of impacts in our model estimates.11 We rated each 
paper based on the strength of evidence as high, moderate, or low causal evidence for 
marijuana-attributable impacts. A high rating indicates that the analysis meets high 
methodological standards (for example, with a control group included in the analysis) 
and the impacts estimated are credible; it does not mean that the study found positive 
impacts. A moderate causal evidence rating means that we are somewhat confident 
that the estimated impacts are attributable to the intervention studied, but other factors 
that were not included in the analysis could have contributed to the impacts observed. 
Research not meeting the criteria for a high or moderate causal evidence rating 
received a low causal evidence rating, indicating that we could not be certain that the 
impacts observed were attributable to the marijuana law or policy being studied. To 
derive estimates for our model measures, we relied only on studies with a high causal 
rating. Of the 57 candidate papers reviewed, 16 met the criteria for high causal 
evidence. As our research progressed, we identified an additional 3 papers published in 
2017 that had high causal evidence, resulting in a total of 19 (out of 60) that met our 
criteria for high quality evidence of impacts attributed to marijuana. 
An implication of applying these strict causal guidelines to our inclusion criteria is that 
we ultimately excluded some studies and state government reports that used 
longitudinal data to examine how public health and safety outcomes (such as 
emergency room visits, suicides, and non-fatal crashes) changed after adult use of 
marijuana was legalized because these analyses lacked valid comparison groups. Our 
exclusion of these studies does not imply that the results are not valid or useful for 
certain purposes, but rather that we cannot be confident that the pre-post changes are 
attributable to legalization. 
 
Stakeholder Interviews 

For certain domains of interest, there was insufficient rigorous evidence from the 
literature on causal impacts of legalization to inform our model estimates. Instead, we 
gathered information from interviews with expert stakeholders in Massachusetts and 
other states with legalized marijuana retail sales as well as from researchers studying 
marijuana legalization. We also used these interviews to gain insight into contextual 
differences between Massachusetts and other states with legalized adult use that may 
affect our modeling approach or interpretation of estimates. We interviewed experts in 
the following knowledge areas: (1) regulatory costs to state and local governments, (2) 
regulation of the current Massachusetts medical marijuana program, (3) the degree of 
shift from illicit to legal consumption, (4) current law enforcement practices in 
Massachusetts, and (5) public health experiences and budget expenditures in Colorado. 
For each interview, we developed separate protocols with tailored questions that we 

                                                           
11 These guidelines follow the Clearinghouse for Labor Evaluation and Research (CLEAR). CLEAR was 
established by the Department of Labor to promote informed decision making and policy development by 
providing a central and trusted source of research evidence. 
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asked in person, by phone, or through email correspondences. Our notes from these 
interviews informed the model estimates for measures and domains of interest, as 
detailed in Table 1. 
 
Table 1. Model Measures Informed by Stakeholder Interviews 
Domain Interviewee’s institution Model measure informed by interview 
Tax revenue Harvard University Percentage shift from illicit to legal market for current adult 

users 
  Percentage change over time in current prices of marijuana 
Regulatory 
oversight  

Washington State Institute 
for Public Policy (WSIPP) 

State regulation costs 
State regulation revenue 

MDPH Number of infractions per RMD per year 

Law 
enforcement  

Massachusetts Executive 
Office of Public Safety 
and Security (EOPSS) 

Number of misdemeanor arrests 
 Number of misdemeanor convictions 
Number of incarcerations 
 Number of inmates on supervised release 
(parolees/probationers) 
Percentage change in misdemeanor arrests 
Percentage change in misdemeanor convictions 
Percentage change in incarcerations 
Percentage change in supervised release 
Costs of employee training on cannabis impaired driving  

Public 
health and 
safety 

Colorado Department of 
Public of Health 

Suicide estimates (used in supplementary analyses) 
Marijuana Tax Cash Fund expenditures 

Massachusetts Bureau of 
Substance Abuse 
Services 

Cost associated with substance use disorder treatment 

 
MDPH = Massachusetts Department of Public Health; RMD = registered marijuana 
dispensary. 
 
Secondary Data Sources 

We augmented information from the literature and key informant interviews with 
analyses of a number of secondary data sources. To estimate taxable sales from 
marijuana, we required information on marijuana pricing. We extracted this information 
from three websites that aggregate crowd-sourced information on marijuana pricing (as 
of December 2017): Budzu and PriceofWeed (which enables users to submit 
information on the location where they purchased marijuana and on the price, amount, 
and quality of the marijuana purchased) and a document hosted on Google Sheets 
called Dispensary Sheet (which displays information about the price of marijuana for 
each amount sold at Massachusetts dispensaries). Because retail marijuana sales are 
not yet legal, information on the current price per gram of dried flower marijuana from 
these sites may contain a combination of prices in the illicit market and those in the 
medical market. We also used data supplied by MDPH to identify the median price of 
medical marijuana sold in registered marijuana dispensaries (RMDs) in Massachusetts 
(see Appendix D).  
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We obtained data on the prevalence of current marijuana use from a combination of the 
MBHS Task 1 survey of the general population in Massachusetts; the 2015 National 
Survey on Drug Use and Health (NSDUH, based on national estimates because 
Massachusetts-specific detailed data were unavailable at the time of the analysis12); 
and the 2015 Behavioral Risk Factor Surveillance System (BRFSS) of Massachusetts 
residents.13,14 For adolescent marijuana use prevalence, we obtained estimates from 
the 2015 Massachusetts Youth Risk Behavior Surveillance System (YRBSS) survey of 
9th through 12th grade students,15 the 2015 Massachusetts Youth Health Survey (YHS) 
of middle and high school students,16 and 2015–2016 NSDUH estimates.17  
 
We gathered estimates of changes in regulatory costs and revenue attributable to retail 
legalization from CCC, MDPH, Washington, and Colorado budgets. Given that the CCC 
is expected to take over regulatory oversight of the medical marijuana program from 
MDPH, the increase in start-up costs for Massachusetts fiscal year (FY) 2018 were 
based on the difference between the CCC budget estimate18 and projected FY 2017 
costs from the MDPH’s Medical Marijuana Trust Fund Annual Report.19 Thereafter, for 
FY 2019 and FY 2020, we inflated CCC and MDPH projections of costs to account for 
the expected growth in the number of RMDs in operation (estimated to be 26 by the end 
of FY 2018, 40 by the end of FY 2019, and 123 by the end of FY 2020, based on data 
posted by MDPH on the current status of all registered marijuana dispensaries and 
applications through January 12, 201820). We also translated recurring marijuana-
related law enforcement costs incurred in Washington (based on the I-502 Fiscal Impact 
Statement21) and public safety costs incurred in Colorado22 to Massachusetts’ projected 
costs on a per capita basis.  
 
Sources of regulatory revenue within the first two years of legalization include marijuana 
dispensary application fees and fines collected for infractions or deficiencies. To 

                                                           
12 https://www.samhsa.gov/samhsa-data-outcomes-quality/major-data-collections/reports-detailed-tables-
2015-NSDUH. 
13 https://www.cdc.gov/brfss/annual_data/annual_2015.html. 
14 We defined respondents who indicated past-month or past-30 day marijuana use as current users. We 
chose past-month use because it was the most contemporary use option available, and because we 
identified only minor differences (less than 5%) between past-month and past-year users in 90% of 
records. 
15 https://nccd.cdc.gov/youthonline/App/Results.aspx?LID=MA. 
16 https://www.mass.gov/files/documents/2016/09/vp/youth-health-risk-report-2015.pdf. 
17 
https://www.samhsa.gov/data/sites/default/files/NSDUHsaePercents2016/NSDUHsaePercents2016.pdf.  
18 https://www.mass.gov/files/documents/2017/11/08/CNB_Budget_Request_FINAL.pdf. 
19 https://www.mass.gov/files/documents/2017/03/zs/mmj-annual-trust-fund-report-2017.pdf. 
20 https://www.mass.gov/service-details/massachusetts-medical-use-of-marijuana-program-snapshot. 
21 http://www.vote.wa.gov/guides/2012/I-502-Fiscal-Impact.html. 
22 https://drive.google.com/file/d/0B0TNL0CtD9wXdjFWWUhIMm5TMjQ/view. 

https://www.samhsa.gov/samhsa-data-outcomes-quality/major-data-collections/reports-detailed-tables-2015-NSDUH
https://www.samhsa.gov/samhsa-data-outcomes-quality/major-data-collections/reports-detailed-tables-2015-NSDUH
https://www.cdc.gov/brfss/annual_data/annual_2015.html
https://nccd.cdc.gov/youthonline/App/Results.aspx?LID=MA
https://www.mass.gov/files/documents/2016/09/vp/youth-health-risk-report-2015.pdf
https://www.samhsa.gov/data/sites/default/files/NSDUHsaePercents2016/NSDUHsaePercents2016.pdf
https://www.mass.gov/files/documents/2017/11/08/CNB_Budget_Request_FINAL.pdf
https://www.mass.gov/files/documents/2017/03/zs/mmj-annual-trust-fund-report-2017.pdf
https://www.mass.gov/service-details/massachusetts-medical-use-of-marijuana-program-snapshot
http://www.vote.wa.gov/guides/2012/I-502-Fiscal-Impact.html
https://drive.google.com/file/d/0B0TNL0CtD9wXdjFWWUhIMm5TMjQ/view
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estimate regulatory revenue, we inflated FY 2017 projections from MDPH’s Medical 
Marijuana Trust Fund Annual Report, as described above for the start-up costs, to 
reflect the growth in RMDs. We also included estimated fines that the CCC will collect 
for infractions in FY 2019 and FY 2020. Though CCC fines can be as high as $25,000 
per deficiency, we assumed an average fine of $1,000 (in line with Group 2 regulatory 
marijuana fines in Washington23) and assumed five deficiencies per RMD per year 
(based on conversations with MDPH). We did not factor in additional licensing revenue 
because, based on our analysis of data from MDPH on the current status of all 
registered marijuana dispensaries and applications through January 12, 2018, we do 
not expect to see a substantial increase in the number of RMD applications in the two-
year study period compared to current application rates. 
 
Finally, several secondary data sources informed our estimates of public health effects 
of adult use legalization: treatment admission data from the 2011 and 2016 
Massachusetts Treatment Episode Data Set (TEDS)24 and the Massachusetts Budget 
and Policy Center, data on suicides from the 2015 Centers for Disease Control and 
Prevention National Vital Statistics System statistics on Massachusetts, traffic fatality 
statistics from the 2015 Fatality Analysis Reporting System (which were compiled by the 
MBHS Task 2 team), and 2016 data on the number of opioid-related deaths from 
MDPH.  
 
To translate estimates from other states to Massachusetts, we used data from the U.S. 
Census microdata (Ruggles, Genadek, Goeken, Grover, & Sobek, 2017) and the 2015 
American Community Survey 5-Year Estimates (United States Census Bureau, 2015) 
on Massachusetts population size and demographics. 
 
MBHS Task 1 Survey 

We analyzed data from the Massachusetts general population adult survey, 
administered as part of MBHS Task 1 by the University of Massachusetts’ Donahue 
Institute, to obtain estimates of the prevalence of marijuana use, the number of regular 
versus heavy users of marijuana, and use by mode of consumption. All estimates were 
based on weighted frequencies that were generated using SAS PROC 
SURVEYSELECT (SAS version 9.4). 
 
Our estimate of prevalence of current marijuana use came from a question on use of 
marijuana or hashish at least once within the past 30 days. We calculated the 
prevalence of use statewide (based on all individuals surveyed) and combined this 
information with data on the prevalence of use obtained from the NSDUH and BRFSS 
surveys to obtain a range of plausible values that fed into our models. We also 
estimated the number of regular versus heavy users of marijuana in Massachusetts 
based on definitions in the literature that rely on the number of days of marijuana use in 
                                                           
23 http://apps.leg.wa.gov/wac/default.aspx?cite=314-55-525. 
24 
https://www.samhsa.gov/data/sites/default/files/TEDS2011St_Web/TEDS2011St_Web/TEDS2011St_We
b.pdf (Tables 2.1 and 2.2) and https://wwwdasis.samhsa.gov/webt/quicklink/MA16.htm. 

http://apps.leg.wa.gov/wac/default.aspx?cite=314-55-525
https://www.samhsa.gov/data/sites/default/files/TEDS2011St_Web/TEDS2011St_Web/TEDS2011St_Web.pdf
https://www.samhsa.gov/data/sites/default/files/TEDS2011St_Web/TEDS2011St_Web/TEDS2011St_Web.pdf
https://wwwdasis.samhsa.gov/webt/quicklink/MA16.htm
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the past month (Kilmer et al., 2013). We calculated the number of individuals surveyed 
who used marijuana between 1 and 20 days in the past month (defined as regular 
users) and how many used marijuana 21 days or more in the past month (defined as 
heavy users). Finally, we examined modes of consumption and found that the clear 
majority of users (95%) consume marijuana as a dried flower product (by smoking or 
vaporization)—either alone or in combination with other modes of consumption (such as 
by eating it, dabbing it, or applying it topically or sublingually). We therefore based our 
pricing of marijuana on price per gram of dried flower product.  
 
In addition, we estimated prevalence of marijuana use at the city or town level using 
data collected in the MBHS Task 1 survey by respondents’ five-digit ZIP code. Because 
ZIP codes tend to span multiple cities, we used a two-part approach to allocate 
respondents to a single city or town, based on MassGIS data on city and town 
boundaries:25 (1) we associated each ZIP code to the city or town that contained the 
majority of the ZIP code boundary, and (2) if no city contained the majority of the ZIP 
code boundary, we used the town or city that contained the geographic center of the 
ZIP code. We then calculated the prevalence of current marijuana use in each city or 
town for cities and towns with at least 15 MBHS Task 1 survey respondents (to ensure 
we had sufficient data to produce a valid estimate); for the remaining municipalities, we 
estimated the prevalence by averaging the current marijuana use prevalence estimates 
from the national NSDUH and Massachusetts-specific BRFSS surveys.  
 
Statistical Modeling 
 
Our model estimates the fiscal impacts of shifting from a medical marijuana to a broader 
adult use program within the first two years after retail sales begin. We also include 
start-up costs and revenue. Our modeling consists of three models:  
 

(1) A main model, which includes primary measures that we hypothesize are 
major drivers of economic impacts to the state and for which there is strong 
evidence to inform estimates: sales tax revenue, regulatory oversight costs 
and revenue, and reductions in marijuana-related law enforcement activities 

(2) A supplemental model, which adds secondary impacts on public health, 
public safety, and income tax revenue for which the evidence is less 
definitive or immediate than those domains included in the main model 

(3) A local model, which estimates local tax revenue for each city or town in 
Massachusetts (assuming the maximum local tax rate of 3%) 
 

We first calculated measure-specific revenue or savings and measure-specific costs or 
losses by multiplying various input estimates (for example, to calculate marijuana sales 
revenue, we multiplied the estimated number of marijuana users by the average grams 
of marijuana used per day by the average price per gram of marijuana). To do so, we 
combined information on pre-legalization baseline measures (such as the number of 
marijuana users) with estimates of the post-legalization change (such as the percentage 

                                                           
25 https://docs.digital.mass.gov/dataset/massgis-data/zip-codes-5-digit-here0navteq-0. 

https://docs.digital.mass.gov/dataset/massgis-data/zip-codes-5-digit-here0navteq-0
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change in the number of marijuana users). We next estimated the precision of our post-
legalization estimates, and finally tested the sensitivity of the findings to key 
assumptions. To calculate the post-legalization fiscal impact of marijuana legalization 
for metrics in our model, we defined a range of plausible values using information from 
the literature, stakeholder interviews, secondary data sources, and the MBHS Task 1 
survey. We then used Monte Carlo simulation—a method that is useful when there is 
inherent uncertainty about model inputs—to randomly draw a value from the range for 
each metric and then use that value to calculate the overall impact estimate. This 
process of randomly drawing values from the range was repeated 1,000 times, each 
time resulting in a different value, to generate a probability distribution of values for the 
impact metric. This simulated distribution was then used to calculate a 95% confidence 
interval—a low and high range that indicates precision—around the impact estimate.  
To obtain an overall impact estimate of adult use legalization, we summed together 
measure-specific (for example, sales tax revenue from marijuana purchases by adults 
considered heavy users, adults considered regular users, and adolescents) for each 
domain included in the model.26 In Table 2, we summarize baseline and projected 
values for each input in our models (see Appendix C Table C.1 for detailed information 
on the variables and data sources used to construct each measure). In the Limitations 
section, we indicate the measures we excluded from our model because we lacked 
sufficient data or causal evidence for their inclusion. 
  

                                                           
26 Because we produce a distribution of outcome values for each level of impact (measure, domain, and 
model), the average value for a summed outcome will not exactly equal the sum of the average 
components that fed into it (for example, the sum of the individual measures used to calculate sales tax 
revenue does not exactly equal the total impact of the sales tax revenue domain); however, we the 
differences are small.   
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Table 2. Main and Supplemental Model Input Values 
 
 Measure Baseline  Projected Difference  (%) 

Main model 
Domain: Sales and business tax revenue  

Sales tax revenue from marijuana purchases     
 Number of adolescent users age 17 or 
younger 158,892 158,616 -276 (-0.2%) 
 Number of regular users age 18 or oldera 318,797 394,896 76,099  (23.9%) 
 Number of heavy users age 18 or oldera 150,436 150,436 0 (0%) 

Sales tax revenue from beer $72,830,435 $69,271,226 -$3,559,209  (-4.9%) 
Business income tax revenue from dispensaries 

0 $40,501,857 
$40,501,85

7 (n.a.) 
Domain: Regulatory oversight  

Costs over two years $41,927,099 $43,706,042 $1,778,944 (4.2%) 
Revenue over two years $112,728,59

9 
$114,914,00

6 $2,185,407 (1.9%) 
Domain: Law enforcement  

Marijuana related     
Arrests 240 84 -156  (-65%) 
Convictions 159 57 -102 (-63.9%) 
Incarcerations 40 14 -26  (-65%) 
Parolees and probationers 122 43 -79 (-64.8%) 

Averted mortality due to traffic fatalitiesb 306 274 -32  (-10.6%) 
Employee training on cannabis impaired driving $0 $655,000 $655,000 (n.a.) 

Supplemental model  
Domain: Public health  

MassHealth prescription drug expenditures $459,769,13
5 

$452,684,07
3 -$7,085,063 (-1.5%) 

Substance abuse treatment admissions     
Cannabis 2,840 3,387 547 (19.2%) 
Opioid 3,956 3,498 -458 (-11.6%) 

Averted mortalityb     
Opioid-related deaths 1,990 1,633 -357 (-17.9%) 
Suicides, males age 20-29 76 67 -9  (-11.2%) 
Suicides, males age 30-39 77 68 -9 (-11.2%) 

Worker productivity     
 Full-time equivalent dispensary jobs 110 617 507 (461.0%) 
 Hourly earnings, males age 20-29 $15.60 $15.21 0 (-2.5%) 

Females age 50+ with a qualifying medical 
marijuana condition, employed full time 90,584 99,093 8,509 (9.4%) 

 Males age 50+ with a qualifying medical 
 marijuana condition, hours worked/week 41.7 43.8 2 (5%) 
Sources: Mathematica’s analysis of impacts of legalized adult use of marijuana in Massachusetts using 
estimates from the literature, key stakeholder interviews, and primary and secondary data sources. See 
Appendix C Table C.1 for data sources used to inform these estimates. 
 
Note: Baseline values are for Massachusetts fiscal year 2018 (before retail sales begin), while projected 
value are for fiscal year 2020 (the second year of retail sales). 
a Regular users are those who consume marijuana between 1 and 20 days per month; heavy users are 
those who consume marijuana 21 or more days per month (Kilmer et al., 2013). 
 
b These numbers are also used to estimate income tax revenue from averted mortality in the 
supplemental model. 
n.a. = not applicable. 
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Sensitivity Analyses for State-Level Models 

 

We conducted two analyses to examine the sensitivity of our results. The first involves 
the number of current marijuana users in Massachusetts. In our primary analysis, we 
used the NSDUH and BRFSS population surveys to establish a range (8.6% to 12.1%) 
for the prevalence of current marijuana use in Massachusetts. In a sensitivity analysis, 
we expanded the high end of the range to 20.1%, based on the MBHS Task 1 survey 
estimate. It is unclear why the estimate of use prevalence was substantially higher in 
the MBHS Task 1 survey than in existing population surveys. On the one hand, because 
the NSDUH and BRFSS surveys were conducted prior to adult use legalization, they 
may have underreported marijuana use, which is a recognized problem in surveys 
targeting illegal substance use (Harrison, Martin, Enev, & Harrington, 2007). Because 
the MBHS Task 1 survey was conducted after the referendum to legalize retail 
marijuana was passed in Massachusetts, it may have captured more honest reporting 
that captures true Massachusetts-specific consumption patterns. However, it should be 
noted that the rate of consumption reported in Colorado in the 2014–2015 NSDUH—
which was conducted after legalization—was still only 17%. On the other hand, because 
the MBHS Task 1 survey response rate was low (roughly 20% of individuals who were 
mailed a survey completed the survey), it is not clear how representative MBHS Task 1 
survey estimates are of the general adult population in Massachusetts and whether self-
reporting bias affected the estimates obtained. In our sensitivity check, we examined 
what effect using the MBHS Task 1 survey consumption estimate as the high end of the 
range had on our overall impact estimate.  
 
In our second sensitivity analysis, we set all impacts based on the medical marijuana 
literature to zero, given the possibility that these impacts might have already been 
realized when Massachusetts implemented the medical marijuana program.  In our 
primary analysis, we assume that the expansion from the medical marijuana to the adult 
use of marijuana regime will generate similar impacts as the expansion from no 
legalization to the medical marijuana regime. However, while far from conclusive, the 
limited evidence of the impacts from the expansion from medical to retail legalization 
are small or statistically insignificant (Dills, Goffard, & Miron, 2016, 2017). In this 
sensitivity analysis, we take the conservative view that there are no behavioral impacts 
generated from the shift from the medical to adult use regimes beyond consumers 
switching from the black market to legal retail market. In other words, we do not 
anticipate any impacts of adult use legalization on the likelihood or frequency of 
marijuana consumption, nor do we anticipate any impacts on public health outcomes 
explored in the supplemental model, such as alcohol or opioid consumption, or 
economic impacts from increased labor force participation of older adults. The results 
from this sensitivity analysis can therefore serve as a lower bound of the expected fiscal 
impact of marijuana legalization in Massachusetts. 
 
Local Analyses 

 

To estimate fiscal impacts to local governments, we projected the revenue that cities 
and towns would collect from local taxes imposed on retail marijuana sales during the 
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first two years of adult use legalization. Unlike our main model, the local model does not 
factor in costs associated with adult use legalization (such as increased training and law 
enforcement costs that are anticipated at the local level) because of the high level of 
uncertainty associated with these costs, coupled with a lack of local-level data to inform 
such estimates. To estimate revenue, we assumed a local tax rate of 3% (the maximum 
local tax) in all cities and towns with an RMD expected to open within the first two years 
of retail marijuana sales. We applied this rate to the projected number of marijuana 
purchases, calculated using the prevalence of current marijuana use assumed in our 
state-level models (defined to range from 8.6% to 12.1%, based on the NSDUH and 
BRFSS surveys), which was assumed to be consistent across all cities and towns. In a 
sensitivity analysis, we used local-level prevalence estimates that were informed by the 
MBHS Task 1 survey for cities and towns with at least 15 individuals surveyed. 
We assumed that marijuana users in cities and towns without a projected RMD would 
purchase marijuana from the nearest city or town with an RMD. Based on the locations 
of RMDs expected to open within the two-year study period, we expect that individuals 
in the majority of cities and towns (n = 337) will reside within 10 miles of an open RMD 
and that all individuals in Massachusetts will reside within 20 miles of an RMD. Finally, 
in the primary local analysis, we assumed that 50% to 80% of marijuana users would 
shift from purchasing their marijuana in the illicit market to purchasing from RMDs, 
based on information from the Washington State Institute of Public Policy (WSIPP) and 
a stakeholder interview. In a sensitivity analyses, we set the shift to 50% and 80% to 
examine the effect on the results.  
 
Results 
Main Model Impacts 

 

Our main model included changes in the following primary measures: sales tax revenue 
(from marijuana purchases among adults with regular and heavy use and among 
adolescents using marijuana purchased from RMDs); business income tax revenue 
from RMDs (which we estimated by applying an 8% business tax rate to our estimate of 
gross revenue, excluding business-related expenses); regulatory costs and revenue; 
and marijuana-related law enforcement activities (related to decreases in arrests, 
convictions, incarcerations, and parolees/probationers). Based on our main model, we 
estimate that marijuana legalization will result in a net two-year fiscal contribution of 
$215.8 million (Figure 1 and Table 3). The majority of this gain (70%, amounting to 
$150.3 million) will come from sales tax revenue, followed by RMD business tax 
revenue (28%, amounting to $60.1 million); about 2% will come from savings due to 
reduced law enforcement needs to police illegal marijuana use; and less than 1% will 
come from regulatory revenue—largely because we estimate that Massachusetts will 
spend about the same amount to regulate marijuana sales and production ($1.8 million) 
as it will receive in application fees and violation fines from marijuana dispensaries ($2.2 
million). Based on the probability distribution generate from the Monte Carlo simulation, 
we estimate a 95% confidence interval of $95.7 to $405.9 million around our main 
model impact estimate. 
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Sales tax revenue was driven largely by marijuana purchases anticipated by adults 
categorized as heavy users (we estimate these consumers are responsible for $89.8 
million of the $150.3 million expected in new sales tax revenue). Additional sales tax 
revenue comes from: adults categorized as regular marijuana users ($23.3 million); 
adolescents who consume marijuana that was purchased by adults from RMDs ($14.6 
million); tourist purchases ($14.4 million), which we assumed would comprise between 
7% and 12% of total tax revenue, based on estimates from Light et al. (2016) and 
Cooper et al. (2016); and new adult users ($7.7 million), whose use of marijuana begins 
after the commencement of retail sales. As a result of retail marijuana sales, we also 
forecast a $3.6 million reduction in sales tax revenue from beer sales over the study 
period. The majority of law enforcement savings are realized through reductions in law 
enforcement costs related to vehicular crashes that result in fatalities ($3.8 million) and 
in the number of marijuana-related incarcerations ($1.4 million).  

Supplemental Model Impacts 

 

Our supplemental model included changes in the following health-related measures 
estimated with less certainty: income tax revenue (mainly as a result of increases in 
worker productivity among adults age 50 or over, coupled with extra years of life due to 
averted mortality), decreased MassHealth spending on prescription drugs replaced with 
marijuana, decreased spending on opioid addiction treatment, increased spending on 
cannabis addiction treatment, and state-level savings due to averted deaths. With 
respect to averted deaths, the evidence from the medical marijuana literature suggests 
a decrease in traffic fatalities (Anderson, Hansen, & Rees, 2013; Santaella-Tenorio, 
Mauro, Wall, Kim, & Martins, 2017), which would decrease legal costs to the state, 
along with a decrease in suicides among males ages 20 to 39 (Anderson, Rees, & 
Sabia, 2014), which would decrease state spending on related medical costs. 
Adding these measures to our main model increased our projected budgetary gain by 
$65.3 million, and yielded a total impact estimate of $281.1 million (Table 3). Across all 
domains, estimated changes in sales and business tax revenue represent 
approximately 75% of all economic and fiscal impacts, while revenue and savings as a 
result of public health effects account for an additional 23%; regulatory oversight and 
law enforcement fiscal impacts together constitute less than 5% of estimated impacts. 
The 95% confidence interval around the secondary model impact estimate was $98.4 
million to $528.3 million. 
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When we examine projected revenue or savings (without factoring in projected costs or 
losses), the single largest contributor is sales tax revenue for marijuana purchases at 
RMDs by heavy adult users, followed by marijuana-related business income tax 
revenue (Appendix C Figure C.1). We also estimate substantial income tax revenue 
from gains in worker productivity ($54.4 million). In particular, we project growth in hours 
worked among men over age 50 ($46.7 million) and in full-time employment among 
women over age 50 ($20.9 million) who have a debilitating medical condition (such as 
chronic back pain or depression) that is well-controlled with marijuana. Retail marijuana 
legalization is estimated to reduce mortality from suicides, vehicular crashes, and 
opioid-related deaths; together, these could increase income tax revenue by $1.1 million 
and reduce state public health spending by $0.7 million. 
 
When we look at costs or losses (data not shown), we project that a reduction in 
average hourly earnings as a result of marijuana addiction or dependence will reduce 
state income tax revenue by $12.5 million. We also estimate a loss of $3.6 million in 
alcohol sales taxes because of substitution effects (whereby individuals purchase 
marijuana in lieu of alcohol). The estimated impact on state spending for substance 
abuse treatment is minimal, composed of reduced spending on opioid addiction 
treatment ($1.0 million) that is offset by increased spending on cannabis addiction 
treatment ($1.1 million).  
 
Figure 1. Estimated Two-Year Impacts of Legalizing Adult Use of Marijuana 

Sources: Mathematica’s analysis of impacts of legalized adult use of marijuana in 
Massachusetts using estimates from the literature, key stakeholder interviews, and primary and 
secondary data sources. See Appendix C Table C.1 for data sources used to inform these 
estimates. 
 
Note: Each model sums the estimated changes in revenue or savings and the estimated costs 
or losses associated with the domains in the legend. Changes were projected within the first two 
years of retail sales, and include start-up costs associated with migrating from a medical 
marijuana program to a broader adult use marijuana program. Percentages sum to more than 
100% due to rounding. 
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Table 3. Estimated Two-Year Impacts by Model and Domain 
 

Model Estimated net gain in 
revenue  

Range (95% confidence 
interval) 

Main model $215,750,686  $95,740,066 – 
$405,904,207     Sales and business tax 

revenue 
$210,431,454  

 Sales tax revenue $150,308,182  
 Business income tax 
revenue 

$60,123,273  
    Law enforcement $5,055,969  
    Regulatory oversight $406,463  
Supplemental model $281,054,592 $98,400,908 – 

$528,286,861     Public health $65,303,906  $2,660,843 – $122,382,655 
 Individual income tax 
revenue 

$57,400,988  
 State spending on 
medical costs 

$7,764,492  
 
Sources: Mathematica’s analysis of impacts of legalized adult use of marijuana in Massachusetts using 
estimates from the literature, key stakeholder interviews, and primary and secondary data sources. See 
Appendix C Table C.1 for data sources used to inform these estimates. 
 
Note: The sum across domains may not equal the overall estimate because of random variation in the 
simulations. The range is based on the 95% confidence interval around the model estimate.  
 
Sensitivity of Impacts 
 
In our first sensitivity analysis, in which we increased the upper end of the range of 
plausible values for prevalence of current marijuana use to include the MBHS Task 1 
survey estimate, our main model impact estimate increased by 38% (from $215.8 
million to $298.8 million), and our supplemental model estimate increased by 29% (from 
$281.1 million to $364.1 million). In our second sensitivity analysis, in which we adjusted 
all impacts derived from the medical marijuana literature to zero, our main model 
estimate decreased by only 8% (to $143.9 million), but our supplemental model 
estimate (which included a number of public health measures informed by the medical 
marijuana literature) decreased by 28% (to $201.4 million). 

Local Impacts 

 

In Figure 2, we show our estimated two-year local tax revenue, assuming a 3% local tax 
rate, along with information on the projected number of RMDs expected per city or town. 
With some exceptions, local tax revenue is generally higher on the coast and lower in 
the western part of the state. In Table 4, we summarize estimated local tax revenue by 
city or town density, defined using the methodology of Pozzi and Small (2005) as rural 
(≤ 100 people/km2); suburban low, medium, and high density (100–500 people/km2, 
500–1,000 people/km2, and 1,000–10,000 people/km2, respectively); and urban (> 
10,000 people/km2). As expected, revenue is highest in dense regions, though there is 
considerable fluctuation in tax revenue projections among the 51 high-density suburban 
cities and towns (see Appendix C Table C.3 for detailed results). Both sets of results are 
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restricted to the 83 cities and towns in which an RMD is expected to be open within the 
first two years of retail marijuana sales.  
 
In Appendix C Figure C.2, Table C.2, and Table C.3, we show how local revenue 
estimates would change if RMDs were open in all cities and towns across 
Massachusetts, such that marijuana users would no longer travel to nearby cities or 
towns to purchase marijuana.  For some of the 83 cities and towns included in the 
primary analysis—particularly those that will be more isolated from other RMDs in the 
state—local tax revenue estimates dropped dramatically (for example, from about 
$992,000 in Burlington to about $108,000).  
 
In the sensitivity analysis in which we used local-level marijuana use prevalence 
estimates that were informed by the MBHS Task 1 survey (which were available mostly 
for urban and high-density suburban cities and towns), our estimate of local tax revenue 
increased by 215% for urban cities (to almost $1.3 million) and by 20% for high-density 
suburban cities (to about $288,000). And in the sensitivity analysis in which we specified 
that the percentage shift in marijuana purchases from the illicit market to RMDs would 
be exactly 50% or 80% (instead of 65%, which we derived for the primary analysis 
based on the range of 50% to 80%), our median revenue estimates decreased and 
increased, respectively, by 18% for all density categories.  
 
Figure 2. Estimated Two-Year Local Tax Revenue by City or Town with a 
Registered Marijuana Dispensary 
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Sources: Mathematica’s analysis of impacts of legalized adult use of marijuana in Massachusetts using 
estimates from the literature, key stakeholder interviews, and primary and secondary data sources. See 
Appendix C Table C.1 for data sources used to inform these estimates. 
Note: The figure includes estimates only for cities and towns in which a marijuana dispensary is projected 
to be open within the first two years of marijuana retail sales; no rural areas (< 100 people/km2) are 
expected to have open dispensaries. Appendix C Table C.2 provides estimates assuming RMDs are 
open in all Massachusetts cities and towns within the first two years of legalization. See Appendix C 
Table C.3 for estimates by city or town. 
 
Table 4. Estimated Two-Year Local Tax Revenue by Density Category 
 

City or Town Type Number 
of  
Cities or 
Towns 

Two-Year Local Tax Revenue 
Median Minimum  Maximum 

Suburban, low density (100–500 
people/km2) 

6 $72,835  $60,801  $144,385  
Suburban, medium density (501–
1,000 people/km2) 

10 $63,272  $20,872  $170,209  
Suburban, high density (1,001–10,000 
people/km2) 

51 $243,144  $68,139  $991,873  
Urban (> 10,000 people/km2) 16 $582,899  $233,498  $2,875,048  
 
Sources: Mathematica’s analysis of impacts of legalized adult use of marijuana in Massachusetts using 
estimates from the literature, key stakeholder interviews, and primary and secondary data sources. See 
Appendix C Table C.1 for data sources used to inform these estimates. 
Note: The table includes only cities and towns in which a marijuana dispensary is projected to be open 
within the first two years of marijuana retail sales; no rural areas (< 100 people/km2) are expected to have 
open dispensaries. Appendix C Table C.2 provides estimates assuming RMDs are open in all 
Massachusetts cities and towns within the first two years of legalization. See Appendix C Table C.3 for 
estimates by city or town. 
 
Discussion 
 

We estimate that the legalization of adult use of marijuana will result in an increase of 
approximately $215.8 million to the Massachusetts state budget over the first two years 
of retail sales, largely as a result of sales and excise taxes collected on retail marijuana 
purchases. Although our model includes fiscal impacts of legalization due to a number 
of domains, most are miniscule compared to increases expected from sales and 
business tax revenue. The increase will largely be a result of retail purchases made by 
adults with heavy use—defined as consuming marijuana an average of 21 days or more 
each month. New business income tax revenue from marijuana dispensaries will also 
be a major contributor, as will increases in income tax revenue (primarily due to 
increased worker productivity among adults over age 50 who are able to control 
debilitating medical ailments with marijuana).  When we included measures calculated 
with less certainty (because of either a lack of data or an uncertain time frame within 
which impacts could occur), we estimate that the state may see an additional $65.3 
million added to its budget. This increase would mainly come from added individual 
income tax revenue from worker productivity gains in older adults able to control serious 
ailments with marijuana. 
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Our estimate of tax revenue is heavily influenced by assumptions about the number of 
current marijuana users in Massachusetts. Because previous population surveys (used 
to inform our main model estimates) yielded a lower estimate of prevalence of use than 
the MBHS Task 1 survey, our main model estimate may be conservative. However, 
because we assumed that changes seen when moving from medical marijuana sales to 
retail marijuana sales could be as high as moving from no legal marijuana sales to 
medical marijuana sales, our fiscal estimates could also be somewhat higher than may 
be realized. 
 
A strength of our analytic approach is that the Monte Carlo simulation factors the 
uncertainty of inputs into the model estimates; that is, we were able to incorporate 
plausible ranges of values for inputs to not overstate their certainty. The combination of 
uncertain inputs leads to substantial uncertainty in the estimated impact of adult use 
legalization on the state budget, as indicated by the wide confidence interval around the 
estimate. As more studies are published on the impacts of adult use legalization, the 
ranges of estimates from the literature will be better defined and our impact estimates 
will become more precise.  
 
The results of our model should be interpreted in the context of Massachusetts-specific 
information, such as the proposed regulatory framework, tax regime, and existing 
medical marijuana program. Below, we provide additional details on the assumptions 
and implications of our approach with respect to the four domains included in our 
analysis: sales tax revenue, regulatory oversight, law enforcement, and public health. 
We also compare how our estimate of the fiscal impact of adult use of marijuana 
legalization compares with previous impact estimates (generated from the 
Massachusetts Department of Revenue [DOR] and in other states with legalized use) 
and discuss limitations of our approach.  
 

Sales Tax Revenue  
 

We project fiscal impacts within a two-year window starting at the commencement of 
retail marijuana sales, but it is important to note that the revenue generated is heavily 
weighted toward the tail end of the two-year period. Indeed, in other states that have 
implemented retail marijuana sales for at least two years (Colorado, Washington, and 
Oregon), 66% to 77% of sales tax revenue collected within the first two years was 
generated in the second year (Colorado DOR, 2018; Oregon DOR, n.d.; Washington 
State LCB, n.d.), and the data suggest that sales tax revenues are likely to increase 
substantially after consumers, suppliers, and regulators adjust to the new regime.27 
Based on data from these states, we assumed that about 70% of the two-year estimate 
of sales tax revenue would be collected from Massachusetts RMDs in the second year 
of sales. This translates to an estimated $61.6 million collected in the first year and 

                                                           
27 Alaska collected less tax revenue from legal marijuana in its second year of sales than in its first. 
However, Alaska differs from other states that have legalized marijuana—including Massachusetts—in 
many respects, including the fact that they tax marijuana by plant weight, rather than through a tax rate 
applied to retail sales (http://tax.alaska.gov/programs/programs/reports/Annual.aspx?60000&Year=2017). 
Therefore, we excluded Alaska when reviewing the experiences of states that allow marijuana sales. 

http://tax.alaska.gov/programs/programs/reports/Annual.aspx?60000&Year=2017
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$154.2 million in the second year of retail sales. It is important to note we cannot claim 
with certainty that spending on marijuana represents new spending rather than a shift 
from other recreational options like spending on alcohol. Similarly, income tax revenue 
from new dispensary jobs may represent transfers from other industries. As a result, it is 
possible that some amount of tax revenue generated by legalization may be offset by a 
reduction in tax revenue elsewhere.  
 
Our methodology for estimating change in tax revenue attributable to marijuana 
legalization differs from other models in two major respects. First, we did not factor in 
changes in the price of marijuana over time because it is particularly difficult to know the 
rate at which prices will change within the first two years of legalization (Hunt & Pacula, 
2017). Instead, we estimated a single, average price of marijuana during the study 
period based on crowd-sourced data and data from RMDs. We also did not link 
marijuana prices to sales volumes—that is, examine the price elasticity of demand—
because doing so compounds this uncertainty.28 Instead, we estimated changes in 
demand using marijuana use quantities derived from the literature and MBHS Task 1 
survey results, coupled with changes in use behavior derived from the growing body of 
evidence from states that have legalized marijuana use. 
 
Second, we did not account for expected increases in revenue related to the 
establishment and growth of the broader marijuana industry. Several previous studies 
attempted to quantify these macroeconomic impacts, with mixed results; one study 
concluded that previous analyses underestimate or overestimate impacts by up to 300% 
(Light, Orens, Rowberry, & Saloga, 2016). However, it is likely that the development of a 
novel industry will generate some amount of tax revenues from businesses that grow, 
manufacture, or test marijuana and stimulate growth among traditional businesses that 
supply or interact with this new market. 
 
Our model also assumed a steady growth rate in medical marijuana patients (based on 
current growth trajectories) that would be unchanged after retail sales begin. Because 
medical marijuana is untaxed in Massachusetts, it may be more attractive to new 
marijuana consumers once retail sales begin. Accordingly, it is possible that the 
initiation of retail sales could actually increase the rate of growth in medical marijuana 
use. However, we did not model this scenario. 
 
Whenever possible, we benchmarked our estimates against other sources. For 
example, we found that the median price per gram of dried flower marijuana ($13.70) 
based on crowdsourced data for Massachusetts was nearly identical to the median 
price per gram sold by RMDs for medical use ($13.30). Also, based on stakeholder 
interviews, we estimated that the price of marijuana during the two-year study period will 
be roughly 75% of the current price. The prices also align with data from other sources, 
which suggest that post-legalization prices in other states have fallen roughly 20% per 
year (Committee on Foreign Affairs and International Trade, 2018). Finally, data on 

                                                           
28 This approach is similar to the one used by Cooper, Johnston, & Segal (2016) to model the economic 
impact of marijuana sales in California. 
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marijuana use frequency from the MBHS Task 1 survey align with data from the 2015–
2016 NSDUH survey of Massachusetts residents in that both suggest that 
approximately two-thirds of current marijuana users are “regular” users based on their 
use frequency being between 1 and 20 days per month, and the remaining one-third are 
“heavy” users based on a use frequency of 21 or more days per month. The sources 
also indicate that regular users average 7 use days per month, and heavy users 
average approximately 29 use days per month. 
 
Estimates of the average amount of marijuana consumed per day of use among current 
marijuana users were inconsistent between the MBHS Task 1 survey and the literature. 
To estimate dollars spent per day of marijuana use, we derived dollars spend in the past 
month on the average number of days marijuana was used in the past month –both of 
which were estimated using the MBHS Task 1 survey. We then divided this by the 
average price per gram of marijuana to estimate the average number of grams used per 
day. Our calculations yielded an average daily use of: 0.17 grams consumed by regular 
users and 0.32 grams consumed by heavy users. By contrast, estimates from Kilmer et 
al. (2013) were much higher: 0.67 grams and 1.6 grams, respectively. One explanation 
for the difference is that marijuana potency may have increased between 2013 and 
2017, such that consuming fewer grams now achieves the same effect as in 2013. 
Another possibility is that our estimate of the price per gram of marijuana was 
inaccurate. Our estimate combines information on black market and RMD pricing. If 
MBHS Task 1 survey respondents paid less per gram than we estimated, this would 
then result in higher estimates that may be more in line with Kilmer et al. (2013). To 
account for the uncertainty in average marijuana grams consumed each day of use, we 
varied the model estimate for use between the MBHS Task 1 survey estimate and the 
estimate from Kilmer et al. (2013). 
 
Regulatory Oversight 
 

Our model suggests that within the first two years of retail sales, the cost of regulatory 
oversight will be offset by revenue generated from application fees and fines collected 
by the CCC. However, our analyses of regulatory costs incurred by other states that 
have legalized retail sales show a great deal of variability in the cost of regulating 
marijuana, even after accounting for differences in population size and number of 
RMDs. In Washington (which has approximately 100 marijuana dispensaries29), we 
estimated total regulatory costs to be $52,638 per dispensary per year, whereas in 
Colorado (which has approximately 371 marijuana dispensaries30), the corresponding 
estimate was $31,945. There are, however, notable differences in regulatory operations 
between states. For example, following legalization of adult use of marijuana in 
Washington in 2012, the state did not create a new regulatory agency but rather 
incorporated cannabis regulation under the state’s LCB. Given that Massachusetts will 
have a separate regulatory body—the CCC—rather than incorporating cannabis 
regulation under the state’s LCB, Massachusetts may incur additional costs not included 

                                                           
29 Based on data from https://www.marijuanadoctors.com/medical-marijuana-dispensaries/WA. 
30 Based on data from https://www.colorado.gov/pacific/enforcement/med-licensed-facilities. 

https://www.marijuanadoctors.com/medical-marijuana-dispensaries/WA
https://www.colorado.gov/pacific/enforcement/med-licensed-facilities
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in the estimates from Washington. Additionally, at the time of legalizing retail marijuana, 
Washington did not have a robust medical marijuana law or medical dispensaries prior 
to the legalization of adult use of marijuana (even though medical marijuana had been 
legal in Washington since 1998).31 Medical marijuana became more formally regulated 
in Washington in 2015, requiring a second wave of regulatory work to incorporate 
medical use under the LCB.  
 
Data from Washington show that 55% of regulatory costs incurred within the first two 
years of legalization were associated with rulemaking, licensure, and enforcement; 
spending on health and social service programs accounting for another 38% of costs. In 
Washington, these costs totaled $105,250 per year after start-up, whereas in Colorado, 
the cost ranged from $164,634 to $172,031 per year. In our model, we considered as 
regulatory costs any recurring law enforcement activities at the state and local level, 
including employee blood testing for individuals suspected of driving under the influence 
as well as administrative, legal, and judicial costs associated with suspended or revoked 
licenses. We estimated these costs by translating the range of estimates from 
Washington and Colorado to Massachusetts on a per capita basis.  
 
Because of a lack of data, we did not attempt to factor regulatory costs at the local level 
into our model. We learned through a stakeholder interview that local governments in 
Washington struggled to keep up with ongoing regulatory changes, which required 
several staff dedicated to monitoring these changes. Although local governments 
initially absorbed start-up costs required to regulate businesses locally, eventually the 
fees they collected on licenses ended up covering the costs of regulating businesses 
locally. Based on information from the CCC,32 we anticipate that the Marijuana 
Regulation Fund that the CCC establishes could cover much of the costs of education 
and prevention as well as municipal police training. The expert we interviewed also 
indicated that the main factor differentiating local regulatory costs in Washington, from 
one city to another, is whether the city focuses on marijuana production or on retail 
sales. For producers (which are largely located in rural areas), primary costs involve 
odor and environmental issues surrounding waste disposal and wastewater. For 
retailers (which are more concentrated in urban areas), age compliance and traceability 
have been major sources of concern that have added costs. Also, rural towns—which 
were more likely to ban marijuana retail sales—incurred costs associated with lawsuits 
by businesses wanting to open an RMD. 
 

Law Enforcement 
 

Our modest projected reductions of law enforcement costs reflect a two-thirds decrease 
in marijuana arrests in the years preceding legalization of retail sales.33 Because few 

                                                           
31https://www.doh.wa.gov/YouandYourFamily/Marijuana/MedicalMarijuana/LawsandRules/HistoryinWashi
ngton. 
32 https://malegislature.gov/Laws/GeneralLaws/PartI/TitleXV/Chapter94G/Section14. 
33 According to data supplied to the authors by the Massachusetts Department of Corrections, the number 
of cases charged with a marijuana governing offense declined from 975 in 2010 to 336 in 2014. 

https://www.doh.wa.gov/YouandYourFamily/Marijuana/MedicalMarijuana/LawsandRules/HistoryinWashington
https://www.doh.wa.gov/YouandYourFamily/Marijuana/MedicalMarijuana/LawsandRules/HistoryinWashington
https://malegislature.gov/Laws/GeneralLaws/PartI/TitleXV/Chapter94G/Section14
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people currently enter the criminal justice system for marijuana offenses, further 
decreases in incarcerations will have little effect on statewide expenditures. However, 
this estimate is subject to a few limitations. First, it is difficult to obtain reliable data on 
individuals charged with marijuana offenses who are also charged with other, more 
serious crimes. It is possible that sentence lengths assigned to this group will be 
reduced when marijuana sales are legally permitted, further reducing costs. Second, 
some law enforcement officials in Massachusetts and elsewhere are skeptical of 
findings that marijuana legalization reduces vehicular crashes and express concern 
about increases in the incidence of driving under the influence of marijuana (Migoya, 
2017; stakeholder interview). If these concerns are borne out, traffic fatalities will 
represent an increase rather than a decrease in expenditures. Also, there may be other 
benefits that manifest from reducing the proportion of the population incarcerated for 
marijuana-related crimes. However, such benefits are challenging to quantify, given a 
lack of evidence, and they may take longer than two years to be realized. 
 
With respect to impaired driving, our model included an estimated decrease in motor 
vehicle fatalities attributed to adult use of marijuana legalization. There is some 
evidence of increases in THC blood concentrations among drivers after adult use 
legalization that could also contribute to increases in non-fatal motor vehicle crashes. 
For example, a report from Washington that analyzed trends over time before and after 
adult use of marijuana legalization found that the proportion of drivers testing positive 
for THC was fairly constant before and immediately after adult use legalization took 
effect, but that beginning approximately 9 months after adult use legalization took effect, 
the proportion began to increase substantially at a rate of 9.7% per year (Tefft, Arnold, 
& Grabowski, 2016). In addition, the law enforcement communities in Colorado and 
Washington have expressed anecdotal concerns that marijuana is increasing both fatal- 
and non-fatal motor vehicle crashes (Migoya, 2017). Because these studies did not 
meet our causal evidence guidelines, we did not include estimates from them in our 
model.  
 
Finally, although our model factored in a start-up cost of $655,000 in Massachusetts 
(based on stakeholder input) for Drug Recognition Expert and Advanced Roadside 
Impaired Driving Enforcement officer training, data from Washington indicate that the 
costs could be much higher. The Washington State Patrol spent $2.1 million on 
employee training on cannabis impaired driving, which accounts for 77% of the increase 
in law enforcement costs attributed to marijuana legalization within the first five years. 
Additional costs may be incurred for driving campaigns and other public safety 
messaging. 
 
Public Health 
 

Our supplemental model added projected fiscal impacts due to public health impacts of 
legalizing adult use of marijuana. We estimate that revenue and savings related to 
public health impacts will account for about 23% of the total budgetary gains projected 
because of legalization, based on our supplemental model. The added budgetary gain 
in our supplemental model mainly comes from projected increases in worker 
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productivity (which would generate increases in individual income tax revenue) among 
older adults with debilitating medical conditions that are well controlled with marijuana 
(Nicholas & Maclean, 2016). We assumed that these productivity gains would be fully 
realized within the first two years of retail sales; if they span longer than two years, 
model estimates would need to be proportionally reduced. We also suspect that some 
of the productivity gains projected may have already been realized by the medical 
marijuana population. However, when we adjusted the population to which we applied 
the impact estimate (by subtracting out older medical marijuana patients, based on data 
from MDPH), our impact estimate decreased by only 8% for older women and 4% for 
older men. 
 
Other public health savings (for example, due to reduced spending by the state on the 
MassHealth program to cover prescription drugs for fee-for-service beneficiaries) are 
expected to account for only 3% of the supplemental model estimate. Decreases in 
Medicaid prescription drug spending, estimated by Bradford and Bradford (2017), were 
based on treatment for medical conditions that medical marijuana is used to treat, 
including depression and psychosis. That is, we project that some individuals will use 
marijuana in lieu of prescription medications to treat these conditions. Because of a lack 
of information on how spending might change because of marijuana legalization, our 
model did not account for changes in spending associated with inpatient, outpatient, or 
emergency treatment—it was limited to prescription spending alone.  It is also important 
to note that our model projects impacts only out to two years, and that the health effects 
associated with marijuana use could have a much longer latency, possibly taking 
decades before the full extent of benefits or harms would be seen.  
 
Projected savings of roughly $980,000 due to decreases in opioid addiction treatment 
were offset by projected spending amounting to $1.1 million due to increases in 
cannabis addiction treatment. For both sets of costs, we focused only on the costs of 
treatment admissions incurred by the state. However, many individuals with drug 
addiction or dependence do not seek treatment; instead, costs incurred by the state 
government for these individuals may be related to costs associated with overdoses and 
emergency room visits. Because of a lack of data, we did not incorporate non-treatment 
costs related to addiction/dependence in our model. Likewise, when we factored in the 
measure related to reductions in opioid-related deaths into our model, we only 
accounted for increases in income tax revenue. We did not account for reductions in 
other costs that may be incurred for opioid-related deaths, such as the cost of 
ambulatory treatment (which is covered by MassHealth) or mortuary costs (which are 
expected to be relatively small, given a $1,500 cap on MassHealth coverage for these 
costs). 
 
In our model, expected decreases in suicides among males age 20 to 39 accounted for 
less than 1% of expected public health savings. Although there have been anecdotal 
concerns that legalization of adult use of marijuana has led to an increase in suicides in 
Colorado and Washington, neither the literature nor state-level data we examined reflect 
this measure. For example, the most recent Colorado Violent Death Reporting System 
report noted an increase in the suicide rate in 2014 and 2015, although there were no 
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statistically significant changes observed during this time period (Jamison, Mintz, 
Herndon, & Bol, 2017). Using data from this report, we calculated the change in suicide 
rate from the three-year period before legalization (2011–2013) to the two year-period 
after legalization (2014–2015) and noted a 6.25% increase in suicides over this time 
period. However, given that the report itself found that these changes were not 
statistically significant, we did not include them in our model.  
 
Comparison with Previous Estimates  

Our model included estimates of sales tax revenue as well as revenues and costs 
realized in other domains. Although there are no comparable estimates of projected 
revenues and costs related to business and income tax revenue, public health, and 
criminal justice costs, we discuss below the differences between our estimates of 
projected sales tax revenue and estimates from other states and from the DOR for 
Massachusetts. 
 
Our estimate of taxable retail marijuana sales was $748.7 million ($224.6 million in the 
first year and $524.1 million in the second). The second year estimate amounts to $745 
per adult user, which is similar to second year estimates from Oregon ($675) and 
Washington ($818) but is substantially lower than the second year estimate for 
Colorado ($1,128).34 Differences across the states could be attributed to any or all of the 
following: 
 
 Differences in the speed at which the programs are fully implemented. Because it 

takes new dispensaries one to two years to be fully operational in Massachusetts, 
retail marijuana sales may be limited at first, particularly in areas without RMDs. 
However, the fact that Massachusetts has a well-established medical marijuana 
program (unlike Washington at the time of retail marijuana legalization) and can 
learn from the experiences of other states with legalized use could hasten 
implementation of the adult use program.  

 Differences in tourist sales volumes. Marijuana purchases by tourists to Colorado 
may have been substantially higher in the first two years of legalized adult use than 
they will be in Massachusetts. Colorado was the first state to implement an adult 
use program, and even now most of its bordering states do not have medical 
marijuana programs. By contrast, Massachusetts borders two other states that have 
legalized adult marijuana use (Vermont and Maine), and all its bordering states 
have medical marijuana programs.  

                                                           
34 For comparability with retail sales estimates in Massachusetts and in Oregon (calculated by dividing 
revenue estimates from http://www.oregon.gov/DOR/programs/gov-research/Pages/research-
marijuana.aspx by the 17% tax rate), we converted total sales revenue (which included medical plus retail 
sales) in Colorado (https://www.colorado.gov/pacific/revenue/colorado-marijuana-sales-reports) and 
Washington (Washington State LCB dashboard, n.d.) to retail sales revenue by subtracting the 
percentage of revenue due to medical sales, which we assumed would be equal to the percentage of total 
marijuana users 
(https://www.samhsa.gov/data/sites/default/files/NSDUHsaeSpecificStates2016A/NSDUHsaeSpecificStat
es2016.htm) that are medical users (https://www.mpp.org/issues/medical-marijuana/state-by-state-
medical-marijuana-laws/medical-marijuana-patient-numbers/). 

http://www.oregon.gov/DOR/programs/gov-research/Pages/research-marijuana.aspx
http://www.oregon.gov/DOR/programs/gov-research/Pages/research-marijuana.aspx
https://www.colorado.gov/pacific/revenue/colorado-marijuana-sales-reports
https://www.samhsa.gov/data/sites/default/files/NSDUHsaeSpecificStates2016A/NSDUHsaeSpecificStates2016.htm
https://www.samhsa.gov/data/sites/default/files/NSDUHsaeSpecificStates2016A/NSDUHsaeSpecificStates2016.htm
https://www.mpp.org/issues/medical-marijuana/state-by-state-medical-marijuana-laws/medical-marijuana-patient-numbers/
https://www.mpp.org/issues/medical-marijuana/state-by-state-medical-marijuana-laws/medical-marijuana-patient-numbers/
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 Differences in tax rates. The 17% sales plus excise tax rate in Massachusetts is 
lower than the rate of almost 30% in Colorado, and much lower than the rate of 44% 
in Washington. As a result, more of the total demand in Massachusetts could be 
met by RMDs, as opposed to the illicit market, resulting in higher sales volumes per 
user compared with other states. 

 

Our estimate of projected revenue collected through the maximum 20% tax rate in 
Massachusetts (assuming a maximum local tax of 3%) is substantially lower than 
estimates produced by the Massachusetts DOR. We estimate that the state will collect 
almost $105 million in tax revenue from $524 million in sales; the DOR report projects 
roughly $205 million in revenue from $1.1 billion in sales, after adjusting to the increase 
from a 12% to a 20% tax rate (Joint Committee on Marijuana Policy, 2017).35,36 
However, the difference is reduced by roughly one-third when we compare the DOR 
estimate to the estimate from our sensitivity analysis that uses the Task 1 survey’s 
estimate of prevalence of current marijuana use.  
 
The difference between our estimate and the DOR estimate is primarily due to the DOR 
applying per capita sales estimates from the third year of legalized use in Colorado and 
Washington (which saw nearly 50% and 70% increases between years two and three, 
respectively) to the second year of legalization in Massachusetts, believing that 
Massachusetts will have a shorter implementation period because the state has the 
benefit of learning from the experiences in Colorado and Washington. If Massachusetts 
second-year sales approach third-year levels from those other states, our model may 
underestimate this component of the fiscal impacts of legalization. However, as noted 
above, the speed at which dispensaries are approved to begin retail sales across the 
state could limit the extent to which the state is able to ramp up sales. In 
Massachusetts, we project that the revenue in the second year will more than double 
the first year’s revenue. For comparison, the second year’s revenue nearly doubled in 
Colorado and nearly tripled in Washington compared to the first year.  
 

Limitations 
 
Our models exclude a number of potential impacts of adult use of marijuana legalization 
that do not have supporting casual evidence to link the impact to marijuana laws and 
policies. For example, we do not have sufficient information on the impacts of 
legalization on a number of public health outcomes, including spending related to 

                                                           
35 The Massachusetts DOR estimates $128 million of tax revenue collected on $1.07 billion in taxable 
sales based on a 12% total tax rate (including sales, excise, and local taxes). In a sensitivity analysis, 
they estimate $237 million of tax revenue collected on $1.018 billion in sales assuming a total tax rate of 
23.25%. Based on these estimates, we calculate that the DOR estimate would be roughly $205 million in 
tax revenue with a total tax rate of 20%. 
36 The Massachusetts DOR report cites two reports with estimates that were lower than its own – a Tax 
Foundation Report (estimating $747 million in taxable sales based on a 15% tax rate) and a study by the 
Massachusetts Special Senate Committee on Marijuana (estimating $500 million in taxable sales) – and a 
third report with an estimate that was similar to their own (a study by ArcView Market Research estimating 
$1.07 billion in taxable sales in 2020). 
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emergency room or urgent care visits and the prevalence of low birth weight, obesity, 
tobacco use or nicotine dependence, and non-fatal vehicular crashes. We also did not 
include changes in spending related to poison control center costs because the 
changes were estimated to be quite small. It is possible that adult use of marijuana 
legalization could lead to changes in marijuana consumption that would in turn affect 
these and other public health outcomes. Finally, we did not factor in potential spending 
related to increases in energy or water use related to marijuana growth and production. 
Second, because literature on adult use of marijuana is sparse, our model estimates 
rely mainly on the medical marijuana literature. That is, we assumed that changes 
observed when migrating from no legal marijuana to medical marijuana would be similar 
to changes observed when migrating from medical marijuana to adult use of marijuana. 
Ideally, causal impacts taken from the literature would reflect the impacts of shifting 
from a medical marijuana market to a market that includes medical and broader adult 
use of marijuana. The limited studies on adult use of marijuana legalization have not 
found statistically significant impacts from the expansion of medical marijuana to 
broader adult use. However, a recently published study provides additional evidence 
that supports our strategy to use medical marijuana impact estimates. Powell, Pacula, & 
Jacobson (2015) found that the relationship between medical marijuana laws and the 
reduction in opioid deaths is influenced by the type of medical marijuana laws that 
states implemented. They found that opioid deaths decreased only in states in which 
marijuana dispensaries were easily available to patients. In Massachusetts, the medical 
marijuana program is more tightly regulated than in other states, and the state has 
fewer legal medical marijuana patients per 1,000 people than many other states that 
have legalized medical marijuana. Moreover, the number of qualifying conditions for 
medical marijuana use in Massachusetts is fewer than those in other states and does 
not include chronic pain, which is a qualifying condition in 13 of the states that have 
legalized medical marijuana (ProcCon, 2017). Therefore, the impact of marijuana 
legalization in Massachusetts may not be fully realized prior to adult use legalization, 
and the impact of medical marijuana policies in states with more liberal guidelines may 
provide insight into the expected impact of adult use legalization in Massachusetts. 
A third potential limitation of our model is that we assumed that each input metric acts 
independently of other metrics; therefore, we did not account for the correlations 
between metrics in our model. It is analytically feasible to incorporate relationships 
between metrics into the impact estimates, for example, by factoring in the price 
elasticity of demand to see how marijuana use changes as pricing changes. 
 
Finally, it is not clear whether the impacts projected from our model will sustain beyond 
the two-year time frame. Most of the impacts in our model can be considered one-time 
(but not necessarily immediate) shifts as a result of legalization. For example, we may 
not expect marijuana-related arrests to further decrease beyond the two-year time 
frame, nor do we expect the start-up costs of establishing the regulatory framework to 
persist. However, impacts on consumption and associated public health outcomes may 
take longer to realize because they depend on market prices, the accessibility of 
dispensaries, and other factors that are associated with a high degree of uncertainty.  
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Directions for Future Research 
 

The MBHS provides a valuable baseline understanding of the impacts of legalization in 
Massachusetts and serves as a benchmark to improve the implementation of marijuana 
legalization in other states. In this report, we synthesize information from a number of 
sources to provide projections that serve as a reference to compare to the actual 
experience in Massachusetts as the program unfolds. Such a comparison can be used 
to better understand the factors driving the fiscal impacts of adult use of marijuana and 
to project future impacts beyond the first two years of legalization. Our analysis should 
also help the state and localities anticipate what resources may be needed to roll out 
the adult use program. 
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MASSACHUSETTS DEPARTMENT 
OF PUBLIC HEALTH 

 
MARIJUANA BASELINE HEALTH STUDY 

 
MEDICAL USE OF MARIJUANA PATIENT SURVEY 

 
 
  
 
 
 
 

 
Dear Participant,  
 
Thank you for taking the time to complete this survey on medical use of marijuana. 
 
The purpose of this survey is to better understand the patterns of use and perceptions 
among medical use of marijuana patients in Massachusetts. The information you 
provide will help to inform the safe use and implementation of marijuana legalization in 
Massachusetts. This survey will ask questions about your use of marijuana and other 
substances. There is a small risk that some of the questions may make you feel 
uncomfortable.  
 
Filling out this survey is completely voluntary. You do not have to answer any question 
you do not want to. You can stop this survey at any time. Choosing to not participate in 
this survey will not affect your access to marijuana or any other related service.  
 
All information that you provide is confidential. You will be asked to provide your unique 
Registration Number that is visible on your Program ID card to complete the survey. 
You will not be asked to provide your name or any other identifying information. Your 
responses will not be tied back to you in a way that can be identified. Your name or any 
other identifying information will not be tied to your responses. 
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This research study has been reviewed by the Massachusetts Department of Public 
Health (MDPH) Institutional Review Board (IRB). The Commissioner of the 
Massachusetts Department of Public Health has approved this study in accordance with 
Massachusetts General Law c. 111 s. 24A. This law protects the confidentiality of all 
information collected for this study. This law states that the information we collect is not 
available as a public record. It may not be used as evidence in any legal proceedings. 
This means that individually identifying information about you will not be shared with 
anyone outside the study team. It will not be used for any purpose other than for this 
study.  
 
This survey will include questions on the following topics:  
 
Basic information about you (your age, your racial identity, and what county you live in) 
Your current and past experiences regarding the use of marijuana for medical purposes 
Your current and past experiences using other drugs 
 
This survey should take between 20-30 minutes to complete. 
 
There are no direct benefits to all participants as a result of participating in this survey. 
However, as an incentive for your participation, you will be asked at the end of this 
survey if you would like to be entered into a drawing to win a gift card worth $100, $250, 
or $500. If you would like to participate, your identifier will be entered into a pool with 
other participants for the chance to win a gift card. If your identifier is chosen as a 
winner you will be contacted through email to receive your gift.  
 
If you have any questions about this survey, please contact Dr. Marc A. 
Nascarella, Principal Investigator, at (617) 624-5757 or at MBHS@state.ma.us. 
 
For more information about your rights as a research participant, please contact 
the MDPH IRB at (617) 624-5621. 
 
Thank you again for your time today.
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Demographics 
 
1. What is your age? 
18 to 25 
26 to 35 
36 to 50 
51 to 64 
65+ 
 
2. What is your gender? 
Male 
Female 
Other, please specify: ___________* 
Refuse to answer 
 
3. Are you currently pregnant? 
Yes 
No 
Don’t Know/Not sure 
Refuse to Answer 
 
4. Are you currently breastfeeding? 
Yes 
No 
Don't know/Not sure 
Refuse to answer 
 
5. Are you Hispanic or Latino? 
Yes 
No 
Don't know/Not sure 
Refuse to answer 
 
6. What is your race? Please select all that apply. 
White or Caucasian 
Black or African American 
Asian 
Native Hawaiian or Other Pacific Islander 
American Indian or Alaska Native 
Other, please specify: ___________* 
Don't know/Not sure 
Refuse to answer 
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7. What is the highest grade or year of school you have completed?  
Never attended school or only attended kindergarten 
Grades 1-8 
Grades 9-11 
Regular high school diploma or GED 
Trade school certificate/diploma 
Some college credit, but less than one year of college credit 
One or more years of college credit, no degree 
Associate degree 
Bachelor's degree 
Master's degree 
Professional degree beyond a Bachelor's degree 
Professional degree beyond a Master’s degree 
Doctoral degree 
 
8. What is your annual household income from all sources? 
Less than $15,000 
$15,000 to $24,999 
$25,000 to $39,999 
$40,000 to $59,999 
$60,000 to $74,999 
$75,000 to $99,999 
$100,000 to $149,999 
$150,000 to $199,999 
$200,000 or more 
Don’t know/Not sure 
Refuse to answer 
 
9. What is the county where you currently live? 
Barnstable 
Berkshire 
Bristol 
Dukes 
Essex 
Franklin 
Hampden 
Hampshire 
Middlesex 
Nantucket 
Norfolk 
Plymouth 
Suffolk 
Worcester 
Don't know/Not sure 
Refuse to answer 
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10. Do you currently identify as having an ambulatory disability that limits your 
ability to be mobile?* 

Yes, I have an ambulatory disability 
No, I do not have an ambulatory disability 
Don't know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use 
 
11. During the past 30 days, on how many days did you use marijuana or 

marijuana products?  
Number of days (1-30): ___________* 
None (0 days) – Skip to Q53 
Don't know/Not sure 
Refuse to answer 
 
12. During the past 30 days, which of the following purpose(s) did you use 

marijuana or marijuana products for and on how many days? Please select all 
that apply.  

Recreational use (Non-medical, e.g., to get high). Number of days (1-30): _____ 
Medical use certified by a qualified practitioner. Number of days (1-30): _____ 
Medical use NOT certified by a qualified practitioner. Number of days (1-30): _____ 
Don't know/Not sure 
Refuse to answer 
 
If you do not use marijuana or marijuana products for medical use (certified or not 
certified), then skip to Q15. 
If you are not taking this survey with a computer or tablet, then skip to Q14.  
 
13. If you use marijuana for medical purposes, please indicate which medical 

condition(s) you use marijuana or marijuana products for. Please select all 
that apply. 

ADHD 
Alcohol Dependency 
Anxiety 
Arthritis 
Asthma 
Bipolar Disorder 
Bowel Distress 
Cancer 
Carpal Tunnel 
Chronic Pain 
Crohn’s Disease 
Depression 
Diabetes 
Fibromyalgia 
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Glaucoma 
Headaches/Migraines 
Hepatitis C 
HIV/AIDS 
Huntington’s Disease 
Hypertension 
Insomnia 
Loss of Appetite 
Multiple Sclerosis 
Muscle Spasms 
Muscular Dystrophy 
Nausea 
Neuropathy 
OCD 
Opioid Use 
Osteoarthritis 
PTSD 
Schizophrenia 
Seizures 
Skin Conditions 
Sleep Apnea 
Stress 
Tourette’s Syndrome 
Tremors 
Vomiting 
Wasting 
Weight Loss 
Other, please specify: ________________* 
Don't know/Not sure 
Refuse to answer 
 
If you are not taking this survey with a smartphone, then skip to Q15. 
14. If you use marijuana for medical purposes, please indicate which medical 

condition(s) you use marijuana or marijuana products for. Please select all 
that apply. 

ADHD 
Alcohol Dependency 
Anxiety 
Arthritis 
Asthma 
Bipolar Disorder 
Bowel Distress 
Cancer 
Carpal Tunnel 
Chronic Pain 
Crohn’s Disease 
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Depression 
Diabetes 
Fibromyalgia 
Glaucoma 
Headaches/Migraines 
Hepatitis C 
HIV/AIDS 
Huntington’s Disease 
Hypertension 
Insomnia 
Loss of Appetite 
Multiple Sclerosis 
Muscle Spasms 
Muscular Dystrophy 
Nausea 
Neuropathy 
OCD 
Opioid Use 
Osteoarthritis 
PTSD 
Schizophrenia 
Seizures 
Skin Conditions 
Sleep Apnea 
Stress 
Tourette’s Syndrome 
Tremors 
Vomiting 
Wasting 
Weight Loss 
Other, please specify: ________________* 
Don't know/Not sure 
Refuse to answer 
 
15. Do you typically use marijuana or marijuana products that are higher in THC 

(delta-9-tetrahydrocannabinol), higher in CBD (cannabidiol), or that contain 
somewhat equal amounts of THC and CBD?  

Higher in THC 
Higher in CBD 
Contain somewhat equal amounts of THC and CBD 
Don’t know/Not sure 
Refuse to answer 
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If you are not taking this survey with a computer or tablet, then skip to Q17.  
16. What method(s) of marijuana administration have you used (one time or more) 

in the past 30 days? Please select all that apply. 
Smoked dried flower 

 
Vaporized dried flower 

 
Vaporized concentrate (cartridge/vape oil) 

 
Dabbed marijuana products (butane hash oil, wax, shatter, etc.) 

 
Ate marijuana products (brownies, cakes, cookies, etc.) 

 
Drank marijuana infused products (tea, cola, alcohol, etc.) 

 
Used sublingual (under the tongue) or orally administered uptake products (dissolvable 
strips, sublingual sprays, oils, tinctures, medicated lozenges, etc.) 

 
Used oral capsules/tablets 

 
 
Applied topical cannabis oil, ointment, lotion, cream, salve, etc. to your skin 
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Used rectal/vaginal cannabis suppositories 

 
Other 

 
 
If you are not taking this survey with a smartphone, then skip to Q18. 
17. What method(s) of marijuana administration have you used (one time or more) 

in the past 30 days? Please select all that apply. 
Smoked dried flower 

 
Vaporized dried flower 

 
Vaporized concentrate (cartridge/vape oil) 

 
Dabbed marijuana products (butane hash oil, wax, shatter, etc.) 

 
Ate marijuana products (brownies, cakes, cookies, etc.) 

 
 
Drank marijuana infused products (tea, cola, alcohol, etc.) 

 



 

285 
 

Used sublingual (under the tongue) or orally administered uptake products (dissolvable 
strips, sublingual sprays, oils, tinctures, medicated lozenges, etc.) 

 
Used oral capsules/tablets 

 
Applied topical cannabis oil, ointment, lotion, cream, salve, etc. to your skin 

 
Used rectal/vaginal cannabis suppositories 

 
Other 

 
 
 
If you are do not administer marijuana or marijuana products in and “Other” way, 
skip to Q19. 
18. Please specify the "Other" form marijuana administration you have used (one 

time or more) in the past 30 days. 
       __________________ 
 
Marijuana and Marijuana Product Use  
If you have not “Smoked dried flower” in the past 30 days, skip to Q22.  
 
19. How frequently did you smoke dried flower in a joint, bong, pipe, blunt, etc. in 

the past 30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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If you are not taking this survey with a computer or tablet, then skip to Q21.  
 
20. How much dried flower did you smoke in the past 30 days? Below is a visual 

guide for dried flower quantities. 

 
Less than 1 gram 
1 to 3 grams 
1/8 ounce (or about 3.5 grams) 
1/4 ounce (or about 7.0 grams) 
1/2 ounce (or about 14.2 grams) 
3/4 ounce (or about 21.3 grams) 
1 ounce (or about 28.4 grams) 
More than 1 ounce (more than 28.4 grams), please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
If you are not taking this survey with a smartphone, then skip to Q22. 
 
21. How much dried flower did you smoke in the past 30 days? Below is a visual 

guide for dried flower quantities. 

 
Less than 1 gram 
1 to 3 grams 
1/8 ounce (or about 3.5 grams) 
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1/4 ounce (or about 7.0 grams) 
1/2 ounce (or about 14.2 grams) 
3/4 ounce (or about 21.3 grams) 
1 ounce (or about 28.4 grams) 
More than 1 ounce (more than 28.4 grams), please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 

 
Marijuana and Marijuana Product Use  
If you have not “Vaporized dried flower” in the past 30 days, skip to Q25.  

 
22. How frequently did you vaporize dried flower in an e-cigarette-like vaporizer in 

the past 30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
 
If you are not taking this survey with a computer or tablet, then skip to Q24.  
23. How much dried flower did you vaporize in the past 30 days? Below is a visual 

guide for dried flower quantities. 

 
Less than 1 gram 
1 to 3 grams 
1/8 ounce (or about 3.5 grams) 
1/4 ounce (or about 7.0 grams) 
1/2 ounce (or about 14.2 grams) 
3/4 ounce (or about 21.3 grams) 
1 ounce (or about 28.4 grams) 
More than 1 ounce (more than 28.4 grams), please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
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If you are not taking this survey with a smartphone, then skip to Q25. 
24. How much dried flower did you vaporize in the past 30 days? Below is a visual 

guide for dried flower quantities. 

 
Less than 1 gram 
1 to 3 grams 
1/8 ounce (or about 3.5 grams) 
1/4 ounce (or about 7.0 grams) 
1/2 ounce (or about 14.2 grams) 
3/4 ounce (or about 21.3 grams) 
1 ounce (or about 28.4 grams) 
More than 1 ounce (more than 28.4 grams), please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
If you have not “Vaporized marijuana concentrate” in the past 30 days, skip to 
Q28. 
 
25. How frequently did you vaporize marijuana concentrate (cartridge/vape oil) in 

an e-cigarette-like or other vaporizer in the past 30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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26. How much THC did you administer in total in the past 30 days by vaporizing 
concentrate/vape oil? 

None in the past 30 days 
Less than 10 mg THC 
10 to 30 mg THC 
30 to 70 mg THC 
70 to 100 mg THC 
100 to 150 mg THC 
150 to 200 mg THC 
200 to 300 mg THC 
More than 300 mg THC, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
27. How much CBD did you administer in total in the past 30 days by vaporizing 

concentrate/vape oil? 
None in the past 30 days 
Less than 10 mg CBD 
10 to 30 mg CBD 
30 to 70 mg CBD 
70 to 100 mg CBD 
100 to 150 mg CBD 
150 to 200 mg CBD 
200 to 300 mg CBD 
More than 300 mg CBD, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
If you have not “Dabbed marijuana products” in the past 30 days, skip to Q31. 
 
28. How frequently did you dab marijuana products (butane hash oil, wax, shatter, 

or other concentrates) in the past 30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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29. How much THC did you administer in total in the past 30 days by dabbing 
butane hash oil, wax, shatter, or other concentrates? 

None in the past 30 days 
Less than 10 mg THC 
10 to 30 mg THC 
30 to 70 mg THC 
70 to 100 mg THC 
100 to 150 mg THC 
150 to 200 mg THC 
200 to 300 mg THC 
More than 300 mg THC, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
30. How much CBD did you administer in total in the past 30 days by dabbing 

butane hash oil, wax, shatter, or other concentrates? 
None in the past 30 days 
Less than 10 mg CBD 
10 to 30 mg CBD 
30 to 70 mg CBD 
70 to 100 mg CBD 
100 to 150 mg CBD 
150 to 200 mg CBD 
200 to 300 mg CBD 
More than 300 mg CBD, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
If you have not “Ate marijuana or marijuana products” in the past 30 days, skip to 
Q34. 
 
31. How frequently did you eat marijuana or marijuana products in brownies, 

cakes, cookies, candy, etc. in the past 30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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32. How much THC did you administer in total in the past 30 days by eating 
marijuana products (brownies, cakes, cookies, candy, etc.)? 

None in the past 30 days 
Less than 10 mg THC 
10 to 30 mg THC 
30 to 70 mg THC 
70 to 100 mg THC 
100 to 150 mg THC 
150 to 200 mg THC 
200 to 300 mg THC 
More than 300 mg THC, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
33. How much CBD did you administer in total in the past 30 days by eating 

marijuana products (brownies, cakes, cookies, candy, etc.)? 
None in the past 30 days 
Less than 10 mg CBD 
10 to 30 mg CBD 
30 to 70 mg CBD 
70 to 100 mg CBD 
100 to 150 mg CBD 
150 to 200 mg CBD 
200 to 300 mg CBD 
More than 300 mg CBD, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
If you have not “Drank marijuana infused products” in the past 30 days, skip to 
Q37. 
 
34. How frequently did you drink marijuana infused products in tea, cola, alcohol, 

etc. in the past 30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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35. How much THC did you administer in total in the past 30 days by drinking 
marijuana infused products (tea, cola, alcohol, etc.)? 

None in the past 30 days 
Less than 10 mg THC 
10 to 30 mg THC 
30 to 70 mg THC 
70 to 100 mg THC 
100 to 150 mg THC 
150 to 200 mg THC 
200 to 300 mg THC 
More than 300 mg THC, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
36. How much CBD did you administer in total in the past 30 days by drinking 

marijuana infused products (tea, cola, alcohol, etc.)? 
None in the past 30 days 
Less than 10 mg CBD 
10 to 30 mg CBD 
30 to 70 mg CBD 
70 to 100 mg CBD 
100 to 150 mg CBD 
150 to 200 mg CBD 
200 to 300 mg CBD 
More than 300 mg CBD, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
If you have not “Used sublingual (under-the-tongue) or orally administered 
uptake products” in the past 30 days, skip to Q40. 
 
37. How frequently did you use sublingual (under-the-tongue) or orally 

administered uptake products (dissolvable strips, sublingual sprays, oils, 
tinctures, medicated lozenges, etc.) in the past 30 days? 

Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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38. How much THC did you administer in total in the past 30 days by using 
sublingual (under-the-tongue) or orally administered uptake products 
(dissolvable strips, sublingual sprays, tinctures, medicated lozenges, etc.)? 

None in the past 30 days 
Less than 10 mg THC 
10 to 30 mg THC 
30 to 70 mg THC 
70 to 100 mg THC 
100 to 150 mg THC 
150 to 200 mg THC 
200 to 300 mg THC 
More than 300 mg THC, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
39. How much CBD did you administer in total in the past 30 days by using 

sublingual (under-the-tongue) or orally administered uptake products 
(dissolvable strips, sublingual sprays, tinctures, medicated lozenges, etc.)? 

None in the past 30 days 
Less than 10 mg CBD 
10 to 30 mg CBD 
30 to 70 mg CBD 
70 to 100 mg CBD 
100 to 150 mg CBD 
150 to 200 mg CBD 
200 to 300 mg CBD 
More than 300 mg CBD, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
If you have not “Used oral capsules/tablets” in the past 30 days, skip to Q43. 
 
40. How frequently did you use oral capsules/tablets (THC and/or CBD pills) in the 

past 30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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41. How much THC did you administer in total in the past 30 days by using oral 
capsules/tablets? 

None in the past 30 days 
Less than 10 mg THC 
10 to 30 mg THC 
30 to 70 mg THC 
70 to 100 mg THC 
100 to 150 mg THC 
150 to 200 mg THC 
200 to 300 mg THC 
More than 300 mg THC, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
42. How much CBD did you administer in total in the past 30 days by using oral 

capsules/tablets? 
None in the past 30 days 
Less than 10 mg CBD 
10 to 30 mg CBD 
30 to 70 mg CBD 
70 to 100 mg CBD 
100 to 150 mg CBD 
150 to 200 mg CBD 
200 to 300 mg CBD 
More than 300 mg CBD, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
If you have not “Applied topical cannabis oil, ointment, lotion, salve, etc.” in the 
past 30 days, skip to Q46. 
 
43. How frequently did you apply topical cannabis oil, ointment, lotion, salve, etc. 

to your skin in the past 30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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44. How much THC did you administer in total in the past 30 days by applying 
topical cannabis oil, ointment, lotion, salve, etc. to your skin? 

None in the past 30 days 
Less than 10 mg THC 
10 to 30 mg THC 
30 to 70 mg THC 
70 to 100 mg THC 
100 to 150 mg THC 
150 to 200 mg THC 
200 to 300 mg THC 
More than 300 mg THC, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
45. How much CBD did you administer in total in the past 30 days by applying 

topical cannabis oil, ointment, lotion, salve, etc. to your skin? 
None in the past 30 days 
Less than 10 mg CBD 
10 to 30 mg CBD 
30 to 70 mg CBD 
70 to 100 mg CBD 
100 to 150 mg CBD 
150 to 200 mg CBD 
200 to 300 mg CBD 
More than 300 mg CBD, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
If you have not “Used rectal/vaginal cannabis suppositories” in the past 30 days, 
skip to Q49. 
 
46. How frequently did you use rectal/vaginal cannabis suppositories in the past 

30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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47. How much THC did you administer in total in the past 30 days by using 
rectal/vaginal cannabis suppositories? 

None in the past 30 days 
Less than 10 mg THC 
10 to 30 mg THC 
30 to 70 mg THC 
70 to 100 mg THC 
100 to 150 mg THC 
150 to 200 mg THC 
200 to 300 mg THC 
More than 300 mg THC, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
48. How much CBD did you administer in total in the past 30 days by using 

rectal/vaginal cannabis suppositories? 
None in the past 30 days 
Less than 10 mg CBD 
10 to 30 mg CBD 
30 to 70 mg CBD 
70 to 100 mg CBD 
100 to 150 mg CBD 
150 to 200 mg CBD 
200 to 300 mg CBD 
More than 300 mg CBD, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
If you have not “Use marijuana or marijuana products in some other way” in the 
past 30 days, skip to Q52. 
 
49. How many times did you use marijuana or marijuana products in some other 

way (Q18 value) in the past 30 days? 
Once in the past 30 days 
2-3 times in the past 30 days 
Once per week 
2-3 times per week 
4-6 times per week 
Once per day 
Several times per day 
Don’t know/Not sure 
Refuse to answer 
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50. How much THC did you administer in total in the past 30 days by some other 
way (Q18 value)? 

None in the past 30 days 
Less than 10 mg THC 
10 to 30 mg THC 
30 to 70 mg THC 
70 to 100 mg THC 
100 to 150 mg THC 
150 to 200 mg THC 
200 to 300 mg THC 
More than 300 mg THC, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
51. How much CBD did you administer in total in the past 30 days by some other 

way (Q18 value)? 
None in the past 30 days 
Less than 10 mg CBD 
10 to 30 mg CBD 
30 to 70 mg CBD 
70 to 100 mg CBD 
100 to 150 mg CBD 
150 to 200 mg CBD 
200 to 300 mg CBD 
More than 300 mg CBD, please specify: ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Marijuana and Marijuana Product Use  
 
52. During the past 30 days, about how much money did you spend on marijuana 

or marijuana products in total? Please enter zero if you spent no money on 
marijuana or marijuana products. 

$: ___________* 
Don't know/Not sure 
Refuse to answer 
 
Perceptions of Medical Use of Marijuana  
 
53. How long have you been using marijuana or marijuana products for medical 

purposes? 
0 – 3 months 
3 – 6 months 
6 – 12 months 
1 – 3 years 
Greater than 3 years, please specify: ___________* 
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54. When you buy medical marijuana at a licensed dispensary, how do you feel 

about your personal safety? 
Very unsafe 
Somewhat unsafe 
Somewhat safe 
Very safe 
Don’t know/Not sure 
Refuse to answer 
 
55. When selecting a marijuana product for your medical use, how would you rate 

your current knowledge of the recommended product based on information 
provided by your certified practitioner? 

Very low 
Somewhat low 
Average 
Somewhat high 
Very high 
Don’t know/Not sure 
Refuse to answer 
56. When purchasing marijuana or marijuana products at a licensed dispensary, 

how confident do you feel that you are receiving a safe, uncontaminated 
product? 

Very low confidence 
Low confidence 
Average confidence 
Somewhat high confidence 
Very high confidence 
Don’t know/Not sure 
Refuse to answer 
 
57. How effective do you feel marijuana or marijuana products have been in 

treating the medical condition for which you are using it?  
Not effective at all 
A little effective 
Somewhat effective 
Effective 
Very Effective 
Don’t know/Not sure 
Refuse to answer 
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Driving and Other Issues Related to Marijuana Use 
 
58. Do you operate a motor vehicle at least once a week?* 
Yes 
No 
Don't know/Not sure 
Refuse to answer 
 
59. During the past 30 days, how many times did you drive/operate a car or other 

motor vehicle when you were under the influence of (impaired from) marijuana 
or marijuana products? 

0 times 
1 time 
2-3 times 
4-5 times 
6 or more times 
Don't know/Not sure 
Refuse to answer 
 
60. During the past 30 days, how many times did you ride as a passenger in a car 

or other motor vehicle when the driver was under the influence of (impaired 
from) marijuana or marijuana products? 

0 times 
1 time 
2-3 times 
4-5 times 
6 or more times 
Don't know/Not sure 
Refuse to answer 
 
61. During the past 30 days, how many times were you treated in an emergency 

room or urgent care facility for any reason related to marijuana or marijuana 
product use? 

Number of times: ___________* 
No emergency/urgent care related to marijuana or marijuana product use in the past 30 
days 
Don't know/Not sure 
Refuse to answer 
 
If you have used marijuana or marijuana products for less than 6 months, skip to 
Q65. 
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62. In the past 12 months, have you needed to consume larger amounts of 
marijuana or marijuana products in order to feel the same effects?  

Yes 
No 
Don't know/Not sure 
Not applicable (has used marijuana less than 12 months) 
Refuse to answer 
 
63. In the past 12 months, have you tried to cut down on your marijuana or 

marijuana product use? 
Yes 
No – Skip to Q65 
Don't know/Not sure – Skip to Q65 
Not applicable (has used marijuana less than 12 months) – Skip to Q65 
Refuse to answer – Skip to Q65 
 
64. In the past 12 months, have you felt sick or had withdrawal symptoms 

because you stopped or cut down on your marijuana or marijuana product 
use? 

Yes 
No 
Don't know/Not sure 
Not applicable (has used marijuana less than 12 months) 
Refuse to answer 
 
65. Have you noticed any of the following negative outcomes/consequences 

related to your marijuana use? Please select all that apply. 
Negative changes in mood or mental health (worse depression, anxiety, etc.) 
Reduction in physical health (you feel worse, can do fewer things, etc.) 
Negative changes in cognition (difficultly thinking, remembering things, etc.) 
Negative changes in social relationships 
Occupation/job-related issues 
Other, please specify: ___________* 
No negative outcomes/consequences 
Don’t know/Not sure 
Refuse to answer 
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66. Have you noticed any of the following positive outcomes/consequences 
related to your marijuana use? Please select all that apply. 

Positive changes in mood or mental health (depression or anxiety is better, etc.) 
Improved physical health (you feel better, can do more, etc.) 
Positive changes in cognition (easier time thinking, better at remembering things, etc.) 
Positive changes in social relationships 
Other, please specify: ___________* 
No positive outcomes/consequences 
Don’t know/Not sure 
Refuse to answer 
 
Alcohol Consumption 
 
67. During the past 30 days, how many days did you have at least one drink of any 

alcoholic beverage such as beer, wine, a malt beverage or liquor? One drink is 
equivalent to a 12-ounce beer, a 5-ounce glass of wine, or a drink with one 
shot of liquor. 

Number of days (1-30): ___________* 
No drinks of alcohol in the past 30 days 
Don't know/Not sure 
Refuse to answer 
 
68. During the past 30 days, about how much money did you spend on alcohol in 

total? Please enter zero if you spent no money on alcohol. We define 
expenditures on alcohol as the total amount spent on the alcohol consumed in 
the past 30 days and not alcohol purchased for other purposes like gifts or 
storage. 

$:  ___________* 
Don't know/Not sure 
Refuse to answer 
 
If you have not had at least one drink of any alcoholic beverage in the past 30 days, 
skip to Q70.  
69. During the past 30 days, how many times did you drive/operate a car or other 

motor vehicle while you were under the influence of alcohol? We define 
vehicle as a motorized vehicle, like a car, truck, SUV, or motorcycle driven on 
a public roadway. 

0 times 
1 time 
2-3 times 
4-5 times 
6 or more times 
Don't know/Not sure 
Refuse to answer 
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70. During the past 30 days, how many times did you ride as a passenger in a car 
or other motor vehicle when the driver was under the influence of alcohol?  

0 times 
1 time 
2-3 times 
4-5 times 
6 or more times 
Don't know/Not sure 
Refuse to answer 
 
71. During the past 30 days, how many times were you treated in an emergency 

room or urgent care facility for any reason related to alcohol use?  
Number of times: ___________* 
No emergency/urgent care related to alcohol use in the past 30 days 
Don't know/Not sure 
Refuse to answer 
 
Non-Medical Use of Prescription Drugs and Other Substances 
 
72. During the past 30 days, did you use any of the following drugs for non-

medical purposes (e.g., to get “high”)? Please select all that apply.  
Cocaine or Crack 
Heroin 
Antianxiety drugs such as (Sedatives/Tranquilizers/Anxiolytics) 
Sleeping drugs such as (Benzodiazepines, Barbiturates) 
Prescription opioids such as Oxycodone/OxyContin, Hydrocodone/Vicodin, Morphine, 
Methadone, Fentanyl 
Other, please specify: ___________* 
None of these – Skip to Q74 
Don’t know/Not sure – Skip to Q74 
Refuse to answer – Skip to Q74 
 
73. During the past 30 days, on how many days did you use any of the drug(s) 

listed as answer choices above? 
Number of days (1-30): ___________* 
Don't know/Not sure 
Refuse to answer 
 
74. Since beginning to use marijuana, have you cut down or stopped using any 

other prescription drugs, over the counter medications, or other substances? 
Yes, please specify the substance(s) that were reduced or stopped: ___________* 
No 
Don't know/Not sure 
Refuse to answer 
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75. During the past 30 days, about how much money did you spend on drugs, 
either prescription drugs or other substances, in total? Please enter zero if 
you spent no money on other drugs. We define expenditures on other drugs 
as the total amount spent on the drug(s) listed above that were consumed in 
the past 30 days and non prescription drugs or other drugs purchased for 
other purposes like gifts or storage. 

$: ___________* 
Don't know/Not sure 
Refuse to answer 
 
If you have not used drugs in Q72 for non-medical purposes, skip to Q77. 
76. During the past 30 days, how many times did you drive/operate a car or other 

motor vehicle when you were unr the influence of any of the drug(s) indicated 
above? 

0 times 
1 time 
2-3 times 
4-5 times 
6 or more times 
Don't know/Not sure 
Refuse to answer 
 
77. During the past 30 days, how many times did you ride as a passenger in a car 

or other motor vehicle when the driver was under the influence of any of the 
drug(s) indicated above? 

0 times 
1 time 
2-3 times 
4-5 times 
6 or more times 
Don't know/Not sure 
Refuse to answer 
 
If you have not used drugs in Q72 for non-medical purposes, skip to Q79. 
78. During the past 12 months, how many times were you treated in an emergency 

room or urgent care facility for any reason related to use of the drug(s) 
indicated above? 

Number of times: ___________* 
No emergency/urgent care treatment related to use of drugs indicated above in the past 
12 months 
Don't know/Not sure 
Refuse to answer 
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Combination of Substances 
 
79. During the past 30 days, on how many days did you use a combination of 

alcohol, marijuana, or other drugs, either prescription drugs or other 
substances? 

Number of days (1-30): ___________* 
None (0 days) – Skip to Q81 
Don't know/Not sure – Skip to Q81 
Refuse to answer – Skip to Q81 
 
80. During the past 30 days, did you drive/operate a car or other vehicle when you 

were under the influence of (impaired from) any combination of alcohol, 
marijuana, or other drugs?  For each option that you selected 'Yes', please 
also indicate the number of days in the past 30 days that you drove/operated a 
car or other vehicle when you were under the influence of the specified 
substances.   

No 
Yes, alcohol and marijuana. Number of days (1-30): ___________* 
Yes, alcohol and other drugs. Number of days (1-30): ___________* 
Yes, marijuana and other drugs. Number of days (1-30): ___________* 
Yes, alcohol, marijuana, and other drugs. Number of days (1-30): ___________* 
Don’t know/Not sure 
Refuse to answer 
 
Health Study 
 
If you have an ambulatory disability and do not operate a motor vehicle at least 
once a week, skip to Q82. 
81. Would you be interested in learning more about participating in a health study 

assessing marijuana levels in the bodies of medical use of marijuana 
patients? 

Yes (A member from our study team may contact you) 
No 
 
Random Prize Drawing 
 
82. Would you like to be entered into a random prize drawing to win a gift card 

worth $100, $250, or $500 for your participation in this survey? 
Yes (We will notify you by email if you are a winner) 
No 
 
Thank You! 
 
You have reached the end of this survey. Thank you for your participation! If you 
have any questions about this survey, please call Dr. Marc A. Nascarella, 
Principal Investigator, at (617) 624-5757.  
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Table C.1. Model Inputs and Data Sources 

Input Metric 
Estimate or 

Range Data Source 
Domain: Sales and Business Tax Revenue 

Marijuana Consumption by MA Residents   
Number of residents in MA   

Adolescent 970,444 2015 ACS 
Adult 4,991,000 2015 ACS 

Percentage of MA residents with current marijuana 
use 

  

Adolescent 8.7–24.0 2015 YHS, 2015 YRBSS,  
2015–2016 NSDUH 

Post-legalization percentage change (5)–4.5 Anderson, Hansen, & Rees 
(2015); Choo et al. (2014); Hasin 
et al. (2015); Wen, Hockenberry, 
& Cummings (2015); Dills et al. 

(2017) 
Percentage purchasing from RMDs  0–60 Friese, Grube, & Moore (2013), 

authors’ assumption 
Adult 8.6–12.1 2015 BRFSS, 2015 NSDUH 

Post-legalization percentage change 15.9–16.6 Hasin et al. (2017); Wen et al. 
(2015) 

Percentage shift from illicit to legal market 50–80 Stakeholder interview 
   
Number of use days in past month, among users   

Regular users (1-20 use days per month) 7.26 Task 1 survey 
Heavy users (21+ use days per month) 29.16 Task 1 survey 

 Percentage change in marijuana use days 12–17 Wen, Hockenberry, & 
Cummings (2014) 

Percentage of users 
Regular users (1–20 use days per month) 
Heavy users (21+ use days per month) 

 
67.94 
32.06 

 
Task 1 survey 
Task 1 survey 

Grams of marijuana consumed each day of use   
Regular users (1-20 use days per month) 0.17–0.67 MBHS Task 1 survey,  

Kilmer et al. (2013) 
Heavy users (21+ use days per month) 0.32–1.6 MBHS Task 1 survey,  

Kilmer et al. (2013) 
Number of medical marijuana users 53872  
   
Current price of marijuana $13.3–$13.7 RMD, Price of Weed, Budzu, 

Dispensary Sheets 
Post-legalization percentage change (50)–0 Stakeholder interview, WA State 

LCB (n.d.) 
Tax rate 6.25% sales 

10.75% 
excise 

0-3% local 

 

Marijuana Consumption by Tourists   
Percentage of tax revenue generated from tourists 7–12 Light et al. (2016);  

Cooper et al. (2016) 
Business tax rate on gross revenue 0.08 MA DOR 
Beer Consumption   
Tax revenue from beer 72,830,435 Russell et al. (2017),  

Wide Open Eats (2017) 
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Input Metric 
Estimate or 

Range Data Source 
 Post-legalization percentage change in sales (9.21–0.59) Anderson, Hansen, & Rees 

(2013) 
Domain: Regulatory Oversight 

State Regulatory and Law Enforcement   
Costs $1,778,944 WSIPP, CCC 
Revenue $2,185,407 WSIPP, CCC 

Domain: Law Enforcement 
Misdemeanor Arrests   

Unit cost $1,188 Aos, Phipps, Barnoski, & Lieb 
(2001) 

Numbera 240 Stakeholder interview 
Post-legalization percentage change (50–80) WSIPP, stakeholder interview 

Misdemeanor Convictions   
Unit cost $522 Aos et al. (2001) 
Numbera 159 Stakeholder interview 

 Post-legalization percentage change (50–80) WSIPP, stakeholder interview 
Incarcerations   

Average annual cost of incarceration $53,041 Aos et al. (2011) 
Numbera 40 Stakeholder interview 

Post-legalization percentage change (50–80) WSIPP, stakeholder interview 
Supervised Release (Parolees/Probationers)   

Average annual cost of parole $4,180 Aos et al. (2011) 
Numbera 122 Stakeholder interview 

Post-legalization percentage change (50–80) WSIPP, stakeholder interview 
Traffic Fatalities   

Cost of cannabis impaired training $655,000 Stakeholder interview 
Legal cost per crash involving fatalities $115,989 Blincoe, Miller, Zaloshnja, & 

Lawrence (2015) 
Number 306 2015 FARS 

Post-legalization percentage change (11.4–9.8) Anderson, Hansen, & Rees 
(2013);  

Santaella-Tenorio et al. (2017) 
Domain: Public Health 

Medicaid prescription drug spending $459,769,135 Bradford and Bradford (2017) 
Post-legalization percentage change (1.09–1.99) Bradford and Bradford (2017) 

Cannabis abuse or dependence   
Cost of treatment to the state $2,086 Stakeholder interview 
Treatment admissions 2,840 2016 TEDS 

 Post-legalization percentage change  10–27.2 Chu (2015); Wen et al. (2015); 
Hasin et al. (2017); Darnell & 

Bitney (2017) 
Opioid abuse or dependence   

Cost of treatment to the state $1,039–
$4,221 

Stakeholder interview, Birnbaum 
et al. (2011), 2011 TEDS 

Treatment admissions 3,956 2016 TEDS 
Post-legalization percentage change (45.81)–22.47 Powell et al. (2015) 

Averted Mortality   
Opioid-related mortality   

Number of overdose deaths 1,990 MPDH 
Post-legalization percentage change (18.00)–

(17.90) 
Powell et al. (2015); Bachhuber, 
Saloner, Cunningham, & Barry 

(2014) 
    Average income $60,840 2015 ACS 
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Input Metric 
Estimate or 

Range Data Source 
Suicides   

Cost of a suicide to the state $39,887 Shepard, Gurewich, Lwin, Reed, 
& Silverman (2015) 

    Number of suicides, males age 20–29 76 2015 CDC Vital Statistics 
Post-legalization percentage change (18.8)–(3.8) Anderson, Rees, & Sabia (2014) 

Average income, males age 20–29 $24,228 2015 ACS 
Number of suicides, males age 30–39 77 2015 CDC Vital Statistics 

Post-legalization percentage change (17.5)–(2.4) Anderson, Rees, & Sabia (2014) 
     Average income, males age 30–39 $56,913 2015 ACS 
Traffic fatalities see Law Enforcement section above 
   Average income see Opioid-related mortality above 
Worker Productivity   
Number of recreational dispensaries 123 MDPH estimate 
Average salary for minimum wage full-time 
employeesa,b 

$22,000 $11/hr, 40 hrs/wk, 50 wks/yr 

Income tax rate 0.05 MA DOR 
Number of FTEs at minimum wage per dispensary     

previously unemployed or working in illicit marketb 
0-10 Authors’ assumption 

Hourly earnings, employed males age 20–29   
Population total 340,203 2015 ACS 
Average hourly earnings $15.6 2015 ACS 

 Post-legalization absolute change ($4.85)–
($0.42) 

Sabia and Nguyen (2016) 

Average hours worked per week 37.4 2015 ACS 
Average weeks worked per year 51 2015 ACS 

Full-time employment, females age 50+ b   
Population total 532,394 2015 ACS 
Average earnings per year $49,175 2015 ACS 
Percentage employed full timeb 28.5 2015 ACS 

 Post-legalization percentage change 1.34–17.48 Nicholas and Maclean (2016) 
Hours worked per week, employed males age 50+   

Population total 539,526 Census 
Average hourly earnings $34.1 ACS 
Average hours worked per week 41.7 ACS 
Average weeks worked per year 50 ACS 

Post-legalization percentage change (0.98)–10.78 Nicholas and Maclean (2016) 
Sources: Mathematica’s synthesis of estimates from the literature, key stakeholder interviews, and 
primary and secondary data sources on the impact of legalized adult use of marijuana in Massachusetts.  
Note: Values in parentheses reflect negative values. 
a Values were calculated by the authors based on the data.  
b FTE = full-time employee, with full-time defined as working more than 35 hours per week. 
ACS = American Community Survey;  BRFSS = Behavioral Risk Factor Surveillance System;  CCC = 
Cannabis Control Commission;  CDC = Centers for Disease Control and Prevention;  FARS = Fatality 
Analysis Reporting System;  LCB = Liquor Cannabis Board;  MA DOR = Massachusetts Department of 
Revenue.;  MBHS = Marijuana Baseline Health Study;  MDOC = Massachusetts Department of 
Corrections;  MDPH = Massachusetts Department of Public Health;  NSDUH = National Survey on Drug 
Use and Health;  RMD = registered marijuana dispensary;  TEDS = Treatment Episode Data Set;  WSIPP 
= Washington State Institute for Public Policy;  YHS = Massachusetts Youth Health Survey;  YRBSS = 
Youth Risk Behavior Surveillance System. 
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Figure C.1. New Revenue or Savings Estimated Post-Legalization, by 
Source  
 

 
  
Sources: Mathematica’s analysis of impacts of legalized adult use of marijuana in Massachusetts using 
estimates from the literature, key stakeholder interviews, and primary and secondary data sources. See 
Appendix C Table C.1 for data sources used to inform these estimates. 
 
Note: The table displays sources of revenue or savings and excludes measures associated with costs or 
losses. 
CCC = Cannabis Control Commission; MJ = marijuana.  
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Figure C.2. Estimated Two-Year Local Tax Revenue if Registered 
Marijuana in all Cities/Towns 

Sources: Mathematica’s analysis of impacts of legalized adult use of marijuana in Massachusetts using 
estimates from the literature, key stakeholder interviews, and primary and secondary data sources. See 
Appendix C Table C.1 for data sources used to inform these estimates. 
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Table C.2. Estimated Two-Year Local Tax Revenue if Registered 
Marijuana Dispensaries in all Cities/Towns 

Sources: Mathematica’s analysis of impacts of legalized adult use of marijuana in Massachusetts using 
estimates from the literature, key stakeholder interviews, and primary and secondary data sources. See 
Appendix C Table C.1 for data sources used to inform these estimate 
 
Table C.3. Estimated Two Year Local Tax Revenue for each City or 
Town  

City or town 

Cities/towns with an 
RMD  With  

RMDs in 
all towns State-level  

# MJ users 
Localize
d # MJ 
users 

Abington     $75,951 
Acton $507,245 $501,976 $95,128 
Acushnet     $43,548 
Adams     $34,745 
Agawam     $119,696 
Alford     $2,052 
Amesbury     $69,236 
Amherst $239,344 $236,474 $157,773 
Andover     $138,626 
Aquinnah     $1,926 
Arlington $650,422 $643,467 $186,356 
Ashburnham     $25,381 
Ashby     $13,531 
Ashfield     $6,773 
Ashland     $71,747 
Athol     $48,388 
Attleboro $515,364 $1,294,6

33 
$180,697 

Auburn     $68,323 
Avon     $17,602 
Ayer $217,917 $215,603 $33,176 
Barnstable     $188,234 
Barre $144,385 $142,843 $22,312 
Becket     $7,476 
Bedford     $58,009 
Belchertown     $55,595 
Bellingham     $65,061 
Belmont     $105,755 
Berkley     $26,713 
Berlin     $12,384 

City or town type Number 
of  
cities or 
towns 

Estimated two-year local tax revenue 

Median Minimum  Maximum 

Rural (< 100 people/km2) 29 $3,077 $316 $7,476 

Suburban, low density (100–500 people/km2) 60 $7,713 $1,926 $32,340 

Suburban, medium density (501–1,000 
people/km2) 64 $29,375 $9,242 $110,963 

Suburban, high density (1,001–10,000 
people/km2) 171 $70,090 $13,076 $369,822 

Urban (> 10,000 people/km2) 27 $258,946 $56,766 $2,875,048 
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City or town 

Cities/towns with an 
RMD  With  

RMDs in 
all towns State-level  

# MJ users 
Localize
d # MJ 
users 

Bernardston     $9,144 
Beverly     $167,852 
Billerica     $178,089 
Blackstone     $37,348 
Blandford     $4,851 
Bolton     $20,461 
Boston $2,875,048 $4,816,1

73 
$2,875,0
48 Bourne $83,143 $82,148 $83,143 

Boxborough     $21,507 
Boxford     $32,757 
Boylston     $18,378 
Braintree     $143,585 
Brewster $192,128 $189,911 $41,897 
Bridgewater $276,557 $273,457 $129,434 
Brimfield     $15,430 
Brockton $435,068 $894,904 $435,068 
Brookfield     $14,032 
Brookline $233,498 $309,883 $233,498 
Buckland     $7,682 
Burlington $991,873 $981,277 $107,908 
Cambridge $474,261 $413,420 $474,261 
Canton $86,332 $85,346 $86,332 
Carlisle     $21,125 
Carver     $54,260 
Charlemont     $4,672 
Charlton $64,597 $63,862 $54,530 
Chatham     $26,304 
Chelmsford     $147,046 
Chelsea     $159,798 
Cheshire     $13,357 
Chester $64,590 $63,872 $6,337 
Chesterfield     $4,833 
Chicopee $234,594 $946,729 $234,594 
Chilmark     $4,467 
Clarksburg     $6,722 
Clinton     $57,392 
Cohasset     $31,508 
Colrain     $7,098 
Concord     $80,965 
Conway     $7,406 
Cummington     $3,473 
Dalton     $28,105 
Danvers $204,617 $202,333 $111,665 
Dartmouth $146,365 $82,655 $146,365 
Dedham     $98,817 
Deerfield $60,801 $60,111 $21,235 
Dennis $170,113 $168,123 $60,694 
Dighton     $29,807 
Douglas     $34,794 
Dover     $21,918 
Dracut     $128,899 
Dudley     $47,651 
Dunstable     $13,839 
Duxbury     $70,371 
East 
Bridgewater 

    $66,230 
East Brookfield     $9,242 
East 
Longmeadow 

    $66,453 
Eastham     $21,389 
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City or town 

Cities/towns with an 
RMD  With  

RMDs in 
all towns State-level  

# MJ users 
Localize
d # MJ 
users 

Easthampton $94,629 $93,525 $62,383 
Easton     $97,376 
Edgartown     $18,002 
Egremont     $4,836 
Erving     $7,744 
Essex     $14,619 
Everett     $184,323 
Fairhaven $95,521 $94,415 $67,594 
Fall River $598,643 $1,739,8

12 
$369,822 

Falmouth     $133,236 
Fitchburg $272,497 $551,828 $166,944 
Florida     $3,009 
Foxborough     $67,167 
Framingham $615,046 $288,353 $298,149 
Franklin     $124,936 
Freetown     $37,255 
Gardner $216,371 $702,916 $84,381 
Georgetown $285,596 $282,577 $33,794 
Gill     $7,043 
Gloucester $177,177 $175,121 $121,745 
Goshen     $4,323 
Gosnold     $316 
Grafton $310,085 $306,819 $74,769 
Granby     $24,029 
Granville     $6,864 
Great Barrington $68,715 $67,927 $29,321 
Greenfield $177,839 $721,885 $73,490 
Groton     $46,187 
Groveland     $27,167 
Hadley $34,651 $34,244 $20,715 
Halifax     $35,887 
Hamilton     $32,159 
Hampden     $21,724 
Hancock     $3,007 
Hanover $209,486 $207,262 $65,179 
Hanson     $48,330 
Hardwick     $12,557 
Harvard     $27,064 
Harwich     $51,760 
Hatfield     $12,805 
Haverhill     $251,613 
Hawley     $1,725 
Heath     $3,077 
Hingham     $104,370 
Hinsdale     $8,710 
Holbrook $299,598 $296,311 $43,544 
Holden     $74,199 
Holland $130,809 $129,393 $10,561 
Holliston     $58,686 
Holyoke $373,639 $914,954 $165,223 
Hopedale     $24,159 
Hopkinton     $64,937 
Hubbardston     $18,321 
Hudson $396,608 $392,319 $83,066 
Hull     $50,121 
Huntington     $7,611 
Ipswich $106,752 $105,582 $55,660 
Kingston     $60,486 
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City or town 

Cities/towns with an 
RMD  With  

RMDs in 
all towns State-level  

# MJ users 
Localize
d # MJ 
users 

Lakeville $97,641 $96,567 $51,709 
Lancaster     $33,581 
Lanesborough     $12,459 
Lawrence     $313,394 
Lee $61,948 $61,236 $24,864 
Leicester $225,355 $222,905 $47,090 
Lenox     $21,109 
Leominster $243,144 $874,472 $171,261 
Leverett     $8,329 
Lexington     $135,482 
Leyden     $2,795 
Lincoln     $29,611 
Littleton     $39,448 
Longmeadow     $65,150 
Lowell $1,690,694 $2,589,0

96 
$460,559 

Ludlow     $89,500 
Lunenburg     $45,485 
Lynn $498,856 $765,457 $366,830 
Lynnfield     $49,910 
Malden     $258,946 
Manchester     $21,401 
Mansfield $368,564 $364,656 $94,800 
Marblehead     $81,562 
Marion     $23,151 
Marlborough     $166,880 
Marshfield     $118,373 
Mashpee $501,747 $496,207 $59,104 
Mattapoisett     $28,943 
Maynard     $44,254 
Medfield     $46,519 
Medford     $247,455 
Medway     $50,216 
Melrose     $116,834 
Mendon     $24,127 
Merrimac $514,520 $509,036 $26,845 
Methuen     $196,644 
Middleborough $125,781 $124,338 $110,963 
Middlefield     $2,019 
Middleton     $38,676 
Milford     $116,405 
Millbury $170,775 $168,911 $55,443 
Millis $610,722 $604,410 $31,070 
Millville     $13,076 
Milton     $105,128 
Monroe     $439 
Monson     $36,335 
Montague     $35,069 
Monterey     $3,696 
Montgomery     $3,584 
Mount 
Washington 

    $674 
Nahant     $14,387 
Nantucket $43,840 $43,331 $43,840 
Natick     $145,432 
Needham $245,512 $242,867 $113,827 
New Ashford     $1,205 
New Bedford $440,200 $1,264,4

51 
$392,760 

New Braintree     $4,663 
New 
Marlborough 

    $6,268 
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City or town 

Cities/towns with an 
RMD  With  

RMDs in 
all towns State-level  

# MJ users 
Localize
d # MJ 
users 

New Salem     $4,303 
Newbury     $28,121 
Newburyport     $72,762 
Newton $552,130 $1,514,9

57 
$369,158 

Norfolk     $45,393 
North Adams     $57,063 
North Andover     $118,211 
North 
Attleborough 

    $117,358 
North Brookfield     $19,656 
North Reading     $64,871 
Northampton $121,055 $521,510 $110,653 
Northborough     $60,900 
Northbridge     $66,673 
Northfield     $12,498 
Norton     $80,587 
Norwell $311,404 $308,178 $48,972 
Norwood $280,605 $277,567 $113,341 
Oak bluffs     $19,058 
Oakham     $7,495 
Orange $125,056 $123,691 $32,109 
Orleans     $25,419 
Otis     $6,523 
Oxford $222,788 $220,409 $56,386 
Palmer     $50,709 
Paxton     $20,286 
Peabody     $214,906 
Pelham     $5,031 
Pembroke     $83,915 
Pepperell     $49,634 
Peru     $3,684 
Petersham     $4,940 
Phillipston     $7,258 
Pittsfield $416,675 $551,255 $183,360 
Plainfield     $2,295 
Plainville     $34,132 
Plymouth $415,479 $102,924 $272,645 
Plympton     $13,602 
Princeton     $14,184 
Provincetown $20,872 $20,610 $13,102 
Quincy $531,229 $1,243,9

75 
$371,084 

Randolph $408,061 $403,573 $131,193 
Raynham     $55,836 
Reading     $105,602 
Rehoboth     $48,945 
Revere $1,251,436 $1,237,8

35 
$232,870 

Richmond     $6,400 
Rochester     $24,972 
Rockland $354,642 $350,843 $83,074 
Rockport     $29,465 
Rowe     $1,929 
Rowley     $24,553 
Royalston     $5,515 
Russell     $6,384 
Rutland     $33,874 
Salem $681,457 $2,420,7

83 
$175,511 

Salisbury     $36,033 
Sandisfield     $3,622 
Sandwich     $84,908 
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City or town 

Cities/towns with an 
RMD  With  

RMDs in 
all towns State-level  

# MJ users 
Localize
d # MJ 
users 

Saugus     $113,936 
Savoy     $3,298 
Scituate     $84,114 
Seekonk     $59,858 
Sharon $68,139 $67,399 $68,139 
Sheffield     $13,600 
Shelburne     $8,381 
Sherborn     $17,433 
Shirley     $32,066 
Shrewsbury $271,046 $739,408 $148,062 
Shutesbury     $7,122 
Somerset     $76,402 
Somerville $613,668 $3,028,7

02 
$344,381 

South Hadley     $69,147 
Southampton     $22,977 
Southborough $193,086 $191,101 $40,083 
Southbridge     $69,340 
Southwick     $40,192 
Spencer     $49,337 
Springfield $988,088 $3,309,6

88 
$625,013 

Sterling     $32,321 
Stockbridge     $8,845 
Stoneham     $93,397 
Stoughton     $110,345 
Stow     $28,706 
Sturbridge $170,209 $168,378 $38,519 
Sudbury     $74,940 
Sunderland     $15,841 
Sutton     $37,441 
Swampscott     $56,766 
Swansea     $67,818 
Taunton $356,548 $157,621 $233,927 
Templeton     $33,831 
Tewksbury     $127,724 
Tisbury     $16,969 
Tolland     $2,443 
Topsfield     $25,570 
Townsend     $38,684 
Truro     $7,153 
Tyngsborough     $50,554 
Tyringham     $1,717 
Upton     $31,093 
Uxbridge     $56,406 
Wakefield     $111,036 
Wales     $7,841 
Walpole     $95,734 
Waltham     $272,375 
Ware     $37,627 
Wareham $217,119 $217,119 $105,441 
Warren     $21,491 
Warwick     $3,127 
Washington     $2,399 
Watertown $439,564 $434,488 $143,331 
Wayland     $55,640 
Webster     $70,090 
Wellesley     $109,880 
Wellfleet     $13,275 
Wendell     $3,687 
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City or town 

Cities/towns with an 
RMD  With  

RMDs in 
all towns State-level  

# MJ users 
Localize
d # MJ 
users 

Wenham     $21,005 
West Boylston     $33,548 
West 
Bridgewater 

    $32,795 
West Brookfield     $15,904 
West Newbury     $17,567 
West Springfield $118,615 $431,662 $118,615 
West 
Stockbridge 

    $5,069 
West Tisbury $76,956 $76,108 $10,785 
Westborough     $76,302 
Westfield $235,284 $529,505 $173,124 
Westford     $95,132 
Westhampton     $6,611 
Westminster $46,208 $45,692 $30,727 
Weston     $48,419 
Westport     $65,801 
Westwood     $57,456 
Weymouth     $217,369 
Whately     $5,863 
Whitman     $68,542 
Wilbraham     $59,967 
Williamsburg     $9,558 
Williamstown     $32,340 
Wilmington     $96,881 
Winchendon     $43,469 
Winchester     $90,509 
Windsor     $3,785 
Winthrop     $78,563 
Woburn     $166,385 
Worcester $762,069 $1,298,0

08 
$762,069 

Worthington     $4,851 
Wrentham     $43,133 
Yarmouth     $100,574 

Sources:  Mathematica’s analysis of impacts of legalized 
adult use of marijuana in Massachusetts using 
estimates from the literature, key stakeholder 
interviews, and primary and secondary data sources. 
See Appendix C Table C.1 for data sources used to 
inform these estimates. 
MJ = marijuana; RMD = registered marijuana 
dispensary. 
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Introduction 
 
Medical marijuana products that are sold in Massachusetts are required to be evaluated 
according to established laboratory testing protocols (DPH, 2016).  Briefly, these 
protocols describe evaluating dispensed products for contaminants and cannabinoid 
content, inclusive of evaluating finished (dried) plant material, cannabis resin, and 
cannabis concentrates.  As some of these products (e.g., oils and resins) are tested and 
later incorporated into marijuana-infused products (MIPs) intended for use as edibles 
(e.g., capsules, brownies, candy, etc.), or various personal care products (e.g., 
tinctures, lotions, suppositories, etc.), a marijuana-containing product may undergo 
multiple rounds of product testing before it is dispensed.   
 
Marijuana products of a similar variety are generally priced according to the cannabinoid 
content.  In August 2017 Registered Marijuana Dispensaries in Massachusetts were 
asked to complete a voluntary survey of retail marijuana prices to inform the economic 
and fiscal analyses being conducted as part of the MBHS.   
 
This appendix describes an overview of the cannabinoid content and price of medical 
marijuana products that were available through the DPH Medical Use of Marijuana 
Program.  As these medical marijuana products were likely to be very similar in 
composition to the types of products available in adult-use marketplace, an earlier draft 
of the information provided in this Appendix was used to inform various analyses in the 
MBHS.  As such, a summary of the cannabinoid content and price of retail medical 
marijuana products available in Massachusetts over the period of May 14, 2015 through 
December 31, 2018 is included here as Appendix D.   
 
Cannabinoid Content Summary 
 
Marijuana products that are dispensed for medical use in Massachusetts must bear a 
label that identifies the percentage (by dry weight) of ∆9-tetrahydrocannnabinol (∆9-
THC), cannabidiol (CBD), tetrahydrocannabinolic acid (THCa), and cannabidiolic acid 
(CBDa).  Of these cannabinoids, Δ9-THC is the primary psychoactive component and 
cannabidiol (CBD) is the primary non-psychoactive component of cannabis.   
   
While regulating the sale and use of medical marijuana in Massachusetts, DPH has 
evaluated over 15,000 laboratory reports, describing over 14,500 medical marijuana 
products, from thirteen different medical marijuana facilities.  These reports have been 
voluntary submitted to DPH and describe the laboratory testing of flower products 
(44.6%), MIPs (27.0%), and concentrates, such as resin (3.7%), oils (19.5%), shatter 
(3.0%), or wax (2.2%).  Of these laboratory reports, a total of 12,375 describe an 
evaluation of cannabinoid profile testing that describes levels of: 9-
tetrahydrocannnabinol (9-THC), cannabidiol (CBD), tetrahydrocannabinolic acid 
(THCa), and/or cannabidiolic acid (CBDa).  
 
The types of products tested for cannabinoids include flower products (37.2%), 
concentrates (29.4%), and MIPs (33.3%; see Figure 1). Table 1 describes the 
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cannabinoid testing results for flower, concentrates and MIPs. The cannabinoid Delta 
(∆)9-THC was detected in 93.3% of flower products, 98.6% of concentrate, and 95.2% 
of MIPs. The cannabinoid THCa was detected in 99.6% of flower products, 67.2% of 
concentrates, and 17.0% of MIPs.  The cannabinoid CBD was detected in 27.9% of 
flower products, 56.6% of concentrates, and 33.1% of MIPs. The cannabinoid CBDa 
was detected in 50.3% of flower products, 53.2% of concentrates, and 7.1% of MIPs.  
 
The cannabinoid content of the available products is shown in Table 2. Of the 4,605 
flower samples tested, THCa concentrations were most often between 14-28%.  
Approximately 5% of flower samples had THCa concentrations greater than 28%.  
CBDa was rarely detected in flower samples, and never at a concentration greater than 
28%. The majority of flower samples (43.6%), had THCa levels between 14 and 21%. 
Of the 3642 concentrate samples tested, the majority (38.2%) had THC concentrations 
between 60 and 80%. Approximately, 15.4% of concentrate samples had THC 
concentrations greater than 80%, while only 0.6% had CBD concentrations greater than 
80%.  
  
Retail Price Summary  
 
A summary of the price of retail marijuana products available at 11 of the 12 open and 
operating RMD locations in August of 2017 is shown in Table 4.  Similar products 
across various RMDs were combined to provide an overview and summary (e.g., same 
product types) using the RMD retail price survey found in Figure 2.  The product’s dose 
of THC (in milligrams) was calculated for any product with a dose presented as a 
percentage, using the product net weight (i.e., dose percentage multiplied by product 
net weight).   
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Reference 
 
Massachusetts Department of Public Health (DPH), 2016. Protocol for sampling and 
analysis of finished medical marijuana products and marijuana-infused products for 
Massachusetts registered medical marijuana dispensaries.  Available: 
https://www.mass.gov/service-details/medical-use-of-marijuana-program-product-testing 
 
 
Table 1.  Cannabinoids Present in Retail Marijuana Products (Δ9-THC, THCa, 
CBD, and CBDa) 
 

Product Type 
Products 

Tested 
n 

Detected 
n  

(% tested) 

Not Detected 
n  

(% tested) 
Δ9-THC 

Flower 4605 4295 (93.3%) 310 (6.7%) 
Concentrate 3644 3594 (98.6%) 50 (1.4%) 

MIPs 4126 3928 (95.2%) 198 (4.8%) 
THCa 

Flower 4605 4587 (99.6%) 18 (0.4%) 
Concentrate 3644 2447 (67.2%) 1197 (32.8%) 

MIPs 4126 700 (17.0%) 3426 (83.0%) 
CBD 

Flower 4605 1287 (27.9%) 3318 (72.1%) 
Concentrate 3644 2061 (56.6%) 1583 (43.4%) 

MIPs 4126 1367 (33.1%) 2759 (66.9%) 
CBDa 

Flower 4605 2316 (50.3%) 2289 (49.7%) 
Concentrate 3644 1939 (53.2%) 1705 (46.8%) 

MIPs 4126 291 (7.1%) 3835 (92.9%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.mass.gov/service-details/medical-use-of-marijuana-program-product-testing
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Table 2. Characterization of Cannabinoid Concentration (weight percent) Levels 
in Flower and Concentrate Samples 
 

 
  

Total 
Samples

n % n % n % n % n % n %

117 2.50% 137 3.00% 403 8.80% 2010 43.6% 1701 36.9% 237 5.10% 4605

Total 
Samples

n % n % n % n % n % n %

4308 93.6% 38 0.80% 173 3.80% 63 1.40% 22 0.50% 1 0.00% 4605

Total 
Samples

n % n % n % n % n % n %

144 4.00% 209 5.70% 517 14.2% 821 22.5% 1390 38.2% 561 15.4% 3642

Total 
Samples

n % n % n % n % n % n %

3061 84% 279 7.70% 135 3.70% 89 2.40% 55 1.50% 23 0.60% 3642

THCa                   
< 3%

THCa                    
3 - 7%

THCa               
21 - 28%

THCa                 
> 28%

THCa               
7 - 14%

THCa                 
14 - 21%

CBD            
60 - 80%

CBD               
> 80%

THC             
60 - 80%

THC            
> 80%

CBDa            
< 3%

CBDa              
3 - 7%

CBDa            
7 - 14%

CBDa                 
21 - 28%

CBDa               
> 28%

Flower

Concentrate *Total THC = [Δ9-THC] + 0.8772*[THCa]

**Total CBD = [CBD] + 0.8772*[CBDa]

CBDa               
14 - 21%

THC              
< 5%

THC           
5 - 20%

THC            
20 - 40%

THC             
40 - 60%

CBD                       
< 5%

CBD                       
5 - 20%

CBD                
20 - 40%

CBD                
40 - 60%
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Table 3.  Cannabinoid Content in Retail Marijuana Products 
 

Product Type  
25th 

percentile 
(% weight) 

Median 
(% weight) 

75th 
percentile 
(% weight) 

95th 
percentile 
(% weight) 

Maximum 
(% weight) 

 
Flower  0.2 0.3 0.7 1.9 24.1 
Concentrate  3.1 20.5 63.0 87.1 96.9 
MIPs  0.1 0.2 0.5 4.5 75.2 

 
Flower  16.3 20.0 23.3 28.0 45.4 
Concentrate  13.7 45.5 71.5 84.4 99.8 
MIPs  0.0 0.0 0.1 0.9 62.8 

 
Flower  0.1 0.2 0.3 0.6 3.4 
Concentrate  0.5 1.0 4.7 49.0 99.0 
MIPs  0.1 0.1 0.5 5.8 92.0 

 
Flower  0.1 0.1 0.2 12.5 28.3 
Concentrate  0.1 0.2 0.4 12.1 64.2 
MIPs  0.0 0.0 0.1 0.6 3.3 
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Table 4: Summary of Retail Product Prices Provided in RMD Survey 

 
Product 
Group Type Description Product 

Weight 
THC  
Dose  

Retail 
Price 

C
on

ce
nt

ra
te

s 

Resin Rosin Concentrate for vaporization 0.5-1g 50-85% $25-$45 
Resin Keif Cold pressed bar for 

vaporization 7g 38% $100 

Vape Oil Cartridge Concentrate oil for 
vaporization 0.9mL 200-

1000mg 
$25 - 
$100 

Wax Wax Concentrate for vaporization 1g 900mg $50 
Vape Oil Cartridge Concentrate oil for 

vaporization 0.25-0.5g 30-90% $60 - $75 

Shatter Shatter Solid concentrate for 
vaporization 1g 85% $60 

Oil Extract or 
distillate  

Extract or distillate for 
infusion 1g 65-87% $65-$80 

D
rie

d 
Fl

ow
er

 Pre-roll Joint/cigar/ 
cigarette Intended for smoking 1g 15-35% $15-$20 

Flower Finished 
flower Various strains 1g 15-35% $15 

Flower Finished 
flower Various strains 3.5g 15-35% $50 

Flower Finished 
flower Strain blend 28g 15-30% $250 

Flower Finished 
flower Various strains 28.4g 15-35% $250-

$350 

Ed
ib

le
 M

IP
s 

Capsule Capsule Infused for ingestion 1-2g 10-25mg $2.50-$5 

Lozenge 
Flavored 
hard 
confection 

Infused for ingestion 6.5g 10mg $4-$5 

Chocolate Chocolate 
bar/nugget Infused for ingestion 9-68g 10mg $4-$10 

Beverage Lemonade Infused for ingestion -- 20mg $10 
Baked Good Cookie/ 

muffin Infused for ingestion -- 10-85mg $10-$40 

Gummy 
Flavored 
gummy 
confection  

Infused for ingestion 5g 25-50mg $12-$23 

Chocolate Chocolate 
bar/nugget Infused for ingestion 9-68g 100mg $25-$30 

Lozenge 
Flavored 
hard 
confection 

Infused for ingestion 6.5g 100mg $25-$35 

Gummy Gummy 
confection  Infused for ingestion 50-100g 100-500mg $30-$80 

Cooking oil Grapeseed 
oil Infused for ingestion 188g 840mg $100 

N
on

-E
di

bl
e 

M
IP

s 

Suppository suppository Rectal/ 
vaginal use 2g 10mg $4 

Topical Lip Balm Stick for lip application -- 10.15mg $5 
Suppository suppository Rectal/ 

vaginal use 2g 25mg $7-$12 

Topical Salve Cream for dermal 
application 28.4g 8-25% $30-$45 

Topical Lotion Cannabis infused topical 
lotion 112.5g 350-375mg $30-$60 

Topical Transdermal 
patch  Skin application -- 125mg $40 

Tincture Tincture Infused for sublingual 
application 30mL 500mg $60-$75 
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Figure 1.  Cannabinoid Testing Results of Retail Marijuana Products for Δ9-THC, 
THCa, CBD, CBDa through December 31, 2018 
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Figure 2: RMD Retail Price Survey* 

 
 
*Instructions provided for filling out the above survey: 
 
Category: This column identifies the product-type category (i.e., dried flower, 
concentrate, edible MIPs, and non-edible MIPs). 
 

Dried Flower: dried leaves and flowers of the female marijuana plant that have been 
trimmed and dried and include most importantly the inflorescences (i.e., “buds”) that may 
be used directly (e.g., smoked) as a medical product without further processing. 
 
Concentrate: marijuana product derived by using solvents to extract and concentrate 
cannabinoid compounds (e.g., oils, pastes, waxes, or solids) or a solid medical 
marijuana product produced by gathering and compressing the cannabinoid-rich 
trichomes (i.e., keif) of the marijuana plant (e.g., cannabis resin, “hashish,” “hash,” or 
“bubble hash”). 
 
Edible Marijuana-Infused Products (edible MIPs): a marijuana-infused product that is to 
be consumed by eating or drinking. 
 
Non-edible Marijuana-Infused Products (non-edible MIPs): a marijuana-infused product 
that is to be used through routes other than eating or drinking (i.e., all other uses).  
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Examples: This column identifies common product-type examples and is not considered 
an exhaustive list. 
 
Type: This column provides fields to describe further product-type classification. 
Examples of Types by Category are provided in the Examples column (e.g., finished 
flower, pre-rolls, “mini"-pre-rolls, etc.).  
 
Description: This column provides fields to include a product description describing 
characteristics such as appearance, intended route of use, and instructions for use 
(e.g., suggested serving size).  
Product Weight: This column provides fields to include the product weight (e.g., net 
weight) by unit of sale (e.g., a single serving edible MIP: 100 grams)  
 
Dose/Potency: This column provides fields to include the product cannabinoid dose for 
each advertised cannabinoid in amounts, expressed as the dry-weight percentages or 
milligrams of ∆9 - tetrahydrocannnabinol (∆ 9 -THC), cannabidiol (CBD), 
tetrahydrocannabinolic acid (THCa) and cannabidiolic acid (CBDa) in a medical 
marijuana product. Amounts of other cannabinoids may be reported, but are not 
required.  
 
Retail Price: This column provides fields to include the estimated retail price (US 
dollars) for the specific product described. Itemized prices are most useful but a price 
range may additionally be provided to capture market variability and other closely 
related products. 
 

 



 

Appendix C: 2015-2016 Cohort Patient-Reported Negative 
Effects 

Note: Word choice and spellings have been retained as written by respondent to avoid 
inadvertent mischaracterization of intent.  Brackets have been used to explain words redacted 
to prevent individual identification or for other reasons.  Negative effects are broken down 
negative effect type, and by negative effect score rating. 

Access-Related Issues 

No Score 

▪ Can use cannabis as in a group home 

▪ Travel to get the product 

1: No Negative Effects 
▪ none, other than difficulty/inconvenience in accessing medical cannabis 

▪ I have to ride 3 to 3 1/2 hours one way for my medicine because there are none in 

southwest Minnesota. 

▪ The only issue is the distance I need to travel to get it if I don't take into account the cost 

▪ I have to ride 3 to 3 1/2 hours one way for my medicine because there are none in 

southwest Minnesota. 

▪ the only negative effect i have experienced is when i had to find a Doctor that would 

certify me.  All my health care providers were told not to participate in the cannabis 

program.  Finally my Doctor was able to certify me.  Also the self exam questions when 

getting the medical cannabis from the dispensary are useless.   

▪ Locations of dispensaries. We have to drive from [CITY] to the cities. 

2 
▪ Travel to pick up my prescription. 

▪ Difficulty accessing medical cannibis 

▪ Time consuming to order, drive and pick up medicine. 

▪ unable to use outside of the state of MN. 

3 
▪ Physically having to pick up medication by myself 

4 
▪ The fact that my son's home care nursing staff is not permitted to administer PRN or 

scheduled Medical Cannabis is a difficult component at times. 

▪ Driving so far away to get meds. And [CANNABIS PATIENT CENTER] not being open as 

much!!! 
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7: Great Deal of Negative Effects 
▪ Distance.... DISTANCE. 

 

Physical Negative Effects 

No Score 
▪ tired 

▪ Did not like inhaling the cannabis. Irritated my lungs.  

▪ a moderate dry mouth. 

▪ seizures worsened but unsure if completelly related to medical canibis 

1: No Negative Effects 
▪ Dry mouth , and too many trips to the fridge  

▪ some nausea after capsule form. 

▪ I experience fatigue but  that is a plus because I had problems sleeping at night because 

of pain. it seems to help with that 

▪ sleep 

▪ Cotton mouth!   

▪ Stomach upset only when not taken with food. 

▪ slight fatigue 

▪ Mild drowsiness 

▪ Do you feel a little tired at times . 

▪ Sometimes my mouth can become dry, but it's fine if I'm hydrated. 

2 
▪ Had a bad reaction to oil suspension, this was corrected by adjusting dosage 

▪ Initial increase in seizures  

▪ We noticed the combination of CBD/THC worsened seizures for [PATIENT].   CBD also 

seems to be upsetting on her stomach with changes/increases in dosing.  

▪ Getting chest colds from vape pen. 

▪ e-cig- too much inhaled caused excessive coughing and vomiting. 

▪ more small seizures 

▪ sore throat 

▪ fatigue 

▪ Yes ~ In the morning I have to be careful with my blood pressure. It does lower it a bit. I 

have to watch my fluid intake because of my cathing schedule. Plus I already have low 

blood pressure in the morning. This lowers it a bit. I'm finding I need to drink Gatorade 

and get up a bit slower and then I'm fine. But out all the benefits this side effect is so 

minor and manageable. I could go into the crazy cost, the monthly travel time from 

[CITY] and having others pick it up for you without having to pay for another background 
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check when the company they work for through you already did one. I shouldn't have to 

pay for another PCA criminal background study for a current PCA that works for me. 

That is redundant request. Suggestions: Could there be a 3 month supply given instead 

of a 30 day supply? This would eliminate some winter driving months, gas money and 

for people who are suffering in pain (dying of cancer or children having seizures) it's so 

hard for them to travel. Some days even hard for them to get out of bed or eat. I wish 

people understood. I wish people would be more compassionate. People hurting ~ 

suffering are willing to pay for this with in reason, travel within reason and doctors are 

willing to come on board but without fear (so I don't blame them). I do not feel it's fair 

to ask a question on negative effects of a drug without asking the positive and negative 

effects of the process too! I am only one voice but today please allow me to be the voice 

of many... 

▪ Increased appetite- causing weight gain 

▪ Some head shaking as side effect. 

▪ bad aftertaste with vaped oil 

▪ Dry mouth 

▪ Increased appetite. 

▪ Dry mouth, and the need to carefully plan when I'm going to take the Cannabis so it 

doesn't interfere with daily life 

▪ dry mouth 

▪ seems to sleep more. Can not respond to other examples given as [PATIENT] does not 

have a form of communication that pertains to pain or depression, confusion, etc... 

▪ Tired 

▪ Coughing. Headache 

▪ heaviness in legs 

▪ Sometimes the pills make me too tired and I sleep more than I would like. 

▪ Munchies : ( 

▪ with the vapor only, bad taste  

▪ I really dislike the taste from the vape pen.  

▪ We have experienced the occurrence of night terrors which we have not seen prior to 

starting medical cannabis.  We are uncertain if this is related to the medication or a 

normal developmental step.   

▪ speed of effects and lasting time. 

▪ He just gets a little tired, he ever it doesn't both either of us and I love that it's 1pp% 

natural! 

▪ slight dizziness  and mental cloud 

▪ Some stomach upset. 

▪ Tired 

▪ Smell from vapor pen can cause nausea. 

▪ Tiredness 

▪ 1. Sleepiness/tiredness 
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2. Hard to regulate dosage on vapor pen, can become paranoid if too much inhaled 
3. Can hurt lungs and cause coughing if inhaled too hard, after learning how hard to inhale it 
has been much better. 
▪ Sometimes the cannabis in oral liquid makes me a little queasy. 

▪ I have gastroparesis with a stomach implant.  I found when taking the heather solution it 

caused constipation.   

▪ Like to rest a moment after vaping a dose.... but just time my day accordingly. 

▪ The vaping can cause congestion, and you already have that going on because of the 

Chemo. 

Some fatigue, but it's once you have been up and moving, so it's not so bad that it causes 
you to rest from time to time.  
It's hard to know if mental clouding is caused from the chemo or the cannabis. However it's 
not enough to be alarmed.   
▪ Very sleepy if I don't go to bed in a timely matter after my evening dose. 

▪ Fatigue 

I have some mental clouding but partly from the effects of chemo 
▪ 1. Increased Heart Rate 

2. Sweating and Heat Flashes 
▪ Dry month the cost is very high 

▪ Feel sleepy so I have to time taking the medications (vape or tincture). It is expensive 

also so I can't get a refill as easily as I would like since money is tight because of my 

conditions anyways. 

▪ Sluggish next morning  

▪ To strong  

▪ When on [HIGH CBD PRODUCT], loss of coordination and had increased weakness.  

▪ Fatigue was an initial issue, but medication adjustments have brought it under control. I 

don't like having to complete the survey every time I refill, it should be mandatory a 

couple of times a year and self elective if great improvements or noticeable worsening 

of issues. 

▪ Only side effect is diarrhea at times 

▪ Dry mouth  

▪ Lethargy 

▪ Stomach rumbles after taking the pill 

▪ Maybe increased the appetite 

▪ tired 

▪ Occasional tired, that could also be attributed to the chemotherapy  

▪ dry mouth and dizziness 

▪ While taking the tincture product I got a headache. 

▪ sluggish/drowsy, occasionally 

▪ I haven't been able to tell if from the vapor or pill but I've noticed increased drowsiness. 
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3 
▪ initially makes me worse. 

▪ possible drug to dry interaction 

▪ Saw great results with Violet, but when we added Indigo at night, [PATIENT]’s 

sleep/wake cycles were disrupted.  3 weeks in a row after adding [HIGH CBD PRODUCT] 

he would stay awake for 24 hours, then sleep for 24, & it would take a few days before 

he could get back on track.  That was the only change we made so I think the very small 

amount of THC in it had adverse effects for him.  Went back to [HIGH CBD PRODUCT] 

only.  

▪ A little off balance if taken when awake 

▪ Nonedry mouth   

▪ coughing and dry throat upon taking.  [MANUFACTURER] inhalers worse than 

[MANUFACTURER] spray but still have bit from spray.   

▪ May be contributing to frequent loose stools 

▪ It takes 1-2 hours for the oral medical cannabis to kick in. My throat sometimes gets 

sore after using the vaporizer. 

▪ Mostly positive. Maybe a bit tired sometimes.  

▪ Tiredness But that's in combination with other seizure medications that he takes 

▪ I just notice that I cough more using the vape pens vs the oil 

▪ [PATIENT] is dead. I can't answer this question in detail.  He was not able to 

communicate much at the end. But I remember him expressing that he did not like the 

taste.  

▪ cotton mouth 

▪ upset stomach 

▪ seem to be more tired 

▪ Regulating the correct amount and type correct which takes time and experience. Much 

easier to do with the pills it seems for me personally as smoking it made my lungs worse 

and often times would be hard for me to control the dosage. 

▪ I would like more edible opptions 

4 
▪ Interaction with other five seizures medications is hard to identify. 

▪ while the cannabis helps with the muscle spasms, it seems to make my nerve damage 

worse. 

▪ Drowsiness 

▪ Makes me sleepy if I take during the day. 

▪ I have experienced occasional diarrhea from using the oral suspension product. 

▪ speaking quite loudly at home since starting the product 

▪ fatigue 

▪ Reduction in morning energy levels. 

▪ Unsteadyness 
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▪ I don't like the side effect that gives me the munchies, I have a weight issue and it makes 

it hard for me to use it often. 

▪ the oil in higher doses seem to cause me some small belly issues >but I do need it to 

calm pain/ spasms at night so I can sleep. 

▪ dizziness 

▪ Nausea 

▪ symptoms seem to go up and down as the body adjusts to the cannabis and can be 

frustrating. still adjusting dose to find what will work best so still having symptoms/tics. 

can cause both hyperness and sleepiness 

▪ Weight gain 

▪ Sleepiness  

▪ I tend to sleep a longer some days, but the days I am awake I have more energy and I 

feel better than I have in a long time. I have also lost about 8 lbs. since I started in the 

program. 

▪ Little tired 

▪ It gives me a sore throat and it tastes really bad 

▪ Fatigue  

▪ increased appetite 

▪ Blurred vision 

▪ Dizziness  

▪ some headache 

▪ I'm a little more tired and eat more 

▪ Constant hunger 

5 
▪ increased seizure activity 

▪ possible allergic reaction; i.e., hayfever - type symptoms 

▪ Has interacted with my other seizure meds 

▪ The oil made me sick 

▪ Lightheadedness 

▪ Vaping really hurts my throat. And since there is no raw flower available to purchase, 

I'm stuck with a sore throat. The oral options don't take effect for an hour or two, and 

even then, they don't relieve my symptoms effectively like vaped or smoked. I hope raw 

flower is available soon. I bet it's even safer than vaping. 

▪ visual impairment 

▪ Terrible headaches  

▪ Dry mouth 

▪ Notice I tend to eat more which leads to weight gain, sleepiness 

6 
▪ More seizures 
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▪ Sublingual tincture seems to be very caustic to the soft tissue under the tongue 

▪ My son's seizures got worse when we moved from CBD only to [HIGH CBD PRODUCT]. It 

could be a coincidence, but even after I stopped the oil, I could not get his seizures 

under control and we had to be admitted to the hospital 

▪ stomach pains 

▪ sleepimg 

▪ Shakiness, balanced worsened 

▪ I have stopped the cannabis.  While the cannabis helped, I have had two spells of light-

headedness and almost passing out.  It would appear they are caused by the cannabis 

▪ Dizziness and once passed out 

7: Great Deal of Negative Effects 
▪ Caused pain on left side of body 

▪ Tried several times to restart with just one kind then the other 

▪ still pain 

▪ Found that I am allergic to cannabis - I broke out in hives approx. 6 weeks after starting 

to use it. Now, after 9 weeks off of it, the hives are almost gone. 

▪ Severe, uncontrollable diarrhea. Severe, rapid weight loss. Increased seizure activity due 

to extra stress on body caused by severe, uncontrollable diarrhea and weight loss. 

Mental Negative Effects 

No Score 
▪ b in the question below 

1: No Negative Effects 
▪ Anxiety increases on occasion. 

▪ None-just cloudiness sometimes 

▪ felt buzzed twice 

2 
▪ The most irritating part of the program is we have to do oil. I have never liked oil 

because it makes my short term memory a little worse and gives me mental clouding. 

It's not that big of a problem but I get annoyed if I forget something or I'm not thinking 

at my full ability. I had never had any negative side effects when I smoked the plants 

buds. In my experience oils good if you want to get high. But for treating crohns smoking 

the plants buds are better. This is because bud contains other chemicals than just thc or 

cbd that help with crohns while oil doesn't. This rule makes absolutely no sense. I 

understand that this was made law because someone who was ignorant in regards to 

cannabis thought ""vaping oil""  sounded better than ""smoking bud" 

▪ But please please please fix this stupid law and let me treat my crohns with no negative 

side effects again. 
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▪ The fact that the oil makes me too high, mellows me out too much; regular cannabis lets 

me function on a normal level 

▪ I need to time my dosage at night so I don't feel groggy in morning. 

▪ Some decrease in motivation. 

▪ Generally makes me feel lousy. I couldn't function even with a small dose.  

▪ Slight memory loss (short-term memory) 

▪ Very rarely happens, but losing train of thought when making a point. Now practicing 

my own "tickler techniques" to get my thought pattern quickly back on track. 

▪ The high, it's not bad but I only use at night 

▪ just a couple of times feeling high. 

▪ At first, I had to try the different cbd/thc formulas.  There were some times when I felt 

confused or lightheaded.  Now, I know what blend to take to address my symptoms and 

I've figured out which delivery method works best for me.  Now I have almost no 

negative effects.   

▪ Would prefer not feeling altered and sometimes vapor pen doesn't seem to be releasing 

and I take in more than planned - very short term impact. 

▪ At first it made my head feel a little funny, but very quickly that has gone away and 

having less pain has been a huge improvement. I have many more good days. 

▪ nothing significant noticed. maybe some slight ""mental cloudiness"" but not every time 

and very mild 

▪ Getting stupid. 

▪ Short term memory loss. 

▪ Forgetfulness/Losing train of thought  

▪ Some confusion 

▪ using the cbd oil, at times I have felt out of it. 

3 
▪ Makes me lazy. 

▪ I cannot take any cannabis with THC in it.  Must take only pure cannabis.  With the THC I 

get anxiety. With out is everything is good 

▪ depression 

▪ Loss of judgment. 

▪ In the beginning he seemed very lethargic, now that is better but [PATIENT] still has lack 

of appetite often 

▪ Makes me feel rather lazy - I try to use that to my advantage and catch up on some 

sleep or to relax. 

▪ unmotivated, subdued, weak and tired if too much THC - still trying to find that right 

balance 

▪ Unable to drive for four hours after taking. 

▪ Not being able to drive when using the cannabis  

▪ Some mental clouding for about 2 hours 
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▪ mental clouding 

▪ mental fog 

▪ Some cognition fog that seems to decrease with time. 

▪ Gotten almost lazy 

4 
▪ Increased anxiety, buut I could still be dtoxing from clonazepam.  Todaay has been 

better. 

▪ Hyper and Impulsiveness 

▪ Disorientation  

▪ Getting high 

▪ Struggle with memory, focus, comprehension, weight gain, staying on task, lose track of 

time & easily distracted. Which effects my work....however it helps with my intense pain 

& migraines, which is why i wanted to take it..  

▪ It has added to my cognitive confusion/fibro brain symptoms at times.  It does a really 

good job of masking the pain I get from physical exertion which has been a downside 

because then I've over-done at times which then has added to my fatigue and 

exhaustion and pain.  Prior to the MM, my pain was my greatest problem.  Now that the 

pain has been managed to a better extent, I now am dealing with overwhelming fatigue 

and exhaustion a lot of the time. 

▪ Balancing previous existing mental health issues.  

▪ If I use enough to better "control" pain, I can get paranoid.  It can also cause urinary 

retention, but other times, it helps me to go. 

▪ I do not feel like myself 

▪ Anxiety, chills, sometimes fatigue and/or confusion, sore throat/coughing from 

vaporizer 

▪ High feeling 

▪ increased sedation, lightheadedness 

▪ social anxiety not wanting to be around people when I'm on the medicine 

▪ makes me loopy 

▪ Small amount of paranoia 

▪ High feeling 

▪ Uncooperative  

▪ I've felt depressed and sad and wanting to be in the dark liking it to be very silent and 

also not wanting to be around others. 

▪ I'm not effective or efficient when I'm using canabis. I'm awake, but impaired. When I've 

had to use different things in the past like opioids, I'm ineffective, but I'm usually asleep 

the whole time. Being awake and impaired, I spend a lot of time confused and unable to 

follow conversations, read or watch TV. Canabis doesn't make me sleepy. 
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5 
▪ anxiety 

▪ it's difficult to take it during my work hours, because it makes me feel less attentive, NO 

pain or pain.  

▪ When taking it sometimes, maybe a little paranoia set in.  That is something I can't have. 

6 
▪ Crying and irritability non stop once we increase the dose from 1 ml to 1.2 ml. 

7: Great Deal of Negative Effects 
▪ change in behavior and mood, digestive/pancreas?/liver? upset 

▪ not aware of day/time, not remembering what I was saying mid-sentence, increased 

anxiety 

Cost-Related Negative Effects 

No Score 
▪ the hardest part for me is the cost.  I wish it was covered by insurance.  Our insurance 

premiums are so high and then the additional cost for this just puts us up over the edge 

in costs...which depresses me. 

▪ Was only on med. cannabis for 4 days and had to quit due to other medical issues and 

cost! 

1: No Negative Effects 
▪ Cost 

▪ The cost! !!!!! 

▪ I'm not allowed to list financial cost  

▪ cost 

▪ The cost is outrageous 

▪ cost 

▪ cost 

▪ Cost price availablity 

▪ None beside cost 

▪ Cost 

▪ The cost is so much that i think in time people will search out other otions 

▪ The cost is very high ! Have to find a way to lower it ???  

▪ expensive 

▪ Cost and accessibility I live in northern mn 

▪ The price and not available in leaf form. 

▪ None, except expensive  

▪ Cost is unreasonable 

▪ None..just the cost 
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▪ Cost..., way too much. 

▪ Just cost and lack of ability for [PATIENT]’s MA Tefra to help us with the out of pocket 

expense.   

▪ can't afford to try a more therapeutic dose have to drive 180 miles round trip to the 

dispensory 

▪ Cost of Medicine 

▪ Cost and way of consuming. THC oil is 70%. Plant matter is 20-25%. Hundreds of other 

elements in the cannabis plant besides THC, CBD that is useful consumption. Some want 

the canbabis glowered bud to consume in smoking or edibles extracted from the 

cannabis buds. 

▪ The price. 

▪ cost 

▪ The cost of the medicine. The extract version of the cannabis plant is definitely more 

potent than loose leaf cannabis. However, the introduction of lower cost leaf cannabis 

would help patients afford the medicine.  

▪ The cost of the cannabis and it NOT at all whatsoever being covered by insurance it is 

medicine just as any other medicine. 

▪ none just cost 

▪ The cost 

▪ Cost 

▪ cost! 

▪ None beyond funding. 

▪ the cost of medication is high for someone out of pocket with out insurance paying for it 

▪ None,no negative effects .,only the cost has been a factor as it is not covered by medical 

insurance and it is too much money and is hard to afford. 

▪ cost 

▪ Besides cost, nothing is negative. 

2 
▪ The cost for a young person. Insurance does not cover it. 

▪ cost, or lengthy road trip to dispensary 

▪ Price 

▪ The cost is high and month to month I do not know if I will be able to afford a monthly 

supply. 

▪ cost 

3 
▪ cost 

▪ The cost of the product is crazy high and not in line with the market. The same product 

in WA, CA, or CO costs about half of what things cost in MN. 
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4 
▪ Cost (2 reports) 

▪ Financial.  It is very expensive.  That is the only negative. 

5 
▪ Cost 

6 
▪ Way too expensive where I can't afford it! 

▪ money that is charged 

7: Great Deal of Negative Effects 
▪ I'm broke and still need medicines that other states get at a much lower price. I lied and 

borrowed just for my first time. It's hard buying not know for sure that's what I want or 

need. Purchased unless items.having a choice between strain IE sour diesel, 

headband,kush and etc.  

▪ would rather suffer than go to mn med solution again, thy are worse thiefs than the 

drug dealer down the street. leafline lab was ok. 

Negative Attitudes Toward Medical Cannabis Use 

1: No Negative Effects 
▪ the only negative effect i have experienced is when i had to find a Doctor that would 

certify me.  All my health care providers were told not to participate in the cannabis 

program.  Finally my Doctor was able to certify me.  Also the self exam questions when 

getting the medical cannabis from the dispensary are useless.   

▪ what other people would think if they know- so I don't tell them 

▪ The only negative impact would be not telling anyone what is turning my health around 

because of the views of some people with cannabis.   

▪ Poor reception to cannibis at [HOSPITAL].  Serious lack of staff knowledge and support. 

2 
▪ The nay-sayers tire me out.  Two [HOSPITAL] employees (my sister/aunt of my son and a 

[HOSPITAL] doctor friend of our family) insisted that there is no proof that medical 

cannabis helps.  "You might as well give your son dirt". Was a comment I heard from the 

[HOSPITAL] MD friend.  I typically, patiently, point out that our son is on 4'heavy duty 

anti seizure medicines, has been most of his life,  that can't be increased due to ill 

effects, has a VNS, yet is still slammed to the ground, on to his face, from seizures many 

times a day, or can't breath for up to 30 seconds during a tonic seizure.  So are we not to 

try anything that might help?!  Now, 3-months in to starting medical cannabis, I can 

show anyonemwho,asks how,it is,going his seizure diary, where there are far fewer 

entries for daily seizures.  Just a glance at my son's monthly calendar these past 3 



H E A D E R  R E P E A T S  F R O M  P A G E  2  O N W A R D  

13 

months tells it all.  Is medical cannabis perfect?  No, it is not as fast acting as anti seizure 

mess (for those that work), it is a very slow process, ramping up the oil, trying to get it 

just right.  The beauty of medical cannabis is that we are seeing no negative side effects!  

No shortening of his QT waves, no lowered white blood cell counts, no rage and attacks 

on family.  Just a slow improvement on seizures, making all of our lives so much easier. 

▪ People laugh when I tell them I'm trying Medical Marijuana. No one believes it can help 

they believe it's only recreation.  The only people that understand are people like me 

that have run out of options. 

▪ Public opinion. 

▪ Stigma of MJ 

▪ I have only shared that I use cannibas to very few people.  One person shared her 

(negative) opinion.  I let go of her. 

▪ The only negative effect is the possible stigma that I face from using, what most people 

consider, a drug. 

▪ Getting over the stigma of marijuana use in society. I.E. Some family members don't 

approve. 

3 
▪ New neighbors felt that it wasn't right for anyone to used medical cannabis. 

4 
▪ Care providers, other than my registered provider, that are apprehensive to participate 

in the program. Lack of education, wide spread communication in the medical 

community regarding the benefits and laws regarding medical cannabis in MN.  

▪ Medical communities (hospitals) need to be educated on medical cannabis.  We were 

not allowed to bring into the hospital 

▪ embarrassment taking treatment with others around. 

5 
▪ People saying that I am on drugs  

▪ Doctors dont wanna treat medical cannabis patients. Cost. 

Other Negative Effects 

No Score 
▪ Need more distributors 

1: No Negative Effects 
▪ It hasn't worked to stop her seizures 

▪ any break through seizures. [PATIENT] had 3 in November, yet none this month as of 

this writing. 

▪ Not able to use it. Didn't like it and did not feel relief 
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▪ the same amount does not always have the same effect every time  

▪ Wish it worked better. 

▪ The pen leaks?? 

▪ not having proper bottle caps for liquid cannabis 

▪ Running outs month ago I have not been able to function 

▪ OTHER TREATING PAIN CLINIC IS PROHIBITING USE OF MEDICAL MARIJUANA SO I HAVE 

BEEN UNABLE TO TAKE IT THE LAST 30 + DAYS 

▪ I wish they could leave more of the recreational in the pot, it helps me forget that I have 

MS for a while,and street pot does this I think it's part of the therapy. So I am having a 

hard time giving up my street pot. 

▪ Maybe if they add more so it can last longer it leaves so quickly even if I measure the 

time. 

▪ A negative impact of having only THC and CBD products is that they aren't as effective as 

natural whole plant cannabis. 

2 
▪ Not fully effective 

▪ Seizures cluster after 7 days or so and she gets tired too.  

▪ Inconsistency of seizure activity. 

▪ It took several tries to find an appropriate dosage and combination to work at 

minimizing tics. 

▪ It has not helped the increased ammonia level [PATIENT] has had the past few years.  

With the direction of his neurologist, we are currently weaning off one of his seizure 

medications, depakote, which he has been taking for 26 years!  We are hopeful that this 

may help reduce the ammonia level. 

▪ Haven't been able to find the right form of treatment (Suspension/Vape/Pills) that 

works best for me. 

▪ Prefer the oil but trying to utilize the syringe with my fingers is really tough! Would 

really like it if I could administer the oil myself with a different tool. 

▪ I would like to have a type for bedtime. I can't always get to sleep and while I have cut 

down my 2 50mg a night Trazadone to one one 50mg maybe 3-4 times per week. 

▪ Trying to determine correct dosages. 

▪ I can't get other medicines due to being on this program. 

▪ Having to take the medicine several times per day. 

▪ having to refrigerate pills.  if the tincture does not require refrigeration, I may try that...   

▪ Program does not allow enough "options" or other products..VERY limited 

3 
▪ I do not want to drive after using medical cannabis for fear of being arrested for DUI 

even if I can pass the roadside sobriety tests because my blood has THC in it and I could 
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be charged with DUI just from using medical cannabis even if I have not used it for days 

before driving. 

▪ Worry about changing jobs/company due to drug testing 

▪ Im worried about my employer or future employment drug testing 

▪ Regulating the correct amount and type correct which takes time and experience. Much 

easier to do with the pills it seems for me personally as smoking it made my lungs worse 

and often times would be hard for me to control the dosage. 

▪ I would like more edible opptions 

4 
▪ I have more anxiety that police may take me for a blood test of charge me with DUI if 

they know I'm a patient at dispensary. I also had a Warning of illegal drug use in a urine 

test from the so called pain clinic I'm required to go to by [CLINIC] By my now ex primary 

Dr of 20 years. I told the pain clinic when I signed contract not to use illegal drugs that I 

took cannabis by prescription in medical form thru Dept of Health etc. The Dr said OK, as 

long as it wasn't in organic form for smoking! He said I was the 1st patient at [CLINIC] to 

be on legal cannabis. I advised him, I maybe to 1st but surely not the last patient. They 

said this will be resolved ok but I still was warned for illegal thc drug use, which is 

upsetting but it will be straightened out. Thank u!! 

▪ The stick does not always work 

▪ I have sciatica nerve pain, and don't get as much pain relief for that.  Also, it is hard to 

get the dosages down right so that a steady stream of it stays in your system. I mainly 

use the gel caps. 

▪ No help with seizures. 

▪ As an adult with muscle spasms I need [HIGH CBD PRODUCT] or maybe even [HIGH CBD 

PRODUCT], I would like to have a broader range of treatments on the CBD CBD range. I 

understand that this is more for children, but vaporizer for adults would be wonderful. I 

can not take pills due to stomach problems. I do have vaporizers to help with pain, 

sleeping issues due to spasms. Please consider more CBD CBD VAPORIZERS for adults. 

▪ Some negative ONLY because of the MCT, not the cannabis it self! Why do they add 

such an expensive product like  (MCT) to something when it could be more reasonably 

priced without it??? I had to really do my research on MCT to know what this awful stuff 

can do.  There is blog after blog with people complaining about MCT. There are people 

out there that have not done their research and think it is the cannabis.  It is really too 

bad because they could really benefit from the cannabis without the MCT. Again it 

would be cheaper without the MCT in it. 

▪ Variations in batches.   

▪ Not quite strong enough or 

▪ could use more 
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5 
▪ Continued loose to diarrhea stools. 

▪ Because certain types are not available yet, i haven't been able to try all of the varieties. 

Having all of them available may give patients better options as to what works best, 

especially in the first few months. I experience both muscle spasms and chronic pain, 

and have seen benefit from [1:1 THC:CBD PRODUCTS] and occasionally [HIGH THC 

PRODUCT]. But I do wonder if one of the other colors would work longer. 

6 
▪ Mixed strains make the medication unreliable.  Made him very sedated and "high" 

acting even at very low doses. 

7: Great Deal of Negative Effects 
▪ My ex using it as an excuse to get custody of my children 

▪ Seizures are the same and mobility is still down.  She walks and sits hunched over:( 
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Benefits Reported on the Patient Self-Evaluation: Patients 
with First Enrollment July 2015-June 2017 

Summary 
Of patients included on the standard 8 symptom analysis (n = 6924), more than half 
experienced moderate to severe symptoms at baseline on all measures except for nausea (49%) 
and vomiting (23%). Of patients experiencing moderate to severe symptoms at baseline, 
anywhere between 33% and 66% achieved at least a 30% reduction in symptom severity 
(symptom improvement) within 4 months of their first medical cannabis purchase. The lowest 
proportion of patients reporting symptom improvements in the initial 4-month period were for 
pain (33%) and fatigue (44%) symptoms, while the greatest proportion of patients reporting 
symptom improvements were for vomiting (66%), nausea (60%), depression (59%), and lack of 
appetite (58%) symptoms. Similarly, a smaller proportion of patients were able to maintain 
those symptom improvements in the following 4-months for pain (41%) and fatigue (50%) 
symptoms compared to all other symptoms (maintained anywhere by 56%-66% of patients). 

Benefits Reported on the Patient Self-Evaluation: Patients 
with First Enrollment July 2015-June 2017 
The patient self-evaluation is required for patients to complete prior to each medical cannabis 
purchase. It includes questions to assess symptom severity, some of which are administered to 
all patients (standard set of 8 symptom measures) and some of which are tailored to symptoms 
for a given condition (condition-specific symptom measures). Since symptom data is collected  
prior to each patient’s first medical cannabis purchase, symptom changes can be assessed over 
time and compared to baseline (baseline = patient responses to symptom questions just prior 
to their first medical cannabis purchase). 

Standard 8 Symptom Measures 

The standard 8 symptom measures that all patients receive are answered on a 0-10 numerical 
rating scale (NRS), with 0 indicating absence of the symptom to 10 indicating that the symptom 
is as bad as the patient can imagine (see Box 1). Therefore, higher scores on these measures 
indicate poorer management of these symptoms. Patients are asked to rate symptom severity 
over the past 24 hours.  
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Box 1. Listing of the Standard 8 symptom measures that all patients answer, 
including the response options available to patients. 

 

 

 

 

 

 

 

 

To understand whether patients derived any symptom benefits during their participation in the 
program, the following two questions were explored for each Standard 8 symptom measure: 

QUESTION 1  

Of those patients who experienced moderate to severe symptoms at baseline (score of 4 or 
higher at baseline), what percentage of them experienced at least a 30% improvement in 

symptoms within four months of their first medical cannabis purchase? The threshold of ≥30% 
reduction on a 0-10 point scale was chosen because this threshold has been documented in 

clinical trials to represent clinically meaningful change – especially for pain reduction and 

spasticity reduction. Examples of ≥30% change include moving from a score of 10 to a score of 

7, from 9 to 6, from 8 to 5, from 7 to 4, etc. 

QUESTION 2 

If a patient achieved at least a 30% improvement on symptoms within 4 months of their first 
medical cannabis purchase (determined in Question 1), what percentage of them will, on 
average, still maintain that level of improvement in the four months following that initial 30% 
symptom improvement? [Four-month follow-up period] 

 

Results on Standard 8 Symptom Measures 

See Table 1 for results. The third column displays the percentage and number of patients (out 

of 6924 patients) experiencing moderate to severe symptoms at baseline (baseline response ≥ 

4) on a given Standard 8 measure. Fourth column represents answer to Question 1: percentage 
(and number) of moderate to severe scorers at baseline who achieved at least a 30% symptom 
improvement at any time within 4 months of their first medical cannabis purchase. Fifth column 

Standard 8 Symptom Measures: 

Anxiety   Fatigue 
Lack of Appetite  Nausea 
Depression   Pain 
Disturbed Sleep  Vomiting 

Response Options (0 – 10 NRS): 
             0    1    2    3    4    5    6    7    8    9    10 
Symptom                                                        Symptom as 
 not                                                                   bad as one 
 present                                                           can image 
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shows the number of patients that had submitted symptom data during their designated 4-mo 
follow-up period (4 month time window that followed their initial symptom improvement). 
Symptom responses during this 4-mo time period were averaged together within each patient. 

The sixth column shows the percentage and number of patients who had achieved ≥30% 

symptom improvement that had – on average – maintained at least that level of improvement 
in the 4-month follow-up period. Lastly, the seventh column shows the percentage of all 
patients who both achieved at least a 30% improvement in the first 4 months since their first 
medical cannabis purchase and maintained that improvement on average in the 4-month 
follow-up period. 

 



Table 1. Overall Standard 8 Symptom Results (n = 6924). 

All patients collapsed across conditions (n=6924) 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 76.1 (5270) 56.4 (2972) 2449 58.0 (1724) 32.7 

Appetite Lack 56.3 (3900) 57.9 (2257) 1879 60.1 (1357) 34.8 

Depression 65.2 (4511) 59.2 (2672) 2204 59.5 (1589) 35.2 

Disturbed Sleep 88.3 (6116) 54.9 (3358) 2829 56.1 (1885) 30.8 

Fatigue 92.4 (6401) 43.6 (2791) 2366 49.7 (1388) 21.7 

Nausea 48.5 (3361) 59.5 (2000) 1660 61.9 (1237) 36.8 

Pain 93.8 (6497) 32.7 (2124) 1783 40.8 (866) 13.3 

Vomiting 22.7 (1571) 65.6 (1031) 830 66.1 (681) 43.3 



 

Results on Standard 8 Symptom Measures Stratified by Qualifying Condition 

Tables 2-11 below shows the responses to the standard 8 symptoms stratified by qualifying 
condition. 

 



Table 2. Standard 8 Symptom Results in Patients with Intractable Pain (n = 4060). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 76.5 (3107) 58.2 (1809) 1563 58.6 (1060) 34.1 

Appetite Lack 51.8 (2102) 62.2 (1307) 1140 61.6 (805) 38.3 

Depression 66.2 (2689) 61.1 (1643) 1413 59.9 (984) 36.6 

Disturbed Sleep 90.6 (3677) 57.3 (2107) 1831 56.5 (1190) 32.4 

Fatigue 93.4 (3793) 45.7 (1735) 1531 49.8 (864) 22.8 

Nausea 44.5 (1808) 64.3 (1163) 999 61.6 (716) 39.6 

Pain 99.6 (4045) 29.4 (1188) 1076 35.8 (425) 10.5 

Vomiting 18.5 (752) 71.8 (540) 454 70.0 (378) 50.3 
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Table 3. Standard 8 Symptom Results in Patients with Muscle Spasms (n = 1403). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 80.2 (1125) 58.0 (653) 543 58.5 (382) 34.0 

Appetite Lack 57.0 (800) 62.0 (496) 422 63.1 (313) 39.1 

Depression 67.1 (941) 60.9 (573) 483 61.6 (353) 37.5 

Disturbed Sleep 90.2 (1266) 53.0 (671) 586 58.7 (394) 31.1 

Fatigue 92.7 (1301) 44.6 (580) 502 53.1 (308) 23.7 

Nausea 47.9 (672) 65.5 (440) 378 65.5 (288) 42.9 

Pain 95.8 (1344) 35.7 (480) 424 46.7 (224) 16.7 

Vomiting 23.6 (331) 69.8 (231) 195 71.0 (164) 49.5 
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Table 4. Standard 8 Symptom Results in Patients with Cancer (n = 1029). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 74.8 (770) 43.5 (335) 259 56.7 (190) 24.7 

Appetite Lack 77.4 (796) 38.4 (306) 237 51.0 (156) 19.6 

Depression 66.7 (686) 45.9 (315) 239 54.6 (172) 25.1 

Disturbed Sleep 85.4 (879) 42.3 (372) 285 48.4 (180) 20.5 

Fatigue 94.7 (974) 26.6 (259) 211 40.5 (105) 10.8 

Nausea 65.7 (676) 37.9 (256) 197 55.9 (143) 21.2 

Pain 89.1 (917) 30.0 (275) 207 40.4 (111) 12.1 

Vomiting 36.2 (373) 46.9 (175) 133 58.3 (102) 27.3 
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Table 5. Standard 8 Symptom Results in Patients with Seizures (n = 506). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 70.8 (358) 67.3 (241) 211 67.6 (163) 45.5 

Appetite Lack 49.0 (248) 74.6 (185) 161 71.4 (132) 53.2 

Depression 55.7 (282) 74.1 (209) 180 70.8 (148) 52.5 

Disturbed Sleep 79.2 (401) 68.3 (274) 245 61.7 (169) 42.1 

Fatigue 84.2 (426) 62.0 (264) 241 59.1 (156) 36.6 

Nausea 44.3 (224) 74.1 (166) 149 75.9 (126) 56.3 

Pain 64.2 (325) 58.2 (189) 168 63.0 (119) 36.6 

Vomiting 25.5 (129) 79.1 (102) 92 77.5 (79) 61.2 
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Table 6. Standard 8 Symptom Results in Patients with Inflammatory Bowel Disease, including Crohn’s Disease (n = 287). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 74.9 (215) 63.7 (137) 121 65.7 (90) 41.9 

Appetite Lack 69.3 (199) 59.8 (119) 109 64.7 (77) 38.7 

Depression 61.3 (176) 61.4 (108) 97 70.4 (76) 43.2 

Disturbed Sleep 83.6 (240) 57.1 (137) 130 64.2 (88) 36.7 

Fatigue 92.0 (264) 46.6 (123) 110 59.3 (73) 27.7 

Nausea 69.3 (199) 66.8 (133) 112 66.2 (88) 44.2 

Pain 91.6 (263) 49.8 (131) 116 55.0 (72) 27.4 

Vomiting 31.7 (91) 73.6 (67) 63 77.6 (52) 57.1 
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Table 7. Standard 8 Symptom Results in Patients with Terminal Illness (n = 147). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 78.2 (115) 44.3 (51) 43 56.9 (29) 25.2 

Appetite Lack 76.2 (112) 38.4 (43) 33 51.2 (22) 19.6 

Depression 72.1 (106) 46.2 (49) 39 59.2 (29) 27.4 

Disturbed Sleep 82.3 (121) 42.1 (51) 47 54.9 (28) 23.1 

Fatigue 94.6 (139) 23.7 (33) 29 36.4 (12) 8.6 

Nausea 61.9 (91) 45.1 (41) 37 65.9 (27) 29.7 

Pain 91.2 (134) 20.9 (28) 21 39.3 (11) 8.2 

Vomiting 34.7 (51) 52.9 (27) 24 55.6 (15) 29.4 
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Table 8. Standard 8 Symptom Results in Patients with HIV/AIDS (n = 90). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 85.6 (77) 44.2 (34) 31 70.6 (24) 31.2 

Appetite Lack 73.3 (66) 50.0 (33) 29 63.6 (21) 31.8 

Depression 66.7 (60) 48.3 (29) 26 75.9 (22) 36.7 

Disturbed Sleep 88.9 (80) 46.3 (37) 32 54.1 (20) 25.0 

Fatigue 83.3 (75) 41.3 (31) 25 48.4 (15) 20.0 

Nausea 63.3 (57) 56.1 (32) 28 65.6 (21) 36.8 

Pain 87.8 (79) 36.7 (29) 23 44.8 (13) 16.5 

Vomiting 31.1 (28) 50.0 (14) 12 78.6 (11) 39.3 
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Table 9. Standard 8 Symptom Results in Patients with Glaucoma (n = 61). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 73.8 (45) 44.4 (20) 18 50.0 (10) 22.2 

Appetite Lack 37.7 (23) 69.6 (16) 12 56.3 (9) 39.1 

Depression 59.0 (36) 58.3 (21) 18 47.6 (10) 27.8 

Disturbed Sleep 83.6 (51) 43.1 (22) 19 63.6 (14) 27.5 

Fatigue 90.2 (55) 38.2 (21) 17 42.9 (9) 16.4 

Nausea 32.8 (20) 45.0 (9) 7 66.7 (6) 30.0 

Pain 83.6 (51) 41.2 (21) 19 42.9 (9) 17.6 

Vomiting 16.4 (10) 60.0 (6) 5 83.3 (5) 50.0 
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Table 10. Standard 8 Symptom Results in Patients with Tourette Syndrome (n = 58). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 91.4 (53) 64.2 (34) 30 58.8 (20) 37.7 

Appetite Lack 31.0 (18) 61.1 (11) 9 81.8 (9) 50.0 

Depression 65.5 (38) 71.1 (27) 25 81.5 (22) 57.9 

Disturbed Sleep 74.1 (43) 74.4 (32) 30 68.8 (22) 51.2 

Fatigue 74.1 (43) 58.1 (25) 23 60.0 (15) 34.9 

Nausea 17.2 (10) 90.0 (9) 8 66.7 (6) 60.0 

Pain 56.9 (33) 63.6 (21) 20 71.4 (15) 45.5 

Vomiting 5.2 (3) 66.7 (2) 2 100.0 (2) 66.7 
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Table 11. Standard 8 Symptom Results in Patients with ALS (n = 36). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 69.4 (25) 52.0 (13) 10 53.8 (7) 28.0 

Appetite Lack 38.9 (14) 71.4 (10) 7 50.0 (5) 35.7 

Depression 69.4 (25) 40.0 (10) 8 50.0 (5) 20.0 

Disturbed Sleep 77.8 (28) 35.7 (10) 10 80.0 (8) 28.6 

Fatigue 91.7 (33) 30.3 (10) 10 60.0 (6) 18.2 

Nausea 30.6 (11) 63.6 (7) 6 71.4 (5) 45.5 

Pain 75.0 (27) 48.1 (13) 12 30.8 (4) 14.8 

Vomiting 8.3 (3) 66.7 (2) 2 100.0 (2) 66.7 

 

 



Condition-Specific Symptom Measures 
Besides the Standard 8 measures which are administered to all patients, some patients received 
additional symptom questions on the PSE to more adequately address condition-specific 
symptoms. These include, among others, questions on seizure frequency for seizure patients, 
questions on spasm frequency for muscle spasm and ALS patients, and Crohn’s activity in 
Crohn’s patients. While patients received the same response options on the Standard 8 
measures (respond from 1-10 on a numerical rating scale), response options for condition-
specific measures varied as indicated in Table 12.  

All condition-specific measures were investigated within the same framework as the Standard 8 
measures: 1) what percentage of patients achieved symptom improvement within the four 
months since their first medical cannabis purchase compared to their baseline responses, and 
2) what percentage of those achieving symptom improvement showed general persistence in 
the 4-month follow-up period. A summary of results are similarly presented in a table like those 
presented for the Standard 8 measures (see Table 12 below). 

 



Table 12. Results on Symptom Improvements on Condition-Specific Measures. 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Condition 
Condition-Specific 
Symptom Measure 

# of 
Patients 
Included 

in 
Analysis 

% of Patients 
Achieving 
Threshold 
Symptom 

Improvement* 

# of Patients with 
Data in 4-mo 

Period Following 
Initial Threshold 

Symptom 
Improvement 

% of Patients Who 
Achieved Threshold 

Symptom 
Improvement that 

Maintained it** 

% of Patients that 
Both Achieved 

Threshold 
Symptom 

Improvement and 
Maintained it** 

Intractable Pain 
Composite PEG 
Measure 3982 44.1 (1755) 1540 49.0 (860) 21.6 

Intractable Pain     Pain Intensity 3977 36.6 (1455) 1279 45.3 (659) 16.6 

Intractable Pain 
    Life Enjoyment 
Interference 3962 49.7 (1968) 1719 50.6 (995) 25.1 

Intractable Pain 
    General Activity 
Interference 3951 50.0 (1976) 1713 51.3 (1013) 25.6 

Muscle Spasms 
Weekly Spasms 
Frequency 1365 51.1 (698) 556 54.3 (379) 27.8 

Muscle Spasms 0-10 Spasticity Scale 1292 40.1 (518) 443 45.6 (236) 18.3 

Cancer: 
Cachexia/Wasting Weight 345 11.6 (40) 29 45.0 (18) 5.2 

Seizures 
Weekly Seizure 
Frequency 469 62.5 (293) 245 66.2 (194) 41.4 
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Table 12 Continued. Results on Symptom Improvements on Condition-Specific Measures. 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Condition 
Condition-Specific 
Symptom Measure 

# of 
Patients 
Included 

in 
Analysis 

% of Patients 
Achieving 
Threshold 
Symptom 

Improvement* 

# of Patients with 
Data in 4-mo 

Period Following 
Initial Threshold 

Symptom 
Improvement 

% of Patients Who 
Achieved Threshold 

Symptom 
Improvement that 

Maintained it** 

% of Patients that 
Both Achieved 

Threshold 
Symptom 

Improvement and 
Maintained it** 

Inflammatory Bowel 
Disease, Including 
Crohn's Disease 

Subset of HBI 
Measures Combined 287 58.5 (168) 144 51.8 (87) 30.3 

IBD, incl. Crohn's     # Liquid Stools 111 56.8 (63) 52 65.1 (41) 36.9 

IBD, incl. Crohn's     Abdominal Pain 192 59.9 (115) 99 44.3 (51) 26.6 

IBD, incl. Crohn's     General Well-Being 52 59.6 (31) 25 35.5 (11) 21.2 

IBD, incl. Crohn's Weight 287 16.4 (47) 42 55.3 (26) 9.1 

Terminal Illness: 
Cachexia/Wasting Weight 51 21.6 (11) 8 45.5 (5) 9.8 

HIV/AIDS Weight 90 16.7 (15) 8 46.7 (7) 7.8 

Tourette Syndrome Weekly Tic Frequency 58 51.7 (30) 24 63.3 (19) 32.8 

ALS 
Weekly Spasms 
Frequency 33 39.4 (13) 10 46.2 (6) 18.2 

ALS 0-10 Spasticity Scale 23 21.7 (5) 5 80.0 (4) 17.4 

 

 

 



Glaucoma patients were also administered their own condition-specific measure, which was to 
report on the most recent intraocular pressure test (IOP) result and the date the test was 
administered on each patient self-evaluation. However, rather than analyzing for changes on 
the IOP test compared to a baseline IOP result, these results are presented below as reported 
by the patients (see Table 13). All IOP test results represented to the left of the “First Visit” 
column indicate results from tests occurring prior to the patient’s first medical cannabis 
purchase; everything to the right of that column are results occurring after the patient’s first 
purchase. Column names refer to month in which the test was reported to occur prior to or 
after first purchase. Note that these results are not directly coming from the practitioner who 
administered the IOP test – reliance on patient documentation and/or memory is a limitation in 
interpreting these results. 



Table 13. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 61): Left Eye/Right Eye. 
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12               

2                           

20 
/ 

17   

17 
/ 

14               

18 
/ 

16       

3                           

18 
/ 

20 

19 
/ 

18     

18 
/ 

18   

19 
/ 

22 

19 
/ 

18             

4                         

26 
/ 

28 

26 
/ 

28   

18 
/ 

18       

18 
/ 

16               

5                           

21 
/ 

26                           

6                   

20 
/ 

20         

20 
/ 

20                         

7                           

17 
/ 

15                           

8                       

34 
/ 

30             

33 
/ 

33       

26 
/ 

24         
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Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 61): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pat
ien

t 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

13-
mo
** 

9                           

26 
/ 

23 

17 
/ 

18                         

10                         

30 
/ 

30                             

11                   

22 
/ 

24 

27 
/ 

21 

21 
/ 

24                               

12                           

12 
/ 

10     

12 
/ 

12                     

13                           

22 
/ 

14 

22 
/ 

14                         

14                           
9 / 
26   

8 / 
12                       

15                         

17 
/ 

18   

19 
/ 

24                         

16       

22 
/ 

20                     

16 
/ 

16   

17 
/ 

17 

16 
/ 

16             

18 
/ 

19     
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Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 61): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pat
ien

t 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

13-
mo
** 

17                           

23 
/ 

23 

16 
/ 

16 

19 
/ 

25   

16 
/ 

19 

16 
/ 

19       

16 
/ 

18         

18                       

10 
/ 

12       

12 
/ 

15                       

19                           

30 
/ 

22   

19 
/ 

16   

26 
/ 

16                   

20                         

17 
/ 

19 

19 
/ 

17 

19 
/ 

17                         

21                           

17 
/ 

26 

17 
/ 

28   

20 
/ 

25       

19 
/ 

20           

24 
/ 

28 

22         

13 
/ 

14             

12 
/ 

13                               

23     

19 
/ 

18                     

19 
/ 

18       

15 
/ 

15                   

24                           

12 
/ 

15     

14 
/ 

14 

12 
/ 

12                   
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Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 61): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pat
ien

t 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

13-
mo
** 

25                           

16 
/ 

16       

14 
/ 

14 

14 
/ 

14     

14 
/ 

13           

26                           

26 
/ 

26                           

27                           

10 
/ 

12                           

28                         

14 
/ 

16                             

29                       

25 
/ 

25         

16 
/ 

16     

16 
/ 

14               

30                       

26 
/ 

29                               

31         

22 
/ 

21                             

22 
/ 

21               

32                           
1 / 
1     

8 / 
10                     
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Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 61): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pat
ien

t 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

13-
mo
** 

33                           

16 
/ 

30 

12 
/ 

19   
9 / 
19                     

34                           

19 
/ 

18     

14 
/ 

16                     

35                           

16 
/ 

14                           

36                         

25 
/ 

25           

24 
/ 

25     

21 
/ 

21           

37                           

24 
/ 

25   

24 
/ 

23 

22 
/ 

22 

19 
/ 

19             

19 
/ 

19     

38                       

17 
/ 

18 

17 
/ 

18               

16 
/ 

16             

39                           

17 
/ 

17   
14 
/ 8         

14 
/ 8             

40   

15 
/ 

15                         

12 
/ 

11     

12 
/ 

11                   
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Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 61): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pat
ien

t 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

13-
mo
** 

41                           

20 
/ 

21                           

42                         
1 / 
1   

1 / 
1 

1 / 
1 

1 / 
1     

1 / 
1               

43                           

12 
/ 

12                           

44                     

17 
/ 

23     

27 
/ 

18                   

17 
/ 

21       

45                 

21 
/ 

16             

18 
/ 

15         

15 
/ 

18             

46       

18 
/ 

18                         

19 
/ 

20                     

47                           

20 
/ 

19                           

48 

20 
/ 

24                                   

20 
/ 

24                 
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Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 61): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pat
ien

t 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

13-
mo
** 

49                           

39 
/ 

39     

15 
/ 

14                     

50                           

12 
/ 

12   

16 
/ 

15                       

51                           

25 
/ 

25                           

52                       

17 
/ 

17         

18 
/ 

18     

16 
/ 

14 

12 
/ 

14 

12 
/ 

11 

12 
/ 

11 

12 
/ 

11 

12 
/ 

12     

53               

28 
/ 

26                                       

54                           

17 
/ 

19     

15 
/ 

16       

15 
/ 

16       

24 
/ 

22     

55                     

23 
/ 

23         

17 
/ 

19       

15 
/ 

16       

21 
/ 

21       

56       

22 
/ 

24                                               
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Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 61): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pat
ien

t 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

13-
mo
** 

57                           

21 
/ 

21             

20 
/ 

20 

20 
/ 

20           

58                           

25 
/ 

23 

23 
/ 

19           

16 
/ 

18         

16 
/ 

18   

59                           

20 
/ 

20 

22 
/ 

19   

19 
/ 

19   

14 
/ 

13     

17 
/ 

16 

15 
/ 

14   

16 
/ 

15     

60           

18 
/ 

25     

15 
/ 

18                                     

61                           

15 
/ 

15         

18 
/ 

18       

20 
/ 

20         

 

 

 

 



Caution is needed when interpreting the patient self-reported intra-occular pressure results. It 
is possible that patients report incorrect values and dates of testing. Importantly, reported data 
provides little or no insight into changes in glaucoma therapies or other medications during the 
period after medical cannabis initiation. And, though we have record of which products are 
purchased when, without patient-level comparison of changes in product with changes in 
observed effect, we could miss differential impact of products. That analysis is beyond the 
scope of this report. With those caveats, we make the following summary observations. 

After initiating medical cannabis use, 23 of the 61 patients (38%) reported intraocular pressure 
measurements with a decrease in intraocular pressure (IOP) ≥4 mm Hg in at least one eye, 18 
(30%) reported no follow-up results in the year after medical cannabis initiation, and 20 (33%) 
reported follow-up values with no decrease in IOP ≥4 mm Hg (three had IOP decrease = 3 mm 
Hg in one eye).  

Among the 23 showing a decrease in IOP ≥4 mm Hg, 17 reported more than one measurement 
during the year after following medical cannabis initiation. Among these 17 with multiple 
reported measurements, the ≥4 mm Hg decrease in IOP was present in the first reported post-
initiation result for elevn (at months 1[x6], 2[x3], 3, and 4). In six patients, the ≥4 mm Hg 
decrease in IOP wasn’t seen in initial reported result(s), but was present in a later result (at 
months 4, 5, 7, 8[x2], and 9). Among the six with only one post-initiation reported result, the ≥4 
mm Hg decrease in IOP was seen at months 1, 2, 3[x2], 4, and 10. From these patterns, it 
appears that if medical cannabis use results in decreased IOP, the timing of that effect varies 
considerably.  

 

Minnesota Department of Health 
Office of Medical Cannabis 
85 E 7th Place, Suite 220 
PO Box 64882 
St. Paul, MN 55164-0082 
651-201-5598  
health.cannabis@state.mn.us 
www.health.state.mn.us 

10/11/19 

To obtain this information in a different format, call: 651-201-5598. 
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Benefits Reported on the Patient Self-Evaluation: Patients 
with First Enrollment July 2016-June 2017 

Summary 
Of patients included on the standard 8 symptom analysis (n = 5412), more than half 
experienced moderate to severe symptoms at baseline on all measures except for nausea (46%) 
and vomiting (20%). Of patients experiencing moderate to severe symptoms at baseline, 
anywhere between 32% and 68% achieved at least a 30% reduction in symptom severity 
(symptom improvement) within 4 months of their first medical cannabis purchase. The lowest 
proportion of patients reporting symptom improvements in the initial 4-month period were for 
pain (32%) and fatigue (45%) symptoms, while the greatest proportion of patients reporting 
symptom improvements were for vomiting (68%), nausea (61%), depression (60%), and lack of 
appetite (59%) symptoms. Similarly, a smaller proportion of patients were able to maintain 
those symptom improvements in the following 4-months for pain (40%) and fatigue (50%) 
symptoms compared to all other symptoms (maintained anywhere by 57%-69% of patients). 

Benefits Reported on the Patient Self-Evaluation: Patients 
with First Enrollment July 2016-June 2017 
The patient self-evaluation is required for patients to complete prior to each medical cannabis 
purchase. It includes questions to assess symptom severity, some of which are administered to 
all patients (standard set of 8 symptom measures) and some of which are tailored to symptoms 
for a given condition (condition-specific symptom measures). Since symptom data is collected  
prior to each patient’s first medical cannabis purchase, symptom changes can be assessed over 
time and compared to baseline (baseline = patient responses to symptom questions just prior 
to their first medical cannabis purchase). 

Standard 8 Symptom Measures 

The standard 8 symptom measures that all patients receive are answered on a 0-10 numerical 
rating scale (NRS), with 0 indicating absence of the symptom to 10 indicating that the symptom 
is as bad as the patient can imagine (see Box 1). Therefore, higher scores on these measures 
indicate poorer management of these symptoms. Patients are asked to rate symptom severity 
over the past 24 hours.  
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Box 1. Listing of the Standard 8 symptom measures that all patients answer, 
including the response options available to patients. 

Standard 8 Symptom Measures: 

Anxiety; Lack of appetite; Depression; Disturbed Sleep; Fatigue; Nausea; Pain; Vomiting 

 

Response Options (0-10 Numerical Rating Scale): 

0 = Symptom not present; 

10 = Symptom as bad as one can imagine 

 

To understand whether patients derived any symptom benefits during their participation in the 
program, the following two questions were explored for each Standard 8 symptom measure: 

QUESTION 1  

Of those patients who experienced moderate to severe symptoms at baseline (score of 4 or 
higher at baseline), what percentage of them experienced at least a 30% improvement in 

symptoms within four months of their first medical cannabis purchase? The threshold of ≥30% 
reduction on a 0-10 point scale was chosen because this threshold has been documented in 

clinical trials to represent clinically meaningful change – especially for pain reduction and 

spasticity reduction. Examples of ≥30% change include moving from a score of 10 to a score of 

7, from 9 to 6, from 8 to 5, from 7 to 4, etc. 

QUESTION 2 

If a patient achieved at least a 30% improvement on symptoms within 4 months of their first 
medical cannabis purchase (determined in Question 1), what percentage of them will, on 
average, still maintain that level of improvement in the four months following that initial 30% 
symptom improvement? [Four-month follow-up period] 

 

To address Question 1 the following procedure was adopted for each standard 8 measure: all 
patients who scored 4 or higher at baseline were identified as those experiencing moderate to 
severe symptoms, and all standard 8 responses that were submitted within 4 months of their 
first medical cannabis purchase were retained.  From this dataset, each patient’s standard 8 
responses were compared to their baseline response over time. The first instance a patient 
achieved at least a 30% symptom improvement was recorded, effectively demonstrating when 
– during the first 4 months following their first medical cannabis purchase – the patient 
achieved symptom improvement, if at all. 

Calculating the percentage of patients who achieved ≥30% symptom improvement within 4 

months of their first medical cannabis purchase (Question 1) was done in two ways. In one 

method, the number of patients who achieved ≥30% symptom improvement within 4 months 
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was divided by the total number of patients that ever made a first purchase (patients with 

baseline PSE data). In the other method, the number of patients achieving ≥30% symptom 

improvement within 4 months was divided by patients who had submitted additional PSE data 
(beyond their baseline response) within 4 months of their first purchase. The denominator in 
the former method includes all patients who made a first purchase (all patients with a baseline 
PSE submission), while the latter method effectively restricts the dominator to those patients 
who submitted additional PSE symptom data following their baseline submission and within 4 
months of their first purchase. Therefore, the former method allows for a more conservative 
estimation of symptom benefit. In the text of this report, we present results using the former, 
more conservative estimate of benefit. Those who made no additional purchases after their 
first purchase may have discontinued use because of lack of effectiveness, though they may 
have discontinued use for other reasons as well (i.e., medical cannabis cost, side effects, etc.).  

Question 2 was addressed by observing all symptom responses in the four months following the 

time point when the patient first achieved ≥30% symptom improvement. For each patient, all 
symptom responses identified during those follow-up four months were averaged together. 
Patients who, on average, still maintained at least a 30% symptom improvement from baseline 
were identified as those showing persistence in their symptom benefits. 

 

Results on Standard 8 Symptom Measures 

See Table 1 for results. The third column displays the percentage and number of patients (out 

of 5412 patients) experiencing moderate to severe symptoms at baseline (baseline response ≥ 

4) on a given Standard 8 measure. Fourth column represents answer to Question 1: percentage 
(and number) of moderate to severe scorers at baseline who achieved at least a 30% symptom 
improvement at any time within 4 months of their first medical cannabis purchase. Fifth column 
shows the number of patients that had submitted symptom data during their designated 4-mo 
follow-up period (4 month time window that followed their initial symptom improvement). 
Symptom responses during this 4-mo time period were averaged together within each patient. 

The sixth column shows the percentage and number of patients who had achieved ≥30% 

symptom improvement that had – on average – maintained at least that level of improvement 
in the 4-month follow-up period. Lastly, the seventh column shows the percentage of all 
patients who both achieved at least a 30% improvement in the first 4 months since their first 
medical cannabis purchase and maintained that improvement on average in the 4-month 
follow-up period. 

 



Table 1. Overall Standard 8 Symptom Results (n = 5412). 

All patients collapsed across conditions (n=5412) 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period following Initial 

≥ 30% Symptom 
Improvement 

d% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
for at least 4 months(n) 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 75.5 (4085) 57.1 (2334) 1989 59.3 (1385) 33.9 

Appetite Lack 54.3 (2937) 59.2 (1740) 1496 61.0 (1062) 36.2 

Depression 64.9 (3511) 59.9 (2104) 1785 60.2 (1267) 36.1 

Disturbed Sleep 88.6 (4793) 56.2 (2693) 2310 57.1 (1539) 32.1 

Fatigue 92.8 (5020) 44.5 (2236) 1951 50.0 (1118) 22.3 

Nausea 46.1 (2497) 60.9 (1520) 1298 62.7 (953) 38.2 

Pain 95.8 (5185) 31.8 (1648) 1454 39.6 (652) 12.6 

Vomiting 20.2 (1091) 68.0 (742) 617 69.3 (514) 47.1 



Results on Standard 8 Symptom Measures Stratified by Qualifying Condition 

Tables 2-11 below shows the responses to the standard 8 symptoms stratified by qualifying 
condition. 

 



Table 2. Standard 8 Symptom Results in Patients with Intractable Pain (n = 4060). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 76.5 (3107) 58.2 (1809) 1563 58.6 (1060) 34.1 

Appetite Lack 51.8 (2102) 62.2 (1307) 1140 61.6 (805) 38.3 

Depression 66.2 (2689) 61.1 (1643) 1413 59.9 (984) 36.6 

Disturbed Sleep 90.6 (3677) 57.3 (2107) 1831 56.5 (1190) 32.4 

Fatigue 93.4 (3793) 45.7 (1735) 1531 49.8 (864) 22.8 

Nausea 44.5 (1808) 64.3 (1163) 999 61.6 (716) 39.6 

Pain 99.6 (4045) 29.4 (1188) 1076 35.8 (425) 10.5 

Vomiting 18.5 (752) 71.8 (540) 454 70.0 (378) 50.3 
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Table 3. Standard 8 Symptom Results in Patients with Muscle Spasms (n = 736). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 77.7 (572) 61.2 (350) 293 56.6 (198) 34.6 

Appetite Lack 53.4 (393) 65.9 (259) 224 61.4 (159) 40.5 

Depression 63.9 (470) 63.8 (300) 256 60.3 (181) 38.5 

Disturbed Sleep 89.9 (662) 56.0 (371) 321 56.3 (209) 31.6 

Fatigue 92.0 (677) 47.0 (318) 275 51.3 (163) 24.1 

Nausea 41.6 (306) 68.3 (209) 183 65.6 (137) 44.8 

Pain 95.7 (704) 37.5 (264) 236 42.8 (113) 16.1 

Vomiting 18.9 (139) 76.3 (106) 92 76.4 (81) 58.3 
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Table 4. Standard 8 Symptom Results in Patients with Cancer (n = 624). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 73.9 (461) 42.5 (196) 147 57.1 (112) 24.3 

Appetite Lack 76.1 (475) 37.9 (180) 135 46.7 (84) 17.7 

Depression 66.0 (412) 44.2 (182) 138 53.8 (98) 23.8 

Disturbed Sleep 84.0 (524) 42.6 (223) 163 49.3 (110) 21.0 

Fatigue 94.6 (590) 27.5 (162) 128 40.1 (65) 11.0 

Nausea 63.0 (393) 37.7 (148) 112 52.7 (78) 19.8 

Pain 89.9 (561) 30.7 (172) 127 40.1 (69) 12.3 

Vomiting 32.9 (205) 46.3 (95) 69 58.9 (56) 27.3 
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Table 5. Standard 8 Symptom Results in Patients with Seizures (n = 207). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 75.4 (156) 67.3 (105) 91 62.9 (66) 42.3 

Appetite Lack 49.8 (103) 71.8 (74) 64 67.6 (50) 48.5 

Depression 59.9 (124) 75.0 (93) 79 66.7 (62) 50.0 

Disturbed Sleep 76.8 (159) 67.3 (107) 90 58.9 (63) 39.6 

Fatigue 87.0 (180) 62.2 (112) 98 51.8 (58) 32.2 

Nausea 41.5 (86) 76.7 (66) 56 71.2 (47) 54.7 

Pain 65.2 (135) 55.6 (75) 62 53.3 (40) 29.6 

Vomiting 18.8 (39) 76.9 (30) 26 73.3 (22) 56.4 

 



Table 6. Standard 8 Symptom Results in Patients with Inflammatory Bowel Disease, including Crohn’s Disease (n = 185). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 69.2 (128) 68.0 (87) 78 72.4 (63) 49.2 

Appetite Lack 64.3 (119) 63.9 (76) 72 68.4 (52) 43.7 

Depression 58.4 (108) 67.6 (73) 66 72.6 (53) 49.1 

Disturbed Sleep 81.6 (151) 65.6 (99) 93 63.6 (63) 41.7 

Fatigue 90.8 (168) 52.4 (88) 79 63.6 (56) 33.3 

Nausea 68.6 (127) 67.7 (86) 81 69.8 (60) 47.2 

Pain 89.7 (166) 54.8 (91) 84 58.2 (53) 31.9 

Vomiting 32.4 (60) 83.3 (50) 47 76.0 (38) 63.3 



Table 7. Standard 8 Symptom Results in Patients with Terminal Illness (n = 66). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 83.3 (55) 36.4 (20) 15 55.0 (11) 20.0 

Appetite Lack 72.7 (48) 39.6 (19) 14 57.9 (11) 22.9 

Depression 78.8 (52) 44.2 (23) 17 56.5 (13) 25.0 

Disturbed Sleep 84.8 (56) 39.3 (22) 19 54.5 (12) 21.4 

Fatigue 95.5 (63) 27.0 (17) 15 35.3 (6) 9.5 

Nausea 53.0 (35) 45.7 (16) 14 68.8 (11) 31.4 

Pain 93.9 (62) 22.6 (14) 10 28.6 (4) 6.5 

Vomiting 24.2 (16) 43.8 (7) 6 71.4 (5) 31.3 



Table 8. Standard 8 Symptom Results in Patients with HIV/AIDS (n = 42). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 78.6 (33) 36.4 (12) 11 75.0 (9) 27.3 

Appetite Lack 64.3 (27) 51.9 (14) 12 64.3 (9) 33.3 

Depression 61.9 (26) 50.0 (13) 11 76.9 (10) 38.5 

Disturbed Sleep 85.7 (36) 41.7 (15) 14 60.0 (9) 25.0 

Fatigue 81.0 (34) 35.3 (12) 10 50.0 (6) 17.6 

Nausea 57.1 (24) 50.0 (12) 11 66.7 (8) 33.3 

Pain 81.0 (34) 32.4 (11) 9 36.4 (4) 11.8 

Vomiting 19.0 (8) 50.0 (4) 3 75.0 (3) 37.5 



Table 9. Standard 8 Symptom Results in Patients with Glaucoma (n = 40). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 77.5 (31) 45.2 (14) 12 50.0 (7) 22.6 

Appetite Lack 40.0 (16) 62.5 (10) 7 50.0 (5) 31.3 

Depression 55.0 (22) 40.9 (9) 7 33.3 (3) 13.6 

Disturbed Sleep 82.5 (33) 33.3 (11) 9 72.7 (8) 24.2 

Fatigue 90.0 (36) 36.1 (13) 10 46.2 (6) 16.7 

Nausea 35.0 (14) 57.1 (8) 6 62.5 (5) 35.7 

Pain 82.5 (33) 45.5 (15) 13 40.0 (6) 18.2 

Vomiting 22.5 (9) 66.7 (6) 5 83.3 (5) 55.6 



Table 10. Standard 8 Symptom Results in Patients with Tourette Syndrome (n = 30). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 90.0 (27) 59.3 (16) 13 43.8 (7) 25.9 

Appetite Lack 33.3 (10) 70.0 (7) 6 85.7 (6) 60.0 

Depression 60.0 (18) 66.7 (12) 11 75.0 (9) 50.0 

Disturbed Sleep 73.3 (22) 72.7 (16) 14 62.5 (10) 45.5 

Fatigue 73.3 (22) 50.0 (11) 10 72.7 (8) 36.4 

Nausea 16.7 (5) 80.0 (4) 3 50.0 (2) 40.0 

Pain 53.3 (16) 62.5 (10) 9 50.0 (5) 31.3 

Vomiting 6.7 (2) 50.0 (1) 1 100.0 (1) 50.0 



Table 11. Standard 8 Symptom Results in Patients with ALS (n = 15). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 53.3 (8) 50.0 (4) 3 50.0 (2) 25.0 

Appetite Lack 40.0 (6) 50.0 (3) 2 33.3 (1) 16.7 

Depression 66.7 (10) 40.0 (4) 3 50.0 (2) 20.0 

Disturbed Sleep 66.7 (10) 40.0 (4) 4 75.0 (3) 30.0 

Fatigue 86.7 (13) 23.1 (3) 3 33.3 (1) 7.7 

Nausea 13.3 (2) 100.0 (2) 2 50.0 (1) 50.0 

Pain 66.7 (10) 50.0 (5) 5 40.0 (2) 20.0 

Vomiting 6.7 (1) 100.0 (1) 1 100.0 (1) 100.0 

 

 



Condition-Specific Symptom Measures 
Besides the Standard 8 measures which are administered to all patients, some patients received 
additional symptom questions on the PSE to more adequately address condition-specific 
symptoms. These include, among others, questions on seizure frequency for seizure patients, 
questions on spasm frequency for muscle spasm and ALS patients, and Crohn’s activity in 
Crohn’s patients. While patients received the same response options on the Standard 8 
measures (respond from 1-10 on a numerical rating scale), response options for condition-
specific measures varied as indicated in Table 12.  

All condition-specific measures were investigated within the same framework as the Standard 8 
measures: 1) what percentage of patients achieved symptom improvement within the four 
months since their first medical cannabis purchase compared to their baseline responses, and 
2) what percentage of those achieving symptom improvement showed general persistence in 
the 4-month follow-up period. A summary of results are similarly presented in a table like those 
presented for the Standard 8 measures (see Table 12 below). 

 



Table 12. Results on Symptom Improvements on Condition-Specific Measures. 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Condition 
Condition-Specific 
Symptom Measure 

# of 
Patients 
Included 

in 
Analysis 

% of Patients 
Achieving 
Threshold 
Symptom 

Improvement* 

# of Patients with 
Data in 4-mo 

Period Following 
Initial Threshold 

Symptom 
Improvement 

% of Patients Who 
Achieved Threshold 

Symptom 
Improvement that 

Maintained it** 

% of Patients that 
Both Achieved 

Threshold 
Symptom 

Improvement and 
Maintained it** 

Intractable Pain 
Composite PEG 
Measure 3982 44.1 (1755) 1540 49.0 (860) 21.6 

Intractable Pain     Pain Intensity 3977 36.6 (1455) 1279 45.3 (659) 16.6 

Intractable Pain 
    Life Enjoyment 
Interference 3962 49.7 (1968) 1719 50.6 (995) 25.1 

Intractable Pain 
    General Activity 
Interference 3951 50.0 (1976) 1713 51.3 (1013) 25.6 

Muscle Spasms 
Weekly Spasms 
Frequency 736 53.8 (396) 331 51.8 (205) 27.9 

Muscle Spasms 0-10 Spasticity Scale 674 43.5 (293) 246 44.4 (130) 19.3 

Cancer: 
Cachexia/Wasting Weight 198 10.1 (20) 14 45.0 (9) 4.5 

Seizures 
Weekly Seizure 
Frequency 207 55.1 (114) 95 58.8 (67) 32.4 
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Table 12 Continued. Results on Symptom Improvements on Condition-Specific Measures. 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Condition 
Condition-Specific 
Symptom Measure 

# of 
Patients 
Included 

in 
Analysis 

% of Patients 
Achieving 
Threshold 
Symptom 

Improvement* 

# of Patients with 
Data in 4-mo 

Period Following 
Initial Threshold 

Symptom 
Improvement 

% of Patients Who 
Achieved Threshold 

Symptom 
Improvement that 

Maintained it** 

% of Patients that 
Both Achieved 

Threshold 
Symptom 

Improvement and 
Maintained it** 

Inflammatory Bowel 
Disease, Including 
Crohn's Disease 

Subset of HBI 
Measures Combined 185 62.7 (116) 103 56.0 (65) 35.1 

IBD, incl. Crohn's     # Liquid Stools 70 60.0 (42) 35 69.0 (29) 41.4 

IBD, incl. Crohn's     Abdominal Pain 119 63.9 (76) 70 48.7 (37) 31.1 

IBD, incl. Crohn's     General Well-Being 37 64.9 (24) 20 37.5 (9) 24.3 

IBD, incl. Crohn's Weight 185 14.1 (26) 24 53.8 (14) 7.6 

Terminal Illness: 
Cachexia/Wasting Weight 22 22.7 (5) 3 40.0 (2) 9.1 

HIV/AIDS Weight 42 19.0 (8) 5 50.0 (4) 9.5 

Tourette Syndrome Weekly Tic Frequency 30 43.3 (13) 9 46.2 (6) 20.0 

ALS 
Weekly Spasms 
Frequency 15 46.7 (7) 6 28.6 (2) 13.3 

ALS 0-10 Spasticity Scale 8 25.0 (2) 2 50.0 (1) 12.5 

 

 



Glaucoma patients were also administered their own condition-specific measure, which was to 
report on the most recent intraocular pressure test (IOP) result and the date the test was 
administered on each patient self-evaluation. However, rather than analyzing for changes on 
the IOP test compared to a baseline IOP result, these results are presented below as reported 
by the patients (see Table 13). All IOP test results represented to the left of the “First Visit” 
column indicate results from tests occurring prior to the patient’s first medical cannabis 
purchase; everything to the right of that column are results occurring after the patient’s first 
purchase. Column names refer to month in which the test was reported to occur prior to or 
after first purchase. Note that these results are not directly coming from the practitioner who 
administered the IOP test – reliance on patient documentation and/or memory is a limitation in 
interpreting these results. 



Table 13. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 40): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pati
ent 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

1         

13 
/ 

14             

12 
/ 

13                             

2     

19 
/ 

18                     

19 
/ 

18       

15 
/ 

15                 

3                           

12 
/ 

15     

14 
/ 

14 

12 
/ 

12                 

4                           

16 
/ 

16       

14 
/ 

14 

14 
/ 

14     

14 
/ 

13         

5                           

26 
/ 

26                         

6                           

10 
/ 

12                         

7                         

14 
/ 

16                           

8                       

25 
/ 

25         

16 
/ 

16     

16 
/ 

14             
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Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 40): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pati
ent 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

9                       

26 
/ 

29                             

10         

22 
/ 

21                             

22 
/ 

21             

11                           
1 / 
1     

8 / 
10                   

12                           

16 
/ 

30 

12 
/ 

19   
9 / 
19                   

13                           

19 
/ 

18     

14 
/ 

16                   

14                           

16 
/ 

14                         

15                         

25 
/ 

25           

24 
/ 

25     

21 
/ 

21         

16                           

24 
/ 

25   

24 
/ 

23 

22 
/ 

22 

19 
/ 

19             

19 
/ 

19   
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 Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 40): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Patie
nt 

33-
mo
* 

24-
mo* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

17                       

17 
/ 

18 

17 
/ 

18               
16 / 
16           

18                           

17 
/ 

17   
14 / 

8         
14 / 

8           

19   
15 / 
15                         

12 / 
11     

12 / 
11                 

20                           

20 
/ 

21                         

21                         
1 / 
1   

1 / 
1 

1 / 
1 

1 / 
1     

1 / 
1             

22                           

12 
/ 

12                         

23                     

17 
/ 

23     

27 
/ 

18                   
17 / 
21     

24                 

21 
/ 

16             
18 / 
15         

15 / 
18           
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 Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 40): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pati
ent 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 

9-
mo
** 

10-
mo
** 

11-
mo
** 

12-
mo
** 

25       

18 
/ 

18                         

19 
/ 

20                   

26                           

20 
/ 

19                         

27 

20 
/ 

24                                   

20 
/ 

24               

28                           

39 
/ 

39     

15 
/ 

14                   

29                           

12 
/ 

12   

16 
/ 

15                     

30                           

25 
/ 

25                         

31                       

17 
/ 

17         

18 
/ 

18     

16 
/ 

14 

12 
/ 

14 

12 
/ 

11 

12 
/ 

11 

12 
/ 

11 

12 
/ 

12   

32               

28 
/ 

26                                     
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Table 13 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 40): Left Eye/Right Eye. 
 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Pati
ent 

33-
mo
* 

24-
mo
* 

13-
mo
* 

11-
mo
* 

10-
mo
* 

9-
mo
* 

8-
mo
* 

7-
mo
* 

6-
mo
* 

5-
mo
* 

4-
mo
* 

3-
mo
* 

2-
mo
* 

1-
mo
* 

1-
mo
** 

2-
mo
** 

3-
mo
** 

4-
mo
** 

5-
mo
** 

6-
mo
** 

7-
mo
** 

8-
mo
** 
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mo
** 
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mo
** 

11-
mo
** 
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mo
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33                           

17 
/ 

19     

15 
/ 

16       

15 
/ 

16       

24 
/ 

22   

34                     

23 
/ 

23         

17 
/ 

19       

15 
/ 

16       

21 
/ 

21     

35       

22 
/ 

24                                             

36                           

21 
/ 

21             

20 
/ 

20 

20 
/ 

20         

37                           

25 
/ 

23 

23 
/ 

19           

16 
/ 

18         

16 
/ 

18 

38                           

20 
/ 

20 

22 
/ 

19   

19 
/ 

19   

14 
/ 

13     

17 
/ 

16 

15 
/ 

14   

16 
/ 

15   

39           

18 
/ 

25     

15 
/ 

18                                   

40                           

15 
/ 

15         

18 
/ 

18       

20 
/ 

20       



Caution is needed when interpreting the patient self-reported intra-occular pressure results. It 
is possible that patients report incorrect values and dates of testing. Importantly, reported data 
provides little or no insight into changes in glaucoma therapies or other medications during the 
period after medical cannabis initiation. And, though we have record of which products are 
purchased when, without patient-level comparison of changes in product with changes in 
observed effect, we could miss differential impact of products. That analysis is beyond the 
scope of this report. With those caveats, we make the following summary observations. 

After initiating medical cannabis use, fifteen of the 40 patients (38%) reported intraocular 

pressure measurements with a decrease in intraocular pressure (IOP) ≥4 mm Hg in at least one 
eye, 14 (35%) reported no follow-up results in the year after medical cannabis initiation, and 11 

(28%) reported follow-up values with no decrease in IOP ≥4 mm Hg (three had IOP decrease = 
3 mm Hg in one eye). 

Among the 15 showing a decrease in IOP ≥4 mm Hg, 11 reported more than one measurement 
during the year after following medical cannabis initiation. Among these 11 with multiple 

reported measurements, the ≥4 mm Hg decrease in IOP was present in the first reported post-

initiation result for six (at months 1[x3], 2[x2], and 3). In five patients, the ≥4 mm Hg decrease 

in IOP wasn’t seen in initial reported result(s), but was present in a later result (at months 4, 5, 

7, and 8 [x2]). Among the four with only one post-initiation reported result, the ≥4 mm Hg 
decrease in IOP was seen at months 3[x2], 4, and 10. From these patterns, it appears that if 
medical cannabis use results in decreased IOP, the timing of that effect varies considerably. 
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Benefits Reported on the Patient Self-Evaluation: Patients 
with First Enrollment July 2015-June 2016 

Summary 
Of patients included on the standard 8 symptom analysis (n = 1512), more than half 
experienced moderate to severe symptoms at baseline on all measures except for vomiting 
(32%). Of patients experiencing moderate to severe symptoms at baseline, anywhere between 
36% and 60% achieved at least a 30% reduction in symptom severity (symptom improvement) 
within 4 months of their first medical cannabis purchase. The lowest proportion of patients 
reporting symptom improvements in the initial 4-month period were for pain (36%) and fatigue 
(40%) symptoms, while the greatest proportion of patients reporting symptom improvements 
were for vomiting (60%), depression (57%), and nausea (56%) symptoms. Similarly, a smaller 
proportion of patients were able to maintain those symptom improvements in the following 4-
months for pain (45%) and fatigue (49%) symptoms compared to all other symptoms 
(maintained anywhere by 52%-59% of patients). 

Benefits Reported on the Patient Self-Evaluation: Patients 
with First Enrollment July 2015-June 2016 
The patient self-evaluation is required for patients to complete prior to each medical cannabis 
purchase. It includes questions to assess symptom severity, some of which are administered to 
all patients (standard set of 8 symptom measures) and some of which are tailored to symptoms 
for a given condition (condition-specific symptom measures). Since symptom data is collected  
prior to each patient’s first medical cannabis purchase, symptom changes can be assessed over 
time and compared to baseline (baseline = patient responses to symptom questions just prior 
to their first medical cannabis purchase). 

Standard 8 Symptom Measures 

The standard 8 symptom measures that all patients receive are answered on a 0-10 numerical 
rating scale (NRS), with 0 indicating absence of the symptom to 10 indicating that the symptom 
is as bad as the patient can imagine (see Box 1). Therefore, higher scores on these measures 
indicate poorer management of these symptoms. Patients are asked to rate symptom severity 
over the past 24 hours.  
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Box 1. Listing of the Standard 8 symptom measures that all patients answer, 
including the response options available to patients. 

Standard 8 Symptom Measures: 

Anxiety; Lack of appetite; Depression; Disturbed Sleep; Fatigue; Nausea; Pain; Vomiting 

 

Response Options (0-10 Numerical Rating Scale): 

0 = Symptom not present; 

10 = Symptom as bad as one can imagine 

 

To understand whether patients derived any symptom benefits during their participation in the 
program, the following two questions were explored for each Standard 8 symptom measure: 

QUESTION 1  

Of those patients who experienced moderate to severe symptoms at baseline (score of 4 or 
higher at baseline), what percentage of them experienced at least a 30% improvement in 

symptoms within four months of their first medical cannabis purchase? The threshold of ≥30% 
reduction on a 0-10 point scale was chosen because this threshold has been documented in 

clinical trials to represent clinically meaningful change – especially for pain reduction and 

spasticity reduction. Examples of ≥30% change include moving from a score of 10 to a score of 

7, from 9 to 6, from 8 to 5, from 7 to 4, etc. 

QUESTION 2 

If a patient achieved at least a 30% improvement on symptoms within 4 months of their first 
medical cannabis purchase (determined in Question 1), what percentage of them will, on 
average, still maintain that level of improvement in the four months following that initial 30% 
symptom improvement? [Four-month follow-up period] 

 

Results on Standard 8 Symptom Measures 

See Table 1 for results. The third column displays the percentage and number of patients (out 

of 1,512 patients) experiencing moderate to severe symptoms at baseline (baseline response ≥ 
4) on a given Standard 8 measure. Fourth column represents answer to Question 1: percentage 
(and number) of moderate to severe scorers at baseline who achieved at least a 30% symptom 
improvement at any time within 4 months of their first medical cannabis purchase. Fifth column 
shows the number of patients that had submitted symptom data during their designated 4-mo 
follow-up period (4 month time window that followed their initial symptom improvement). 
Symptom responses during this 4-mo time period were averaged together within each patient. 

The sixth column shows the percentage and number of patients who had achieved ≥30% 
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symptom improvement that had – on average – maintained at least that level of improvement 
in the 4-month follow-up period. Lastly, the seventh column shows the percentage of all 
patients who both achieved at least a 30% improvement in the first 4 months since their first 
medical cannabis purchase and maintained that improvement on average in the 4-month 
follow-up period. 

 



Table 1. Overall Standard 8 Symptom Results (n = 1512). 

All patients collapsed across conditions (n=1512) 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

# of Patients 
Reporting at 

Moderate to Severe 
Symptoms at Baseline 

% of Patients 
Reporting at 

Moderate to Severe 
Symptoms at Baseline 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with 
Data in 4-mo Period 

Following Initial 
≥ 30% Symptom 

Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom 
Improvement that 

Maintained it** 

% of Patients that 
Both Achieved 

≥ 30% Symptom 
Improvement and 
Maintained It** 

Anxiety 1185 78.4 53.8 (638) 460 53.1 (339) 28.6 

Appetite Lack 963 63.7 53.7 (517) 383 57.1 (295) 30.6 

Depression 1000 66.1 56.8 (568) 419 56.7 (322) 32.2 

Disturbed Sleep 1323 87.5 50.3 (665) 519 52.0 (346) 26.2 

Fatigue 1381 91.3 40.2 (555) 415 48.6 (270) 19.6 

Nausea 864 57.1 55.6 (480) 362 59.2 (284) 32.9 

Pain 1312 86.8 36.3 (476) 329 45.0 (214) 16.3 

Vomiting 480 31.7 60.2 (289) 213 57.8 (167) 34.8 



 

Results on Standard 8 Symptom Measures Stratified by Qualifying Condition 

Tables 2-10 below shows the responses to the standard 8 symptoms stratified by qualifying 
condition. 

 



 

Table 2. Standard 8 Symptom Results in Patients with Muscle Spasms (n = 667). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 82.9 (553) 54.8 (303) 250 60.7 (184) 33.3 

Appetite Lack 61.0 (407) 58.2 (237) 198 65.0 (154) 37.8 

Depression 70.6 (471) 58.0 (273) 227 63.0 (172) 36.5 

Disturbed Sleep 90.6 (604) 49.7 (300) 265 61.7 (185) 30.6 

Fatigue 93.6 (624) 42.0 (262) 227 55.3 (145) 23.2 

Nausea 54.9 (366) 63.1 (231) 195 65.4 (151) 41.3 

Pain 96.0 (640) 33.8 (216) 188 51.4 (111) 17.3 

Vomiting 28.8 (192) 65.1 (125) 103 66.4 (83) 43.2 

 

 



Table 3. Standard 8 Symptom Results in Patients with Cancer (n = 405). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 76.3 (309) 45.0 (139) 112 56.1 (78) 25.2 

Appetite Lack 79.3 (321) 39.3 (126) 102 57.1 (72) 22.4 

Depression 67.7 (274) 48.5 (133) 101 55.6 (74) 27.0 

Disturbed Sleep 87.7 (355) 42.0 (149) 122 47.0 (70) 19.7 

Fatigue 94.8 (384) 25.3 (97) 83 41.2 (40) 10.4 

Nausea 69.9 (283) 38.2 (108) 85 60.2 (65) 23.0 

Pain 87.9 (356) 28.9 (103) 80 40.8 (42) 11.8 

Vomiting 41.5 (168) 47.6 (80) 64 57.5 (46) 27.4 

 



Table 4. Standard 8 Symptom Results in Patients with Seizures (n = 299). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 67.6 (202) 67.3 (136) 120 71.3 (97) 48.0 

Appetite Lack 48.5 (145) 76.6 (111) 97 73.9 (82) 56.6 

Depression 52.8 (158) 73.4 (116) 101 74.1 (86) 54.4 

Disturbed Sleep 80.9 (242) 69.0 (167) 155 63.5 (106) 43.8 

Fatigue 82.3 (246) 61.8 (152) 143 64.5 (98) 39.8 

Nausea 46.2 (138) 72.5 (100) 93 79.0 (79) 57.2 

Pain 63.5 (190) 60.0 (114) 106 69.3 (79) 41.6 

Vomiting 30.1 (90) 80.0 (72) 66 79.2 (57) 63.3 

 



Table 5. Standard 8 Symptom Results in Patients with Crohn’s Disease (n = 102). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 85.3 (87) 57.5 (50) 43 54.0 (27) 31.0 

Appetite Lack 78.4 (80) 53.8 (43) 37 58.1 (25) 31.3 

Depression 66.7 (68) 51.5 (35) 31 65.7 (23) 33.8 

Disturbed Sleep 87.3 (89) 42.7 (38) 37 65.8 (25) 28.1 

Fatigue 94.1 (96) 36.5 (35) 31 48.6 (17) 17.7 

Nausea 70.6 (72) 65.3 (47) 31 59.6 (28) 38.9 

Pain 95.1 (97) 41.2 (40) 32 47.5 (19) 19.6 

Vomiting 30.4 (31) 54.8 (17) 16 82.4 (14) 45.2 

 



Table 6. Standard 8 Symptom Results in Patients with Terminal Illness (n = 81). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 74.1 (60) 51.7 (31) 28 58.1 (18) 30.0 

Appetite Lack 79.0 (64) 37.5 (24) 19 45.8 (11) 17.2 

Depression 66.7 (54) 48.1 (26) 22 61.5 (16) 29.6 

Disturbed Sleep 80.2 (65) 44.6 (29) 28 55.2 (16) 24.6 

Fatigue 93.8 (76) 21.1 (16) 14 37.5 (6) 7.9 

Nausea 69.1 (56) 44.6 (25) 23 64.0 (16) 28.6 

Pain 88.9 (72) 19.4 (14) 11 50.0 (7) 9.7 

Vomiting 43.2 (35) 57.1 (20) 18 50.0 (10) 28.6 

 



Table 7. Standard 8 Symptom Results in Patients with HIV/AIDS (n = 48). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 91.7 (44) 50.0 (22) 20 68.2 (15) 34.1 

Appetite Lack 81.3 (39) 48.7 (19) 17 63.2 (12) 30.8 

Depression 70.8 (34) 47.1 (16) 15 75.0 (12) 35.3 

Disturbed Sleep 91.7 (44) 50.0 (22) 18 50.0 (11) 25.0 

Fatigue 85.4 (41) 46.3 (19) 15 47.4 (9) 22.0 

Nausea 68.8 (33) 60.6 (20) 17 65.0 (13) 39.4 

Pain 93.8 (45) 40.0 (18) 14 50.0 (9) 20.0 

Vomiting 41.7 (20) 50.0 (10) 9 80.0 (8) 40.0 

 



Table 8. Standard 8 Symptom Results in Patients with Tourette Syndrome (n = 28). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 92.9 (26) 69.2 (18) 17 72.2 (13) 50.0 

Appetite Lack 28.6 (8) 50.0 (4) 3 75.0 (3) 37.5 

Depression 71.4 (20) 75.0 (15) 14 86.7 (13) 65.0 

Disturbed Sleep 75.0 (21) 76.2 (16) 16 75.0 (12) 57.1 

Fatigue 75.0 (21) 66.7 (14) 13 50.0 (7) 33.3 

Nausea 17.9 (5) 100.0 (5) 5 80.0 (4) 80.0 

Pain 60.7 (17) 64.7 (11) 11 90.9 (10) 58.8 

Vomiting 3.6 (1) 100.0 (1) 1 100.0 (1) 100.0 

 



Table 9. Standard 8 Symptom Results in Patients with Glaucoma (n = 21). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 66.7 (14) 42.9 (6) 6 50.0 (3) 21.4 

Appetite Lack 33.3 (7) 85.7 (6) 5 66.7 (4) 57.1 

Depression 66.7 (14) 85.7 (12) 11 58.3 (7) 50.0 

Disturbed Sleep 85.7 (18) 61.1 (11) 10 54.5 (6) 33.3 

Fatigue 90.5 (19) 42.1 (8) 7 37.5 (3) 15.8 

Nausea 28.6 (6) 16.7 (1)  1 100.0 (1) 16.7 

Pain 85.7 (18) 33.3 (6) 6 50.0 (3) 16.7 

Vomiting 4.8 (1) 0.0 (0) 0 -- (0) 0.0 

 



Table 10. Standard 8 Symptom Results in Patients with ALS (n = 21). 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Standard 8 
Symptom 
Measure 

% of Patients 
Reporting at Moderate 
to Severe Symptoms at 

Baseline (n) 

% of Patients 
Achieving ≥ 30% 

Symptom 
Improvement* 

# of Patients with Data in 4-
mo Period Following Initial 

≥ 30% Symptom 
Improvement 

% of Patients Who 
Achieved ≥ 30% 

Symptom Improvement 
that Maintained it** 

% of Patients that Both 
Achieved ≥ 30% 

Symptom Improvement 
and Maintained It** 

Anxiety 81.0 (17) 52.9 (9) 7 55.6 (5) 29.4 

Appetite Lack 38.1 (8) 87.5 (7) 5 57.1 (4) 50.0 

Depression 71.4 (15) 40.0 (6) 5 50.0 (3) 20.0 

Disturbed Sleep 85.7 (18) 33.3 (6) 6 83.3 (5) 27.8 

Fatigue 95.2 (20) 35.0 (7) 7 71.4 (5) 25.0 

Nausea 42.9 (9) 55.6 (5) 4 80.0 (4) 44.4 

Pain 81.0 (17) 47.1 (8) 7 25.2 11.8 

Vomiting 9.5 (2) 50.0 (1) 1 100.0 (1) 50.0 

 

 

 



Condition-Specific Symptom Measures 
Besides the Standard 8 measures which are administered to all patients, some patients received 
additional symptom questions on the PSE to more adequately address condition-specific 
symptoms. These include, among others, questions on seizure frequency for seizure patients, 
questions on spasm frequency for muscle spasm and ALS patients, and Crohn’s activity in 
Crohn’s patients. While patients received the same response options on the Standard 8 
measures (respond from 1-10 on a numerical rating scale), response options for condition-
specific measures varied as indicated in Table 11.  

All condition-specific measures were investigated within the same framework as the Standard 8 
measures: 1) what percentage of patients achieved symptom improvement within the four 
months since their first medical cannabis purchase compared to their baseline responses, and 
2) what percentage of those achieving symptom improvement showed general persistence in 
the 4-month follow-up period. A summary of results are similarly presented in a table like those 
presented for the Standard 8 measures (see Table 11 below). 

 



Table 11. Results on Symptom Improvements on Condition-Specific Measures. 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Condition 
Condition-Specific 
Symptom Measure 

# of 
Patients 
Included 

in 
Analysis 

% of Patients 
Achieving 
Threshold 
Symptom 

Improvement* 

# of Patients with 
Data in 4-mo 

Period Following 
Initial Threshold 

Symptom 
Improvement 

% of Patients Who 
Achieved Threshold 

Symptom 
Improvement that 

Maintained it** 

% of Patients that 
Both Achieved 

Threshold Symptom 
Improvement and 
Maintained it** 

Muscle Spasms 
Weekly Spasms 
Frequency 629 48.0 (302) 225 57.6 (174) 27.6 

Muscle Spasms 0-10 Spasticity Scale 618 36.4 (225) 197 47.1 (106) 17.2 

Cancer: 
Cachexia/Wasting Weight 147 13.6 (20) 15 45.0 (9) 6.1 

Seizures 
Weekly Seizure 
Frequency 262 68.3 (179) 150 70.9 (127) 48.5 

Crohn's Disease 
Subset of HBI 
Measures Combined 102 51.0 (52) 41 42.3 (22) 21.6 

Crohn's Disease           # Liquid Stools 41 51.2 (21) 17 57.1 (12) 29.3 

Crohn's Disease           Abdominal Pain 73 53.4 (39) 29 35.9 (14) 19.2 

Crohn's Disease 
          General Well-
Being 15 46.7 (7) 5 28.6 (2) 13.3 

Crohn's Disease Weight 102 20.6 (21) 18 57.1 (12) 11.8 

Terminal Illness: 
Cachexia/Wasting Weight 29 20.7 (6) 5 50.0 (3) 10.3 
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Table 11 Continued. Results on Symptom Improvements on Condition-Specific Measures. 

*within 4 months of First Purchase (n) 

**for at least 4 months (n) 

Condition 
Condition-Specific 
Symptom Measure 

# of 
Patients 
Included 

in 
Analysis 

% of Patients 
Achieving 
Threshold 
Symptom 

Improvement* 

# of Patients with 
Data in 4-mo 

Period Following 
Initial Threshold 

Symptom 
Improvement 

% of Patients Who 
Achieved Threshold 

Symptom 
Improvement that 

Maintained it** 

% of Patients that 
Both Achieved 

Threshold Symptom 
Improvement and 
Maintained it** 

HIV/AIDS Weight 48 14.6 (7) 3 42.9 (3) 6.3 

Tourette Syndrome 
Weekly Tic 
Frequency 48 60.7 (17) 15 76.5 (13) 46.4 

ALS 
Weekly Spasms 
Frequency 18 33.3 (6) 4 66.7 (4) 22.2 

ALS 0-10 Spasticity Scale 15 20.0 (3) 3 100.0 (3) 20.0 

 

 



Glaucoma patients were also administered their own condition-specific measure, which was to 
report on the most recent intraocular pressure test (IOP) result and the date the test was 
administered on each patient self-evaluation. However, rather than analyzing for changes on 
the IOP test compared to a baseline IOP result, these results are presented below as reported 
by the patients (see Table 12). All IOP test results represented to the left of the “First Visit” 
column indicate results from tests occurring prior to the patient’s first medical cannabis 
purchase; everything to the right of that column are results occurring after the patient’s first 
purchase. Column names refer to month in which the test was reported to occur prior to or 
after first purchase. Note that these results are not directly coming from the practitioner who 
administered the IOP test – reliance on patient documentation and/or memory is a limitation in 
interpreting these results. 



Table 12. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 21): Left Eye/Right Eye. 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Patient 
11-

mo* 
5-

mo* 
4-

mo* 
3-

mo* 
2-

mo* 
1-

mo* 
1-

mo** 
2-

mo** 
3-

mo** 
4-

mo** 
5-

mo** 
6-

mo** 
7-

mo** 
9-

mo** 
10-

mo** 
11-

mo** 
13-

mo** 

1 
15 / 
11                 

11 / 
10   

7 / 
12           

2           
20 / 
17   

17 / 
14             

18 / 
16     

3           
18 / 
20 

19 / 
18     

18 / 
18   

19 / 
22 

19 / 
18         

4         
26 / 
28 

26 / 
28   

18 / 
18       

18 / 
16           

5           
21 / 
26                       

6   
20 / 
20         

20 / 
20                     

7           
17 / 
15                       

8       
34 / 
30             

33 / 
33     

26 / 
24       

9           
26 / 
23 

17 / 
18                     

10         
30 / 
30                         

11   
22 / 
24 

27 / 
21 

21 / 
24                           
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Table 12 Continued. Patient-Reported Intraocular Pressure Test Results from Glaucoma Patients (n = 21): Left Eye/Right 
Eye. 

* before first medical cannabis purchase 

** after first medical cannabis purchase 

Patient 
11-

mo* 
5-

mo* 
4-

mo* 
3-

mo* 
2-

mo* 
1-

mo* 
1-

mo** 
2-

mo** 
3-

mo** 
4-

mo** 
5-

mo** 
6-

mo** 
7-

mo** 
9-

mo** 
10-

mo** 
11-

mo** 
13-

mo** 

12           
12 / 
10     

12 / 
12                 

13           
22 / 
14 

22 / 
14                     

14           
9 / 
26   

8 / 
12                   

15         
17 / 
18   

19 / 
24                     

16 
22 / 
20           

16 / 
16   

17 / 
17 

16 / 
16           

18 / 
19   

17           
23 / 
23 

16 / 
16 

19 / 
25   

16 / 
19 

16 / 
19     

16 / 
18       

18       
10 / 
12       

12 / 
15                   

19           
30 / 
22   

19 / 
16   

26 / 
16               

20         
17 / 
19 

19 / 
17 

19 / 
17                     

21           
17 / 
26 

17 / 
28   

20 / 
25       

19 / 
20       

24 / 
28 



Caution is needed when interpreting the patient self-reported intra-occular pressure results. It 
is possible that patients report incorrect values and dates of testing. Importantly, reported data 
provides little or no insight into changes in glaucoma therapies or other medications during the 
period after medical cannabis initiation. And, though we have record of which products are 
purchased when, without patient-level comparison of changes in product with changes in 
observed effect, we could miss differential impact of products. That analysis is beyond the 
scope of this report. With those caveats, we make the following summary observations. 

After initiating medical cannabis use, eight of the 21 patients (38%) reported intraocular 

pressure measurements with a decrease in intraocular pressure (IOP) ≥4 mm Hg in at least one 
eye, 4 (19%) reported no follow-up results in the year after medical cannabis initiation, and 9 

(43%) reported follow-up values with no decrease in IOP ≥4 mm Hg.  

Among the 8 showing a decrease in IOP ≥4 mm Hg, 6 reported more than one measurement 
during the year after following medical cannabis initiation. Among these 6 with multiple 

reported measurements, the ≥4 mm Hg decrease in IOP was present in the first reported post-

initiation result for five (at months 1[x3], 2, and 4). In one patient, the ≥4 mm Hg decrease in 

IOP wasn’t seen in the initial reported result, but was present in a later result (at month 9). 

Among the two with only one post-initiation reported result, the ≥4 mm Hg decrease in IOP 
was seen at months 1 and 2. From these patterns, it appears that if medical cannabis use 
results in decreased IOP, that effect usually occurs within the first few months but can vary. 
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Appendix A: Patient-Reported Benefits from Surveys 
Note: Word choice and spellings have been retained as written by respondent to avoid 
inadvertent mischaracterization of intent. Brackets have been used to explain words redacted 
to prevent individual identification or for other reasons. Benefits are broken down by qualifying 
condition and by benefit score rating. 

 
 
Severe and Persistent Muscle Spasms 
1: No Benefit  
 no benefits 
 none yet 

 

2  
 Did not help control my son's seizures but we at least never seen any negative side 

effects of the medication 
 Don't recognize sublingual drops 

Helps relaxing 
 Improved sleep 
 physical movement 
 The "Patient Discontinuation Survey" didn't have a place to comment when choosing 

"won't buy again", so I want to be sure someone got this. What I get from the medical 
market in other states works much better for pain relief and spasm reduction, in both 
flower and concentrate. I think it's because the critically important terpenes (more 
important than THC/CBD) are removed in the processing at [MANUFACTURER] and not 
added back, like they are in other places. Without better processing (more expensive) or 
giving patients access to flower (least expensive), MN's processing is removing nearly all 
of what makes cannabis a medicine - terpenes. 

3  
 Less overall pain 
 Mood may have been better slightly. Still not good, but better. 
 More confidence in public 
 Less tremors 
 no nausea, It helped with spasms 
 reduced pain and spasm 
 Reduced tremors slightly 

4  
 upper spinal relief 
 1. Pain reduction 
2. Sleep 
 Being able to buy my medicine legally and not being considered a criminal from law 

enforcement for using a plant as medicine! 
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 Better sleep 
 Better sleep some nights, some days I am able to be more active and I have a viable 

option for pain relieve. 
 Calming my anxiety, sleeping a full night, waking feeling well rested 
 Decrease in spasticity and pain. 
 Has controlled arthritis and fibromyalgia. 
 Helping relieve my muscle spasums 
 I  get more sleep. 
 I am feeling better. 
 It has reduced my muscle spasms, and is helping with nerve pain, and seems to have 

reduced the number of migraines I get. 
 Less nausea 
 Less symptoms 
 Moderate relief from muscle spasms/cramps 
 My spasticity has improved some with the medical cannabis, but I still experience at 

least three or four times a week, severe pain, cramping and spasticity in my hamstrings. 
 nausea / pain / spasims 
 nausea is slowing down. 
 Nerve pain. I can actually ride in a car again without crying. 
 pain relief 
 Pain relief 
 Reduction in pain. 
 Relaxation which reduces nerve pain 
 Relaxing of muscles in legs - better walking distance, less pain, more active 
 Remediation of muscle spasm symptoms 
 Rest 
 Sleep better. 
 spasticity reduction 
 Spouse and PT think  I am less stiff 

 

5  
 one benefit of taking medical canabis for my condition symptoms is the effectiveness 

how it ease the pain of my spasticity. 
 better appetite, less nausea less pain less anxiety 
 Better sleep 

Less anxioux 
Very little need for vicodin 

 Better sleep, less spasms, less spasticity 
 cears 
 decrease in auras,muscle spasms and pain. 
 decreased muscle spasms and pain, decreased abdominal discomfort, better mood, less 

anxiety 
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 Eliminating muscle spasms, relaxed muscles, relief of pain, increased improvement of 
sleep 

 Helps my sleep 
 I can Manage my pain and muscle spasms to keep the pain at a tolerabe level. 
 I don't feel much pain, and not as severe as it always was before. 
 I hope to greatly reduce the persistent pan in my lower extremities from my toes to mid 

thighs. 
 I no longer get, AT ALL almost, or greatly reduced on the small occasion that I do, 

migraines and/or small seizures.  (And there are so many other benefits!!) 
 I use it for sleep and at the beginning of the day always. It has been very helpful in me 

getting restful sleep and also helpful in having help with pain relief during the day 
without the awful side effects of opiods (excessive drowsiness and constipation) 

 improved nausea 
improved anxiety 
spasms- only a little better 

 Improved nausea, improved appetite,  less pain, less spasms,  relaxed spasms. 
 Increased help with muscle spasms and inflammation in lower back. Also lower back 

chronic pain. 
 Increased sleep time - was between 2 - 3 hours a day, now 3 - 4 hours a day. Pain from 

knee nerve damage has been lowered to very manageable now. 
 It has decreased my spasms, lessens some pain, and helps me sleep better. 
 It has improved things a little, but because of the cost, not sure it's worth it. 
 It has reduced my numbness and spasms 
 knowing that it's legal and I don't have to worry about anything 
 lack of chronic pain. Lack of twitches. 
 Less aching in my joints and less all over body pain. 

It has also helped my anxiety. 
 Less pain and discomfort. 
 Less spasms 
 limits my muscle spasms 
 little less depressed. 
 lowered my pain so I could be up more during day , helped with anxiety from having 

pain for so long as well 
 muscle spasm pain was greatly reduced. 
 Muscles relax a great deal so I am in less pain so I can sleep and move around easier. 
 My most important benefit has been discovering that my severe pain can be modified 

with the use of medical cannabis. 
 Pain management 

Appetite 
 pain reduction 
 pain relief 
 Pain relief and relaxation. 
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 pain relief, muscle relaxer 
 Relaxation of Muscle spasms... 
 Relief of muscle spasms 
 Relieves pressure. 

Engages  senses 
Allows for easier sleep 

 Restful and relaxed sleep. 
 Sleep 
 Slowed my spasms. 
 The back spasms are better. 
 Vape seemed to help the pain. Liquid not so much. 

6  
 The same dose each and every time consistent delivery 
 A large reduction in symptoms, allowing me to participate in my daily life without a 

large number of limits my symptoms would place on me - stools decreased from over 8 
a day to about 2 with much less blood and mucous in stools. Pain has reduced to a 
tolerable amount. 

 Able to eat. In less pain. Don't need my depression meds any more. 
 Almost immediate pain relief from vaping and help settling my leg spasms. 
 An increase in  appetite, and decrease of muscle spasms 
 Appitite 
 Calms the restless leg down quite a bit 
 Decrease in severity of spasms 

Decrease in duration of spasms 
Notable decrease in pain 
More so than other pain med and anti spasmodic meds 

 decreased intensity of muscle spasms 
 dramatic decline in seizures 
 Elder of symptoms 
 Fewer spasms and less pain when standing and less pain when walking 
 First I have to say I replaced a decade of narcotics with only medical cannabis with no 

relapse. I had a failed back surgery and severe sciatic pain and back pain daily. I also 
suffer from a rare blood disorder called Acute Porphyria's. its nearly impossible to treat 
however i have found some relief in that as well with this medication. I found the 
products still to be weak compared to other staes. Also the selection is so very limited. 
Not to mention the price is three time higher then industry standard. 
I have had great improvements in pain, which has also allowed me to be much more 
active with my family. My muscle spasms although are still there I find most days the 
medication helps considerably, however my issues are serious and sometimes noting 
helps at times. I also suffer from severe anxiety attacks and have seen less of those as 
well. over all not only myself but my family sees positive change and I feel healthier, 
happier and feel currently this is making a huge positive impact on my life. 
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 Freedom from pain in the evenings and sleep 
 Has allowed me to move forward in life 
 Have slept better than I have in 14 years! Due to not worrying all night if I was going to 

have a seizure in the morning 
 helps calm the spasms in my eye lids due to blepheraspasm 
 Helps to lower stress, my muscle spasms have been pretty much nulled! My stomach 

issues having been like before, cramps have been minimized, just feel quite a bit better! 
 Helps with anxiety (better mood). Back, did help some! The pain is still there, caused of 

disks and ceribre needs operated on the back. But I do like the vapor medical cannabis 
 helps with leg spasms greatly. 
 I am having less falling and in addition I have had a reduction in my OxyContin from 

three 40 MG tablets per day to three 20 MG tablets per day.  That is half. 
 I experience very little nausea when taking the medicine 
 I have been able to cut out the pain pills and am down to one muscle relaxer per day. I 

am not as tired as much. I can't believe how much better I feel 
 I have been able to delay needing shots for my blephrospasm 
 I have been able to get a good nights rest using the [HIGH THC] pill. I have also gained 

clarity and energy from taking 1 [HIGH CBD PRODUCT] 2 times daily. 
 I'm less in pain 

I don't have spasm in my back and legs that much. 
I'm less moody 

 It calms the spasms and the vapor gives relief right away. 
 It has decreased the pain level and increased stamina to exercise 
 It has helped with my bladder issues and leg weakness greatly. 
 It helps my spasms and helps me to "not pay attention" to the pain as much. 
 It helps with pain the most then it helps with my muscle spasms and helps me sleep at 

night do to the burning of my legs 
 legal access to medication 
 Less pain and calmer 
 Less pain, easier sleep 
 less sharp back pain 
 Less spasms and nausea. 
 less stiffness in the muscles, joints, bones 
 lessening spasms and muscle pain 
 loosens muscles 
 Medical cannabis is one of only a few treatments to help control symptoms of my 

neurological disorder 
 Might save my life 
 More comfortable and not as much guarding position of shoulders . 
 more urinary control 
 Muscle spasm/ pain reduction 
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 My spasm's are less frequent, pain I have in my back is tolerable, relaxes me. 
 My stomach (core) feels more normal (calm) and my bowel movements are less often - 

have more form - not as much liquid & gas. 
 nausea control 
 Nausea has improved 

Appetite 
 no spasms at all 
 Overall decrease in pain sensitivity 
 Pain 
 PAIN CONTROL 
 pain managment 
 Pain reducton 

More mobility 
 Pain relief 
 Pain relief is the biggest benefit. Also less cramping. 
 pain relief 

anxiety relief 
 Pain relief, 
 Peace of mind. 

Worry is like PTSD. I only make arrangements I can back out of in case I have a flare. 
Anticipation of a new flare is always on my mind. I don't know how long a flare is going 
to last or how bad it will be. In the middle of a flare, I didn't have any form of relief so I'd 
panic because of severity of symptoms and no treatment. 
Now, I still have MS PTSD because I've had problems for so long, but I know I have 
>something< that will help the problem. Though a flare may last a while, I know I'll be 
able to break through the mental barrier of panic because I have a treatment that 
works. It's very comforting after years of only suffering. 

 Reduced pain. Able to eat. And spasm are less 
 reduces muscle spasms 
 Reducing tone and spasticity 
 reduction in pain and muscle spasms as well as at least a 50% reduction of monthly use 

of prescription pain medications. 
 Reduction of pain due to muscle spasms and less side effects compared to other 

medications 
 Relaxes my muscles 
 Relief from painful spasticity 
 relieve anxiety 

sleep better 
 Relieve the pain of Charlie horses in my legs. Tremors from MS less noticeable. 
 Relieves pain, helps me relax, helps me sleep. I fee more comfortable and have more 

energy. 
 Rigidity is so much better! 
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 sleepimg 
 Sleeping/spasms 
 Spasm relief and that leads ultimately to pain management. 
 spasms decreased 

sleep improved greatly 
pain relief 
less Xanax and opiates used 

 Stopped  my seizures, convulsions and shaking . 
 The pain I feel in my lower half of my body cease to exist while taking medical 

marijuana. With that being said, it's difficult to take it during my work hours, because it 
makes me feel less attentive So, I'm between a rock and a hard place. NO pain or pain. 

 The Spasms are less frequent as they were before. 
 Using Medical Cannabis PRN for anxiety & irritability has replaced the need for PRN 

Ativan use completely. 

7: Great Deal of Benefit   
 Very few side effects, actually feel a lot better getting off the narcotics, Vicodin, 

methadone, and Valium . Did not have an appetite and did not want to leave the house 
before, I feel so much better it's like a miracle ..... 

 1.  Spasm and pain reduction. 
2. I have stopped all pain meds and off two spasm meds. This is amazing for me. I've 
been on the spasm meds for over 10 years, now, when I feel tightness or a spasm 
starting, I take a small amount of high CBD cannabis and the spasm does not develop. 
It's been a life saver for me. 

 1. Being able to take my medicine legally, avoiding problems being evicted for use of 
cannabis. 
2. Assistance with nausea 
3. Help with muscle spasms - I have been able to work out in Physical therapy more 
intensely than before helping to reduce pain. 
4. Reduction of narcotic pain medication. 

 1. Helps control Back Pain and Muscle Spasms without narcotic fears. 
2. Relaxing and Sleep 
3. Appetite 

 1. large decrease in pain 
2. large decrease in back spasms 
3. my depression isn't as bad 
4. my panic-anxiety attacks have decreased and I am not anxious all the time 
5. my foot drop is 95% better 
6. I have been able to decease my pill medications by FIVE! 

 Ability to relax with decreased pain 
 Able to stop taking all pain meds and stay off. Helps all of my symptoms to be better. 

Unfortunately too expensive to buy what I need to stay off pain pills and have better 
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quality of life. Need plant form, then medicine will cost less and last longer. I do not like 
smoking, vaping oils into my body. 

 
If mn law had followed other states and not been stupid about this law people could get 
certified properly with insurance, and have access to Affordable medical cannabis. 
Instead many, many people are not benefiting or using program because of all the 
hoops you have put into place. 

 
In 2016 I should be able to google doctors that are certifying for medical cannabis and 
make sure they take my insurance. Instead I had to take almost a year to find a clinic 
that certifies and takes insurance. 
The way it is now is better than nothing at all but the way it is now is like dangling a 
bone for your dog that he just can't ever get a full bite of. 

 Access to a good consistent medication that helps multiple problems. 
 After 29 years I no longer have migrane headaces everyday. 
 Almost all muscle spasms and pain associated with spasms are gone. I used to have 

constant nerve triggered pain that is minimal now. Results were almost immediate. I am 
sleeping way better now also. 

 Although there is no proof that I directly benefited,i took a large dose of the oral 
suspension and was able to enjoy the holidays like a normal Peron for the first time in a 
long while. Pain hasn't returned as long as I continue to medicate with medicinal grade 
Cannabis. 

 anti inflammatory 
 Appetite stimulation 
 Back seizures gone 

arthritis gone 
 Being able to cope with my daily pain, and reducing the amount of other medications I 

am prescribed is very importa to me. 
 being able to sleep without waking up in spasm 
 Being able to treat my epilepsy with cannabis oil and not having to worry about breaking 

the law. I have been seizure free ever since I began using cannabis oil. 
 Besides helping with my back issues, my general pain and soreness have been less, as 

well. Also, helps me just be in a better mood and think a little more clearly. 
 Better quality of life, greatly reduced pain, greatly reduced spasms and exacerbations, 

less stiffness able to sleep through the night. 
 Better sleep, appetite, pain reduction and scene of well being. 
 Calming of my musles n joints from spasms 

Also helping with food intake 
 calming of my spasms 
 calmness 
 calms my inner nerves & musle pain & bad spasms &hand tremors & sleep 
 Cannabis has helped my crohns in nearly every way. There's no way I can choose just 

one benefit that's the most important to me. The highlights of my experience have 
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been; no more abdominal pain, a 15 weight gain(I was underweight beforehand) and a 
reduction in my inflammation. 
Thanks to cannabis crohns no longer controls my life. 

 Cannabis has helped with keeping the chrons calm. I made it through the holidays with 
no flare ups. 

 Clearer head since I have been using this program instead of pain pills. 
 comfort, pain relief, hope. 
 Cured my nonstop UTI 
 Decrease in muscle spasms and increase in appetite with a reduction in my discomfort 

and pain. 
 Don't have to take as many pain pills 
 Ease of pain and consequently tension and the ability to be more active. 
 Even though I have increased in number of muscle spasms each day due to my MS, 

when I take my meds both the pain and the spasms subside for a number of hours. My 
physical therapy sessions are more beneficial as well because I can actually bend my 
legs easier. 

 Far less muscle spasms. A little less pain associated with muscle spasms. 
 fewer muscle spasms in my neck. less pain than before I started the program. 
 freedom to be excepted and relieve from mussel spasams 
 Functionality. I am able to withstand more hours with out pain and muscle spasms. They 

are still there, but greatly reduced. 
 Geneal improvement in quality of life 
 Getting off all my narcotic pain medications, no more muscle relaxers, or sleeping pills. 
 getting off pain meds 
 Going from disabled to working again.. Having my life back. Being able to leave my 

house again. 
 got ripped off for 450 dollars at [MANUFACTURER], they lied to me before i made my 

purchase, the oil was not consistant - hardly effictive, bad consulting they should be 
shut down along with their grower. [MANUFACTURER] was ok, better quality, can't 
afford the prices i am poor and in pain. 

 Greater mobility and less inflammation. 
 Helped reduce swelling in my ankle a great deal, among other benefits 
 helps reduce the pain associated with spasticity  in me legs, 
 Helps with my issues... 
 I am able to sleep at night. 
 I am in significantly less pain. I can function throughout the day so much better than I 

could before the cannabis program. It is like night and day. 
I have less dizziness from vertigo with the cannabis 
I have better mobility of my neck 

 I am not on any narcotic pain meds anymore, and I am not having to reposition myself 
every 15 to 30 min, and am sleeping for longer periods at night. 
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 I am registered under the condition of Tourette's Syndrome. I used to experience a 
great deal of muscle spasms and tics. Since stating the program I have had many 
comments from friends and family saying that they have hardly noticed any tics in the 
previous few months. 

 I could walk better. 
 I feel less stress resulting in fewer muscle spasms. I can sleep sometimes at night 

without using the Ambien which I have needed for over 15yrs. It allows me to have a 
better perspective of any given situation because I am not feeling stressed out or as if I 
were a criminal. I have been able to discontinue my opioid pain medicine that I took for 
over four years after my accident. I can remain calm in many situations that used to 
upset me emotionally. I can enjoy my grandchildren and family so much more now that 
both physical and emotion health are improved with medical cannabis. 

 I have a great deal of relief from my muscle spasms. I get the relief without the anxiety I 
experience from cannabis I get off the street.I believe the medications work better than 
the stuff on the street. 

 I have been able to manage my chronic migraine headaches much better. I have been 
able to decrease my use of abortive medications. 

 I have been able to reduce my Parkinson's meds by about 70%. I sleep much better. I 
am less depressed. 

 I have less pain in my body & less migraines 
 I have periods of the day where i experience little to no pain. 
 I have stopped taking two narcotic pain and one skeletal muscle relaxer RX’s. And the 

VERY painful spasms are much more tolerable. 
 I take less or smaller doses of other prescription meds. 

I sleep better at night with less pain. 
I move more freely 

 I was quickly able to get off both Valium and Ambien Both were heavy duty drugs that I 
was dependent on, not because I wanted to take them, but had to. I was so glad to get 
off them and feel somewhat normal. 

 I'm not kicking my wife while I'm asleep. The leg is still restless but not as bad as before. 
And I don't have as much pressure/dullness in the back of my neck/head area. 

 Increased muscle coordination 
Increased attentiveness 
Increased cognitive function 
Increased mobility 
Increased positive moods 
Decreased spasm severity 
Decreased seizures 

 It controls my mind grains and headaches caused by my condition. 
 It has allowed me to reduce the number of medications I take; both type and quantity. 
 It has caused a marked decrease in my essential tremor, severe muscle spasms in my 

osteoporosis riden degenerative disc disease. Lower degree of pain and less in 
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frequency. I also have severe GI IBS and pancreatic issues, involving tumors that cause 
painful abdominal muscle spasms. The two pancreatic tumors are inoperable, and I 
need to have them scanned annually for any sign of malignancy . I also feel it helps a 
patients attitude and sense of hope. I know that's not a medical concern, but it's a great 
side effect, "Hope"!!! Thank You!!! 

 It has cut down my back spasms at least 50% or more and since I've been on medical 
program for Minnesota I haven't fallen over once which team is a great deal 

 It has evened out my muscle spasms and made things both possible amd more 
comfortable.It has slowed down the Dystonia storms. 

 It has helped my sleep thru the night and a lot less spasms 
 it has made my quality of life better to make it short and sweet 
 It has reduced my muscle spasms by 90%. It helps me sleep at night. For example, it 

helps control my spasms so they don't wake up and I have less pain. The amazing thing 
it's also a nerve blocker like neurontin or gabapentin. Here's another amazing fact. It 
helps control my autonomic dysreflexia. Out of every benefit this has undoubtedly given 
me my quality of life back. At night, if you understand autonomic dysreflexia, my blood 
pressure would shoot up too 150 or 180 before bedtime. This is dangerous as my 
normal range is 80 or 90 over something. My muscle spasms at night shoot my blood 
pressure up. I felt like I was going to have a stroke and could have if they are not 
controlled. My head would pound like it was going to explode with a severe headache, 
my face becomes extremely hot and flushed, my hands and fingers become numb 
(weird side effect), my heart starts to pound against my chest as it has to work harder to 
pump blood. So heart rate goes down as blood pressure goes up. It's helped the 
inflammation of my joints because they ache less. There is not "one" benefit in my case 
but many. All of them are important to my quality of life. I finally feel like I have that 
back now!!! 

 It has replaced all opioid medications and allows me to function and participate in family 
and social activities again. 

 it helps with my spasms to be less as well as not as painful 
 It reduces the number of attacks and severity of the leg cramps at night. 
 it relaxes my muscles in my body to help lower pain and allowing me to keep the 

narcotic medication down to the bare minimum. With out the program I would be 
unable to stay functioning because the narcotics make me tired and worn out and want 
to do nothing. With the use of Medical Marijuana and keeping the Narcotics down 
allows me to keep my day to a functioning day no matter how slow I may be, but I am 
not worn out because I can use the vaporizers to help the muscles so much. That in 
return makes me feel that my life is somewhat productive instead of dormant. 

 It works on too many levels. I can eat better and I usually get nausea and it works great 
for that. My arthritis is much better. I am still dealing with the side effects of radiation 
my cancer Dr. says. I guess with no stomach and most intestines gone I don't usually eat 
as well or feel good (healthy) enough to even get up and go to my office. 
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▪ I can afford to but have added the stock market to my ways to make additional money. I 

can puff and some days with in hours I may go to the office. 
 it works quickly to relieve muscle spasms,,helps control pain during physical work, 

controls pain to a certain extent,helps give you opportunity to quality of life. 
 [PATIENT]’s mobility has increased. 
 some pain relief 
 Less lower back pain, increased apatite. 
 Less muscle aches and better sleep. 
 Less muscle spasm's = body not being as fatigued allowing me to perform my physical 

therapy better. 
 Less muscle spasms!! 
 less mussel spasms and pain 
 less nerv pain 
 Less pain and inflammation in legs and ankles. Didn't feel so wore out at the end of the 

day. Was able to relax and sit for long periods with less stiffness and joint pain. Overall I 
had less pain 

 Less Pain 
Less sleep issues 
More hunger' 
Less mood swings 
All around better feeling of life 

 less petit mal seizures , better sleep at night and , reduced muscle spasms 
 less seizures 
 Less spasms helps me relax. 
 Many fewer spasms. I went from several per hour every day to several per day. Much 

improvement! I also have less anxiety. My confidence has increased from feeling more 
relaxed. 

 Much less pain, in my bowel and neurapathy pain. I can tell almost immediately if I 
forget to take the medication.  Within one or two hours, the pain in the gut/bowel area 
is back. I never realized how terrible I have felt until after I started to feel better. I have 
had bowel pain as long as I can remember (pre-school) and I thought everyone felt like 
that.  It is all I ever knew and it was getting worse each year. 

 much less weakness/pain 
easier sleeping 
not as many spasms in the morning 

 Muscle spasms stopped completely. I was able to walk much better and sleep better at 
night. 

 Muscle spasms, burning, pain, level of thing's would be a couple less for sure, but 
depending on affordability, and the level of it like I was doing great making real strides, I 
lost like a lot of weight and my body sores from other medicine went away a lot on my 
skin by using the cannibas, and I just had a fall recently that just is not normal but 
happens, an set me way back again now so or my numbers are effected cuz that just 
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happened... Takes time especially nerve pain, when a feather hurt's a nerve just a touch, 
and scar tissue rapping on them hurt's alot as it did me again now among other thing's! 
But the medicine help's me in my ailment struggles. 

 My horrible chronic spasms have greatly diminished. 
 My insomnia is so much better,my muscle spasms have calmed down some,I have an 

appetite now,my muscle pain has lowered quite a bit to the point I can get some things 
down around the house,I was walking with a cane but I am no longer at this point...I 
believe my balance over all is better at this moment in time. 

 My muscle spasms are getting easier to cope with on a daily basis 
 My muscle spasms have decreased and my nausea and general pain decreased 
 My muscles were spasm all day long , what this medicine is doing is helping them to 

relax more , at first I was scared because the spasms were so tight around my bone , 
when it relaxed more the bone started to hurt and pulse ate . After that went I new 
what was happening . I keep at a steady pace and the muscles are reacting good to it . I 
am so grateful for this medicine , and can't believe I was on the opposite side of this 
medicine . It truly is like a miracle !!!! 

 My severe spasms of my neck, spine, legs, feet, arms, and hands become very mild, and 
almost absent when medicated with Cannibis treatment! 

 Nausea, pain in my back 
 No crohns disease flare ups since starting treatment 
 No longer need Botox to control spasms in thighs 
 No more street weed 
 no spazims and sleeping well 
 Off topic from my qualifying condition, my root disease is Mast Cell Disease that 

stemmed from Childhood Leukemia. I have always had a low WBC, and now I am in the 
normal WBC range, with my WBC having DOUBLED!!! Since the start of using MC 
regularly from [MANUFACTURER]. I use the 50/50 THC-CBD ratio. 
THIS IS A HUGE IMPACT and I am nothing that my Mast Cell Disease is becoming more c 
alm, which is leading to less pain, reactions, inflammation and muscle spasms. 

 One of the benefits that I did get it from medical cannabis is the ability to get up and 
walk take a shower take a drive and have an ability to cope with extreme muscle spasm 
and back pain daily and work with these problems and medical cannabis help me deal 
with all that not just a bunch of painkillers and other medications that I can't spell 
medical cannabis help me through my injury. 

 Only usage of the oil helped! But it's much too expensive. 
 Pain & Muscle Spasms 
 Pain control 
 pain control and relaxing of muscle spasms while allowing me to be coherent and 

continue to work. 
 Pain goes away 
 Pain is more manageable 
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Anxiety is way down (PTSD) 

 pain relief 
 Pain relief 
 pain relief 
 sleep completely through the night 

not as moody because im in pain 
 pain relief and nausea relief 
 Pain relief has been a major benefit as I am able to control pain from my back spasms 

very well with medical cannabis. Not having to take opiods is great!! 
 Pain relief nausea relief 
 Pain relief, increased mood/motivation, less time in bed, more time enjoying life not 

focused on pain 
 Pain relief. 
 pain spasms 
 Reduced pain and anxiety 
 Reduced pain from muscle spasms, reduced headaches. 
 Reduced seizures and spasms feel more normal on cannabis. 
 Reduction in spams 
 reduction in spasms 

reduction in pain 
reduction in ""jibberish"" due to pain and spasms 
better sleep 
less anxiety 
reduction of harmful pharmaceutical medications (side affects) 

 reduction of interocular eye pressure; also reduction in muscle cramps and chronic pain 
 Reduction of spasms 
 Reduction or outright elimination of my intractable pain. 
 Relaxation 
 Relaxes me at the end of the day . Makes my pain go away. 
 Relaxes me I don't have as many tremers and the pain is better than before. 
 Relief from muscle spasms 
 Relief from my symtoms 
 Relief of muscle spasms with no side effects 
 relief of severe pain 
 RELIEF using an all natural method ... Cannabis is a holistic formula of balancing your 

condition and very-very little side effects compared to the Rx monopoly. If it works, 
keep in simple, keep it green. ¿¿¿ 

 Relieves muscle spasms 
 Seizures are less intense 
 Send starting medical cannabis my quality of life has increased dramatically. My my pain 

has subsided almost completely my energy level has taken a 360 turn for the better. I 
am a young woman and my late mid thirties and I would wake up every day feeling like I 
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was 90 years old. I would spend most my days in bed with no energy and the pain kept 
me from venturing out and enjoying my young children. Medical cannabis has also 
stimulated my appetite as well as help my anxiety and depression. I previously self 
medicating the street marijuana and even knowing the price difference and the cheaper 
I am able to get it from the streets I will never go back. I am also a cigarette smoker and 
the medical cannabis has reduced money smoking regular cigarettes in which in turn has 
increased my lung capacity and constant bronchitis feeling. My family and friends have 
seen a difference in me and the way I live my day-to-day life. Instead of denying the 
activities but I want to enjoy it I know have the ability to live my life the way I want to. 

 Significantly decreased the pain/cramping in my lower legs and feet 
 sleeep, calmness 
 Sleep well. Reduces pain 
 Sleeping has improved!  Mental health has improved! Pain control is optimal 
 spasm control 
 spasm relief 
 spasm/pain lessed, reduced 
 SPASMS AND NECK PAIN 
 Starting to be able to slowly cut out other medicatons, noticing that I'm feeling healthier 

from the cannabis cause that's all natural and I haven't had as many attacks and when a 
attak does one on ice noticed just a a couple of hits and the attack is under control. 

 the ability to control my pain management without the groggy feeling I get when I use 
pain medication. 

 the ability to move around more with out  having spasms and pain 
 The ability to stop or juristically decrease my lower back spams at any point in the day. 
 The cancer-fighting effects from the cannabis oil. 
 The medical cannabis has given me much more flexibility and an increased range of 

motion in my movement.. 
 The most important benefit to me is that this program has got my life moving again!! I 

cannot believe the favorite things I can now do thanks to the Minnesota Medical 
Cannabis Program, also the new things I can try, and still stay comfortable. Because of 
this program, I am getting so much time away from my Facio Scapulo Humeral Muscular 
Dystrophy, used to take away from me!! I can do more to care for myself, my home, my 
dog, my husband. I can get out and about, I can eat better, there are just so many 
benefits from this program I do NOT want to give back! 

 the pain relief and it helps sleep 
 The pain relief is great and my spasms are less and less 
 The reduced muscle spasms in my legs has made it possible to take more steps than I 

thought would be possible again. 
 The relief from pain 

The feeling of well being 
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 the Vape oil allows me to go to work without vomiting. also the pills help with 
inflammation and pain 

 This is typed by his spouse. [PATIENT] has a TBI (traumatic brain injury). He says that it 
has had a major beneficial effect on his quality of life. One of the unexpected side 
effects has been a clarity of thought. He use to get confused doing some small tasks and 
some how it helps him to think clearer. He has been exceedingly more motivated and 
accomplishing more. 

 This treatment has significantly reduced the frequency and intensity of cervical muscle 
spasms and the associated severe headaches. 

 To be able to do things that I haven't been able to do for years because of pain and 
immobility. 

 Vomiting control, tremor relief, ability to eat, went off antidepressants, can sleep. 
 walking better 
 We have seen a girl go from not interacting, to interacting. No appetite to appetite. 

Balance also seems better. 
 When I use medication I can move. Without it I am in too much pain to move or engage 

with the world. 
 Within 1 week of use, my tics disappeared and have stayed gone even with occasional 

use. This has never happened previously in my life, so it is very effective. 
 Yes, It benefits me every day and my quality of life has greatly improved as a result, for 

the first time in my life i am neither under or over medicated. 
 Reduced spasticity, reduced pain, improved 

Sleep, improved depression and anxiety. 
Cancer 
1: No Benefit  
 Didn't like it and didn't use it 
 None 

 

2  
 Increase appetite 
 Some relaxation 
 the first thing I discovered was the importance of taking time. second thing was taking 

things for granted! 

4  
 Appetite 
 dull pain, sleep 
 eating more, 
 Facilitated my sleep 
 helped with the nausea 
 helps with pain 
 Helps with sleep. Helps with pain. 
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 I am feeling better. 
 learning 
 relaxation in the midst of pain, better appetite, some alleviation of pain. 
 Relief from pain 
 relief of stress 

pain relief 
 This survey was sent to [PATIENT], who died on [DATE]. 

5  
 better sleep, less pain and fatigue, not as anxious, continued to have a appetite. 
 [PATIENT] is dead. But it kept his potential nausea very low and help with any potential 

pain. 
 Evening pain is eased with Cannabis before bed. 
 Helping w/ pain management, sleep, reducing nausea 
 It helped with my nausea. 
 Keeping my appetite up and removing nausea symptoms. 
 Little benefit to my cancer pain but a surprising improvement of at least 75% in my 

chronic arthritis pain. 
 loosened up 
 One benefit was it helped with my nausea and vomiting but not as well as I would have 

hoped. I had to puff on the vape pen consistantly to relieve me of the nauseated feeling 
instead of the 1 to 2 puff recommended dose. 

 Pain 
 Pain and nausea control 
 pain management 
 Pain relief 
 Seems to have helped the neuropathy symptoms and also gives me an all over sense of 

well being - also helps with the nausea symptoms after chemo treatments. 
 Seems to slow down pain rolls and eye strain. 
 Sleep aid 

6  
 ability to eat 
 An increase in  appetite, and decrease of muscle spasms 
 appetite enhancement 
 Appetite, more relaxed 
 Appitite 
 Decrease in pain and imflammation 
 help with pain 
 I'm comfortable and able to eat and sleep 
 Improved appetite, somewhat less pain 
 improved pain load mood and sleep 
 It has helped manage pain and anxiety. 
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 leg cramps and nausea 
 Less jabbing pain in feet from Neuropathy - better sleep 
 less narcotic pain medicine 

much  better  pain  control 
fewer breakout pain incidences 

 Less pain, calmer about the situation 
 Less spasms and nausea. 
 Might save my life 
 My stomach (core) feels more normal (calm) and my bowel movements are less often - 

have more form - not as much liquid & gas. 
 nausea control 
 Not feeling the pain in bones/muscles and good feelings for a terminal illness 
 Pain control 
 Pain Management 
 pain reduction, better sleep, increased appetite 
 pain relief and help with sleep 
 Really helps with pain from cancer treatments as well as resulting anxiety from multiple 

surgeries and permanent scars, etc. 
 Reduction of Nausea and pain, and increase in appetite. 
 reduction of side effects or neg. effective of other forms of treatment I have been on. 
 relieve anxiety 

sleep better 
 Sleep and being able to eat, and reduced nausea 
 Spasm relief and that leads ultimately to pain management. 
 Stomach cramps gone 

Anxiety relief 
Nausea relief 
Sleep 

7: Great Deal of Benefit   
 Because of the THC, I feel like getting up and doing things. Prior to having the cannabis, I 

just laid on the couch. I felt like I was just waiting to die. 2. I do not use the percoset.  I 
do not want to have to take pain pills. Period. To many people are getting addicted to 
these things. 3. I do not get the dry mouth or canker soars since I hardly use the anti 
nausea drugs. 

 Ability to create appetite and relieve pain 
 ABLE TO EAT AND MAINTAIN MY WEIGHT PLUS MY NAUSEA HAS DECREASE 

TREMENDOUSLY . 
 able to eat food. helps keep nausea down. 
 Appetite, was loosing weight fast! Didnt have one! Now got it back! And gained 20 

pounds! From this. 
 Appetite. During chemo weeks I can barely eat and the THC helps a lot. 
 Being able to start weaning myself from opiates I've been on for ten years. 
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 controlling nausea 
 Controlling nausea 
 Coping with nausea, being able to eat and maintain weight 
 [PATIENT] has passed away. I am her daughter and was her care giver. She was open to 

trying medical cannabis and we got the liquid form. It was a saving grace. She was in a 
lot of pain and when prescribed medications did NOT work - we started this and it kept 
her calm and relaxed. I am very thankful that we were able to have this option available. 
It helped to make her last months more bearable and truly it would have been 
miserable without it. 

 Eating 
 general overall feeling of well-being...pain relief 
 Getting appetite back, and attitude adjustment. 
 Greater mobility and less inflammation. 
 Help with sleeping 
 Helped ease pain. Calmness and appetite. Have no appetite on chemo without it 
 helped with nausea 
 I am able to sleep pain free for 7 to 8 hours a night 
 I have not had issues with nausea at night and my PSA counts are going down. 
 I used cannabis to treat my constant nausea during chemotherapy. This option seemed 

to be a very effective option after I was unable to take pills orally. Later on during 
treatment I used the medical cannabis to see for myself how it would treat the pain I 
was in. I wouldn't say medical cannabis a great painkiller, however the cannabis seemed 
to break my focus on the pain better than the oxycodone alone. I really feel that my 
quality of life was better using the cannabis. 

 I was able to discontinue the use of multiple dangerous drugs. 
 I was able to get off all my anti nausea medication which allowed me to 

Get off all the anti constipation medication. Prior to being in the cannabis program I had 
no appetite and had lost 35 lbs I have been able to put back on 15 lbs. My quality of life 
after chemotherapy treatments turned around substantial. An added bonus was the 
pain relief from a chronic back pain, it has helped significantly with my pain 
management. 

 Improved quality of sleep. 
 Increased appetite and motivation. 
 Instead of sleeping all day [PATIENT] was social and wanting to be with family and 

friends. 
 It helps a lot with my pain level. Since I started this program I have not needed to 

increase my opioid medication to control my pain. I many times use the vaporizer in 
place of oxcycodone for breakthrough pain. When my anxiety is very hi I use the 
vaporizer. It has made a very positive difference in my quality of life at this point. 

 less bowel urgency, less pain, less anxiety 
 Makes me eat/ help me sleep relax pain is not as bad 
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 Medical cannabis has almost completely relieved my pain and naseau associated with 
my cancer and the effects of treating my cancer with chemo (I have chemo every three 
weeks for the rest of my life due to metastatic colon cancer). 

 Mitigation of nausea and sleeping assistance. 
 My inflammation from chemo and radiation completely went away! My pain and 

suffering has really decreased because of this oil it is a miracle!!! 
 my nausea after chemo is gone in less than a minute after one inhalation from my 

vaporizer 
 nasua control makes me hungry wit my condition helps with the lulls in life 
 Nausea and Pain 
 Pain and sleeping 
 Pain control while still allowing me to live. I can not handle opiates. 
 Pain control 

Appetite 
Anxiety reduction 

 Pain reduced: 70% - 80%, 
Better sleep 

 pain relief 
 Pain relief 
 Pain relief 
 Pain relief 

Sleep 
Nausea 

 reduced vomiting. 
 Reduction in pain, muscle tension, and anxiety. Sleep has also improved. 
 Relaxing, peaceful sleep and wake up relaxed... less anxiety.. 
 relief from Nausia, gave me appetite 
 Relief of breakthrough pain 
 Relief of nausea 

increased appetite 
relief of anxiety 
better sleep 

 Relief of pain 
Ability to Sleep 
Restoration of Appetite 
Gaining of strength 
Increased Mobility 
Restoration of concentration 

 Relief of the nausea that I have all day with the chemo drug I am on. 
 Relieves anxiety and nausea 
 Relieves anxiety, depression and pain and is a natural solution as opposed to a man 

made pill. 
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 since I've started using the oil my brain cancer has maintained its size, it isn't getting any 
bigger and it isn't getting any smaller. 

 Sleep aid.  Anxiety decrease. 
 The cancer-fighting effects from the cannabis oil. 
 the cannabis takes away the upset stomach feeling instantly. it also is a great sleep aid. 

it helps me with my apatite and takes away the pain. and i don't have to worry about 
addiction. 

 With my cancer diagnoses and treatment, I've found relief 
while taking the cannabis!!! I get relief from pain, relief from nausea, relief from 

insomnia. 
 Without the medical cannabis I am not able to eat at all. With the cannabis I have been 

able to maintain a healthy weight and get the nutrition I need during my treaatment. 
 I died 

Seizures 
1: No Benefit  
 At first thought seemed to be more aware but not we are off it 

he is still more aware 
 None - lives in a group home and group home can not store or administer or risk lose 

fed. funding 
 Nothing really 
 Other health issues occurred and I stopped the cannabis before the dose was at a high 

enough level to do anything. So we are not a fair representation of effectiveness of 
cannabis for seizure control 

 

2  
 "possible" slight decrease in seizure activity 
 Being able to legally get marijuana in MN. 
 I believe it has reduced seizures. It's difficult to fully know without my epilepsy dr. not 

involved. 
I've tried approximately 13 different seizure medications over the past decade, non of 
which has helped a great deal. 
I'm trying to follow the process that the Dr. used for other medication. 
Take a small amount look for side effects and or change to the seizures. 
If side effects try to lower the amount. 
If no side effects try to find an amount that works. 
I'm trying to do this on my own but a Dr. is needed. 
It's not clear if it's working or not, so keep that in mind when looking at my answers to 
the questions. 

 I was experiencing relief from stress and anxiety the first two months but I am no longer 
 more present cognitively 

-Also, being able to try it and stop wondering if it was going to help. 
 slight seizure reduction, but too many side effects 



A P P E N D I X  A :  P A T I E N T  R E P O R T E D  B E N E F I T S  F R O M  S U R V E Y S 

A-23 

 

 

 

 Speech Development 

3  
 Decrease the amount of seizures and seizure meds 
 fewer seizures 
 knowing we have had the option to try medical cannabis when other treatments have 

failed 
 [PATIENT] was having clonic seizures. All muscle tone would leave body and she would 

drop.  She no longer has those seizures 
 More aware of my surroundings; thinking more clearly. 
 Reduction of seizures 

 

4  
 A slight decrease in seizures, though still not enough control. Also, improved cognitive 

skills. 
 Breathing thru seizures more? 
 comfort, has a tethered spine 

seems to feel less irritability. 
 Congitive thinking. More alert. 
 Helps with diaphragmatic flutters 
 I have less seizures 
 It may have lessened seizure activity. 
 Less muscle twitching and sleeping better.. 
 less seizure activity 
 lessening of pain 
 Limiting seizures 
 Local 
 My daughter is the patient and I have seen more cognitive improvements on CBD oil. 
 seeing [PATIENT]’s seizures reduce overall. 
 seizure reduction 
 Seizures respond quicker to emergency med 
 Thinks clearer talks more 

5  
 Anxeity/Depression 
 Calmed my muscles and seemed to help my seizure 

Also helped me sleep all night, not waking up 5-6 times a night 
 cears 
 Controlling his seizures as well as I'm probing cognitive functioning! 
 decrease in auras,muscle spasms and pain. 
 decrease in seizures 
 decreased seizures 
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 Developmental Growth: Using hands more, fine and gross motor skill improvement 
within the first couple weeks! More verbal, smiles more, babbles and talks more, 
reaches for toys more, overall has enhanced his quality of life in a very short time. 

 Fewer seizures, more cognitively aware/focused/alert, improved sleep 
 He seems so much happier since we've switched to the [HIGH CBD PRODUCT]. 
 I know for a fact that this med is helping me 
 Less aching in my joints and less all over body pain. 

It has also helped my anxiety. 
 Less Seizures (Four patient reports) 
 less seizures, more mental clarity, overall improved wellness 
 limits my muscle spasms 
 Medical cannabis has been amazing for my son. No harmful side effects or lifelong 

medical problems form taking it. Such as Risperdal, ect. I would however remove the 
MCT from all cannabis products. It is not a good thing for people with stomach or 
neurological issues. Which is usually why a person would need this or desire relief from 
dealing with these issues.  MCT is for people with none of those problems. 

 Mood 
 More alert or aware 
 My daughter went for the full month of September with NO seizures when she first 

started on cannabis. October and November were not so good. This past month we 
tried a different formula to see if we can get better control. Still more adjustments are 
needed. 

 Pain and seizure relief.  Finally off oxycodone after 1.5 years 
 reduction in seizures with no side effects and no mood problems 
 reduction of seizures 
 Reduction of seizures. 
 [PATIENT]'s spasms and twitching have significantly decreased 
 Seizures are more under control even when other med levels are low. 
 The first 2 days, very sleepy. After that the first week, her small seizures were gone, the 

second week her mobility increased and her verbal language increased. 3rd week, she 
got her cycle, so everything went out the window with that. 4th week she got a cold. 
We had dosage changes but did not see the 2 week awesome things again. 

 [PATIENT] more alert and vocal than ever before 

6  
 Better cognition and less seizures 
 Decrease in seizures overall, especially tonic-clonic seizures, & few rescue meds. 
 Decreased seizure activity 
 dramatic decline in seizures 
 Feel better.  More energy. 
 Fewer seizures 
 fewer startle seizures 
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 Have slept better than I have in 14 years! Due to not worrying all night if I was going to 
have a seizure in the morning 

 Helps eliminate or reduce certain side effects from the other epileptic medication. 
 [PATIENT] began babbling and made new sounds! His synapses seemed to be firing 

faster. 
 Increased alertness, increased development, less seizures, 
 Large decrease seizures. Caregivers have not had to rescue him since beginning 

medication. 
 Less convulsions, dizziness, auras, confusion during everyday moments which are signs 

of possibly losing consciousness, or are very problematic to function at work. 
 Less seizures 
 less seizures, 
 managing pain 
 Marked reduction in frequency of seizures, their duration and severity 
 My postictal state after a seizure went from 4-5 days down to 1-2 days. 
 Reduced seizures (Two patient reports) 
 Reduction of number of intractable seizures plus reduction of length of seizures and a 

quicker recovery time from seizures. 
 Reduction of seizures quality and quantity 
 responsiveness. core strength. 
 Sara is much more alert and cognitively connected in her conversation. 

Less severe siezures 
 Seizure control 
 Seizure reduction was the main goal, and we have seen seizure reduction. In addition, 

[PATIENT] has a better quality of life. We are taking him off all other pharmaceuticals. 
He is eating better, sleeping better and is a happier child. 

 Seizures are weaker and less 
 seizures have decreased 
 Seizures have decreased in amount and intensity. 
 seizures have reduced in frequency and there are no negative side-effects to the 

medication 
 Stopped  my seizures, convulsions and shaking . 
 The seizures are stopping and the dizzyness is going away. [PATIENT] is more 

controllable and is able to control himself better as well. He's still autistic  

7: Great Deal of Benefit   
 75% reduction in seizures 
 95% reduction in uncontrolled seizures 
 98% seizure reduction, elimination of persistent headaches, and we were able to wean 

75% of child's benzodiazepines, meaning that her Quality of Life has significantly 
improved, as have all of her abilities. 
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 Being able to treat my epilepsy with cannabis oil and not having to worry about breaking 
the law. I have been seizure free ever since I began using cannabis oil. 

 Better cognition 
Better focus 
Less anxiety 
Better mood 

 Better sleeping, less muscle cramping, less periods of seizure-like activity. 
 Control of seizures, FINALLY!!! :) = Quality of life for my little boy!!! 
 Decreased # of seizures. 
 [PATIENT] is still on anti seizue meds, but he has not had any seizures from forgetting to 

take them (Keppra) on several occaisions...normally he would have. 
 [PATIENT] has been seizure free since Sept 21, 2015!!! 
 Epilepsy, helping me stay seizure free, and also helps anxiety, calm down 
 Fewer Seizures Better Calmer Communicating Ability 
 Grand mal seizure free 

Sleep duration has dramatically increased 
Better quality of life (only one side effect compared to the horrendous side effects from 

the pharmaceutical medications he was on) 
 Having no more seizures is the biggest reason. 
 his ability to come off some of his other meds and be more "present", calm, and 

content. 
 I am in significantly less pain. I can function throughout the day so much better than I 

could before the cannabis program. It is like night and day. 
I have less dizziness from vertigo with the cannabis 
I have better mobility of my neck 

 I am not having any seizures at all 
 I feel more alive, less depressed, outgoing, functional, pain relief from my headaches 

and eye twitches, also just overall life has improved since this has come available to me. 
 I started out on a normal dose of antiseizure meds and was still experiencing seizures 

that lasted over 3 minutes in duration. I then increased my antiseizure meds to the 
maximum recommended dose however I still was having seizures lasting over 3 
minutes. I had my last seizure 4 days after starting the cbd cannabis medicine. It lasted 
less than 1 minute. I can happily say that I am over 4 months seizure free. 

 Increased focus, ability to calm self more easily, able to be present in the moment, 
engaging more with others, better sleep, increased verbalization. ( averaging 5-10 
words each day, prior to CBD oil >3) better digestion 

 Increased muscle coordination 
Increased attentiveness 
Increased cognitive function 
Increased mobility 
Increased positive moods 
Decreased spasm severity 
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Decreased seizures 

 It has greatly helped with the seizures and quality of life has improved very much.The 
quality of life has improved so much that much more is possible that was not 
before,such as community outings without extreme behavior outbursts. 

 Ive only had a seizure when I increased the cannabis and that's normal. otherwise, I 
haven't had any seizures randomly in my sleep or out running since ive started the 
cannabis 

 Less frequency of seizures. 20/day to 2-5/day 
 less head acks less anxiety 
 less petit mal seizures , better sleep at night and , reduced muscle spasms 
 less seizures 
 less seizures 
 More alert.  Less myoclonic seizures. 
 More seizure control and more energy 
 My daughter has had an over 95% reduction in seizures and gotten off many harmful 

medicines since starting the Medical Cannabis program. 
 No grand mal seizures 
 No seizures since beginning treatment. Sleep is continuous and more restful. 
 No seizures since I started taking the [HIGH CBD] Medical Marijuana formula!!!! It's 

amazing!!! :-) 
 One month without seizures!!! 
 Only usage of the oil helped! But it's much too expensive. 
 Pain reduction and now able to sleep 6-7 hours per night vs 2 before using medicinal 

marijuna. 
 Pain relief has been a major benefit as I am able to control pain from my back spasms 

very well with medical cannabis. Not having to take opiods is great!! 
 Quality of life 
 QUALITY OF LIFE & WAY LESS SEIZURES!!!!! 90% LESS!!!!!!!!!!!!! 
 Reduced seizure activity & sense of "neurological calm" on good days; also mental 

clarity and sharpness 
 Reduced seizure frequency, anxiety reduced, less partial seizures, mood booster 
 reduction in seizure frequency for my son 
 reduction in seizures 
 reduction of seizures 
 Seizure control. [PATIENT] (4 yr. old) was having 5-10 seizures a week before Medical 

Cannabis. She is down to a 7 week period seizure free- and if she has one it is every 
couple of weeks and very small. 

 Seizure controll is my greatest benifit but it also helps with the migrains from lits of 
broken skull. 

 seizure free 
 Seizures and anxiety, depression, and better sleep better 
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 Seizures anxiety depression bi-polar 
 Seizures are less intense 
 -Stopped shaking hands (side effect from epilepsy meds). 

-FEWER SEIZURES. ***If this was more affordable I am very confident they would stop 
all together because I would be able to use more. 
-Helps w/nausea (side effect from epilepsy meds). 
-Reduces an 

 the ability to control my pain management without the groggy feeling I get when I use 
pain medication. 

 The decrease in the number of daily seizures 
 The treatment stops my seizure for being so frequent it helps my eating and gives me 

great relief thank you for finding something that really helps me thank you all for 
supporting other epileptic patients 

 This is typed by his spouse. [PATIENT] has a TBI (traumatic brain injury). He says that it 
has had a major beneficial effect on his quality of life. One of the unexpected side 
effects has been a clarity of thought. He use to get confused doing some small tasks and 
some how it helps him to think clearer. He has been exceedingly more motivated and 
accomplishing more. 

 We have seen a great deal of improvement on our daughters ability to focus and attend 
to tasks. if this improvement is due to a reduction in subclinical seizures or other factors 
is yet to be seen. We will have a follow up EEG in a few months to see if we are getting 
subclinical seizure control. 

 We haven't noticed any new seizures. 
 [PATIENT] is no longer on cannabis - sorry 

Crohn’s Disease 
3  
 It helps me with sleep 

4  
 Helping calm my intestines. 
 rest and more solid stools 
 slightly improved mood, moderate pain relief 

5  
 1.Decrease in Anxiety 

2. Increase in Appetite 
3. Decrease in Pain 
4. Decrease in Nausea 

 A recent blood test showed C Reactive Protein at 2.2, in Nov 2015 it was greater then 
20. Also helps with anxiety. 

 less bowel pain and bowel movement pain 
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 Medical cannabis has allowed me to sleep well at night. I was up 3-4x/night- now I sleep 
through the night. This allows me to feel significantly better during the day. less fatigue 
and less arthritic pain and so I've been able to significantly cut back on opiate pain 
meds. 

 Pain Management 
 Pain relief. 
 Sleeping better , allowing for more energy. Lower anxiety. 
 The cannabis has allow me to maintain my weight more effectively. Pain relief from 

cramping would also be a benefit. 

6  
 A large reduction in symptoms, allowing me to participate in my daily life without a 

large number of limits my symptoms would place on me - stools decreased from over 8 
a day to about 2 with much less blood and mucous in stools. Pain has reduced to a 
tolerable amount. 

 Being able to sleep. 
 Decrease in pain, reduced symptoms, completely able to avoid having to use narcotics 

for pain relief 
 decreased anxiety, decreased pain 
 Helps to lower stress, my muscle spasms have been pretty much nulled! My stomach 

issues having been like before, cramps have been minimized, just feel quite a bit better! 
 I have gained an amount of weight that I have not been able to in the past. I have been 

very pleased with this result. 
 Increased stool firmness 
 My stomach (core) feels more normal (calm) and my bowel movements are less often - 

have more form - not as much liquid & gas. 
 nausea control 
 Pain relief in low back 
 Pain relief is the biggest benefit. Also less cramping. 
 pain/appetite management 
 Reduction in the use of pain medications 

 

7: Great Deal of Benefit   
 abdominal pain relief 
 Better Health 
 Can digest better so im not scared to eat goving me more energy allowing me to 

accomplish more in a day sleep better at night joint pain relief cramping relief clears up 
mental foggieness less agitation eases anxiety 

 Cannabis has helped with keeping the chrons calm. I made it through the holidays with 
no flare ups. 

 Helped reduce swelling in my ankle a great deal, among other benefits 
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 Helps in overall feeling much better, reduces abdominal cramping tremendously, helps 
w/ nausea. I also use the medication after my Remicade treatments as usually after 
those treatments I don't feel well. I use the cannabis and it's almost instant relief. The 
medical cannabis over all makes me feel much better than when not using the 
medication. 

 I am in significantly less pain. I can function throughout the day so much better than I 
could before the cannabis program. It is like night and day. 
I have less dizziness from vertigo with the cannabis 
I have better mobility of my neck 

 I have gone from having diarrhea daily, to having it once a month. That's a huge quality 
of life improvement for me. 

 It stops vomiting almost as quickly as IV drugs for nausea 
 Just a general improvement of quality of life with the symptoms of my Crohn's disease. I 

have extremely benefited from cannabis. 
 Less nausea 
 Lessens the amount of stools per day. Increases my appetite so that I can maintain my 

weight. Allows me to digest my food slower increasing the amount of nutrition 
absorbed. 

 My overall inflammation has dropped significantly thanks to medical cannabis. this has 
resulted in me having to drop my daily amount of background (Lantus) insulin 
throughout the day by 10 units. with my diabetes, I am less insulin resistant and 
probably use 15 units less per day on top of the 10 units less per day from my Lantus. I 
also have been sleeping much better and am have been able to completely remove 
opiates from my life which is a huge accomplishment for me. 

 No crohns disease flare ups since starting treatment 
 Not having to live with daily pain since starting treatment!!!!!! :-) 
 pain killers have been eliminated from my routine because pain has been reduced 
 Pain relief 
 Pain relief 
 reduced diarrhea - reduced stomach pain, gas and bloating 
 Re-established my ability to partake in physical activity. 
 Relief from pain and nausea.  Help with sleeping. 
 Suppression of most of my Crohn's symptoms with very few side effects 
 That the pain was pretty much non-existent. 
 The medicine has helped me not feel as sick all the time. 
 the Vape oil allows me to go to work without vomiting. also the pills help with 

inflammation and pain 
 When I was on it  the quality of life it gave me back 

Terminal Illness 
4  
 helps with pain 
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 Helps with sleep. Helps with pain. 
 Nausea and vomiting 

5  
 [PATIENT] is dead. But it kept his potential nausea very low and help with any potential 

pain. 
 Pain relief, distraction from pain 

6  
 I'm comfortable and able to eat and sleep 
 it really helpful with my anxiety and rib pain 
 Might save my life 
 Reduction of Nausea and pain, and increase in appetite. 
 Seizures have dissipated 

Somewhat calmer behavior 
7: Great Deal of Benefit   
 Ability to create appetite and relieve pain 
 Anti nausea, it's a miracle worker for nausea. 
 Coping with nausea, being able to eat and maintain weight 
 [PATIENT] has passed away. I am her daughter and was her care giver. She was open to 

trying medical cannabis and we got the liquid form. It was a saving grace. She was in a 
lot of pain and when prescribed medications did NOT work - we started this and it kept 
her calm and relaxed. I am very thankful that we were able to have this option available. 
It helped to make her last months more bearable and truly it would have been 
miserable without it. 

 Eating 
 general overall feeling of well-being...pain relief 
 Getting appetite back, and attitude adjustment. 
 Helps a lot with pain and relaxing from stress also helps a lot with upset stomach . 
 Improved quality of sleep. 
 It helps a lot with my pain level. Since I started this program I have not needed to 

increase my opioid medication to control my pain. I many times use the vaporizer in 
place of oxcycodone for breakthrough pain. When my anxiety is very hi I use the 
vaporizer. It has made a very positive difference in my quality of life at this point. 

 my nausea after chemo is gone in less than a minute after one inhalation from my 
vaporizer 

 No nausea from Chemotherapy. Much more energy and appetite along with a more 
positive outlook on life. 

 Pain relief 
 reduced vomiting. 
 Relaxing, peaceful sleep and wake up relaxed... less anxiety.. 
 Relief from nausea 
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 since I've started using the oil my brain cancer has maintained its size, it isn't getting any 
bigger and it isn't getting any smaller. 

 the relief of pain. 
 We have seen a girl go from not interacting, to interacting. No appetite to appetite. 

Balance also seems better. 

HIV/AIDS 
3  
 Eating 
 That the medicine does increase the ability to tolerate my intense pain, or at least takes 

some of the edge off. 
 

4  
 Takes the edge off of the worst pain, not quite as sharp on most days. 

6  
 It has significantly helped reduced the physical pain related to my chronic pain, 

fibromyalgia, and systemic exertion intolerance disease. It has helped make my days 
more bearable and easy. 

 Less pain, better sleep and I experience less anxiety. 
 Pain management 

 

7: Great Deal of Benefit   
 Relief that my other pain medication does not remedy. 
 A significant reduction in after-medication nausea. There has also been relief of 

neuropathic pain in my extremities. 
 able to sleep at night. I have been living with Neuropathy pain since 1990 
 Appetite, was loosing weight fast! Didnt have one! Now got it back! And gained 20 

pounds! From this. 
 calmness 
 Cannabis has been a helpful tool in finding relief from pain and fatigue; so that I'm able 

to exercise and do yoga. I'm able to eat and I have gained back healthy weight. I have 
found cannabis to be beneficial in relieving anxiety and depression, also. Although, I 
think there are medicinal qualities in the whole flower that are missed in the current 
extractions available. 

 Finally putting on weight again due to underlying health reasons that he has trying to 
overcome for 20+ years, finally gaining fat mass back, started as a skeptic, no effect 
from leaf form tries 

 Help with nausea 
 Immediate relief of nausea and the ability to sleep at night. 
 Reduction in spams 
 relaxed no anxiety stomach better neuopothybetter 
 stress/mental stability, medication toxicity dampning (less effect on stomach), better 

quality sleep, longer sleeping time, pain decreased, food consumption increase. 
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 The constant pain in my feet is really diminished and only have occasional time that I 
feel like I am having hot nails slammed into them 

Tourette Syndrome 
4  
 calmer in general 

tics have reduced some 
doesn't get upset as easily by noise 
more regular BM's 
gained some weight - more hungry 

 The normalization of cannabis, cannabis's new legal status and increased social 
acceptance. 

 

5  
 The cannabis has calmed both physical and verbal tics. It has not completely suppressed 

the tics. 

6  
 elimination of tic behaviors 
 [PATIENT] has experienced decreased anxiety and rigidity related to his autism. He is 

better able to focus and pay attention. His mood is more positive and he is more 
flexible. 

 My tourettes has calmed down. 
 Quiets the tourette symptoms. 
 Reduced ticks, better cognition, calmer in public places, Reduced stress over all. 

 

7: Great Deal of Benefit   
 [PATIENT] has greatly reduced tics and anxiety which has improved every aspect of his 

life. 
 less ticks, no depression, focus at work 
 No longer injuring herself. Such as banging head and kicking walls and etc. Does not 

seem to be uncomfortable. 
 Reduced motor and vocal tics tremendously. I am off 6 medications includingvmorphine. 
 The removal of my disability, Tourette Syndrome. And it's almost all gone, when 

medicated. 
 Within 1 week of use, my tics disappeared and have stayed gone even with occasional 

use. This has never happened previously in my life, so it is very effective. 

Glaucoma 
6  
 Less eye pressure headaches 

Increased appetite 
Less anxiety 
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7: Great Deal of Benefit   
 reduction of interocular eye pressure; also reduction in muscle cramps and chronic pain 
 spasm relief 
 Reduced eye pressure especially during pressure attacks and quick climbs, pain relief 

and addresses the migraines associated with my glaucoma (brain injury related)....I also 
remain seizure free 

 Better quality of life, greatly reduced pain, greatly reduced spasms and exacerbations, 
less stiffness able to sleep through the night. 

 Pain and encumbered vision from Iritis Uvitis completely eliminated  -  Have been able 
to discontinue use of Pred Forte steroids which had terrible side effects but was prior to 
medical cannabis the thing drug available for managing the pain and inflammation and 
white cell production associted with my disease. 

 The reduction of symptoms of my glaucoma. Less frequent eye pain attributed from 
lower IOP. 

 verification that cannabis can treat my qualifing conditions. 
 

ALS 
4  

 

5  
 

6  

 
 
 It helps alleviate my stress. 

 
 help with sleep, anxiety and regularity 

 
 helps calm mind/nerves, this lowers stress which caused muscle twitching 
 Less pain 
 Spasticity relief 

 

7: Great Deal of Benefit   
 anxiety is greatly reduced 
 I can sleep at night, all night long. 
 Pain control (back pain) and no leg cramps 
 The relief from pain 

The feeling of well being 



 

 

 
OFFICE OF MEDICAL CANNABIS 

Minnesota Medical Cannabis Program: 
Patient Experiences from the First 
Program Year 
 
  



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

2 

 

   

Minnesota Medical Cannabis Program: Patient Experiences from the First Program 
Year 

Minnesota Department of Health 
Office of Medical Cannabis 
PO Box 64882  
St. Paul, MN 55164-0882 
651-201-5598 (Metro) or 844-879-3381 (Non-metro, toll-free) 
Health.Cannabis@state.mn.us 
www.health.state.mn.us 

 

As requested by Minnesota Statute 3.197: This report cost approximately $58,500 to prepare, including staff time, 
printing and mailing expenses. 

Upon request, this material will be made available in an alternative format such as large print, Braille or audio 
recording. Printed on recycled paper.

mailto:Health.Cannabis@state.mn.us
http://www.health.state.mn.us/
http://www.health.state.mn.us/


 

 

3 
 

 

Table of Contents 
Minnesota Medical Cannabis Program: Patient Experiences from the First Program Year ........... 1 

Executive Summary ................................................................................................................. 9 

Participation ..................................................................................................................... 9 

Medical Cannabis Purchasing Patterns .......................................................................... 10 

Medical Cannabis Use Patterns ...................................................................................... 10 

Benefits ........................................................................................................................... 11 

Adverse Side Effects ....................................................................................................... 13 

Affordability and Suggestions for Improving the Program ............................................ 13 

1. Introduction ....................................................................................................................... 14 

2. Patients and Caregivers Registered in the First Program Year .......................................... 16 

Qualifying Condition ....................................................................................................... 16 

Age and Gender .............................................................................................................. 18 

Age by Qualifying Condition ........................................................................................... 19 

Race and Ethnicity .......................................................................................................... 21 

Registered Caregivers and Parents/Legal Guardians ..................................................... 21 

Geographic Distribution and Distance to Nearest Cannabis Patient Center ................. 23 

From Certification to Program Approval: How Long Does it Take for Patients? ........... 27 

Time from Certification to Program Approval ........................................................ 28 

Time from Certification to Annual Enrollment Fee Payment ................................. 28 

Time from Annual Enrollment Fee Payment and Program Approval ..................... 28 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

4 

 

From Certification to Program Approval: Conclusions ........................................... 28 

Re-Enrollment ................................................................................................................. 29 

3. Health Care Practitioners Registered in the First Program Year ....................................... 31 

Healthcare Practitioner Count, Age and Gender ........................................................... 31 

Registered Physician Specialties and Licensures ............................................................ 35 

Advanced Practice Registered Nurse Licensures ........................................................... 37 

Summary ......................................................................................................................... 37 

4. Frequency and Duration of Medical Cannabis Purchases ................................................. 38 

Time from Program Approval to First Medical Cannabis Purchase ............................... 38 

Time Between Purchases ............................................................................................... 39 

Purchasing Activity in First Four Months of Program Participation ............................... 40 

Patients Who Stopped Purchasing Medical Cannabis .................................................... 41 

Frequency and Duration of Medical Cannabis Purchases: Conclusions ........................ 43 

5. Medical Cannabis Use Patterns ......................................................................................... 44 

Most Frequently Purchased Product(s) .......................................................................... 47 

Severe and Persistent Muscle Spasm Patients ....................................................... 51 

Cancer Patients ........................................................................................................ 55 

Seizure Patients ....................................................................................................... 58 

Crohn’s Disease Patients ......................................................................................... 60 

Terminal Illness Patients ......................................................................................... 62 

HIV/AIDS Patients .................................................................................................... 64 

Tourette Syndrome Patients ................................................................................... 66 

Glaucoma Patients .................................................................................................. 68 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

5 

 

ALS Patients ............................................................................................................. 70 

Medical Cannabis Use Patterns: Conclusions ................................................................. 72 

6. Benefits .............................................................................................................................. 73 

Summary ......................................................................................................................... 73 

Benefits Reported on Surveys ........................................................................................ 78 

Survey Methodology and Data Preparation ........................................................... 78 

Patient Experience Survey Results ................................................................................. 79 

Patient Experience Survey Response Rate .............................................................. 79 

Patient Perceptions of Benefits from Medical Cannabis ........................................ 81 

All Qualifying Conditions .................................................................................. 81 

Severe and Persistent Muscle Spasms ............................................................. 82 

Cancer .............................................................................................................. 83 

Seizures ............................................................................................................ 84 

Crohn’s Disease ................................................................................................ 85 

Terminal Illness ................................................................................................ 86 

HIV/AIDS ........................................................................................................... 87 

Tourette Syndrome .......................................................................................... 88 

Glaucoma ......................................................................................................... 89 

ALS .................................................................................................................... 90 

Patient Perceptions of Types of Benefits from Medical Cannabis Treatment ............... 90 

Symptom Improvement from Medical Cannabis Treatment ......................................... 91 

Patient Perceptions of Global Health Benefits from Medical Cannabis ........................ 94 

Health Care Practitioner Survey Results ......................................................................... 98 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

6 

 

HCP Survey Response Rate ...................................................................................... 98 

Healthcare Practitioner Perceptions of Benefit .................................................... 100 

All Qualifying Conditions ................................................................................ 101 

Severe and Persistent Muscle Spasms ........................................................... 102 

Cancer ............................................................................................................ 103 

Seizures .......................................................................................................... 104 

Crohn’s Disease .............................................................................................. 105 

Terminal Illness .............................................................................................. 106 

HIV/AIDS ......................................................................................................... 107 

Tourette Syndrome ........................................................................................ 108 

Glaucoma ....................................................................................................... 109 

ALS .................................................................................................................. 110 

HCP Perceptions of Symptom Improvement from Medical Cannabis Treatment ....... 111 

HCP Perceptions of Global Health Benefits from Medical Cannabis Treatment ......... 115 

Additional Clinical Observations ................................................................................... 118 

Patient Versus HCP Perceptions of Benefit from Medical Cannabis ............................ 119 

Severe and Persistent Muscle Spasms .................................................................. 120 

Cancer .................................................................................................................... 121 

Seizures .................................................................................................................. 122 

Crohn’s Disease ..................................................................................................... 123 

Terminal Illness ...................................................................................................... 123 

HIV/AIDS ................................................................................................................ 124 

Tourette Syndrome ............................................................................................... 125 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

7 

 

Glaucoma ............................................................................................................... 126 

ALS ......................................................................................................................... 127 

Benefits Reported on Surveys: Conclusions ................................................................. 127 

Benefits Reported on the Patient Self-Evaluation ............................................................... 128 

Standard 8 Symptom Measures ................................................................................... 128 

Overall Results on Standard 8 Symptom Measures .............................................. 131 

Results on Standard 8 Symptom Measures Stratified by Qualifying Condition ... 134 

Condition-Specific Symptom Measures ....................................................................... 139 

Severe and Persistent Muscle Spasms .................................................................. 142 

Cancer: Nausea and Vomiting ............................................................................... 144 

Cancer: Cachexia and Severe Wasting .................................................................. 144 

Seizures .................................................................................................................. 144 

Crohn’s Disease ..................................................................................................... 147 

Terminal Illness ...................................................................................................... 148 

HIV/AIDS ................................................................................................................ 148 

Tourette Syndrome ............................................................................................... 148 

Glaucoma ............................................................................................................... 149 

ALS ......................................................................................................................... 151 

Benefits Reported on the Patient Self-Evaluation: Conclusions .................................. 152 

7. Adverse Side Effects ......................................................................................................... 153 

Summary ....................................................................................................................... 153 

Adverse Side Effects Reported on the Patient Self-Evaluation .................................... 154 

Severe Adverse Side Effects .................................................................................. 158 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

8 

 

PSE-Reported Adverse Side Effects: Conclusions .................................................. 161 

Adverse Side Effects Reported on Surveys ................................................................... 165 

Patient-Reported Negative Effects of Medical Cannabis ...................................... 165 

HCP-Reported Negative Effects from Medical Cannabis ...................................... 166 

Adverse Side Effects Reported on Surveys: Conclusions ...................................... 167 

Adverse Event Reporting to Manufacturers ................................................................. 168 

8. Affordability and Suggestions for Improving the Program .............................................. 169 

Patient Perceptions of Affordability ............................................................................. 169 

Patient Perceptions of Online Registry ........................................................................ 170 

Patient Perceptions of Office of Medical Cannabis Call Center ................................... 171 

Patient Perceptions of Office of Medical Cannabis Website ....................................... 172 

Patient Suggestions ...................................................................................................... 172 

Suggestions and Information Requests from Healthcare Practitioners ....................... 173 

 

Appendix A: Patient-Reported Benefits from Surveys ……………………………………………….….. 34 pages 

Appendix B: Healthcare Practitioner-Reported Benefits from Surveys …….………………..…… 8 pages 

Appendix C: Healthcare Practitioner-Reported Clinical Observations from Surveys ……….. 5 pages 

Appendix D: Symptom Results from the Patient Self-Evaluation ……………….……………….. 287 pages 

Appendix E: Patient-Reported Negative Effects from Surveys …………………….………………… 16 pages 

Appendix F: Healthcare Provider-Reported Negative Effects from Surveys ……………………. 4 pages 

Appendix G: Patient Suggestions for Improving the Program from Surveys ………….……… 36 pages 

Appendix H: Healthcare Practitioner Suggestions for Improving the Program and Requests for 
Additional Information from Surveys ………………….………………………………………………………….. 7 pages 

 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

9 

 

Executive Summary 
In May 2014, Minnesota became the 22nd state to create a medical cannabis program.  
Distribution of extracted cannabis products in liquid or oil form to qualified, enrolled patients 
began July 1, 2015. Minnesota’s medical cannabis program is distinct from those in nearly all 
other states as the Minnesota Department of Health’s Office of Medical Cannabis is required to 
study and learn from the experience of participants.  This report draws on data from 
enrollment, purchasing and related health information, and survey results to describe the 
experience of patients who enrolled during the first year of the program’s operation: July 1, 
2015 through June 30, 2016. 

The Office of Medical Cannabis anticipates performing additional analyses of data for the first 
year cohort of enrolled patients, as well as initiating analyses of data from patients who 
enrolled in the program later.  Of particular interest are patients who enrolled after intractable 
pain became a qualifying condition on August 1, 2016.  A report is planned for the end of 2017 
that will give a preliminary look at the experience of the first several hundred patients certified 
for intractable pain.  It is possible that focused projects will be developed in the future that will 
draw on medical record information to answer specific questions raised by analyses of the kinds 
of program data described in this report.    

Participation  

Between July 1, 2015 and June 30, 2016 a total of 1660 patients enrolled in the program and 
577 health care practitioners registered themselves in order to certify that patients have a 
medical condition that qualifies them for the program.  The most common qualifying conditions 
were severe and persistent muscle spasms (43%), cancer (28%), and seizures (20%).  Each of the 
remaining six qualifying conditions during the first year – Crohn’s Disease, Terminal illness, 
HIV/AIDS, Tourette Syndrome, glaucoma, and ALS – accounted for less than 10% of patients.  
Ten percent (167 patients) were certified for more than one qualifying condition.  Most patients 
were middle-aged (56% between ages 36-64), 11% were <18, and 11% were ≥65.  Distribution 
by race/ethnicity generally matched the state’s demographics, with 90% of patients describing 
themselves as white.   

The legislation that established the program specified there would be one location for 
purchasing medical cannabis (called Cannabis Patient Centers; CPCs) in each of the state’s eight 
congressional districts. Patients who enrolled in the program during the first year came from 
throughout the state, with the average distance from the patient’s home to the nearest CPC 29 
miles (median distance=16 miles).  Some patients were a considerable distance from the 
nearest CPC, however, with 13% over 60 miles from the nearest one.  The program allows 
patients to have one or more parents or non-parent caregivers who register with the program, 
who are then are allowed to transport and administer a patient’s medical cannabis.  Only 11% 
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of patients had a registered caregiver, 17% had a registered parent or guardian, and 26% had 
either a registered parent/legal guardian or a registered caregiver.   

Among the 577 health care practitioners who registered with the program 82% were 
physicians, 13% were advanced practice registered nurses, and 5% were physician assistants. 

Medical Cannabis Purchasing Patterns 

Most patients make their first medical cannabis purchase within 14 days of program approval. 
Subsequent purchases typically follow a roughly monthly periodicity. However, intervals 
between purchases are sometimes less than a month, especially during the first months of 
program participation as the patient experiments with small amounts of different products. 
And intervals between purchases are sometimes much longer than a month. Using a cutoff of 
six months without any medical cannabis purchases as a surrogate for program discontinuation, 
51% of patients who enrolled and made a purchase within the first six months of the program 
discontinued participation in the program as of December 31, 2016. 

Medical Cannabis Use Patterns 

Each patient’s medical cannabis purchasing transactions during their first enrollment year (or 
through early March if still within their first enrollment year) were analyzed. A total of 16,238 
products were purchased during 10,898 transactions, with 38% of all transactions consisting of 
two or more products. For analytic purposes, products were classified according to the ratio of 
delta-9-tetrahydrocannabinol (THC) to cannabidiol (CBD) as follows: Very High THC:CBD (100:1 
or higher), High THC:CBD (>4:1 up to 99:1), Balanced THC:CBD (1:1 up to 4:1), High CBD:THC 
(≥1:1 up to 99:1), and Very High CBD:THC (100:1 or higher). 

Products for enteral administration (swallowed – includes capsules and oral solutions) and 
products for inhalation (vaporized oil) each accounted for 45% of product purchases. Products 
for oromucosal administration (absorption through cheek) accounted for 9%. Nearly 50% of all 
purchases were Very High THC:CBD products, followed by Balanced THC:CBD (30%) and High 
CBD-THC (15%). Very High THC:CBD products were most commonly oil for vaporization or for 
oromucosal absorption, while Balanced THC:CBD and High CBD:THC products were most often 
for enteral administration. 

Examining purchasing history across all patients is very complex for reasons that include 
experimentation with different products over time. As a first approach to assessing routine use 
of products, most frequently purchased products were examined for each patient.  For 28% of 
patients, two or more products were purchased the same number of times.  The product types 
that emerged as most frequently purchased were Very High THC vaporization oil (25%), High 
CBD:THC enteral preparations (14%), and Balanced enteral preparations (13%).  Most 
frequently purchased product types varied considerably across medical conditions. 
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Benefits 

Information on patient benefits comes from the Patient Self-Evaluations (PSE) completed by 
patients prior to each medical cannabis purchase and from patient and health care practitioner 
surveys. Results of analysis of PSE and survey data indicate perceptions of a high degree of 
benefit for most patients. 

Patients responded to a survey question asking them how much benefit they believe they 
received from using medical cannabis on a scale from 1 (no benefit) to 7 (great deal of benefit).  
Across all patients 64% indicated a benefit rating of 6 or 7 and this degree of benefit was 
indicated by at least half of the patients with each medical condition. A small but important 
proportion of patients indicated little or no benefit: 9% gave a rating of 1, 2, or 3. Benefit 
ratings varied somewhat by qualifying medical condition. When patients were asked what the 
most important benefit was for them, two-thirds indicated a reduction in symptoms directly 
related to their qualifying medical condition and most of the remainder indicated more general 
quality of life benefits.  

An important part of this report is the verbatim comments written by patients, and the reader 
is encouraged to review these comments, presented in an Appendix.  Examples of these 
comments include: 

 “Almost all muscle spasm and pain associated with spasms are gone. I used to have 
constant nerve triggered pain that is minimal now. Results were almost immediate. I am 
sleeping way better now also.” 

 “[NAME] has passed away. I am her daughter and was her care giver. She was open to 
trying medical cannabis and we got the liquid form. It was a saving grace. She was in a 
lot of pain and when prescribed medications did NOT work – we started this and it kept 
her calm and relaxed. I am very thankful that we were able to have this option available. 
It helped to make her last months more bearable and truly it would have been 
miserable without it.” 

 “I am getting enough sleep for the first time since about 2011. My absence seizures 
have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal 
seizures. The recovery time after has gone from around 12 hours to around 4.” 

 “At first it helped a lot but my seizures have returned.” 

 “Spasms – only a little better.” 

Health care practitioners were somewhat more conservative in assessment of benefit to their 
patients. Across all the benefit ratings by health care practitioners, 38% indicated a rating of 6 
or 7 and 23% indicated little or no benefit (rating of 1, 2, or 3). Similarity in benefit assessment 
between health care practitioners and patients appears to vary by medical condition, with 
highest discrepancy among seizure patients. Descriptive comments suggest at least part of the 
difference is driven by perspective of what constitutes benefit. The patients cite quality of life 
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benefits more often than the health care practitioners, who appear to focus more on objective 
measures such as seizure counts. 

The symptom scores provided in the Patient Self-Evaluation data have the advantage of 
completeness, since they are required prior to each medical cannabis purchase. In this report a 
reduction of ≥30% was applied to most symptoms to indicate clinically meaningful symptom 
reduction. Results show patterns similar to those in the survey benefits rating, but usually 
somewhat smaller in size. For most symptoms between half and two-thirds of patients who 
achieve clinically meaningful improvement retained that degree of improvement over the next 
four months.  

Examples of proportion of patients achieving and retaining ≥30% symptom reduction include: 

 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% 
both achieved that level of reduction and retained it, on average, for at least four 
months 

 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency 
and 46% both achieved that level of reduction and retained it, on average, for at least 
four months 

 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid 
stools per day and 29% both achieved that level of reduction and retained it, on 
average, for at least four months 

 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in 
spasm frequency and 28% both achieved that level of reduction and retained it, on 
average, for at least four months 

 Among cancer patients with at least moderate levels of nausea when they started using 
medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that 
level of reduction and retained it, on average, for at least four months 

 Among cancer patients with at least moderate levels of pain when they started using 
medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that 
level of reduction and retained it, on average, for at least four months 

Moderate to severe levels of non-disease-specific symptoms such as fatigue, anxiety, and sleep 
difficulties were common across all the medical conditions. And the reductions in these 
symptoms was often quite large. These findings support the understanding that some of the 
benefit perceived by patients is expressed as improved quality of life. 

The type(s) of medical cannabis used at the time patients achieved clinically significant 
improvement was analyzed for each symptom assessed within each category of medical 
condition. Full results of these analyses are presented in an Appendix and summaries are in the 
Benefits chapter. 
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Adverse Side Effects 

At this point, the safety profile of the medical cannabis products available through the 
Minnesota program seems quite favorable. Approximately 20-25% of enrolled patients report 
negative physical or mental side effects of some kind, with the majority – around 60% - 
reporting only one and 90% reporting three or fewer. The vast majority of adverse side effects, 
around 90%, are mild to moderate in severity.  An assessment of the 30 patients reporting 
severe side effects, meaning “interrupts usual daily activities,” found no apparent pattern of 
patient age, medical condition, or type of medical cannabis used. The most common adverse 
side effects are dry mouth, drowsiness, and fatigue. Fortunately, up to the present no serious 
adverse events (life threatening or requiring hospitalization) have been reported. 

Affordability and Suggestions for Improving the Program 

Unlike traditional pharmaceuticals whose costs are often covered through insurance 
reimbursement, medical cannabis purchased through the Minnesota program is currently not 
covered by insurance and must be purchased out of pocket.  The patient survey asked for a 
rating of product affordability on a scale of 1 (very affordable) to 7 (very prohibitive).  More 
than half (51%) responded with a 6 or a 7 and 86% responded with a score of 4 or higher.   
“Bring the costs down” was a frequent response when patients and certifying health care 
practitioners were asked how the program could be improved.  Some patients indicated on 
surveys they used less medical cannabis than they knew was helpful to them because they 
could not afford it.   
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1. Introduction 
 

In May 2014, Minnesota became the 22nd state to create a medical cannabis program.  
Distribution of cannabis products to qualified, enrolled patients began July 1, 2015. Minnesota’s 
medical cannabis program is distinct from those in nearly all other states due to the fact that 
the Minnesota Department of Health’s Office of Medical Cannabis is required to study and 
learn from the experience of participants. Minnesota’s online registry, which integrates 
information from patients, certifying health care practitioners and manufacturers, continuously 
captures program data. Data elements from the Registry have been selected to create a de-
identified research data set for reporting and research. This report draws on aspects of that 
research data set to describe the experience of patients who enrolled during the first year of 
the program’s operation: July 1, 2015 through June 30, 2016. 

Data in this report come from several aspects of the program’s operations: 

 Information from registration or enrollment of patients, health care practitioners, and 

caregivers; 

 Information patients provide each time they visit a cannabis patient center for purchase 

of cannabis products, including information on symptom severity and side effects; 

 Details about each cannabis product purchased; and 

 Information is derived from responses to periodic surveys of patients and their certifying 

health care practitioners. 

Though there is certainly imprecision in some of the data collected by the program, this report 
provides important details that can be found in few other states. A notable part of the report is 
a set of statements regarding benefits, negative effects, and comments about the program 
made by patients and health care practitioners. These are redacted to protect privacy, but 
otherwise presented as was written on the surveys. The comments have been coded by type 
but the verbatim comments have a power of their own, reminding us that each enrollee is a 
unique individual, not just a number. A few comments are included elsewhere, but the reader is 
encouraged to spend time reviewing the full listing of responses in the appendices. 

The Office of Medical Cannabis anticipates performing additional analyses of data for the first 
year cohort of enrolled patients, as well as initiating analyses of data from patients who 
enrolled in the program later. Of particular interest are patients who enrolled after intractable 
pain became a qualifying condition on August 1, 2016. A report is planned for the end of 2017 
that will give a preliminary look at the experience of the first several hundred patients certified 
for intractable pain. It is possible that focused projects will be developed in the future that will 
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draw on medical record information to answer specific questions raised by analyses of data 
derived from the program registry.    
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2. Patients and Caregivers Registered in 
the First Program Year 

DESCRIPTION OF PATIENTS ENROLLED IN THE FIRST PROGRAM YEAR 

Qualifying Condition 

During the first year of the Minnesota Medical Cannabis program (July 2015-June 2016), 1,660 
patients were certified by registered healthcare practitioners and subsequently enrolled in the 
program (Figure 2.1). The healthcare practitioners certified the patients as having one or more 
of the following qualifying conditions: severe and persistent muscle spasms (n=713), cancer 
(n=468), seizures, including those characteristic of epilepsy (n=328), Crohn’s disease (n=108), 
terminal illness (n=94), HIV/AIDS (n=54), Tourette syndrome (n=30), glaucoma (n=24), and 
amyotrophic lateral sclerosis (ALS) also known as Lou Gehrig’s disease (n=22) (Table 2.1, Figure 
2.2). Of the 1660 patients from the first program year, 167 (10.1%) were certified as having 
more than one qualifying condition; these patients are represented more than once in Table 2.1 
and Figure 2.2.  

Figure 2.1. Patient enrollment in the first program year.
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Table 2.1. Patient counts by qualifying condition. 

Condition Count %  

Muscle Spasms 713 43% 

Cancer 466 28% 

Seizures 328 20% 

Crohn's Disease 108 7% 

Terminal Illness 94 6% 

HIV/AIDS 54 3% 

Tourette Syndrome 30 2% 

Glaucoma 24 1% 

ALS 22 1% 

Note: Percentages sum to more than 100 percent because among the 1660 patients enrolled during the first year, 167 (10.1%) 
were certified for more than one qualifying condition.  

Figure 2.2. First year cohort patients by qualifying medical condition. 

 

Note: Percentages sum to more than 100 percent because among the 1660 patients enrolled during the first year, 167 (10.1%) 
were certified for more than one qualifying condition.  



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

18 

 

Age and Gender 

At the time of certifying that a patient has a medical condition qualifying them for the medical 
cannabis program, the certifying healthcare practitioner enters the patient’s date of birth. 
Additionally, during registration, patients are asked to report gender and race/ethnicity but are 
not required to do so. Table 2.2 shows the breakdown of patients by age category and gender 
at the time of initial program enrollment. The gender breakdown of patients in the first 
program year was 57% male and 43% female, with <1% of patients declining to report gender. 
Patients tended to be middle-aged, with 56.3% of the cohort falling between ages 36-64. 
However, the cohort also included a notable proportion of pediatric patients (10.7%) and 
patients over 65 years (11.0%).  

Table 2.2. Patient counts by age and gender. 

  0-4 5-17 18-24 25-35 36-49 50-64 65+ 

Female 14 (41%) 67 (46%) 28 (29%) 85 (33%) 174 
(44%) 

270 (49%) 78 (43%) 

Male 20 (59%) 78 (53%) 66 (69%) 175 (67%) 218 
(55%) 

274 (50%) 105 (57%) 

Prefer Not to 
Answer 

0 (0%) 1 (1%) 2 (2%) 0 (0%) 2 (1%) 3 (1%) 0 (0%) 

Total 34 (2%) 146 (9%) 96 (6%) 260 (16%) 394 
(24%) 

547 (33%) 183 (11%) 

Note: Percentages are calculated based on the total count of patients in each age category. 
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Figure 2.3. Age and gender breakdown of first year cohort. 

 

Age by Qualifying Condition 

Breakdown of age category within each qualifying condition is shown in Table 2.3. Among the 
first year cohort, average age was 44.3 ± 18.9 years. Age distribution varied substantially across 
qualifying medical condition groups; patients certified for glaucoma or ALS tended to be older 
in general (average age of 60.4 ± 14.0 and 61.5 ± 9.6, respectively); patients certified for seizure 
disorders or Tourette syndrome generally were younger (23.4 ± 16.0 and 25.3 ± 11.7, 
respectively).  

Table 2.3. Patient age by qualifying medical condition. 

  0-4 5-17 18-24 25-35 36-49 50-64 65+ Mean 
Age 
(SD) 

Total 

Muscle Spasms 3 (0%) 6 (1%) 33 (5%) 124 
(17%) 

216 
(30%) 

268 
(38%) 

63 (9%) 47.3 
(14.5) 

713 

Cancer 3 (1%) 15 (3%) 11 (2%) 33 
(7%) 

83 
(18%) 

217 
(47%) 

104 
(23%) 

54.6 
(16.2) 

466 

Pain 1 (0%) 3 (1%) 8 (3%) 26 
(8%) 

65 
(20%) 

151 
(47%) 

66 (21%) 54.3 
(15.3) 

320 
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  0-4 5-17 18-24 25-35 36-49 50-64 65+ Mean 
Age 
(SD) 

Total 

Nausea/Vomiting 1 (0%) 12 (4%) 10 (4%) 18 
(7%) 

50 
(18%) 

130 
(48%) 

52 (19%) 53.4 
(16.5) 

273 

Cachexia/Wasting 1 (1%) 6 (3%) 5 (3%) 8 (4%) 16 (9%) 90 
(50%) 

54 (30%) 57.9 
(16.5) 

180 

Seizures 30 
(9%) 

114 
(35%) 

43 (13%) 68 
(21%) 

52 
(16%) 

18 (6%) 3 (1%) 23.4 
(16.0) 

328 

Crohn's Disease 0 (0%) 0 (0%) 9 (8%) 35 
(32%) 

35 
(32%) 

22 
(20%) 

7 (7%) 41.4 
(13.8) 

108 

Terminal Illness 2 (2%) 9 (10%) 3 (3%) 8 (9%) 20 
(21%) 

38 
(40%) 

14 (15%) 48.7 
(20.1) 

94 

Pain 0 (0%) 7 (11%) 1 (2%) 6 (9%) 16 
(24%) 

27 
(41%) 

9 (14%) 48.7 
(20.1) 

66 

Nausea/Vomiting 1 (2%) 4 (9%) 2 (4%) 3 (7%) 9 (20%) 21 
(47%) 

5 (11%) 48.7 
(20.3) 

45 

Cachexia/Wasting 1 (3%) 4 (11%) 2 (5%) 1 (3%) 3 (8%) 19 
(50%) 

8 (21%) 48.9 
(20.3) 

38 

HIV/AIDS 0 (0%) 0 (0%) 0 (0%) 8 
(15%) 

20 
(37%) 

26 
(48%) 

0 (0%) 47.0 
(9.7) 

54 

Tourette 
Syndrome 

0 (0%) 11 (37%) 3 (10%) 12 
(40%) 

3 (10%) 1 (3%) 0 (0%) 25.3 
(11.7) 

30 

Glaucoma 0 (0%) 0 (0%) 1 (4%) 0 (0%) 4 (17%) 11 
(46%) 

8 (33%) 60.4 
(14.0) 

24 

ALS 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (9%) 12 
(55%) 

8 (36%) 61.5 
(9.6) 

22 
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Race and Ethnicity 

Table 2.4 shows patient-reported race and ethnicity. Patients were given the option to select 
multiple race and ethnicity categories, so the counts reflect some patients more than once. 
Ninety-one patients selected more than one race/ethnicity and 95 patients declined the 
question. Compared to 2014 Census Bureau estimates of race/ethnicity in Minnesota, the 
distribution of responding members of the first program year cohort is generally similar, with a 
slightly higher proportion of American Indians (2.7% versus 1.9%) and lower proportion of 
Hispanics (2.4% versus 4.9%) and Asians (1.7% versus 5.0%).  

Table 2.4. One-year cohort patient race and ethnicity compared to overall state 
demographics.  

Race/Ethnicity 
Medical Cannabis 
Registry 

2014 Census Bureau 
Estimates 

American 
Indian 42 (2.7%) 1.9% 

Asian 27 (1.7%) 5.0% 

Black 101 (6.5%) 6.5% 

Hawaiian 3 (0.2%) 0.1% 

White 1410 (90.1%) 87.5% 

Hispanic 37 (2.4%) 4.9% 

Other 26 (1.7%) 1.7% 

Race and ethnicity estimates for Minnesota can be found at the following website: 
http://factfinder.census.gov/faces/nav/jsf/pages/index.xhtml 

Registered Caregivers and Parents/Legal Guardians 

If a patient is unable to pick up their medication from a cannabis patient center or is unable to 
administer the medication, their certifying health care practitioner may also certify the 
patient’s need for a designated caregiver. This allows the enrolled patient to have a caregiver 
who then undergoes a background check and registers with the program. Registered caregivers 
can then legally obtain and possess the patient’s medical cannabis on their behalf. Additionally, 
parents or legal guardians of patients can register with the program to act as caregiver and pick 
up or possess medication on behalf of the patient. Table 2.5 shows the proportion within each 
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qualifying condition group of patients who have registered caregivers or parents or legal 
guardians registered to pick up medication on behalf of the patient. Patients certified for ALS, 
cancer, or terminal illness have the highest proportions of patients with registered caregivers 
(32%, 15% and 15%, respectively). Patient certified for seizure disorders or Tourette syndrome, 
who are also generally younger than the cohort at large, have the highest proportion of 
patients with registered parents or legal guardians in the program (65% and 53%, respectively). 
Patients with seizures or Tourette syndrome also have the highest proportion of either 
registered caregivers or registered parents/legal guardians. Table 2.6 shows the absolute 
number of registered caregivers associated with a patient in the first year cohort, reported by 
condition. Most patients with registered caregivers have only one caregiver able to pick up 
medication on their behalf (n=157); 21 patients have two caregivers and one patient has three 
caregivers.  

Table 2.5. Proportion of patients with registered caregivers, parents or legal guardians 
authorized to pick up medication, or both. 

CONDITION Number of 
Enrolled 
Patients 

Patients with 
Registered 

Caregiver(s) 

Patients with 
Registered 

Parent(s)/Legal 
Guardian(s) 

Patients with 
Registered 

Caregiver(s) or 
Parent(s)/Legal 

Guardian(s) 

All Conditions 1660 179 (11%) 279 (17%) 430 (26%) 

Cancer 466 71 (15%) 23 (5%) 92 (20%) 

Terminal Illness 94 14 (15%) 10 (11%) 22 (23%) 

Glaucoma 24 3 (13%) 0 (0%) 3 (13%) 

HIV/AIDS 54 1 (2%) 0 (0%) 1 (2%) 

Tourette Syndrome 30 2 (7%) 16 (53%) 16 (53%) 

ALS 22 7 (32%) 1 (5%) 8 (36%) 

Seizures 328 32 (10%) 213 (65%) 225 (69%) 

Muscle Spasms 713 72 (10%) 26 (4%) 96 (13%) 

Crohn's Disease 108 6 (6%) 3 (3%) 8 (7%) 
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Table 2.6. Count of registered caregivers associated with patients enrolled in the first 
program year, by qualifying condition. 

Condition Registered 
Caregiver Count 

All Conditions 202 

Cancer 83 

Terminal Illness 19 

Glaucoma 4 

HIV/AIDS 1 

Tourette Syndrome 2 

ALS 7 

Seizures 37 

Muscle Spasms 79 

Crohn's Disease 6 

 

Geographic Distribution and Distance to Nearest Cannabis 
Patient Center 

At the time of registration, patients provide their home address for verification of Minnesota 
residency. Home addresses are retained in the patient’s online registry account but are not 
retained in the research database; in lieu of home address, patient ZIP codes and calculated 
distances from each address to the nearest cannabis patient center are accessible for research 
purposes. The general geographic distribution of patients was examined using patient-reported 
ZIP codes; the first three digits of ZIP codes compose a prefix which corresponds to an 
approximate geographic region1. The U.S. Postal Service assigns to each prefix labels that match 

                                                      

 
1 http://pe.usps.com/Archive/HTML/DMMArchive20050106/print/L002.htm 
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the major city within the region and approximate surrounding cities; these region labels are 
shown in Table 2.7, along with the count of patients living in the corresponding ZIP codes.  
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Table 2.7. Geographic distribution of patients by ZIP code prefix.  

Region ZIP Code Range Patient Count (%) 

St Paul 55000-55199 561 (34%) 

Minneapolis 55300-55599 671 (40%) 

Duluth 55600-55899 59 (4%) 

Rochester 55900-55999 104 (6%) 

Mankato 56000-56199 63 (4%) 

Willmar 56200-56299 49 (3%) 

St Cloud 56300-56399 80 (5%) 

Brainerd 56400-56499 27 (2%) 

Detroit Lakes 56500-56599 28 (2%) 

Bemidji 56600-56699 11 (1%) 

Grand Forks* 56700-56799 7 (0%) 

Note: The Grand Forks region, corresponding to ZIP codes with a 567 prefix, refers to a region including Grand Forks, South 
Dakota, as well as several ZIP codes located in Minnesota near the western border. Patients living in this region reside in 

Minnesota. 

Two medical cannabis manufacturers each operate four cannabis patient centers where 
patients can purchase medical cannabis following consultation with pharmacy staff at the 
center. Minnesota law required that one cannabis patient center be open in each of 
Minnesota’s eight legislative districts by July 1, 2016 (one year after the program start date). 
Figure 2.4 shows the distribution of calculated one-way distance from each patient’s home 
address to the nearest cannabis patient center location as of July 1, 2016, when all eight 
centers were operational. Average one-way distance is 28.9 ± 36.9 miles; median one-way 
distance is 15.5 miles. The majority of patients (n=1441; 86.8%) live within 60 miles of the 
nearest cannabis patient center.  
  



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

26 

 

 

Figure 2.4. Distribution of one-way distance from patient home to nearest cannabis patient 
center. 

 

 

 

 

 

 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

27 

 

From Certification to Program Approval: How Long Does it 
Take for Patients? 

A sequential series of steps are followed in order to move patients from certification by a 
healthcare practitioner to their enrollment in Minnesota’s Medical Cannabis program. First, 
patients must have at least one medical condition that qualifies for the program and must have 
that condition certified by a registered health care practitioner (HCP).  After their medical 
condition is certified, patients have 90 days to submit a complete application to enroll in the 
program.  Patients must also submit payment to cover the annual enrollment fee along with 
their application materials.  Once the application and enrollment fee are submitted, Office of 
Medical Cannabis (OMC) staff reviews and verifies all submitted materials and can approve the 
patient for the program.  Figure 2.5 depicts the process flow from certification to program 
approval: 

Figure 2.5. Flow chart of enrollment events.  

 

 

To give current and prospective patients some idea of the time it takes to go from certification 
to program approval, records from patients in the first program year cohort (n = 1660) were 
analyzed at different time points: 1) time between certification to program approval, 2) time 
between certification to enrollment payment, and 3) time between enrollment payment and 
program approval.   
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Time from Certification to Program Approval 

Just over half of all patients (54.7%) in the cohort (n = 1660) were approved/enrolled in the 
program within 3 days of having their condition(s) certified.  Close to 90% (1484 out of 1660 
patients) were enrolled in the program within a month of being certified.   

Time from Certification to Annual Enrollment Fee Payment 

Records of enrollment fee payments were unavailable for patients who did not make an 
electronic payment; therefore, calculations of time between certification and enrollment fee 
payment was restricted to 1579 patients (95.1% of patients in the cohort represented) who 
paid the enrollment fee electronically.  Of these patients, 57.2% of them (n = 903) submitted 
payment within 1 day of getting their qualifying condition(s) certified by their HCP.  More than 
90% of patients (n = 1452) submitted payment within one month of certification. 

Time from Annual Enrollment Fee Payment and Program Approval 

Records of enrollment fee payments were not available for all patients in the cohort; therefore, 
calculations of time between enrollment fee payment and program approval was restricted to 
1579 patients (95.1% of patients in the cohort represented).  Of these patients, 72.7% of them 
(n = 1148) were approved for the program (officially enrolled in the program) within a day of 
submitting their annual enrollment fees.  Close to all patients (99.3%) were enrolled in the 
program within a month of submitting their annual enrollment fees. The small proportion of 
patients who do not get approved within a month of their fee submission generally reflects 
patients who submitted inadequate or incomplete information during the enrollment 
submission process (meaning that the Office of Medical Cannabis is waiting for additional 
information to approve them for the program).  

From Certification to Program Approval: Conclusions 

Just over half of all patients in the cohort were officially enrolled in the program within three 
days of being certified.  Within a week of certification, 70% of patients were enrolled in the 
program.  This suggests that the majority of patients move relatively quickly from certification 
to enrollment in the program.   

When breaking down the process flow between certification and program approval, it typically 
took longer for patients to move from certification to paying the enrollment fee than it did from 
their paying the enrollment fee to getting approved.  This generally reflects the nature of the 
process flow going from certification to paying the enrollment fee: after patients are certified, 
the patient must self-initiate and complete the submission of all application materials along 
with payment (involves variable amounts of time to gather all materials and to ensure sufficient 
funds to make fee payment).  This is in contrast to the step between enrollment fee payment 
and getting approved for the program: patient has submitted all materials and payment by this 
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point and – unless they are directed otherwise by OMC staff – will get approved for the 
program in the order their materials were received in the queue. 

Re-Enrollment 

The Minnesota medical cannabis program requires by statute that once a patient becomes 
certified as having a qualifying condition and enrolled in the program, the patient’s enrollment 
lasts for one year; therefore each year a patient must be re-certified as having at least one 
qualifying condition and must re-enroll in the program and pay an annual enrollment fee. If a 
patient is not re-certified as having a qualifying condition and does not re-enroll in the program 
by the anniversary date of the most recent enrollment, their account is deactivated and they 
are no longer able to purchase medical cannabis from a cannabis patient center or retain the 
protections of the program. To investigate the rate at which enrolled patients who approach 
their expiration dates re-enroll in the program, patients who enrolled in the program during the 
first program month (including those who were approved early, prior to the program start in 
July 2015) were examined. A total of 253 patients were enrolled in the first program month; 
these patients’ enrollments expired in July 2016. Re-enrollment activity for these patients was 
examined six months following expiration of the first enrollment year. Within six months 
following the expiration of the first year of enrollment, 115 (45%) among these patients re-
enrolled in the program. Of the remaining 138 patients who did not re-enroll during this period, 
24 patients (17%) died within 18 months of initial enrollment. Additionally, patients can re-
enroll at any time following expiration, and some patients who did not re-enroll immediately 
may do so at a later time.  

Most patients who re-enrolled within six months of expiration did so prior to expiration (44%) 
or within the first month after enrollment expiration (40%). Only 3% of these patients re-
enrolled beyond three months post expiration. Timing of re-enrollment for patients who 
initially enrolled during the first program month are shown in Table 2.8. 
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Table 2.8. Timing of program re-enrollment for patients enrolled in the first program month.  

Time Re-Enrollment Occurred  Patient Count 
(%) 

Prior to Expiration 51 (44%) 

1st Month After Expiration 46 (40%) 

2nd Month After Expiration 0 (0%) 

3rd Month After Expiration 15 (13%) 

4th Month After Expiration 1 (1%) 

5th Month After Expiration 2 (2%) 

6th Month After Expiration 0 (0%) 

Total Count of Patients Re-
enrolled Within 6 Months of 
Annual Expiration Date 

115 

Note: Among the 253 patients who enrolled in the program in July 2015, 115 (45%) re-enrolled within six months of expiration. 
Percentages are based on a total number of re-enrollments within this period (n=115).  

At the time of enrollment expiration, a patient can allow their enrollment to lapse without any 
action or communication with the Office of Medical Cannabis. Currently OMC does not collect 
information systematically on why patients chose to either re-enroll or let their current 
enrollment expire. However, some insight into program discontinuation is available from a 
Continued Use survey, which asks patients who have not purchased medical cannabis for 60 
days whether they have decided to stop the treatment, whether they received any benefits 
from the treatment, and what their reasons are for either stopping or pausing the treatment. 
Early results looking at patients who purchased medical cannabis within the first three program 
months but discontinued purchasing for 60 days showed that 62% (n=10) of patients who 
indicated they planned to stop using medical cannabis (n=16) found little or no benefit from the 
treatment. Among 59 patients who indicated they were unsure of whether they would continue 
or that they intended to continue the treatment, 35 (73%) cited cost as a barrier to continuing. 
These results do not directly answer the question of why some patients do not re-enroll but 
give some indication of potential reasons for doing so. (For methodology and preliminary 
results from the Continued Use survey, see “Early Results of Office of Medical Cannabis 
Surveys: May 2016” on the Office of Medical Cannabis website).  

 

http://www.health.state.mn.us/topics/cannabis/about/surveyresults0516.pdf
http://www.health.state.mn.us/topics/cannabis/about/surveyresults0516.pdf
http://www.health.state.mn.us/topics/cannabis/index.html
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3. Health Care Practitioners Registered 
in the First Program Year 
The Minnesota Medical Cannabis program outlines a set of qualifying medical conditions which 
make a patient eligible for enrollment in the program. By Minnesota statute, a patient must be 
certified by a Minnesota-licensed physician, physician assistant (PA), or advanced practice 
registered nurse (APRN) as having one or more of the qualifying conditions. A Minnesota 
practitioner with appropriate credentials must first register with the Minnesota Medical 
Cannabis program before they can certify patients for the program: practitioners complete a 
short online form with their name and clinic information to register. Office of Medical Cannabis 
staff verify the provider’s entered information and their Drug Enforcement Agency (DEA) 
license prior to approving the practitioner to certify patients. This chapter will describe the 
certifying healthcare practitioners who registered in the first program year.  

Healthcare Practitioner Count, Age and Gender 

From July 2015- June 2016, 577 healthcare practitioners licensed in Minnesota registered in the 
medical cannabis program, including 473 physicians (82%), 77 APRNs (13%) and 27 PAs (5%). 
Table 3.1 shows the breakdown of healthcare practitioner (HCP) type, gender and average age, 
based on publicly available data from the Boards of Medical Practice and Nursing. Physicians 
registered in the program were predominantly male (72%) and were generally older than 
registered APRNs and PAs, who were predominantly female (88% and 78%, respectively).  
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Figure 3.1. Count of registered healthcare practitioners during the first program year. 

 

 
Table 3.1. Healthcare practitioner by type, with gender and average age. 

HCP TYPE N % MALE: N (%) MEAN AGE (SD) 

Physician 473 82% 341 (72%) 50.3 (11.3) 

APRN 77 13% 9 (12%) 47.0 (9.4) 

PA 27 5% 6 (22%) 39.9 (9.5) 

Total 577 100% 356 (62%) 49.4 (11.2) 

Note: Age data was unavailable for 17 APRNs and three physicians. 
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More detailed representations of age distribution among registered physicians, PAs and APRNs 
are available in Figures 3.2-3.4. Figure 3.2 shows the age distribution in 5 year increments of 
physicians enrolled in the first program year; most physicians fall between ages 36-65 years 
(81%) with relatively even distribution of numbers across this range. Figure 3.3 shows the age 
distribution for APRNs; 51% of APRNs are 50 years or under. Figure 3.4 shows the age 
distribution for PAs registered in the program; most PAs fall between ages 31-45 (78%). 

Figure 3.2. Age distribution of physicians registered in the medical cannabis program (n=473). 

 

Note: Age data was not publicly available for three physicians registered in the first program year. 
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Figure 3.3. Age distribution of advanced practice registered nurses registered in the medical 
cannabis program (n=77). 

 

Note: Age data was not publicly available for 17 APRNs registered in the first program year. 

 
Figure 3.4. Age distribution of physician assistants registered in the medical cannabis program 

(n=27). 

 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

35 

 

Registered Physician Specialties and Licensures 

The Minnesota Board of Medical Practice lists information on Minnesota-licensed physicians 
and physician assistants. Included is self-reported “Area of Specialty” information indicating a 
physician’s (or physician assistant’s) certifications from the American Board of Medical 
Specialties or American Osteopathic Specialty Boards. While physician assistant specialty 
information is infrequently provided, physicians often list certifications in more than one area 
of specialty. For example, physicians practicing as oncologists may list certifications in the areas 
of Internal Medicine, Hematology, and Medical Oncology. A variety of specialties were 
represented among physicians registered in the first program year, including subspecialties of 
neurology (neurology with special qualifications in child neurology, clinical neurophysiology, 
and epilepsy), pediatrics (pediatric hematology-oncology) and internal medicine or family 
medicine (gastroenterology, geriatric medicine, hospice and palliative medicine, sports 
medicine, nephrology, and infectious disease). Specialties including ophthalmology, 
dermatology, radiology and surgery were also represented.  In cases where a physician listed an 
area of specialty and subspecialty, such as Internal Medicine and Gastroenterology, the 
subspecialty was chosen to represent the physician’s practice (in this case, Gastroenterology). 
Table 3.2 shows the distribution of physician specialties; each physician is represented only 
once. Two physicians who are licensed in Minnesota and registered in the program do not have 
any listed specialties with the Board of Medical Practice; they are therefore excluded from 
Table 3.2.  The most common specialty category for physicians registered in the first program 
year was primary care (38%), which included internal medicine (13%), family medicine (23%) 
and pediatrics (2%). Physicians with specialization in oncology (17%) and neurology (14%) were 
also common.  
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Table 3.2. Registered physician specialty categories. 

Registered Physician Specialties N (%) 

Primary Care 179 
(38%) 

Internal Medicine 61 (13%) 

Family Medicine 109 
(23%) 

Pediatrics 8 (2%) 

Oncology 81 (17%) 

Neurology 65 (14%) 

Pediatric Specialty 29 (6%) 

Hospice/Palliative Medicine 25 (5%) 

Physical Medicine and Rehabilitation 21 (4%) 

Gastroenterology 11 (2%) 

Psychiatry 10 (2%) 

Ophthalmology 9 (2%) 

Surgery 8 (2%) 

Infectious Disease 6 (1%) 

Radiology/Radiation Oncology 5 (1%) 

Pain Medicine 5 (1%) 

Nephrology 3 (1%) 

Geriatric Medicine 3 (1%) 

Emergency Medicine 2 (0%) 

Rheumatology 2 (0%) 
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Advanced Practice Registered Nurse Licensures 

Advanced practice RNs include licensed Clinical Nurse Specialists (CNS), Certified Registered 
Nurse Anesthetists (CRNA), Certified Nurse-Midwives (CNM) or Certified Nurse Practitioners 
(CNP). Among the 77 APRNs who registered in the first program year, 75 held CNP certification, 
1 held CNS certification, and 1 held both CNP and CNS certifications.  

Summary 

In the first year of the Minnesota Medical Cannabis program, 577 licensed healthcare 
practitioners registered as certifying providers with the program, predominantly physicians 
(82%). There were age and gender differences across the HCP types; physicians tended to be 
older and male; PAs and APRNs tended to be younger and female. Physician licensure 
information showed that physicians from a diversity of clinical practices are involved in 
certifying patients for the medical cannabis program, but the majority of these providers are 
primary care providers or specialties that typically manage patients with the Minnesota 
program’s qualifying conditions (i.e. severe muscle spasms, seizure disorders, Tourette 
syndrome and ALS are typically managed by neurologists; cancer is often managed by 
oncologists). 

Obstetrics and Gynecology 2 (0%) 

Sports Medicine 2 (0%) 

Anesthesiology 2 (0%) 

Dermatology 1 (0%) 

Public Health and Preventive Medicine 1 (0%) 

Pulmonary Disease 1 (0%) 

Sleep Medicine 1 (0%) 
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4. Frequency and Duration of Medical 
Cannabis Purchases 
 

Time from Program Approval to First Medical Cannabis 
Purchase 

Once a patient is approved for the medical cannabis program, the patient and/or their 
registered caregiver(s) or parent(s)/legal guardian(s) can visit any of the eight cannabis patient 
centers and purchase medical cannabis. Figure 4.1 shows the distribution of time from program 
approval to first medical cannabis purchase for patients enrolled during the first program year 
who purchased medical cannabis before December 31, 2016 (n=1528). Many patients (n=196; 
13%) made a first purchase within one day of program approval; over half (n=864; 57%) made a 
first purchase within seven days and most patients (n=1137; 74%) made a first purchase within 
14 days of program approval.  

Figure 4.1. Time from patient approval to first medical cannabis purchase. 
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Time Between Purchases 

According to Minnesota statute, patients can purchase up to a 30-day supply of medicine at a 
cannabis patient center. However, visits to a cannabis patient center vary from 30-day intervals 
for several reasons. Figure 4.2 shows the intervals between purchases for patients from the 
one-year cohort with at least two purchases (n=1256). Patients must purchase medical 
cannabis with cash and many patients report that the medicine’s cost is prohibitive; for these 
reasons, patients may purchase smaller quantities than a month’s supply and visit cannabis 
patient centers more frequently than once a month. On the other hand, many patient 
responses to the Continued Use Survey (see “Early Results of Office of Medical Cannabis 
Surveys: May 2016” on the Office of Medical Cannabis website) indicated a quantity of 
medicine intended to be a 30-day supply lasted longer than 30 days, or the patient chose to use 
the medicine sparingly as a cost-saving measure and therefore the supply lasted longer than 
anticipated. However, the median times between visits for the first consecutive six visits were 
close to the expected interval of one month (median time since last visit: 25, 28, 28, 28, and 28 
days for the second, third, fourth, fifth and sixth visits, respectively).  

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.health.state.mn.us/topics/cannabis/about/surveyresults0516.pdf
http://www.health.state.mn.us/topics/cannabis/about/surveyresults0516.pdf
http://www.health.state.mn.us/topics/cannabis/index.html
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Figure 4.2. Time between visits for patients with two or more visits from July 2015-December 
2016. 

Note on boxplots: upper and lower hinges for each boxplot correspond to the 75th and 25th percentiles of each distribution, 
respectively. The upper and lower whiskers extend to the highest and lowest values that are within 1.5 x the interquartile range 
from the upper and lower hinges, respectively. Data beyond the whiskers, plotted as individual points, are outliers.  

Purchasing Activity in First Four Months of Program 
Participation 

Patients beginning medical cannabis treatment often try different types of products with 
varying ratios of THC:CBD and routes of administration to achieve optimal symptom 
management; therefore patients may be more likely to make more visits to cannabis patient 
centers at the beginning of treatment and fewer visits in later times once the patient’s regimen 
had been established. As seen in Figure 4.2, frequency of visits (represented as time between 
consecutive visits) varies widely across patients. To compare purchasing activity in the first two 
months versus the second two months of program activity, the number of visits for each 
patient with continuous enrollment was examined in the first and second 60 days of program 
activity (day 0 defined as the date of first medical cannabis purchase). Patients who made no 
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purchases between days 61 and 120 or beyond day 120 were excluded to eliminate patients 
who had atypical purchasing activity or quit the program during this time window. Figure 4.3 
shows the distribution of number of visits per patient which occurred in the first and second 60 
days of program activity (n=752). During the first 60 days of program activity, median number 
of visits was 3 and 543 of 752 patients in this group (72%) made three or fewer purchases. 
During days 61-120 of program activity, median number of visits was 2 and 662 of 752 patients 
(88%) made three purchases or less. While the distributions of purchasing activity in the first 60 
days and second 60 days is roughly similar, they indicate that purchasing activity is slightly 
greater during the first 60 days of program activity.   

Figure 4.3. Number of visits in first 60 days and second 60 days of program activity, for 
patients with one or more purchases in both 60 day intervals.  

 

Patients Who Stopped Purchasing Medical Cannabis 

Since patients make an annual payment to be enrolled in the medical cannabis program, if they 
decide at some point during the following year to discontinue medical cannabis treatment, it is 
unlikely they will request to be withdrawn from the program, as there is no financial incentive 
to do so. Therefore, to understand discontinuation in the program, a functional definition was 
created based on purchasing patterns. For each patient in the one year cohort enrolled with a 
first purchase prior to December 31, 2015 and making at least two purchases before December 
31, 2016 (n=669), the longest gap between consecutive purchases from July 2015-December 
2016 is shown in Figure 4.4; median longest gap in this group was 47 days. Among these 
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patients, 546 (82%) had a longest gap between purchases of 120 days or less; 616 (92%) had a 
longest gap between purchases of 180 days or less. Median longest gap for each patient is 
significantly longer than median time between visits for patient’s first six visits; this suggests 
that there may be a great deal of variability within a patient’s inter-visit times.  Early patient 
responses to the Continued Use survey point to factors which may impact purchasing 
frequency: unexpectedly low rate of product usage, cost-motivated reduction or temporary 
cessation of product usage, unrelated medical treatment changes which interfered with 
cannabis usage, or out-of-state travel.  

 

Figure 4.4. Distribution of longest gap between visits per patient, July 2015-December 2016. 

 

 

Since most patients (92%) enrolled and purchasing within the first six program months who 
made two or more purchases by December 31, 2016 had no inter-visit gaps longer than 180 
days, program discontinuation was defined for this analysis as ceasing purchasing activity for six 
months or longer during the period included in this analysis (July 2015-December 2016). This 
definition was applied to all patients enrolled in the first six program months who made at least 
one purchase (n=774) to find the proportion of patients (regardless of duration enrolled in the 
program) who did not make any purchases for at least six months, through the end of 2016. Of 
these 774 patients making at least one medical cannabis purchase, 398 patients (51%) made no 
purchases for at least six months, as of December 2016. Based on the distribution of longest 
gaps between purchases in this subset of the one-year cohort, it is likely that this proportion is 
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a rough estimate of the proportion of patients who quit the program within 18 months after 
trying medical cannabis.  

Using a six month window with no purchases as a surrogate for program discontinuation has 
limitations. For example, our analysis did not account for duration of enrollment and any effect 
it may have on purchasing patterns. However, it gives an approximation of patients who 
abandon medical cannabis treatment and roughly aligns with the re-enrollment rate of 45% in 
patients enrolled in the first program month (see “Re-Enrollment” in Chapter 2: Description of 
Patients and Designated Caregivers).  

Frequency and Duration of Medical Cannabis Purchases: 
Conclusions 

Most patients make their first medical cannabis purchase within 14 days of program approval. 
Subsequent purchases often follow a roughly monthly periodicity, with median inter-visit gap at 
25 days for the gap between the first and second visit and 28 days for the next four inter-visit 
gaps. Additionally, patients tend to make purchases slightly more frequently in the first 60 days 
of program activity compared to the second 60 days of program activity (median number of 
visits is 3 from 0-60 days and 2 from 61-120 days). Finally, most patients (92%) do not have an 
inter-visit gap longer than 180 days; using 6 months or more of no purchasing activity as a 
surrogate for program discontinuation, 51% of patients who enrolled and made a purchase 
within the first six months of the program ceased purchasing medical cannabis as of December 
31, 2016. 
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5. Medical Cannabis Use Patterns 
Medical cannabis purchasing records were extracted from the registry in early March 2017 for 
patients enrolled in the 1st program year. From this data, all transactions that occurred within a 
patient’s first enrollment year were retained. For those patients whose first enrollment year 
had not yet ended at the time of data extraction, all purchasing transactions were retained.  
This resulted in a dataset with the following: 

 10,898 purchasing transactions consisting of: 

 16,238 products within these transactions (37.9% of all purchasing transactions 
consisted of two or more products), which 

 Represented 1529 patients (92.1% of the first program year cohort).    

For analytical purposes, all 16,238 product 
transactions were classified according to 
the ratio of delta-9-tetrahydrocannabinol 
(THC) to cannabidiol (CBD) found in the 
medical cannabis products. Products 
ranged from containing very high THC to 
CBD content to those with very high CBD 
to THC, as well as everything in between 
(products with relatively balanced 
amounts of THC and CBD). For definitions 
on THC:CBD ratio classifications, see Box 
5.1. 

Products purchased for enteral administration (swallowed – includes capsules and oral 
solutions) and inhalation (vaporized oil) represented the majority of the products purchased 
(90.6% of all product transactions) with significantly fewer products purchased for oromucosal 
absorption (oil absorbed through cheek; 9.4% of all product transactions). In fact, products for 
enteral administration and inhalation were roughly equally purchased by patients, respectively 
representing 45.2% (n = 7333) and 45.4% (n = 7376) of all products dispensed.  See Figure 5.1.   

 

 

 

 

 

Product Classifications Based on THC to CBD content: 

 Very High THC to CBD = 100:1 or higher 

 High THC to CBD = >4:1 up to 99:1 

 Balanced = 1:1 up to 4:1 

 High CBD to THC = ≥1:1 up to 99:1 

 Very High CBD to THC = 100:1 or higher 

Box 5.1. Definitions to classify medical cannabis 
products by THC:CBD ratios. 
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Figure 5.1. Purchasing transactions categorized by the product’s intended route of 
administration (out of 16,238 products dispensed). 

 

 

When products were classified by the ratio of THC to CBD present in the product, the following 
patterns emerged. Firstly, 48.2% of all product transactions were for products with very high 
THC amounts compared to CBD (hundreds to one). Balanced products (roughly equal amounts 
of THC to CBD) represented the next biggest group of products purchased, representing 31.3% 
of products dispensed. This was followed by high CBD to THC products which represented 
15.9% of all product transactions.  See Figure 5.2.   
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Figure 5.2. Product transactions represented by the THC to CBD ratio available in the product. 

 

 

Product transactions were also examined by the products’ THC:CBD ratios as a function of their 
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followed by products with high CBD:THC (29.9%) and very high THC:CBD products (24.8%). 
Product transactions for inhalation predominately had very high THC to CBD (71.4%). Lastly, 
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Figure 5.3. A percentage breakdown of product transactions by the THC:CBD product ratio 
types as a function of route of administration. 

 

 

Most Frequently Purchased Product(s) 

Examining purchasing history across all patients is very complex. For example, patients may 
experiment with different products as they explore what works best for them, and some may 
establish a pattern of using more than one product. Additionally, those using more than one 
product do not always purchase all of those products at each purchasing transaction. As a first 
approach to assessing routine use of products, we report here the product(s) most frequently 
purchased by each patient. Table 5.1 shows the product(s) that were identified as the most 
frequently purchased by patients (indicated by “X”), as well as the percentage of patients it 
represents from the 1529 patients included in this analysis. Additionally, the table displays the 
average daily THC and CBD dose across patients for the product(s) purchased most frequently 
based on THC/CBD content information (provided by the medical cannabis manufacturers) as 
well as pharmacist-entered information regarding the length of time the product supply should 
last. Omitted from display in Table 5.1 are cases where two or less people had the same 
combination of most frequently purchased product(s)—this was done for ease of 
interpretation, as some of those cases seemed to be indicative of a wider range of 
experimentation across multiple products and/or indicative of patients with a shorter 
purchasing history. 
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Table 5.1 shows that roughly 72% of all patients most frequently purchased a single product 
that falls under 1) a specific THC:CBD ratio and 2) is intended for a particular route of 
administration (note the rows that have a single “X” in Table 5.1). Roughly a quarter of all 
patients most frequently purchased a very high THC to CBD product intended for vaporization 
followed by relatively similar numbers of patients most frequently purchasing a single, 
balanced-enteral product or a single, high CBD:THC-enteral product (respectively 12.6% and 
13.7%). For patients most frequently purchasing two or more products an equal number of 
times, the most common combination was for an enteral-balanced product and an inhaled-very 
high THC:CBD product, accounting for 3% of all patients.  

While the subsequent portions of this section will be devoted to stratifying routine product use 
by qualifying condition, the following statement should be made: the method for determining 
routine product use in this report (most frequently purchased) is relatively simple and, 
therefore, poses limitations for understanding the complexities in medication usage. Future 
endeavors will include a further discussion and potential refinement in methodology to better 
capture medical cannabis use in program participants
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Table 5.1. Product(s) most frequently purchased by each patient (out of 1529 patients), along with average daily THC/CBD dose (mg). 
Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

% of 
Patients 

out of 
1529 (n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

          X                   25.4 (389) 83.2 mg / 0.4 mg 

      X                       13.7 (209) 8.5 mg / 174.2 mg 

    X                         12.6 (193) 38.8 mg / 29.7 mg 

              X               5.8 (88) 39.5 mg / 17.2 mg 

X                             5.0 (77) 70.8 mg / 0.3 mg 

                    X         4.3 (66) 39.8 mg / 0.2 mg 

    X     X                   3.0 (46) 99.2 mg / 47.5 mg 

          X   X               2.7 (41) 84.9 mg / 14.0 mg 

X         X                   2.4 (36) 69.5 mg / 0.4 mg 

                        X     2.2 (34) 46.3 mg / 33.0 mg 

    X         X               2.1 (32) 44.0 mg / 26.5 mg 

X   X                         1.4 (21) 48.0 mg / 15.0 mg 

        X                     1.3 (20) 6.9 mg / 1225.3 mg 

    X               X         1.2 (19) 82.5 mg / 30.8 mg 

          X         X         1.2 (18) 91.3 mg / 0.5 mg 

                          X   1.2 (18) 2.9 mg / 121.6 mg 

X                   X         1.0 (15) 46.8 mg / 0.2 mg 

X   X         X               0.9 (14) 65.6 mg / 18.2 mg 

X   X     X   X               0.7 (11) 164.8 mg / 54.1 mg 

X   X     X                   0.7 (10) 137.0 mg / 21.9 mg 

    X     X   X               0.6 (9) 838.8 mg / 211.5 mg 

            X                 0.6 (9) 963.5 mg / 56.7 mg 

    X X                       0.5 (8) 18.4 mg / 121.9 mg 

X         X         X         0.5 (7) 119.6 mg / 0.6 mg 

  X                           0.5 (7) 873.5 mg / 19.2 mg 

    X X       X               0.4 (6) 37.0 mg / 105.6 mg 

      X X                     0.3 (5) 10.9 mg / 539.0 mg 

      X   X                   0.3 (5) 56.8 mg / 224.2 mg 

      X       X               0.3 (5) 66.7 mg / 663.6 mg 

          X X                 0.3 (5) 205.7 mg / 8.8 mg 

                    X   X     0.3 (5) 46.6 mg / 10.4 mg 

    X                   X     0.3 (4) 63.9 mg / 45.8 mg 

      X             X         0.3 (4) 32.3 mg / 78.8 mg 
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Table 5.1 Continued. Product(s) most frequently purchased by each patient (out of 1529 patients), along with average daily THC/CBD dose (mg). 
Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High CBD 

to THC 

% of 
Patients 
out of 

1529 (n) 

Avg Daily THC Use 
(mg) / Avg Daily CBD 

Use (mg) 

X   X X                       0.2 (3) 110.4 mg / 125.2 mg 

X   X               X         0.2 (3) 54.1 mg / 8.7 mg 

X         X   X               0.2 (3) 122.7 mg / 25.1 mg 

  X X     X                   0.2 (3) 94.4 mg / 11.3 mg 

              X         X     0.2 (3) 52.2 mg / 23.4 mg 

              X           X   0.2 (3) 30.5 mg / 133.2 mg 

                        X X   0.2 (3) 31.5 mg / 134.4 mg 
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Severe and Persistent Muscle Spasm Patients 

Of the 1529 patients represented in this analysis, 44.3% (677) of them were certified as having 
Severe and Persistent Muscle Spasms, including those Characteristic of Multiple Sclerosis. Table 
5.2 shows the product(s) that were identified as the most frequently purchased by muscle 
spasm patients (indicated by “X”), as well as the percentage of patients it represents from the 
677 patients included in this analysis.  

The most frequently purchased product for the majority of patients (70.2%) was a single 
product with a specific THC:CBD ratio and route of administration. The most common product 
purchased was a very high THC:CBD-inhaled product (32.3% of all patients) followed by a 
balanced-enteral and balanced-inhaled product (16.7% and 7.2%, respectively). For patients 
who purchased multiple products most frequently an equal number of times, the most 
common combination purchased was for a very high THC:CBD-inhaled product and a balanced-
enteral product, accounting for 4.3% of all patients.
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Table 5.2. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily THC/CBD dose 
(mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 677 
(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

          X                   32.3 (219) 95.2 mg / 0.4 mg 

    X                         16.7 (113) 37.8 mg / 31.4 mg 

              X               7.2 (49) 34.1 mg / 16.9 mg 

X                             5.3 (36) 69.0 mg / 0.3 mg 

    X     X                   4.3 (29) 115.7 mg / 64.8 mg 

          X   X               4.0 (27) 89.2 mg / 15.0 mg 

      X                       2.8 (19) 9.9 mg / 190.1 mg 

                    X         2.8 (19) 41.0 mg / 0.2 mg 

    X         X               2.4 (16) 46.3 mg / 27.9 mg 

X         X                   1.9 (13) 72.9 mg / 0.4 mg 

                        X     1.9 (13) 19.7 mg / 14.2 mg 

X   X                         1.5 (10) 57.0 mg / 18.4 mg 

X   X     X                   1.0 (7) 167.3 mg / 24.2 mg 

X   X         X               1.0 (7) 67.2 mg / 18.3 mg 

    X               X         1.0 (7) 60.0 mg / 23.8 mg 

X   X     X   X               0.9 (6) 219.9 mg / 77.3 mg 

    X X                       0.7 (5) 16.8 mg / 102.8 mg 

    X     X   X               0.7 (5) 1449.9 mg / 370.4 mg 

            X                 0.7 (5) 150.9 mg / 8.9 mg 

          X         X         0.6 (4) 111.8 mg / 0.6 mg 

X                   X         0.4 (3) 54.9 mg / 0.2 mg 

    X X       X               0.4 (3) 50.7 mg / 121.2 mg 

  X       X                   0.3 (2) 170.3 mg / 4.5 mg 

      X   X                   0.3 (2) 56.3 mg / 90.6 mg 

      X       X               0.3 (2) 30.3 mg / 80.0 mg 

          X X                 0.3 (2) 184.2 mg / 7.9 mg 

                    X   X     0.3 (2) 39.7 mg / 15.1 mg 

X   X X                       0.3 (2) 38.1 mg / 89.9 mg 

X         X         X         0.3 (2) 193.1 mg / 1.0 mg 

X   X     X         X         0.3 (2) 107.6 mg / 14.2 mg 
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Table 5.2 Continued. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily 
THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 677 
(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

  X                           0.1 (1) 166.7 mg / 15.7 mg 

        X                     0.1 (1) 1.0 mg / 182.6 mg 

X             X               0.1 (1) 131.4 mg / 18.2 mg 

    X   X                     0.1 (1) 10.1 mg / 205.5 mg 

    X       X                 0.1 (1) 80.7 mg / 24.3 mg 

    X                   X     0.1 (1) 37.4 mg / 37.4 mg 

    X                     X   0.1 (1) 12.8 mg / 153.4 mg 

      X             X         0.1 (1) 16.2 mg / 40.0 mg 

      X                 X     0.1 (1) 153.9 mg / 919.7 mg 

      X                   X   0.1 (1) 33.9 mg / 644.0 mg 

          X               X   0.1 (1) 88.5 mg / 99.2 mg 

              X         X     0.1 (1) 59.0 mg / 41.0 mg 

              X           X   0.1 (1) 34.2 mg / 67.2 mg 

                        X X   0.1 (1) 39.7 mg / 146.9 mg 

X X X                         0.1 (1) 65.8 mg / 8.0 mg 

X X     X                     0.1 (1) 106.1 mg / 201.4 mg 

X X       X                   0.1 (1) 111.3 mg / 6.1 mg 

X     X   X                   0.1 (1) 113.8 mg / 47.7 mg 

X         X   X               0.1 (1) 118.8 mg / 36.9 mg 

  X       X   X               0.1 (1) 146.1 mg / 18.2 mg 

    X X             X         0.1 (1) 42.3 mg / 113.4 mg 

    X X                 X     0.1 (1) 107.4 mg / 108.7 mg 

    X     X         X         0.1 (1) 138.5 mg / 43.4 mg 

    X     X             X     0.1 (1) 86.4 mg / 44.6 mg 

    X         X     X         0.1 (1) 76.5 mg / 32.6 mg 

    X               X   X     0.1 (1) 81.1 mg / 51.2 mg 

      X X     X               0.1 (1) 34.7 mg / 302.1 mg 

      X   X   X               0.1 (1) 91.7 mg / 742.3 mg 

          X   X     X         0.1 (1) 314.3 mg / 25.7 mg 

          X   X         X     0.1 (1) 232.5 mg / 127.7 mg 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  P R O G R A M  Y E A R  

54 

 

Table 5.2 Continued. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily 
THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 677 
(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

          X   X           X   0.1 (1) 117.1 mg / 112.0 mg 

          X         X     X   0.1 (1) 88.3 mg / 47.9 mg 

X   X X       X               0.1 (1) 44.7 mg / 117.0 mg 

  X X     X   X               0.1 (1) 121.6 mg / 31.4 mg 

    X X   X   X               0.1 (1) 70.4 mg / 111.2 mg 

    X X       X         X     0.1 (1) 53.1 mg / 129.1 mg 

    X     X   X     X         0.1 (1) 138.2 mg / 21.4 mg 

    X       X X         X     0.1 (1) 258.3 mg / 98.3 mg 

      X X X         X         0.1 (1) 692.0 mg / 248.8 mg 

X   X X X     X               0.1 (1) 86.0 mg / 6117.0 mg 

X   X     X   X     X         0.1 (1) 135.6 mg / 10.6 mg 

    X X       X     X   X     0.1 (1) 65.8 mg / 69.9 mg 

X   X X X X   X               0.1 (1) 139.1 mg / 304.6 mg 

X   X     X X X     X         0.1 (1) 303.9 mg / 27.8 mg 

    X X   X X           X X   0.1 (1) 189.7 mg / 130.6 mg 

    X X   X   X     X   X     0.1 (1) 161.6 mg / 848.6 mg 
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Cancer Patients 

Of the 1529 patients represented in this analysis, 26.6% (406) of them were certified for 
Cancer. Table 5.3 shows the product(s) that were identified as the most frequently purchased 
by cancer patients (indicated by “X”), as well as the percentage of patients it represents from 
the 406 patients included in this analysis.  

The majority of patients (61.6%) most frequently purchased a single product with a specific 
THC:CBD ratio and route of administration. Most commonly purchased products were a very 
high THC:CBD-inhaled product (23.9% of all patients) followed by a balanced-enteral and very 
high THC:CBD-oromucosal product (10.3% and 9.6%, respectively). For patients who purchased 
multiple products most frequently an equal number of times, the most common combination 
purchased was for a very high THC:CBD product – one for enteral administration and one for 
inhalation (accounted for 5.4% of all patients).
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Table 5.3. Product(s) most frequently purchased by each cancer patient (out of 406 patients), along with average daily THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 406 
(n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

          X                   23.9 (97) 81.4 mg / 0.4 mg 

    X                         10.3 (42) 46.4 mg / 28.4 mg 

                    X         9.6 (39) 37.3 mg / 0.2 mg 

X                             5.9 (24) 108.0 mg / 0.5 mg 

X         X                   5.4 (22) 62.9 mg / 0.4 mg 

              X               3.7 (15) 69.2 mg / 22.6 mg 

          X         X         3.2 (13) 87.0 mg / 0.4 mg 

    X         X               3.0 (12) 37.7 mg / 21.9 mg 

                        X     2.7 (11) 58.5 mg / 54.2 mg 

    X     X                   2.7 (11) 70.6 mg / 17.3 mg 

      X                       2.5 (10) 9.6 mg / 239.3 mg 

X                   X         2.2 (9) 45.5 mg / 0.2 mg 

    X               X         2.2 (9) 111.8 mg / 39.0 mg 

          X   X               1.7 (7) 68.7 mg / 13.7 mg 

X   X         X               1.7 (7) 82.8 mg / 22.8 mg 

        X                     1.5 (6) 3.8 mg / 666.5 mg 

X   X                         1.5 (6) 47.6 mg / 9.5 mg 

X         X         X         1.2 (5) 90.3 mg / 0.5 mg 

  X                           1.0 (4) 28.6 mg / 5.4 mg 

X   X     X   X               1.0 (4) 102.0 mg / 25.3 mg 

    X                   X     0.7 (3) 72.7 mg / 48.6 mg 

                    X   X     0.7 (3) 51.2 mg / 7.2 mg 

X   X     X                   0.7 (3) 64.4 mg / 11.3 mg 

X   X               X         0.7 (3) 54.1 mg / 8.7 mg 

  X X     X                   0.7 (3) 94.4 mg / 11.3 mg 

    X X       X               0.7 (3) 24.2 mg / 92.5 mg 

    X     X   X               0.7 (3) 80.9 mg / 13.3 mg 

            X                 0.5 (2) 3812.7 mg / 224.3 mg 

    X X                       0.5 (2) 20.1 mg / 200.4 mg 

      X             X         0.5 (2) 43.0 mg / 97.6 mg 

          X X                 0.5 (2) 227.9 mg / 10.4 mg 

              X         X     0.5 (2) 48.8 mg / 14.5 mg 
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Table 5.3 Continued. Product(s) most frequently purchased by each cancer patient (out of 406 patients), along with average daily THC/CBD dose 
(mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 406 
(n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

                          X   0.2 (1) 3.4 mg / 64.8 mg 

X     X                       0.2 (1) 33.1 mg / 150.1 mg 

X                       X     0.2 (1) 18.7 mg / 8.8 mg 

  X X                         0.2 (1) 181.3 mg / 35.6 mg 

  X   X                       0.2 (1) 282.1 mg / 525.9 mg 

      X   X                   0.2 (1) 47.6 mg / 150.2 mg 

          X             X     0.2 (1) 97.9 mg / 31.4 mg 

          X               X   0.2 (1) 60.8 mg / 117.1 mg 

                        X X   0.2 (1) 32.7 mg / 135.4 mg 

X X     X                     0.2 (1) 106.1 mg / 201.4 mg 

X   X X                       0.2 (1) 13.0 mg / 49.5 mg 

X         X   X               0.2 (1) 185.0 mg / 20.5 mg 

X         X             X     0.2 (1) 94.5 mg / 24.7 mg 

    X     X         X         0.2 (1) 125.6 mg / 50.4 mg 

          X   X         X     0.2 (1) 232.5 mg / 127.7 mg 

X   X     X X                 0.2 (1) 427.4 mg / 64.7 mg 

      X X X         X         0.2 (1) 692.0 mg / 248.8 mg 

X X X X   X                   0.2 (1) 278.3 mg / 302.9 mg 

X   X X   X         X         0.2 (1) 135.4 mg / 296.4 mg 

    X X X X   X               0.2 (1) 184.5 mg / 237.7 mg 

    X     X   X     X   X     0.2 (1) 128.8 mg / 16.4 mg 

    X     X   X         X X   0.2 (1) 154.6 mg / 139.8 mg 
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Seizure Patients 

Of the 1529 patients represented in this analysis, 19.8% (303) of them were certified for 
Seizures, including those Characteristic of Epilepsy. Table 5.4 shows the product(s) that were 
identified as the most frequently purchased by seizure patients (indicated by “X”), as well as the 
percentage of patients it represents from the 303 patients included in this analysis.  

89.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a high CBD:THC-enteral 
product (59.7% of all patients) followed by a very high THC:CBD-inhaled product and high 
CBD:THC-oromucosal product (7.9% and 5.0%, respectively).    
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Table 5.4. Product(s) most frequently purchased by each seizure patient (out of 303), along with average daily THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High 

THC to 
CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High 

THC to 
CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High 

THC to 
CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 303 
(n) 

Avg Daily THC Use 
(mg) / Avg Daily CBD 

Use (mg) 

      X                       59.7 (181) 8.3 mg / 170.6 mg 

          X                   7.9 (24) 75.2 mg / 0.4 mg 

                          X   5.0 (15) 2.7 mg / 130.4 mg 

    X                         4.6 (14) 31.1 mg / 24.8 mg 

        X                     4.3 (13) 7.9 mg / 1394.4 mg 

              X               3.6 (11) 36.3 mg / 14.7 mg 

                        X     2.0 (6) 96.7 mg / 43.3 mg 

      X X                     1.7 (5) 10.9 mg / 539.0 mg 

X                             1.3 (4) 7.8 mg / 0.0 mg 

      X       X               1.3 (4) 72.7 mg / 815.1 mg 

X   X                         0.7 (2) 46.5 mg / 16.6 mg 

    X X                       0.7 (2) 22.1 mg / 64.1 mg 

    X         X               0.7 (2) 56.7 mg / 46.0 mg 

          X   X               0.7 (2) 151.4 mg / 27.6 mg 

              X           X   0.7 (2) 32.7 mg / 89.4 mg 

X X X X   X                   0.3 (1) 278.3 mg / 302.9 mg 

X   X X                       0.3 (1) 63.2 mg / 130.4 mg 

X   X     X                   0.3 (1) 55.3 mg / 3.2 mg 

X   X         X               0.3 (1) 36.1 mg / 9.7 mg 

X         X   X               0.3 (1) 64.3 mg / 17.7 mg 

    X   X                     0.3 (1) 10.1 mg / 205.5 mg 

    X                     X   0.3 (1) 10.0 mg / 100.0 mg 

      X X                 X   0.3 (1) 16.5 mg / 492.9 mg 

      X   X                   0.3 (1) 75.2 mg / 723.6 mg 

      X                   X   0.3 (1) 33.9 mg / 644.0 mg 

        X     X               0.3 (1) 19.0 mg / 217.9 mg 

          X X                 0.3 (1) 204.3 mg / 7.3 mg 

          X               X   0.3 (1) 88.5 mg / 99.2 mg 

            X                 0.3 (1) 170.0 mg / 10.0 mg 

                    X         0.3 (1) 18.0 mg / 0.1 mg 

                        X X   0.3 (1) 39.7 mg / 146.9 mg 
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Crohn’s Disease Patients 

Of the 1529 patients represented in this analysis, 6.7% (103) of them were certified for Crohn’s 
Disease. Table 5.5 shows the product(s) that were identified as the most frequently purchased 
by Crohn’s patients (indicated by “X”), as well as the percentage of patients it represents from 
the 103 patients included in this analysis.  

71.8% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a very high THC:CBD-inhaled 
product (28.2% of all patients) followed by a balanced-enteral and balanced-inhaled product 
(16.5% and 8.7%, respectively). For patients who purchased multiple products most frequently 
an equal number of times, the most common combination identified was for a balanced-enteral 
product and a very high THC:CBD-inhaled product, accounting for 4.9% of all patients.  
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Table 5.5. Product(s) most frequently purchased by each Crohn’s Disease patient (out of 103 patients), along with average daily THC/CBD dose 
(mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 

out of 103 
(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

          X                   28.2 (29) 70.0 mg / 0.4 mg 

    X                         16.5 (17) 31.9 mg / 31.5 mg 

              X               8.7 (9) 28.5 mg / 12.5 mg 

      X                       5.8 (6) 15.6 mg / 297.4 mg 

    X     X                   4.9 (5) 68.9 mg / 16.9 mg 

                    X         3.9 (4) 35.8 mg / 0.2 mg 

            X                 2.9 (3) 153.8 mg / 9.0 mg 

X         X                   2.9 (3) 81.9 mg / 0.6 mg 

X                             1.9 (2) 15.3 mg / 0.0 mg 

                        X     1.9 (2) 21.3 mg / 14.5 mg 

                          X   1.9 (2) 4.4 mg / 83.7 mg 

X   X                         1.9 (2) 27.8 mg / 13.2 mg 

    X         X               1.9 (2) 42.5 mg / 27.9 mg 

          X   X               1.9 (2) 68.5 mg / 7.3 mg 

    X               X         1.0 (1) 31.2 mg / 15.1 mg 

      X   X                   1.0 (1) 48.9 mg / 65.8 mg 

          X         X         1.0 (1) 65.3 mg / 0.4 mg 

X   X     X                   1.0 (1) 64.6 mg / 3.3 mg 

X                   X   X     1.0 (1) 80.0 mg / 25.8 mg 

  X       X   X               1.0 (1) 146.1 mg / 18.2 mg 

    X X       X               1.0 (1) 27.5 mg / 57.5 mg 

    X     X   X               1.0 (1) 57.0 mg / 11.6 mg 

    X         X         X     1.0 (1) 137.5 mg / 87.5 mg 

          X   X         X     1.0 (1) 112.1 mg / 35.9 mg 

  X X X   X                   1.0 (1) 112.6 mg / 47.1 mg 

    X X   X   X               1.0 (1) 97.8 mg / 109.5 mg 

    X       X X         X     1.0 (1) 258.3 mg / 98.3 mg 

X   X X X     X               1.0 (1) 86.0 mg / 6117.0 mg 

X   X     X   X     X   X     1.0 (1) 299.4 mg / 152.0 mg 
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Terminal Illness Patients 

Of the 1529 patients represented in this analysis, 5.4% (82) of them were certified for Terminal 
Illness. Table 5.6 shows the product(s) that were identified as the most frequently purchased by 
terminal illness patients (indicated by “X”), as well as the percentage of patients it represents 
from the 82 patients included in this analysis.  

68.3% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a very high THC:CBD-inhaled 
product (26.8% of all patients) followed by a balanced-enteral and balanced-oromucosal 
product (both respectively accounting for 8.5% of all patients). For patients who purchased 
multiple products most frequently an equal number of times, the most common combination 
identified was for a very high THC:CBD product – one for enteral administration and the other 
for oromucosal absorption (accounted for 3.7% of all patients).   
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Table 5.6. Product(s) most frequently purchased by each terminal illness patient (out of 82 patients), along with average daily THC/CBD dose 
(mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of 
Patients 
out of 82 

(n) 

Avg Daily THC Use (mg) 
/ Avg Daily CBD Use 

(mg) 

          X                   26.8 (22) 62.7 mg / 0.4 mg 

    X                         8.5 (7) 18.9 mg / 18.9 mg 

                        X     8.5 (7) 24.5 mg / 20.0 mg 

                    X         7.3 (6) 36.5 mg / 0.1 mg 

X                             6.1 (5) 17.2 mg / 0.0 mg 

      X                       6.1 (5) 9.8 mg / 188.2 mg 

X                   X         3.7 (3) 46.1 mg / 0.1 mg 

    X         X               3.7 (3) 47.5 mg / 28.2 mg 

            X                 2.4 (2) 3812.7 mg / 224.3 mg 

X         X                   2.4 (2) 57.5 mg / 0.4 mg 

    X     X                   2.4 (2) 43.0 mg / 2.9 mg 

          X         X         2.4 (2) 123.3 mg / 0.5 mg 

X   X         X               2.4 (2) 104.5 mg / 25.7 mg 

        X                     1.2 (1) 5.2 mg / 925.0 mg 

              X               1.2 (1) 36.4 mg / 9.1 mg 

X   X                         1.2 (1) 10.0 mg / 5.0 mg 

  X X                         1.2 (1) 37.5 mg / 8.1 mg 

    X X                       1.2 (1) 30.6 mg / 293.4 mg 

          X   X               1.2 (1) 23.9 mg / 8.8 mg 

          X               X   1.2 (1) 60.8 mg / 117.1 mg 

              X     X         1.2 (1) 108.5 mg / 11.1 mg 

X   X     X                   1.2 (1) 66.0 mg / 20.3 mg 

X         X         X         1.2 (1) 79.6 mg / 0.4 mg 

    X     X   X               1.2 (1) 98.0 mg / 17.9 mg 

      X X X         X         1.2 (1) 692.0 mg / 248.8 mg 

X   X X   X         X         1.2 (1) 135.4 mg / 296.4 mg 

    X     X   X     X   X     1.2 (1) 128.8 mg / 16.4 mg 
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HIV/AIDS Patients 

Of the 1529 patients represented in this analysis, 3.2% (49) of them were certified for Human 
Immunodeficiency Virus and/or Acquired Immune Deficiency Syndrome (HIV/AIDS). Table 5.7 
shows the product(s) that were identified as the most frequently purchased by HIV/AIDS 
patients (indicated by “X”), as well as the percentage of patients it represents from the 49 
patients included in this analysis.  

75.5% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a very high THC:CBD-inhaled 
product (51.0% of all patients) followed by a balanced-enteral product (12.2% of patients). For 
patients who purchased multiple products most frequently an equal number of times, the most 
common combination identified was for two inhaled products – one of a very high THC:CBD 
ratio and the other a balanced THC:CBD ratio (accounted for 10.2% of all patients).    
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Table 5.7. Product(s) most frequently purchased by each HIV/AIDS patient (out of 49 patients), along with average daily THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very High 
THC to 

CBD 
High THC 

to CBD Balanced 

Very High 
THC to 

CBD 
High THC 

to CBD Balanced 

Very High 
THC to 

CBD 
High THC 

to CBD Balanced 
% of Patients out 

of 49 (n) 
Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

      X           51.0 (25) 93.4 mg / 0.6 mg 

    X             12.2 (6) 45.4 mg / 35.9 mg 

      X   X       10.2 (5) 76.8 mg / 13.7 mg 

X                 6.1 (3) 13.4 mg / 0.1 mg 

          X       6.1 (3) 30.0 mg / 18.7 mg 

    X X           4.1 (2) 61.3 mg / 16.1 mg 

X   X             2.0 (1) 20.0 mg / 15.0 mg 

X           X     2.0 (1) 38.4 mg / 0.1 mg 

    X     X       2.0 (1) 70.0 mg / 40.0 mg 

    X       X     2.0 (1) 53.3 mg / 20.1 mg 

      X X         2.0 (1) 135.0 mg / 5.3 mg 
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Tourette Syndrome Patients 

Of the 1529 patients represented in this analysis, 1.9% (29) of them were certified for Tourette 
Syndrome. Table 5.8 shows the product(s) that were identified as the most frequently 
purchased by Tourette Syndrome patients (indicated by “X”), as well as the percentage of 
patients it represents from the 29 patients included in this analysis.  

93.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a balanced-enteral product 
(20.7% of all patients) followed by a very high THC:CBD-inhaled product and a very high 
THC:CBD-oromucosal product (respectively at 20.7% and 13.8% of all patients).  
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Table 5.8. Product(s) most frequently purchased by each Tourette Syndrome patient (out of 29 patients), along with average daily THC/CBD 
dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

Very 
High THC 

to CBD 

High 
THC to 

CBD Balanced 

High 
CBD to 

THC 

Very 
High 

CBD to 
THC 

% of Patients 
out of 29 (n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

    X                         20.7 (6) 37.4 mg / 20.3 mg 

          X                   20.7 (6) 78.4 mg / 0.3 mg 

                    X         13.8 (4) 52.0 mg / 0.2 mg 

X                             10.3 (3) 21.2 mg / 0.1 mg 

              X               10.3 (3) 51.8 mg / 20.1 mg 

      X                       6.9 (2) 33.4 mg / 633.7 mg 

X   X     X   X               3.4 (1) 85.0 mg / 30.3 mg 

  X                 X         3.4 (1) 178.6 mg / 10.0 mg 

  X                           3.4 (1) 5812.5 mg / 93.0 mg 

        X                     3.4 (1) 13.4 mg / 2378.6 mg 

                        X     3.4 (1) 24.2 mg / 24.2 mg 
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Glaucoma Patients 

Of the 1529 patients represented in this analysis, 1.5% (23) of them were certified for 
Glaucoma. Table 5.9 shows the product(s) that were identified as the most frequently 
purchased by glaucoma patients (indicated by “X”), as well as the percentage of patients it 
represents from the 23 patients included in this analysis.  

56.5% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used products were a very high THC:CBD-inhaled 
product (21.7% of all patients) followed by a very high THC:CBD-enteral product and a 
balanced-enteral product (respectively at 17.4% and 13.0% of all patients). 



 

69 
 

Table 5.9. Product(s) most frequently purchased by each glaucoma patient (out of 23 patients), along with average daily THC/CBD 
dose (mg). 

Enteral Inhalation Oromucosal     

Very High 
THC to 

CBD Balanced 
High CBD 

to THC 

Very High 
THC to 

CBD Balanced 
High CBD 

to THC 

Very High 
THC to 

CBD Balanced 
High CBD 

to THC 
% of Patients 
out of 23 (n) 

Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

      X           21.7 (5) 60.1 mg / 0.4 mg 

X                 17.4 (4) 54.5 mg / 0.3 mg 

  X               13.0 (3) 7.1 mg / 3.2 mg 

X X               8.7 (2) 111.8 mg / 21.9 mg 

      X X         8.7 (2) 99.2 mg / 22.6 mg 

X X X             4.3 (1) 255.0 mg / 195.8 mg 

X           X X   4.3 (1) 71.1 mg / 31.3 mg 

X           X     4.3 (1) 61.7 mg / 0.3 mg 

  X X       X     4.3 (1) 42.3 mg / 113.4 mg 

  X     X         4.3 (1) 32.0 mg / 8.0 mg 

      X X   X     4.3 (1) 115.9 mg / 31.6 mg 

        X         4.3 (1) 40.0 mg / 10.0 mg 
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ALS Patients 

Of the 1529 patients represented in this analysis, 1.4% (21) of them were certified for 
Amyotrophic Lateral Sclerosis (ALS). Table 5.10 shows the product(s) that were identified as the 
most frequently purchased by ALS patients (indicated by “X”), as well as the percentage of 
patients it represents from the 21 patients included in this analysis.  

57.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio 
and route of administration. Most commonly used product was a very high THC:CBD-inhaled 
product (14.3% of all patients). 
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Table 5.10. Product(s) most frequently purchased by each ALS patient (out of 21 patients), along with average daily THC/CBD dose (mg). 

Enteral Inhalation Oromucosal     

Very 
High THC 

to CBD 
High THC 

to CBD Balanced 

High 
CBD to 

THC 

Very 
High THC 

to CBD 
High THC 

to CBD Balanced 

High 
CBD to 

THC 

Very 
High THC 

to CBD 
High THC 

to CBD Balanced 

High 
CBD to 

THC 
% of Patients out 

of 21 (n) 
Avg Daily THC Use (mg) / 
Avg Daily CBD Use (mg) 

        X               14.3 (3) 44.8 mg / 0.3 mg 

    X           X       9.5 (2) 54.9 mg / 26.6 mg 

    X                   9.5 (2) 16.1 mg / 7.5 mg 

            X           9.5 (2) 25.6 mg / 18.1 mg 

                X       9.5 (2) 29.8 mg / 0.1 mg 

X               X       4.8 (1) 40.0 mg / 0.1 mg 

X                       4.8 (1) 16.0 mg / 0.0 mg 

  X X   X X X           4.8 (1) 205.5 mg / 24.4 mg 

  X                     4.8 (1) 20.8 mg / 3.9 mg 

    X           X   X   4.8 (1) 81.1 mg / 51.2 mg 

      X         X       4.8 (1) 27.1 mg / 80.1 mg 

        X           X   4.8 (1) 101.2 mg / 8.7 mg 

            X         X 4.8 (1) 26.1 mg / 220.8 mg 

                    X X 4.8 (1) 22.2 mg / 120.8 mg 

                    X   4.8 (1) 28.4 mg / 28.4 mg 
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Medical Cannabis Use Patterns: Conclusions 

To establish medication use patterns in program participants, a total of 16,238 product 
transactions were analyzed from 1529 patients in the 1st program year cohort. When product 
transactions were examined by each product’s intended route of administration and THC:CBD 
content, the following patterns emerged. Firstly, roughly 90% of all products were purchased 
for enteral administration (through mouth via capsules or oral solutions) and inhalation 
(vaporized oil). Secondly, approximately 50% of all product transactions were for products very 
high in THC relative to CBD followed by balanced THC:CBD products (~30%) and high CBD:THC 
products (~15%). Very high THC:CBD products were most commonly purchased for inhalation or 
oromucosal absorption, while balanced and high CBD:THC products were most commonly used 
for enteral administration.  

For this report, the most frequently purchased product(s) were identified for each patient as 
one method for understanding routine purchasing patterns. 72.5% of all patients most 
frequently purchased one type of product, with the most frequently purchased single product 
being a very high THC:CBD-inhaled product followed by a high CBD:THC-enteral and balanced-
enteral product. For specific differences in the most frequently purchased products among 
qualifying conditions, the reader is encouraged to refer back to those specific sections.  
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6. Benefits 

Summary 

Information on patient benefits comes from the Patient Self-Evaluation (PSE) completed by 
patients prior to each medical cannabis purchase and from patient and health care practitioner 
surveys.  Results of analysis of PSE and survey data indicate perceptions of a high degree of 
benefit for most patients. 

Patients responded to a survey question asking them how much benefit they believe they 
received from using medical cannabis on a scale from 1 (no benefit) to 7 (great deal of benefit).  
Across all patients 64% indicated a benefit rating of 6 or 7 and this degree of benefit was 
indicated by at least half of the patients with each medical condition (see Table 6.1). A small but 
important proportion of patients indicated little or no benefit: 9% gave a rating of 1, 2, or 3. 
When patients were asked what the most important benefit was for them, two-thirds indicated 
a reduction in symptoms directly related to their qualifying medical condition and most of the 
remainder indicated more general quality of life benefits.  

An important part of this report is the verbatim comments written by patients, and the reader 
is encouraged to review these comments in Appendix A: Patient-Reported Benefits from 
Surveys.  Examples of these comments include: 

 “Almost all muscle spasm and pain associated with spasms are gone. I used to have 

constant nerve triggered pain that is minimal now. Results were almost immediate. I am 

sleeping way better now also.” 

 “[NAME] has passed away. I am her daughter and was her care giver. She was open to 

trying medical cannabis and we got the liquid form. It was a saving grace. She was in a 

lot of pain and when prescribed medications did NOT work – we started this and it kept 

her calm and relaxed. I am very thankful that we were able to have this option available. 

It helped to make her last months more bearable and truly it would have been 

miserable without it.” 

 “I am getting enough sleep for the first time since about 2011. My absence seizures 

have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal 

seizures. The recovery time after has gone from around 12 hours to around 4.” 

 “At first it helped a lot but my seizures have returned.” 

 “Spasms – only a little better.” 
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Table 6.1. Patient-perceived benefit (n=792). 

  
No 

Response 1 2 or 3 4 or 5 6 or 7 

All Patients 4% 4% 5% 23% 64% 

Muscle Spasms 2% 3% 3% 22% 69% 

Cancer 5% 5% 6% 21% 64% 

Seizures 5% 5% 9% 29% 51% 

Crohn's Disease 0% 2% 5% 22% 71% 

Terminal Illness 11% 3% 3% 13% 71% 

HIV/AIDS 4% 0% 8% 8% 79% 

Tourette 
Syndrome 6% 0% 0% 25% 69% 

Glaucoma 23% 8% 0% 0% 69% 

ALS 9% 9% 0% 18% 64% 

Patient responses about degree of benefit experienced: 1=no benefit; 7=great deal of benefit. 

 

Health care practitioners were somewhat more conservative in assessment of benefit to their 
patients. Across all the benefit ratings by health care practitioners, 38% indicated a rating of 6 
or 7 and 23% indicated little or no benefit (rating of 1, 2, or 3). Similarity in benefit assessment 
between health care practitioners and patients appears to vary by medical condition, with 
highest discrepancy among seizure patients. Descriptive comments suggest at least part of the 
difference is driven by perspective of what constitutes benefit.  The patients cite quality of life 
benefits more often than the health care practitioners, who appear to focus more on objective 
measures such as seizure counts. 

The symptom scores provided in the Patient Self-Evaluation data have the advantage of 
completeness, since they are required prior to each medical cannabis purchase. In this report a 
reduction of ≥30% was applied to most symptoms to indicate clinically meaningful symptom 
reduction. In the text of the report, we present results for the more conservative of the two 
methods used to calculate ≥30% symptom reduction. However, Appendix D: Symptom Results 
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from the Patient Self-Evaluation shows results for both methods (details can be found in this 
chapter). Results show patterns similar to those in the survey benefits rating, but usually 
somewhat smaller in size. For example, among patients with muscle spasms, weekly muscle 
spasm frequency was reduced ≥30% within the first four months of medical cannabis use in 
48% of patients (see Table 6.2). Importantly, in the four months after first achieving this degree 
of spasm reduction, more than half the patients retained this degree of improvement. That is, 
of all patients with muscle spasms, 48% achieved ≥30% reduction in spasm frequency and 28% 
both achieved that degree of improvement and retained it over the next four months. Full 
results for symptom improvement analyses and for persistence of improvements are in 
Appendix D: Symptom Results from the Patient Self-Evaluation. Results for selected symptoms 
are presented in Table 6.2. For most symptoms, between half and two-thirds of patients who 
achieve clinically meaningful improvement retained that degree of improvement over the next 
four months.  

Examples of proportion of patients achieving and retaining ≥30% symptom reduction include: 

 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% 
both achieved that level of reduction and retained it, on average, for at least four 
months 

 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency 
and 46% both achieved that level of reduction and retained it, on average, for at least 
four months 

 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid 
stools per day and 29% both achieved that level of reduction and retained it, on 
average, for at least four months 

 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in 
spasm frequency and 28% both achieved that level of reduction and retained it, on 
average, for at least four months 

 Among cancer patients with at least moderate levels of nausea when they started using 
medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that 
level of reduction and retained it, on average, for at least four months 

 Among cancer patients with at least moderate levels of pain when they started using 
medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that 
level of reduction and retained it, on average, for at least four months 

Moderate to severe levels of non-disease-specific symptoms such as fatigue, anxiety, and sleep 
difficulties were common across all the medical conditions.  And the reductions in these 
symptoms was often quite large. These findings support the understanding that some of the 
benefit perceived by patients is expressed as improved quality of life. 

The type(s) of medical cannabis used at the time patients achieved clinically meaningful 
improvement was analyzed for each symptom assessed within each category of medical 
condition.  Full results of those analyses are in Appendix D: Symptom Results from the Patient 
Self-Evaluation and summaries are presented in this chapter. In most cases, a few combinations 
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of product types were purchased more frequently than others when analyzing data by patient 
condition
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Table 6.2 Symptom improvement for selected symptoms. Note: for spasticity, pain, appetite, nausea, 

and vomiting the analysis was conducted on patients with moderate to severe symptoms at baseline.  

  

% of Patients who Achieved 
Threshold Symptom Improvement 

(≥30% Improvement Unless 
Otherwise Noted) 

% of All Patients that Both Achieved 
Threshold Symptom Improvement 

and Retained that Degree of 
Improvement for at Least 4 Months 

MUSCLE SPASMS     

  Weekly spasm frequency (n = 629) 48% 28% 

  Spasticity (n = 618) 36% 17% 

  Pain (n = 640) 34% 17% 

CANCER     

  Pain (n = 356) 29% 12% 

  Appetite (n = 321) 39% 22% 

  Nausea (n = 283) 38% 23% 

  Vomiting (n = 168) 48% 27% 

SEIZURES     

  Weekly seizure frequency (n = 262) 68% 49% 

CROHN'S DISEASE     

  # Liquid stools/day (n = 41) 51% 29% 

  Abdominal pain (details in text; n = 73) 53% 19% 

  General well-being (details in text; n = 15) 47% 13% 

  Measures Combined (details in text; n = 102) 51% 22% 

  Weight (≥ 3 pound gain; n = 102) 21% 12% 

TERMINAL ILLNESS     

  Pain (n = 72) 19% 10% 

  Appetite (n = 64) 38% 17% 

  Nausea (n = 56) 45% 29% 

  Vomiting (n = 35) 57% 29% 

HIV/AIDS     

  Pain (n = 45) 40% 20% 

  Appetite (n = 39) 49% 31% 

  Weight (≥ 3 pound gain; n = 48) 15% 6% 

TOURETTE SYNDROME     

  Weekly tic frequency (n = 28) 61% 46% 

GLAUCOMA (see text)     

ALS     

  Weekly spasm frequency (n = 18) 33% 22% 

  Spasticity (n = 15) 20% 20% 

  Pain (n = 17) 47% 12% 
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Benefits Reported on Surveys 

In addition to collecting data on severity of symptoms related to each patient’s qualifying 
condition or conditions before each medical cannabis purchase, the Office of Medical Cannabis 
sought to gain a qualitative understanding of patient-reported benefits and harms of program 
participation. Utilizing expertise within the Minnesota Department of Health, the Office of 
Medical Cannabis developed a Patient Experience survey, which captures information on 
benefits and harms of program participation.  A parallel survey was developed for each 
patient’s certifying health care practitioner, which captures similar information from the 
clinician’s perspective. The surveys include scaled response and open-response questions; 
health care practitioners were also asked to provide any clinical observations they noted about 
the patient’s experience with medical cannabis. Healthcare providers familiar with the program 
provided feedback as part of the development process. 

Survey Methodology and Data Preparation 

The surveys are provided through an online platform with a hard copy alternative. The Patient 
Experience survey is sent three months after the patient’s first medical cannabis purchase, six 
months after the first purchase and every six months thereafter. Healthcare practitioner 
surveys are sent six months after the patient’s first purchase and every six months thereafter. 
Surveys are accessible through the patient or healthcare practitioner’s registry page and 
through introductory emails containing unique links. To maximize survey submission rates, the 
survey can be submitted with incomplete responses to any of the questions. Each of the 
surveys is available online to the recipient for 45 days. Patient recipients receive reminder 
emails after one week; after two weeks with no response, paper copies of surveys are mailed to 
the recipient.  For patients without online access the full process is accomplished by mail. 

Initially, patient and healthcare practitioners (HCPs) were sent one survey three months after 
the patient’s first purchase, without recurrence. This schedule was revised to include recurring 
surveys roughly every six months to provide patients and their HCPs an opportunity to report 
ongoing progress or changes to the patient’s condition; however the HCP survey sent three 
months after the first purchase was eliminated based on feedback that three months may not 
allow enough time for the provider to see their patient following initial certification. These 
changes were implemented in April 2016; as a result, HCP survey data collected three months 
after the first purchase is only available for the first six months of the program (this includes 
patients who enrolled and made a first purchase between July 1, 2015 and December 31, 2015). 
All survey data presented in this chapter are from the patient and health care practitioner 
surveys sent three months after the patient’s first medical cannabis purchase. 

Patients and their certifying HCPs were asked to report the “most important benefit” and “most 
important negative effect” related to medical cannabis treatment. Survey responses from 
patients and health care practitioners on perceived benefits and perceived negative effects 
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were reported in free-text format; each response was individually reviewed and classified into a 
category of benefit or negative effects. Reported benefits typically included either direct 
improvement of symptoms related to the patient’s qualifying condition or more general 
improvements in health or quality of life, referred to in this report as global health benefits.  
Additionally, many responses included more than one type of benefit; in these cases, the first 
reported benefit was presumed to be the most important benefit. In this report, we examine 
both overall perceptions of benefit, as well as type of reported benefit.  

Patient Experience Survey Results 

Patient Experience Survey Response Rate 

Of 1491 patients who were approved and made their first medical cannabis purchase in the first 
year of the program (July 1, 2015- June 30, 2016), 792 patients (53%) submitted a survey three 
months after making the first purchase. As of December 31, 2016, 90 patients (5%) were known 
to be deceased since enrolling in the program. These patients were included in this report, as in 
some cases caregivers or relatives and HCPs completed surveys, reflecting on the patient’s 
experience for the period of time the patient did use medical cannabis. 

Table 6.3. Patient survey response rates by age group.  

  Total 
Patient 

Responses 

0-4 62 17 (53%) 

5-17 129 76 (59%) 

18-24 89 51 (57%) 

25-35 234 132 (56%) 

36-49 355 192 (54%) 

50-64 462 258 (56%) 

65+ 160 66 (41%) 

Total 1491 792 (53%) 
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Table 6.4. Patient total counts and patient response rates by qualifying medical condition. 

  Total Patient Responses 

Muscle Spasms 653 373 (57%) 

Cancer 386 157 (41%) 

Seizures 287 182 (63%) 

Crohn's Disease 99 55 (56%) 

Terminal Illness 79 38 (48%) 

HIV/AIDS 46 24 (52%) 

Tourette Syndrome 28 16 (57%) 

Glaucoma 21 13 (62%) 

ALS 21 11 (52%) 

Table 6.5. Patient survey response rates by race and ethnicity. 

  Total 
Patient 

Responses 

American Indian 37 14 (38%) 

Asian 24 8 (33%) 

Black 86 35 (41%) 

Hawaiian 3 0 (0%) 

White 1249 712 (57%) 

Other 24 9 (38%) 

Hispanic 35 14 (40%) 
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Patient response rates varied across age group, qualifying condition and race and ethnicity 
(Tables 6.3-6.5). Elderly patients (ages 65 and over) had the lowest response rate (41%); 
patients certified for cancer and terminal illness also had low response rates relative to other 
certified condition groups (41% and 48%, respectively). In general, racial and ethnic minorities 
were under-represented in survey responses.  

Patient Perceptions of Benefits from Medical Cannabis 

The Patient Experience and HCP surveys both ask respondents to report how much benefit they 
believe the patient received from using medical cannabis, on a scale from 1 (no benefit) to 7 (a 
great deal of benefit). Figures 6.1-6.10 show the distribution of benefit scores on this scale, as 
reported by patients, for all patients and by patients with each qualifying condition.  

The percentages in Figures 6.1-6.10 are based on the total number of patient responses in each 
condition group and not the number of complete benefit scores for each group (33 patients 
submitted surveys without completing the benefit score question, but were included in the 
denominators). 

ALL QUALIFYING CONDITIONS 

Figure 6.1 below shows all patient responses about degree of benefit experienced. Among 
patient respondents, 43% report the highest degree of benefit from medical cannabis: “a great 
deal of benefit” or a score of 7 on a scale from 1-7. 

Figure 6.1. Patient-Perceived Benefit: All Conditions (N=792). 
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SEVERE AND PERSISTENT MUSCLE SPASMS 

Figure 6.2 shows responses from patients certified for severe and persistent muscle spasms 
regarding degree of benefit experienced. Among respondents, 47% report a score of 7 on a 
scale from 1-7. 

Figure 6.2. Patient-Perceived Benefit: Muscle Spasms (N=373) 
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CANCER 

Figure 6.3 shows responses from patients certified for cancer regarding degree of benefit 
experienced. Among respondents, 41% report a score of 7 on a scale from 1-7. 

Figure 6.3. Patient-Perceived Benefit: Cancer (N=157) 
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SEIZURES 

Figure 6.4 shows responses from patients certified for seizure disorders regarding degree of 
benefit experienced. Among respondents, 34% report a score of 7 on a scale from 1-7. 

Figure 6.4. Patient-Perceived Benefit: Seizures (N=182) 
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CROHN’S DISEASE 

Figure 6.5 shows responses from patients certified for Crohn’s disease regarding degree of 
benefit experienced. Among respondents, 47% report a score of 7 on a scale from 1-7. 

Figure 6.5. Patient-Perceived Benefit: Crohn’s Disease (N=55) 
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TERMINAL ILLNESS 

Figure 6.6 shows responses from patients certified for terminal illness regarding degree of 
benefit experienced. Among respondents, 53% report a score of 7 on a scale from 1-7. 

Figure 6.6. Patient-Perceived Benefit: Terminal Illness (N=38) 
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HIV/AIDS 

Figure 6.7 shows responses from patients certified for HIV/AIDS regarding degree of benefit 
experienced. Among respondents, 63% report a score of 7 on a scale from 1-7. 

Figure 6.7. Patient-Perceived Benefit: HIV/AIDS (N=24) 
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TOURETTE SYNDROME 

Figure 6.8 shows responses from patients certified for Tourette syndrome regarding degree of 
benefit experienced. Among respondents, 38% report a score of 7 on a scale from 1-7. 

Figure 6.8. Patient-Perceived Benefit: Tourette Syndrome (N=16) 
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GLAUCOMA 

Figure 6.9 shows responses from patients certified for glaucoma regarding degree of benefit 
experienced. Among respondents, 62% report a score of 7 on a scale from 1-7. 

Figure 6.9. Patient-Perceived Benefit: Glaucoma (N=13) 
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ALS 

Figure 6.10 shows responses from patients certified for ALS regarding degree of benefit 
experienced. Among respondents, 36% report a score of 7 on a scale from 1-7. 

Figure 6.10. Patient-Perceived Benefit: ALS (N=11) 

 

 

Patient Perceptions of Types of Benefits from Medical 
Cannabis Treatment 

In both the Patient Experience and HCP surveys, patients and their certifying HCPs had an 
opportunity to describe the most significant benefit to the patient that was associated with 
medical cannabis treatment. Each response was reviewed and classified as symptom 
improvement (based on qualifying condition), or global health benefit, which included all health 
benefits not specifically related to the relief of symptoms directly associated with the patient’s 
qualifying medical condition(s). Note that not all completed surveys had a response for this 
question; 86% of the Patient Experience surveys did and 66% of the HCP surveys did.  Among 
the 681 completed Patient Experience survey responses that indicated a most significant 
benefit, 64% classified the benefit as symptom improvement and 25% classified it as a global 
health benefit; the remaining comments regarding benefit were improvement of symptoms 
other than those related to the qualifying condition or global health benefits.  Tabulation of 
those responses is reported below, but the reader is also encouraged to read the verbatim 
responses in Appendix A: Patient-Reported Benefits from Surveys.  Reading the words written 
by the patient gives a more nuanced understanding of the benefits and provides a reminder 
that each of the respondents is an individual person.  The following is a selection of the 
comments, chosen to reflect the full range of benefits perceived: 
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 “Almost all muscle spasms and pain associated with spasms are gone. I used to have 
constant nerve triggered pain that is minimal now. Results were almost immediate. I am 
sleeping way better now also.”  

 “A large reduction in symptoms, allowing me to participate in my daily life without a 
large number of limits my symptoms would place on me – stools decreased from over 8 
a day to about 2 with much less blood and mucous in stools. Pain has reduced to a 
tolerable amount”  

 “[NAME] has passed away. I am her daughter and was her care giver. She was open to 
trying medical cannabis and we got the liquid form. It was a saving grace. She was in a 
lot of pain and when prescribed medications did NOT work – we started this and it kept 
her calm and relaxed. I am very thankful that we were able to have this option available. 
It helped to make her last months more bearable and truly it would have been 
miserable without it.”  

 “Has eased my muscle spasms and cramping. Has helped my visual issues. Has helped 
me to maintain healthy weight. Have been able to sleep much better and have cut other 
pain prescriptions way back. Seems to take pain away enough that I have been more 
active and am able to function on household tasks to a somewhat normal level. My 
brain seems to be working better as well ie. concentration/focusing and remembering.”  

 “I am getting enough sleep for the first time since about 2011. My absence seizures 
have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal 
seizures. The recovery time after has gone from around 12 hours to around 4.”  

    “Within 1 week of use, my tics disappeared and have stayed gone even with 
occasional use. This has never happened previously in my life, so it is very effective.”  

 “At first it helped a lot but my seizures have returned.”  

 “Spasms – only a little better.”  

 

Symptom Improvement from Medical Cannabis Treatment 

Table 6.6 summarizes the reported “most important benefits” which could be considered 
improvement of a symptom related to the patient’s qualifying condition from reports of 
patients, categorized by the benefit score reported by the patient. For patients with severe 
muscle spasms, reports of spasm reduction or pain reduction were considered symptom 
improvement. For patients with cancer (regardless of whether their condition was associated 
with severe/chronic pain, nausea or severe vomiting, cachexia or severe wasting, or a 
combination), pain reduction, nausea and/or vomiting reduction, and weight gain and/or 
appetite improvement were considered symptom improvement. For patients with seizures, 
reports of fewer seizures, less severe seizures, or both, were considered symptom 
improvement. For patients with Crohn’s disease, pain reduction, weight gain and/or appetite 
improvement, and reduction in related symptoms including stool frequency were considered 
symptom improvement. For patients with terminal illnesses (regardless of whether their 
condition was associated with severe/chronic pain, nausea or severe vomiting, cachexia or 
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severe wasting, or a combination), reduction in pain, nausea and/or vomiting and weight gain 
and/or appetite improvement were considered symptom improvement. For patients certified 
for HIV/AIDS, reduction in pain, nausea and/or vomiting, and weight gain and/or appetite 
improvement were considered symptom improvement. In patients with Tourette syndrome, 
reduced tics or specific mention of reduced Tourette symptoms were considered symptom 
improvement. In patients certified for glaucoma, reduction in intraocular pressure or reference 
to treatment of glaucoma “symptoms” was considered symptom improvement. Finally, for 
patients with ALS, reduction in pain or spasms were considered symptom improvement. 

Among patients with severe and persistent muscle spasms, 26% reported pain reduction and 
another 25% reported spasm reduction as the most important benefit. Among seizure patients, 
51% reported seizure reduction (either in frequency or severity). Among cancer patients, 26% 
reported pain reduction as the primary benefit; 25% reported weight gain, appetite 
improvement, or reduced nausea or vomiting. Among Crohn’s disease respondents, 25% 
reported reduced pain, 16% reported reduced severity or frequency of gastrointestinal 
symptoms and 4% reported weight gain or appetite improvement as the primary benefit. 
Among patients with terminal illness, 21% reported reduced nausea or vomiting, 18% reported 
pain reduction and 8% reported weight gain or appetite improvement as the most important 
benefit. Thirty-one percent of glaucoma patient respondents reported reduction of glaucoma-
related symptoms. Among ALS patients, 27% reported pain reduction and 9% reported spasm 
reduction as the most important benefit. Among HIV/AIDS patients, 25% reported reduced 
pain, 17% reported reduced nausea and/or vomiting and 12% reported weight gain or appetite 
improvement as the most important benefit. Finally, among patients with Tourette syndrome, 
63% reported a reduction in tics or other symptoms of Tourette syndrome.  

Table 6.6. Distribution of Symptom Improvement by Condition: Patient Surveys 

  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Muscle Spasms  (n=373) 

Spasm Reduction - - 1 (0%) 
11 

(3%) 
14 

(4%) 
24 

(6%) 
45 (12%) 

95 
(25%) 

Pain Reduction - - 2 (1%) 6 (2%) 
17 

(5%) 
24 

(6%) 
48 (13%) 

97 
(26%) 

Cancer  (n=157) 

Pain Reduction - - - 3 (2%) 9 (6%) 
12 

(8%) 
17 (11%) 

41 
(26%) 
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  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Reduced Nausea/Vomiting - - - 1 (1%) 2 (1%) 2 (1%) 14 (9%) 
19 

(12%) 

Weight Gain/Appetite 
Improvement 

- 1 (1%) - 2 (1%) 1 (1%) 6 10 (6%) 
20 

(13%) 

Seizures (n=182) 

Seizure Reduction 
- 3 (2%) 4 (2%) 9 (5%) 

15 
(8%) 

22 
(11%) 

39 (21%) 
92 

(51%) 

Crohn's Disease (n=55) 

Pain Reduction - - - - 3 (5%)  4 (5%) 7 (13%) 
14 

(25%) 

Reduced Crohn's Symptoms - - - - - 2 (4%) 7 (13%) 
9 

(16%) 

Weight Gain/Appetite 
Improvement 

- - - - 1 (2%) 1 (2%) - 
2 (4%) 

Terminal Illness  (n=38) 

Reduced Nausea/Vomiting - - - 1 (3%) - 1 (3%) 6 (16%) 
8 

(21%) 

Pain Reduction - - - 1 (3%) 1 (3%) - 5 (13%) 
7 

(18%) 

Weight Gain/Appetite 
Improvement 

- - - - - - 3 (8%) 
3 (8%) 

HIV/AIDS  (n=24) 

Pain Reduction - -  1 (4%)  1 (4%) - 
3 

(13%) 
3 (13%) 

6 
(25%) 

Reduced Nausea/Vomiting - - - - - - 
4 (17%) 

4 
(17%) 
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  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Weight Gain/Appetite 
Improvement 

- -  1 (4%) - - - 2 (8%) 
3 

(12%) 

Tourette Syndrome (n=16) 

Reduced Tics/Tourette 
Symptoms 

- - - - 1 (6%) 
4 

(25%) 
5 (31%) 

10 
(63%) 

Glaucoma (n=13) 

Reduced Glaucoma Symptoms 
- - - - - 1 (8%) 3 (23%) 

4 
(31%) 

ALS (n=11) 

Spasm Reduction - - - - -  1 (9%) -  1 (9%) 

Pain Reduction - - - - -  1 (9%) 2 (18%) 
3 

(27%) 

 

Patient Perceptions of Global Health Benefits from Medical 
Cannabis 

Many patients responded to the question regarding “most important benefit” by describing 
benefits not specifically related to the symptoms of their qualifying conditions. These responses 
were reviewed and classified into categories of “global health benefits”- broader benefits which 
impact the patient’s overall health. Global health benefits reported by patients included 
improvement in quality of life, improvement in sleep (whether or not explicitly tied to reduction 
in symptoms related to qualifying condition), improved mobility and/or ability to function or 
perform regular tasks, reduced anxiety or increased calmness, improved alertness and/or 
cognitive functioning, and reduced usage of other medications (often reported as reduction in 
dosage and/or side effects related to use of other medications). Clearly, global health benefits 
may be due to improvements in symptoms specifically related to the qualifying condition, so 
the dividing line between these categories is a bit blurry.   

Table 6.7 shows the number of responses by type of global health benefit, along with the 
associated benefit score reported by the patient.  Overall, 6% of patient respondents reported 
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improved sleep as the most important benefit from medical cannabis; 4% reported improved 
quality of life, 4% reported reduced usage of other medication, 3% reported reduced anxiety, 
and 2% reported improved alertness or cognitive function. 

Table 6.7. Distribution of Global Health Benefits Condition: Patient Surveys 

  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Muscle Spasms (n=373) 

Weight Gain/ Appetite Improvement - - - - 
1 

(0%) 
3 

(1%) 
2 (1%) 

6 (2%) 

Improved Alertness/ Cognitive Functioning - - - - - - 1 (0%) 1 (0%) 

Improved Quality of Life - - 
2 

(1%) 
1 

(0%) 
1 

(0%) 
3 

(1%) 
10 (3%) 

17 
(5%) 

Improved Sleep - 
1 

(0%) 
- 

5 
(1%) 

7 
4 

(1%) 
8 (2%) 

25 
(7%) 

Improved Mobility/Ability to Function - 
1 

(0%) 
- - - 

1 
(0%) 

10 (3%) 
12 

(3%) 

Decreased Anxiety - 
1 

(0%) 
- 

1 
(0%) 

- 
5 

(1%) 
4 (1%) 

11 
(3%) 

Reduced Dosage and/or Side Effects of Other Medications 
- - 

2 
(1%) 

16 (4%) 
18 

(5%) 

Cancer (n=157) 

Reduced Anxiety - 
1 

(1%) 
- 

2 
(1%) 

- 
1 

(1%) 
2 (1%) 

6 (4%) 

Improved Sleep - - 
1 

(1%) 
2 

(1%) 
2 

(1%) 
1 

(1%) 
5 (3%) 

11 
(7%) 

Improved Quality of Life - - - 
1 

(1%) 

 2 
(1%) 

1 (1%) 
4 (3%) 

Improved Alertness/Cognitive Functioning - - - - - - 1 (1%) 1 (1%) 
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  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Reduced Dosage and/or Side Effects of 
Other Medications 

- - - - - 
2 

(1%) 
3 (2%) 5 (3%) 

Seizures (n=182) 

Decreased Anxiety  - 
1 

(1%) 
- - 

1 
(1%) 

- - 2 (1%) 

Improved Sleep - - - - 
 1 

(1%) 
1 (1%) 2 (1%) 

Reduced Dosage and/or Side effects of 
Other Medications  

- - - - 
1 

(1%) 
1 

(1%) 
3 (2%) 

5 (3%) 

Improved Quality of Life - - - - 
2 

(1%) 
1 

(1%) 
4 (2%) 

7 (4%) 

Improved Alertness/Cognitive Functioning - 
2 

(1%) 
1 

(1%) 
3 

(2%) 
2 

(1%) 
5 

(3%) 
4 (2%) 

17 
(9%) 

Crohn's Disease (n=55) 

Improved Quality of Life - - - 
1 

(2%) 
- - 5 (9%) 

6 
(11%) 

Improved Sleep - - 
1 

(2%) 
2 

(4%) 
2 

(4%) 
1 

(2%) 
- 

6 
(11%) 

Decreased Anxiety - - - - 
1 

(2%) 
2 

(4%) 
- 

3 (5%) 

Terminal Illness (n=38) 

Decreased Anxiety - - - - - 
1 

(3%) 
- 1 (3%) 

Improved Alertness/ Cognitive Functioning - - - - - - 1 (3%) 1 (3%) 

Improved Sleep - - 
1 

(3%) 
1 

(3%) 
- - 2 (5%) 

4 
(11%) 
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  1 

2 3 4 5 6 

7 

Total 

  
(No 

Benefit) 
(Great Deal of 

Benefit) 

Improved Quality of Life - - - - - 
2 

(5%) 
1 (3%) 

3 (8%) 

HIV/AIDS (n=24) 

Improved Sleep - - - - - - 1 (4%) 1 (4%) 

Decreased Anxiety - - - - - - 2 (8%) 2 (8%) 

Tourette Syndrome (n=16) 

Improved Quality of Life - - - - - - 1 (6%) 1 (6%) 

Decreased Anxiety - - - 
1 

(6%) 
- 

1 
(6%) 

- 
2 

(13%) 

Glaucoma (n=13) 

Improved Quality of Life - - - - - - 1 (8%) 1 (8%) 

ALS (n=11) 

Reduced Anxiety - - - 
1 

(9%) 
- 

1 
(9%) 

1 (9%) 
3 

(27%) 

Improved Sleep - - - - 
1 

(9%) 
- 1 (9%) 

2 
(18%) 
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Health Care Practitioner Survey Results 

HCP Survey Response Rate 

As a result of changing the survey schedule during the first program year, the healthcare 
providers of 774 patients who were enrolled and made a first medical cannabis purchase in the 
first medical cannabis purchase in the first six months of the program (July 1 – December 31, 
2015) received a survey three months after the patient’s first purchase; the remaining 717 
could therefore not be included in the reporting below. The subset of Patient Experience survey 
responses that corresponds to this group of HCP responses is included below for comparison. 
Of 774 patients in this group, 437 patients (57%) submitted a survey three months after making 
the first purchase. Of the 262 health care practitioners (HCP) who certified these patients, 114 
(43.5%) completed surveys for 251 (32%) patients.  

Table 6.8. Healthcare Practitioner and Patient Experience survey response rates by age group.  

  Total HCP Responses Patient Responses 

0-4 15 7 (47%) 9 (60%) 

5-17 90 36 (40%) 49 (54%) 

18-24 48 18 (38%) 28 (58%) 

25-35 110 32 (29%) 59 (54%) 

36-49 194 66 (34%) 114 (59%) 

50-64 225 65 (29%) 131 (58%) 

65+ 92 27 (29%) 47 (51%) 

Total 774 251 (32%) 437 (58%) 
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Table 6.9. Patient total counts and HCP/patient response rates by qualifying medical 
condition. 

  Total HCP Responses 
Patient 

Responses 

Muscle Spasms 305 98 (32%) 182 (60%) 

Cancer 192 51 (27%) 84 (44%) 

Seizures 189 64 (34%) 120 (63%) 

Crohn's Disease 58 25 (43%) 34 (59%) 

Terminal Illness 43 12 (28%) 21 (49%) 

HIV/AIDS 26 12 (46%) 15 (58%) 

Tourette Syndrome 11 4 (36%) 6 (55%) 

Glaucoma 11 3 (27%) 5 (45%) 

ALS 15 5 (33%) 7 (47%) 
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Table 6.10. Patient total counts and HCP/patient response rates by race and ethnicity.  

  Total HCP Responses 
Patient 

Responses 

American Indian 16 6 (38%) 7 (44%) 

Asian 17 8 (47%) 7 (41%) 

Black 41 14 (35%) 15 (37%) 

Hawaiian 1 0 (0%) 0 (0%) 

White 665 218 (33%) 395 (59%) 

Other 14 5 (36%) 6 (43%) 

Hispanic 18 4 (22%) 6 (33%) 

 
Response rates for the Patient Experience and HCP surveys varied widely across age group, 
qualifying condition and race and ethnicity (Tables 6.8-6.10). Patient response rate was lowest 
among the oldest age group (65+; 51%) and HCP response rate was generally lower for older 
age groups. Among HCP responses, certifiers of patients with HIV/AIDS and Crohn’s disease had 
the highest response rates (46% and 43%, respectively). Among patient responses, patients 
certified for severe and persistent muscle spasms, seizures and Crohn’s disease had the highest 
response rates (60%, 63%, and 59%, respectively). Finally, racial and ethnic minorities were 
generally under-represented among patient responses.  

Healthcare Practitioner Perceptions of Benefit 

The Patient Experience and HCP surveys both ask respondents to report how much benefit they 
believe the patient received from using medical cannabis, on a scale from 1 (no benefit) to 7 (a 
great deal of benefit). Figures 6.11-6.20 show the distribution of benefit scores on this scale, as 
reported by HCPs, for all patients and by patients with each qualifying condition.  

A note on how proportions were calculated: the total number of HCP responses is reflected in 
Figures 6.11-6.20; this includes 45 HCP responses with either no response or a “0” option 
selected for the benefit scale, which indicates that the HCP did not have enough information 
about the patient to answer the question of benefit.)  

Note that results from patient surveys (Figures 6.1-6.10) and health care practitioner surveys 
(Figures 6.11-6.20) do not pertain to identical groups of patients.  That is, some patients have 
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only a patient survey completed, some have only a HCP survey completed, some have neither 
completed, and some (n=126) have a completed survey from both the patient and their 
certifying HCP.  For this reason, comparison of results from patient and HCP surveys must be 
approached with caution, except for the last group, where there is a completed survey from 
both the patient and the HCP.  Further on in this section (Table 6.13 and Figures 6.21-6.28) 
comparisons for that last group are presented.  In general, responses from HCPs report a lower 
degree of benefit than the patient responses. 
 

ALL QUALIFYING CONDITIONS 

Figure 6.11 shows all HCP responses about degree of benefit experienced. Benefit ratings were 
provided on 206 of the 251 submitted surveys.  Among the 251 surveys, 32 (13%) reported no 
benefit and 51 (20%) reported the highest degree of benefit (score of 7); 150 (60%) reported a 
benefit score ≥ 4 on the seven-point scale. 

Figure 6.11. HCP-Perceived Benefit: All Conditions (N=251) 
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SEVERE AND PERSISTENT MUSCLE SPASMS 

Figure 6.12 shows HCP benefit score responses for patients certified for severe and persistent 
muscle spasms. Benefit ratings were provided on 91 of the submitted surveys.  Among the 91 
responses, 4 reported no benefit and 34 reported the highest degree of benefit (score of 7); 76 
(84%) reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.12. HCP-Perceived Benefit: Severe and Persistent Muscle Spasms (N=98) 
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CANCER 

Figure 6.13 shows HCP benefit score responses for patients certified for cancer. Benefit ratings 
were provided on 41 of the submitted surveys.  Among the 41 responses, 5 reported no benefit 
and 8 reported the highest degree of benefit (score of 7); 32 (78%) reported a benefit score ≥ 4 
on the seven-point scale. 

Figure 6.13. HCP-Perceived Benefit: Cancer (N=51) 
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SEIZURES 

Figure 6.14 shows HCP benefit score responses for patients certified for seizures. Benefit ratings 
were provided on 50 of submitted surveys.  Among the 50 responses, 20 reported no benefit 
and 6 reported the highest degree of benefit (score of 7); 21 (42%) reported a benefit score ≥ 4 
on the seven-point scale. 

Figure 6.14. HCP-Perceived Benefit: Seizures (N=64) 
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CROHN’S DISEASE 

Figure 6.15 shows HCP benefit score responses for patients certified for Crohn’s disease. 
Benefit ratings were provided on 15 of the completed surveys.  Among the 15 responses, 3 
reported no benefit and 2 reported the highest degree of benefit (score of 7); 11 (73%) 
reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.15. HCP-Perceived Benefit: Crohn’s Disease (N=25) 
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TERMINAL ILLNESS 

Figure 6.16 shows HCP benefit score responses for patients certified for terminal illness. Benefit 
ratings were provided on 11 of the completed surveys.  Among the 11 responses, 3 reported no 
benefit and 2 reported the highest degree of benefit (score of 7); 8 (73%) reported a benefit 
score ≥ 4 on the seven-point scale. 

Figure 6.16. HCP-Perceived Benefit: Terminal Illness (N=12) 

 

 

 

  



 

107 

 

HIV/AIDS 

Figure 6.17 shows HCP benefit score responses for patients certified for HIV/AIDS. Benefit 
ratings were provided on 8 of the 12 completed surveys.  Among the 8 responses, none 
reported no benefit and two reported the highest degree of benefit (score of 7); all eight 
reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.17. HCP-Perceived Benefit: HIV/AIDS (N=12) 
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TOURETTE SYNDROME 

Figure 6.18 shows HCP benefit score responses for patients certified for Tourette syndrome. 
Benefit ratings were provided on all four of the completed surveys.  Among the 4 responses, 
none reported no benefit and one reported the highest degree of benefit (score of 7); all four 
reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.18. HCP-Perceived Benefit: Tourette Syndrome (N=4) 
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GLAUCOMA 

Figure 6.19 shows HCP benefit score responses for patients certified for glaucoma. Benefit 
ratings were provided on all three of the completed surveys.  Among the 3 responses, one 
reported no benefit and none reported the highest degree of benefit (score of 7); only one 
reported a benefit score ≥ 4 on the seven-point scale. 

Figure 6.19. HCP-Perceived Benefit: Glaucoma (N=3) 
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ALS 

Figure 6.20 shows HCP benefit score responses for patients certified for ALS. Benefit ratings 
were provided on 3 of the 5 completed surveys. Among the 3 responses, none reported no 
benefit and none reported the highest degree of benefit (score of 7); all three reported a 
benefit score ≥ 4 on the seven-point scale. 

Figure 6.20. HCP-Perceived Benefit: ALS (N=5) 
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HCP Perceptions of Symptom Improvement from Medical 
Cannabis Treatment 

Similar to the format in the Patient Experience survey, the HCP surveys asks certifying HCPs to 
describe the most significant benefit to the patient that is associated with medical cannabis 
treatment. Each response was reviewed and classified into broad categories of symptom 
improvement or global health benefits, as described in an earlier section. A full report of all 
benefit comments from HCPs can be found in Appendix B: Healthcare Practitioner-Reported 
Benefits from Surveys. Table 6 summarizes the reported “most important benefits” which could 
be considered improvement of a symptom related to the patient’s qualifying condition from 
reports of both patients and HCPs, again using a subset of patient responses from the same 
time window as HCP responses (surveys for patients making a first purchase between July 2015 
and December 2015).  

Table 6.11 Distribution of Symptom Improvement by Condition 

Symptom Improvement by Score 

1  
(No 

Benefit) 
 

2 
 
 
 

3 
 
 
 

4 
 
 
 

5 
 
 
 

6 
 
 
 

7  
(Great Deal 
of Benefit) 

 

Total 
 
 
 

Muscle Spasms    

Spasm Reduction 

Patient (n=182) - - - 6 (3%) 5 (3%) 14 (8%) 25 (14%) 
50 

(28%) 

HCP (n= 98) - - 1 (1%) 2 (2%) 6 (6%) 9 (9%) 9 (9%) 
28 

(29%) 

Pain Reduction 

Patient (n=182) - - 2 (1%) 3 (2%) 10 (6%) 10 (6%) 22 (12%) 
47 

(26%) 

HCP (n= 98) - 1 (1%) - 3 (3%) 4 (4%) 3 (3%) 11 (11%) 
22 

(22%) 

Cancer    

Pain Reduction 

Patient (n=84) - - - 3 (4%) 7 (8%) 6 (7%) 7 (8%) 
23 

(27%) 

HCP (n= 51) 1 (2%) - 2 (4%) 1 (2%) 2 (4%) 2 (4%) 2 (4%) 
10 

(20%) 

Reduced Nausea/Vomiting Patient (n=84) - - - 1 (1%) 2 (2%) 1 (1%) 10 (12%) 
14 

(17%) 
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Symptom Improvement by Score 

1  
(No 

Benefit) 
 

2 
 
 
 

3 
 
 
 

4 
 
 
 

5 
 
 
 

6 
 
 
 

7  
(Great Deal 
of Benefit) 

 

Total 
 
 
 

HCP (n= 51) - - - 1 (2%) 5 (10%) 3 (6%) 4 (8%) 
13 

(26%) 

Weight Gain/Appetite Improvement 

Patient (n=84) - - - - 1 (1%) 3 (4%) 7 (8%) 
11 

(13%) 

HCP (n= 51)  - -  - -  - 1 (2%) -   1 (2%) 

Seizures   

Seizure Reduction 

Patient (n=120)  - 3 (3%) 1 (1%) 4 (3%) 11 (9%) 17 (14%) 31 (26%) 
67 

(56%) 

HCP (n= 64) 1 (2%) 2 (3%) 2 (3%) 2 (3%) 2 (3%) 5 (8%) 4 (6%) 
18 

(28%) 

  

Crohn's Disease    

Pain Reduction 

Patient (n=34) -   -  - - 2 (6%)  2 (6%) 4 (12%)  
 8 

(24%) 

HCP (n= 25) - - 1 (4%) - - 3 (12%) - 
4 

(16%) 

Reduced Gastrointestinal Symptoms 

Patient (n=34) - - - - - 1 (3%) 4 (12%) 
5 

(15%) 

HCP (n= 25)  - - - - 1 (4%) - 1 (4%) 2 (8%) 

Weight Gain/Appetite Improvement 

Patient (n=34)  - - - - 1 (3%) 1 (3%) - 2 (9%) 

HCP (n= 25) -  -   -  -  - -   - -  

Terminal Illness    

Reduced Nausea/Vomiting Patient (n=21)  -  - - 1 (5%) - 1 (5%) 4 (19%) 
6 

(29%) 
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Symptom Improvement by Score 

1  
(No 

Benefit) 
 

2 
 
 
 

3 
 
 
 

4 
 
 
 

5 
 
 
 

6 
 
 
 

7  
(Great Deal 
of Benefit) 

 

Total 
 
 
 

HCP (n= 12)  - -  - - 1 (8%) 1 (8%) 1 (8%) 
3 

(25%) 

Pain Reduction 

Patient (n=21) - - - 1 (5%) - - 4 (19%) 
5 

(24%) 

HCP (n= 12) - - - - 1 (8%) - 1 (8%) 
2 

(17%) 

Weight Gain/Appetite Improvement 

Patient (n=21) -   - - - - - 2 (10%) 
2 

(10%) 

HCP (n= 12) -   - -   - 1 (8%) 1 (8%) -  
 2 

(17%) 

HIV/AIDS    

Pain Reduction 

Patient (n=15) -   -  1 (7%)  - - 1 (7%) 3 (20%) 
5 

(33%) 

HCP (n= 12) -  -   - -  1 (8%) 1 (8%) - 
2 

(17%) 

Reduced Nausea/Vomiting 

Patient (n=15)  -  -  - -  - - 3 (20%) 
3 

(20%) 

HCP (n= 12) -  -  -  - - 2 (17%) - 
2 

(17%) 

Weight Gain/Appetite Improvement 

Patient (n=15) -  -   - - - - 2 (13%) 
2 

(13%) 

HCP (n= 12) -   - -  - - - - - 

Tourette Syndrome    

Reduced Tics/Tourette Symptoms 

Patient (n=6) -  -  -  - 1 (17%) - 3 (50%) 
4 

(67%) 

HCP (n= 5) -   -  - - - 2 (40%) 1 (20%) 
3 

(60%) 
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Symptom Improvement by Score 

1  
(No 

Benefit) 
 

2 
 
 
 

3 
 
 
 

4 
 
 
 

5 
 
 
 

6 
 
 
 

7  
(Great Deal 
of Benefit) 

 

Total 
 
 
 

Glaucoma   

Reduced Glaucoma Symptoms 

Patient (n=5)  - - - - - - 2 (40%) 
2 

(40%) 

HCP (n= 3) -  - 1 (33%) - - - - 
1 

(33%) 

ALS   

Spasm Reduction 

Patient (n=7) -   - -  -   - 1 (14%) -  
 1 

(14%) 

HCP (n= 5)  - -   - -  1 (20%) 1 (20%) - 
2 

(40%) 

Pain Reduction 

Patient (n=7) -   - -  -  - 1 (14%) 2 (29%) 
3 

(43%) 

HCP (n= 5)  -  - -  -  - 1 (20%) - 
1 

(20%) 

 
Patients represented in Patient Experience survey responses and in HCP responses were 
different; thus a direct comparison cannot be made between the proportions of patients and 
HCPs reporting any given benefit. However, it is worth noting that relatively high levels of 
symptom improvement benefit (most scores are above 4) are seen in both patient and HCP 
survey results. Among patient respondents certified for muscle spasms, 22% report spasm 
reduction at a high degree of benefit (scores of 6 or 7) and 18% of HCP responses for patients 
with muscle spasms report spasm reduction at a high degree of benefit. Among responses of 
patients certified for seizures, 40% reported reduction in seizure number or severity at a high 
degree of benefit; among HCP responses for patients with seizures, 14% reported seizure 
reduction (severity or frequency) at a high degree of benefit. Among patient responders 
certified for cancer, 15% reported pain reduction at a high degree of benefit; 13% reported 
reduced nausea or vomiting at a high degree of benefit and 12% reported weight gain or 
appetite improvement at a high degree of benefit. Among HCP responses for patients certified 
for cancer, 8% reported pain reduction at a high degree of benefit, 14% reported reduced 
nausea or vomiting and 2% reported weight gain or appetite improvement at a high degree of 
benefit. 
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HCP Perceptions of Global Health Benefits from Medical 
Cannabis Treatment 

Table 6.12 summarizes responses to the Patient Experience and HCP surveys about the most 
significant benefit to the patient that were not classified as improvement of symptoms related 
to the qualifying medical condition.  

As with Table 6.11, the proportion of patients reporting a type of global health benefit cannot 
be directly compared to the proportion of HCPs reporting a type of global health benefit to the 
patient because each group of responders is different. However, in general a higher proportion 
of the patient responses report a global health benefit as the primary benefit from medical 
cannabis than HCP responses and generally global health benefits are reported at a relatively 
high degree of perceived benefit (scores of 4 or greater).  

Overall, 1% of HCP respondents and 6% of patient respondents reported improved sleep as the 
most important benefit from medical cannabis; 3% of HCP respondents and 4% of patients 
reported improved quality of life; 2% of HCP reports and 3% of patient reports cited reduced 
usage of other medications or related side effects as the most important benefit. 

A full report of all benefit comments from HCPs can be found in Appendix B: Healthcare 
Practitioner-Reported Benefits from Surveys.  

Table 6.12 Distribution of Global Health Benefits by Condition 

Global Health Benefits by Score 
1  

(No 
Benefit) 

2 
 
 

3 
 
 

4 
 
 

5 
 
 

6 
 
 

7 (Great 
Deal of 
Benefit) 

Total 

Muscle Spasms    

Improved Quality of Life 

Patient (n=182) - - - - - 2 (1%) 3 (2%) 5 (3%) 

HCP (n= 98) - - - 1 (1%) 1 (1%) 1 (1%) 1 (1%) 4 (4%) 

Improved Sleep 

Patient (n=182) - - - 2 (1%) 3 (2%) 3 (2%) 6 (3%) 14 (8%) 

HCP (n= 98) - - - 1 (1%) - - 1 (1%) 2 (2%) 

Improved Mobility/Ability to Function 

Patient (n=182) - 1 (1%) - - - - 6 (3%) 7 (4%) 

HCP (n= 98) - - - - - - - - 

Decreased Anxiety 

Patient (n=182) - - - - - 1 (1%) 2 (1%) 3 (2%) 

HCP (n= 98) - - 1 (1%) - - - - 1 (1%) 
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Global Health Benefits by Score 
1  

(No 
Benefit) 

2 
 
 

3 
 
 

4 
 
 

5 
 
 

6 
 
 

7 (Great 
Deal of 
Benefit) 

Total 

Reduced Usage of Other Medications  

Patient (n=182) - - - - - - 6 (3%) 6 (3%) 

HCP (n= 98) - - - - - 1 (1%) 3 (3%) 4 (4%) 

Cancer    

Reduced Anxiety Patient (n=84) - - - 1 (1%) - - 1 (1%) 2 (2%) 

 HCP (n= 51) - - - - - - - - 

Improved Sleep Patient (n=84) - - 1 (1%)  1 (1%)  5 (6%) 7 (8%) 

 HCP (n= 51) - - - - - - - - 

Improved Quality of Life 

Patient (n=84) - - - - - 1 (1%) 1 (1%) 2 (2%) 

HCP (n= 51) - - - - 1 (2%) - - 1 (2%) 

Improved Alertness/Cognitive Functioning 

Patient (n=84) - - - - - - 1 (1%) 1 (1%) 

HCP (n= 51) - - - - - - - - 

Reduced Usage of Other Medications 

Patient (n=84) - - - -  1 (1%) 3 (4%) 4 (5%) 

HCP (n= 51) - - - - - - - - 

Seizures   

Improved Sleep Patient (n=120) - - - - - 1 (1%) - 1 (1%) 

 HCP (n= 64) - - - - - - -  

Reduced Usage of Other Medications  Patient (n=120) - - - - - - 1 (1%) 1 (1%) 

 HCP (n= 64) - - - - - - - - 

Improved Quality of Life 

Patient (n=120) - - - - 2 (2%) 1 (1%) 1 (1%) 4 (3%) 

HCP (n= 64) - - - 1 (2%) - - - 1 (2%) 
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Global Health Benefits by Score 
1  

(No 
Benefit) 

2 
 
 

3 
 
 

4 
 
 

5 
 
 

6 
 
 

7 (Great 
Deal of 
Benefit) 

Total 

Improved Alertness/Cognitive Functioning 

Patient (n=120) 
- 

2 (2%) 1 (1%) 3 2 (2%) 4 (8%) 1 (1%) 
13 

(11%) 

HCP (n= 64) - - - - - - - - 

Crohn's Disease    

Improved Quality of Life 

Patient (n=34) - - - - - - 4 (12%) 4 (12%) 

HCP (n= 25) - - - - - - - - 

Improved Sleep 

Patient (n=34) - - 1 (3%) 1 (3%) 1 (3%) 1 (3%) - 4 (12%) 

HCP (n= 25) - -  1 (4%) - - - 1 (4%) 

Decreased Anxiety 

Patient (n=34) - - - - - 1 (3%) - 1 (3%) 

HCP (n= 25) - - - - - 1 (4%) - 1 (4%) 

Terminal Illness    

Improved Alertness/ Cognitive Functioning Patient (n=21)         

 HCP (n= 12) - - - - - - 1 (8%) 1 (8%) 

Improved Sleep Patient (n=21) - - 1 (5%) - - - 2 (10%) 3 (14%) 

 HCP (n= 12) - - - - - - - - 

Reduced Usage of Other Medications Patient (n=21) - - - - - - - - 

 HCP (n= 12) - - - - - 1 (8%)  1 (8%) 

Improved Quality of Life 

Patient (n=21) - - - - - 1 (5%) 1 (5%) 2 (10%) 

HCP (n= 12) - - - - - - - - 

HIV/AIDS    

Improved Quality of Life Patient (n=15) - - - - - - - - 
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Global Health Benefits by Score 
1  

(No 
Benefit) 

2 
 
 

3 
 
 

4 
 
 

5 
 
 

6 
 
 

7 (Great 
Deal of 
Benefit) 

Total 

 HCP (n= 12) - - - - - - 1 (8%) 1 (8%) 

Improved Sleep Patient (n=15) - - - - - - 1 (7%) 1 (7%) 

 HCP (n= 12) - - - - - - - - 

Decreased Anxiety 

Patient (n=15) - - - - - - - - 

HCP (n= 12) - - - - - 1 (8%) - 1 (8%) 

Tourette Syndrome 

Improved Quality of Life Patient (n=6) - - - - - - 1 (2%) 1 (2%) 

 HCP (n= 5) - - - - - - - - 

Glaucoma 

Improved Sleep Patient (n=5) - - - - - - - - 

 HCP (n= 3) 
- - - - 1 

(33%) 
- - 1 (3%) 

ALS 

Reduced Anxiety Patient (n=7) - - - - - 1 (14%) 1 (14%) 2 (29%) 

 HCP (n= 5) - - - - - - - - 

Additional Clinical Observations 

Healthcare practitioners were asked to provide any additional clinical observations or insights 
on the impact of medical cannabis treatment on the patient’s condition, and were specifically 
prompted to report any observations on drug interactions. A third of the 114 observations 
describe a decrease in the patients’ other medications- mainly opioids and benzodiazepines. 
The survey healthcare practitioners will complete for patients certified for intractable pain will 
ask specifically about this issue. There were a few comments about drug interactions with anti-
epileptic drugs, including in some cases the anticipated ability to decrease dose of Clobazam. A 
full report of these observations can be found in Appendix C: Healthcare Practitioner-Reported 
Clinical Observations from Surveys.  
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Patient Versus HCP Perceptions of Benefit from Medical 
Cannabis 

Among survey respondents, there were 126 patients who submitted a survey for whom their 
certifying health care practitioner also completed a survey. Comparison of benefit scores 
reported by the patient to benefit scores reported by the healthcare practitioner are shown in 
Table 6.13, grouping scores of 1 or 2 in a category representing no or little benefit; scores of 3, 
4, or 5 were grouped into a category representing mild or moderate benefit and scores of 6 or 7 
were placed in a category representing strong benefit. Among these 126 patients and their 
HCPs, 81 (64%) of patient-HCP pairs were in general agreement regarding degree of benefits 
experienced: 46% reported strong benefit from medical cannabis; 15% reported mild or 
moderate benefit and 3% reported no or little benefit (Table 6.13).  When interpreting the 
meaning of these comparisons, it must be kept in mind that the 126 patients for whom both 
Patient Experience and HCP survey results are available are not necessarily representative of all 
patients who enrolled in the program during its first year of operation.  

Table 6.13. Distribution of patient-reported benefits and HCP-reported benefits for patients 
with both patient and HCP surveys completed (n=126). 

 
HCP-Perceived Benefit 

Patient-Perceived Benefit 
No/Little Benefit 

(1-2) 
Mild/Moderate Benefit  

(3-5) 
Strong Benefit 

(6-7) 

No/Little Benefit (1-2) 4 (3%) 1 (1%) 2 (2%) 

Mild/Moderate Benefit (3-5) 7 (6%) 19 (15%) 10 (8%) 

Strong Benefit (6-7) 2 (2%) 23 (18%) 58 (46%) 
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Severe and Persistent Muscle Spasms 

Figure 6.21 shows benefit scores reported by patients and their certifying HCPs for muscle 
spasms patients for whom both scores were available (n=57). Comparison of proportions of 
patients and HCPs reporting each benefit score shows fairly good agreement: 46% of patients 
and 39% of HCPs report scores of 6 or 7; 5% of patients and 0% HCPs report no benefit. 

Figure 6.21. Muscle Spasms (N=57): Perceived Benefit 
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Cancer 

Figure 6.22 shows benefit scores reported by patients and their certifying HCPs for cancer 
patients for whom both scores were available (n=22). Comparison of proportions of patients 
and HCPs reporting each benefit score shows differences in effect size but general agreement 
that patients experienced some benefit. Among this group, 68% of patients and 27% of HCPs 
report scores of 6 or 7; 0% patients and 0% HCPs report scores of 1 or 2. 

Figure 6.22. Cancer (N=22): Perceived Benefit 
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Seizures 

Figure 6.23 shows benefit scores reported by patients and their certifying HCPs for seizure 
patients for whom both scores were available (n=29). Comparison of proportions of patients 
and HCPs reporting each benefit score shows that generally patients report higher degrees of 
benefit than HCPs: 38% of patients versus 17% of HCPs report scores of 6 or 7; 3% of patients 
versus 24% HCPs report no benefit. 

Figure 6.23. Seizures (N=29): Perceived Benefit 
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Crohn’s Disease 

Figure 6.24 shows benefit scores reported by patients and their certifying HCPs for Crohn’s 
disease patients for whom both scores were available (n=9). Comparison of proportions of 
patients and HCPs reporting each benefit score shows general agreement about degree of 
benefit experienced: 89% of patients and 78% of HCPs report scores of 6 or 7; 11% of both 
patients and HCPs report scores of 1. 

Figure 6.24. Crohn’s Disease (N=9): Perceived Benefit 

 

 
Terminal Illness 

No patients with terminal illness had both an HCP-submitted survey and patient-submitted 
survey. 
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HIV/AIDS 

Figure 6.25 shows benefit scores reported by patients and their certifying HCPs for HIV/AIDS 
patients for whom both scores were available (n=5). Comparison of proportions of patients and 
HCPs reporting each benefit score shows general agreement about degree of benefit 
experienced: 100% of patients and 80% of HCPs report scores of 6 or 7. 

Figure 6.25. HIV/AIDS (N=5): Perceived Benefit 
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Tourette Syndrome 

Figure 6.26 shows benefit scores reported by patients and their certifying HCPs for Tourette 
syndrome patients for whom both scores were available (n=3). Comparison of proportions of 
patients and HCPs reporting each benefit score shows general agreement about degree of 
benefit experienced: 67% of patients and 67% of HCPs report scores of 6 or 7. 

Figure 6.26. Tourette Syndrome (N=3): Perceived Benefit 

 

 

  



 

126 

 

Glaucoma 

Figure 6.27 shows the benefit scores reported for one glaucoma patient who completed a 
survey (reported benefit score of 7) and whose HCP also completed a survey (reported benefit 
score of 3).   

Figure 6.27. Glaucoma (N=1): Perceived Benefit 

 

 
 

  



 

127 

 

ALS 

Figure 6.28 shows benefit scores reported by patients and their certifying HCPs for ALS patients 
for whom both scores were available (n=3). Comparison of proportions of patients and HCPs 
reporting each benefit score shows general agreement about degree of benefit experienced: 
100% of patients and 67% of HCPs report scores of 6 or 7. 

Figure 6.28. ALS (N=3): Perceived Benefit 

 

 
Benefits Reported on Surveys: Conclusions 

Of 1491 patients making a purchase in the first program year, 53% completed a survey three 
months after the first purchase. Among respondents, 43% reported experiencing the highest 
degree of benefit from medical cannabis and 87% reported at least a moderate degree of 
benefit (score of 4 or greater on a 1 to 7 scale). Patients reported the types of benefits 
experienced, which were predominantly (64%) various types of symptom improvement; many 
patients (25%) also reported global health benefits as the most important benefits from 
medical cannabis. 

For patients making a purchase in the first six months of the program (n=774), 32% of HCP 
surveys were submitted. Overall, HCP reports of benefit were more conservative than those of 
patients, but 20% reported that the patient experienced the highest degree of benefit from 
medical cannabis and 60% reported at least a moderate degree of benefit. Among patients 
purchasing in the first six program months, 126 patients had both patient and HCP surveys 
completed and comparison of benefit scores indicated general agreement between the two 
scores for most patients. 
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Benefits Reported on the Patient Self-
Evaluation 
The Patient Self-Evaluation (PSE) contains questions that allow the Office of Medical Cannabis 
(OMC) to look for improvements in symptoms over time. Patients are required to complete a 
PSE prior to each medical cannabis purchase (including before their first medical cannabis 
purchase). This allows for capture of the patients’ symptoms at baseline – prior to taking any 
medical cannabis, as well as prior to each subsequent medical cannabis purchase. Hence, 
symptom change over time can be analyzed during the patients’ participation in the program.  

All patients received a standard set of 8 symptom measures on the PSE. In addition, some 
patients received additional symptom questions depending on their qualifying medical 
condition(s). These two sets of symptom measures will be subsequently discussed below. Data 
from the PSE were extracted from patients who enrolled during the first program year (enrolled 
between July 1, 2015 and June 30, 2016; 1660 patients enrolled during this time period). 

Standard 8 Symptom Measures 

The standard 8 symptom measures that all patients received are answered on a 0-10 numerical 
rating scale (NRS), with 0 indicating absence of the symptom to 10 indicating that the symptom 
is as bad as the patient can imagine (see Box 6.1). Therefore, higher scores on these measures 
indicate poorer management of these symptoms. Patients are asked to rate symptom severity 
over the past 24 hours. 

Box 6.1. Listing of the Standard 8 symptom measures that all patients answer, including the 
responses options available to patients. 

 

 

 

 

 

 

 

 

Standard 8 Symptom Measures: 

Anxiety  Fatigue 
Lack of Appetite Nausea 
Depression  Pain 
Disturbed Sleep Vomiting 

Response Options (0 – 10 NRS): 
             0    1    2    3    4    5    6    7    8    9    10 
Symptom                                                        Symptom as 
 not                                                                   bad as one 
 present                                                           can image 
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To understand whether patients derived any symptom benefits during their participation in the 
program, the following three questions were explored for each Standard 8 symptom measure: 

QUESTION 1  
Of those patients who experienced moderate to severe symptoms at baseline (score of 4 or 
higher at baseline), what percentage of them experienced at least a 30% improvement in 
symptoms within four months of their first medical cannabis purchase? The threshold of ≥30% 
reduction on a 0-10 point scale was chosen because this threshold has been documented in 
clinical trials to represent clinically meaningful change – especially for pain reduction and 
spasticity reduction. Examples of ≥30% change include moving from a score of 10 to a score of 
7, from 9 to 6, from 8 to 5, from 7 to 4, etc. 

QUESTION 2 
If a patient achieved at least a 30% improvement on symptoms within 4 months of their first 
medical cannabis purchase (determined in Question 1), what percentage of them will, on 
average, still maintain that level of improvement in the four months following that initial 30% 
symptom improvement? [Four-month follow-up period] 

QUESTION 3 
What medical cannabis products were purchased just prior to the patient’s initial report of 
symptom improvement (first time patient indicated ≥30% improvement on the PSE)?  What was 
the average daily intake of delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) for these 
product types? 

 

To address Question 1 the following procedure was adopted for each standard 8 measure: all 
patients who scored 4 or higher at baseline were identified as those experiencing moderate to 
severe symptoms, and all standard 8 responses that were submitted within 4 months of their 
first medical cannabis purchase were retained.  From this dataset, each patient’s standard 8 
responses were compared to their baseline response over time. The first instance a patient 
achieved at least a 30% symptom improvement was recorded, effectively demonstrating when 
– during the first 4 months following their first medical cannabis purchase – the patient 
achieved symptom improvement, if at all. 

Calculating the percentage of patients who achieved ≥30% symptom improvement within 4 
months of their first medical cannabis purchase (Question 1) was done in two ways. In one 
method, the number of patients who achieved ≥30% symptom improvement within 4 months 
was divided by the total number of patients that ever made a first purchase (patients with 
baseline PSE data). In the other method, the number of patients achieving ≥30% symptom 
improvement within 4 months was divided by patients who had submitted additional PSE data 
(beyond their baseline response) within 4 months of their first purchase. The denominator in 
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the former method includes all patients who made a first purchase (all patients with a baseline 
PSE submission), while the latter method effectively restricts the dominator to those patients 
who submitted additional PSE symptom data following their baseline submission and within 4 
months of their first purchase. Therefore, the former method allows for a more conservative 
estimation of symptom benefit. In the text of this report, we present results using the former, 
more conservative estimate of benefit. Those who made no additional purchases after their 
first purchase may have discontinued use because of lack of effectiveness, though they may 
have discontinued use for other reasons as well (i.e., medical cannabis cost, side effects, etc.).  

Since Question 1 examines symptom improvement within 4 months of their first medical 
cannabis purchase, patients who had not been enrolled in the program for at least 4 months 
since their first medical cannabis purchase were not included in the analysis. When PSE data 
were extracted in late December 2016, 1512 patients from the first year cohort (91.1% of the 
1st year cohort) had been enrolled for at least 4 months since their first medical cannabis 
purchase—results on the standard 8 symptom measures are reported on this cohort subset.  

Question 2 was addressed by observing all symptom responses in the four months following the 
time point when the patient first achieved ≥30% symptom improvement. For each patient, all 
symptom responses identified during those follow-up four months were averaged together. 
Patients who, on average, still maintained at least a 30% symptom improvement from baseline 
were identified as those showing persistence in their symptom benefits. 

For Question 3, products that were purchased just prior to each patient’s initial ≥30% symptom 
improvement were identified and categorized by their THC/CBD ratio and intended route of 
administration (ROA). See Box 6.2 for definitions of these categories. 
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Box 6.2. Categories to describe medical cannabis products purchased by patients. 

 

Overall Results on Standard 8 Symptom Measures 

Data on the Standard 8 symptom measures were first analyzed across all patients regardless of 
their qualifying condition(s) and are displayed in Table 6.14 (n = 1512). The third and fourth 
column respectively display the number and percentage of patients (out of 1512 patients) 
experiencing moderate to severe symptoms at baseline (baseline response ≥ 4) on a given 
Standard 8 measure. With the exception of vomiting, the responses from patients indicated a 
high degree of burden on all symptom measures at baseline (~60-90% patients indicated 
moderate to severe symptoms).  

The fifth column in Table 6.14 shows the percentage and number of patients (out of those 
reporting at moderate to severe levels at baseline) who had achieved at least a 30% symptom 
improvement at any time within 4 months of their first medical cannabis purchase. Anywhere 
from 36% to 60% of patients reported achieving at least a 30% improvement in symptoms 
within 4 months of their first medical cannabis purchase. Improvements in pain and fatigue 
were the least likely to reach ≥30% improvement in patients (respectively at 36.3% and 40.2%), 
with the greatest proportion of patients reaching ≥30% improvement in nausea (55.6%), 
depression (56.8%), and vomiting (60.2%). 

The number of patients who had symptom data in the 4-month period following their initial 
≥30% symptom improvement are listed in the sixth column in Table 6.14. All symptom 
responses during this time period were averaged together within each patient. The seventh 
column shows the percentage and number of patients who had achieved ≥30% symptom 
improvement that had – on average – maintained at least that level of improvement in the 4-

Medical Cannabis Products Categorized by THC:CBD Content Ratio: 

 Very High THC to CBD = 100:1 or higher 

 High THC to CBD = >4:1 up to 99:1 

 Balanced = 1:1 up to 4:1 

 High CBD to THC = ≥1:1 up to 99:1 

 Very High CBD to THC = 100:1 or higher 

 
Product Routes of Administration (ROA): 

 Enteral: for absorption through the gastrointestinal tract (includes capsules and oral solutions to 
swallow). 

 Inhalation: for absorption through the lungs (includes products for vaporization) 

 Oromucosal: for absorption through the oral mucosa (includes sublingual sprays and tinctures to 
hold in the mouth) 
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month follow-up period. Roughly a half to two-thirds of the patients who achieved at least 30% 
symptom improvement had maintained it in the following 4 months. Lastly, the right-most 
column shows the percentage of all patients who both achieved and maintained at least a 30% 
symptom improvement in the 4-month follow-up period. For the majority of all symptoms, 
roughly a third of all patients experiencing moderate to severe symptoms will both achieve and 
maintain at least a 30% improvement in symptoms for at least 4 months. 

For a more detailed look on overall results from the eight standard symptom measures, please 
refer to Appendix D: Symptom Results from the Patient Self-Evaluation. This Appendix shows 
the following for each Standard 8 measure: 1) a figure showing the distribution of patient 
responses at baseline, 2) a figure showing the cumulative percentage of patients achieving at 
least 30% symptom improvement at 2 weeks, 1 month, 2 months, 3 months, and 4 months (the 
denominator is different between the orange and blue bars; orange bars include all moderate 
to severe scoring patients at baseline while blue bars restrict analyses to only those patients 
who submitted data by the time point indicated on the x-axis), and 3) a figure showing the 
frequency distribution of patients by the average symptom change (%) each patient 
experienced in the 4-month follow-up period since they initially achieved ≥30% symptom 
reduction.
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Table 6.14. Overall standard 8 symptom results. 

 

 

 

 

Condition

Standard 8 

Symptom 

Measure

# of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients Achieving 

≥30% Symptom 

Improvement within 4 

months of First Purchase 

out of all Moderate to 

Severe Baseline Scorers 

(n)

# of Patients with 

Data in 4-mo 

Period Following 

Initial ≥30% 

Symptom 

Improvement

% of Patients Who 

Achieved ≥30% 

Symptom 

Improvement that 

Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved ≥30% Symptom 

Improvement and Retained 

that Degree of 

Improvement for at Least 4 

months

Anxiety 1185 78.4 53.8 (638) 460 53.1 (339) 28.6

Appetite Lack 963 63.7 53.7 (517) 383 57.1 (295) 30.6

Depression 1000 66.1 56.8 (568) 419 56.7 (322) 32.2

Disturbed Sleep 1323 87.5 50.3 (665) 519 52.0 (346) 26.2

Fatigue 1381 91.3 40.2 (555) 415 48.6 (270) 19.6

Nausea 864 57.1 55.6 (480) 362 59.2 (284) 32.9

Pain 1312 86.8 36.3 (476) 329 45.0 (214) 16.3

Vomiting 480 31.7 60.2 (289) 213 57.8 (167) 34.8

All Patients - 

Collapsed 

Across 

Conditions 

(n = 1512)
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Results on Standard 8 Symptom Measures Stratified by Qualifying Condition 

Data on the Standard 8 symptom measures were also analyzed separately by qualifying 
condition. Results are presented in Table 6.15 below. The first column indicates the qualifying 
condition and the total number of patients who had been enrolled in the program for at least 4 
months since their first medical cannabis purchase. For some conditions, results are further 
broken down by condition subcategories (i.e., breakdown cancer patients based on whether 
their certifying condition was accompanied by pain, nausea/vomiting, etc.); condition 
subcategories are preceded by a star (*)). The third and fourth columns in Table 6.15 indicate 
the number and percentage of patients who experienced moderate to severe symptoms (score 
≥4) at baseline for each symptom.  

The fifth column in Table 6.15 indicates the percentage and number of patients (out of those 
reporting at moderate to severe levels at baseline) that had achieved at least a 30% symptom 
improvement at any time within 4 months of their first medical cannabis purchase. The number 
of patients who had symptom data in the 4-month period following their initial ≥30% symptom 
improvement are listed in the sixth column in Table 6.15. All symptom responses submitted 
during this time period were averaged together within each patient. The seventh column shows 
the percentage and number of patients that had achieved at least a 30% symptom 
improvement that had subsequently maintained it, on average, for at least 4 months. Lastly, the 
right-most column shows the percentage of all patients that had both achieved and maintained 
at least a 30% symptom improvement for at least 4 months. 

Results generally show a high degree of burden for these eight symptoms at baseline. The 
instances where symptom severity is noticeably lower tend to be as expected; for example, 
nausea and vomiting in patients with Tourette syndrome and in patients with glaucoma. Among 
baseline responses to the eight symptom measures, those with the highest proportion rated as 
moderate to severe (score ≥4) include fatigue, disturbed sleep, pain, and anxiety. For each of 
the medical conditions, a substantial proportion of patients achieved ≥30% reduction in most of 
the eight symptoms. Improvement was generally a bit higher in patients with seizures and with 
Tourette Syndrome and a bit lower in patients with cancer. Overall, a smaller proportion of 
patients achieved ≥30% reduction of pain and fatigue and a higher proportion of patients 
achieved ≥30% improvement in appetite and reduction in vomiting. For each medical condition, 
roughly half to three-quarters of the patients who experienced a ≥30% reduction in a particular 
symptom within the first four months maintained that level of improvement over the following 
four months.  
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Table 6.15. Standard 8 symptom results stratified by qualifying condition.  

 

Condition

Standard 8 

Symptom 

Measure

# of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Achieving ≥30 

Symptom 

Improvement within 4 

months of First 

Purchase (n)

# of Patients with 

Data in 4-mo Period 

Following Initial 

≥30% Symptom 

Improvement

% of Patients Who 

Achieved ≥30% 

Symptom Improvement 

that Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved ≥30% 

Symptom Improvement 

and Retained that 

Degree of Improvement 

for at Least 4 months

Anxiety 553 82.9 54.8 (303) 250 60.7 (184) 33.3

Appetite Lack 407 61.0 58.2 (237) 198 65.0 (154) 37.8

Depress ion 471 70.6 58.0 (273) 227 63.0 (172) 36.5

Disturbed Sleep 604 90.6 49.7 (300) 265 61.7 (185) 30.6

Fatigue 624 93.6 42.0 (262) 227 55.3 (145) 23.2

Nausea 366 54.9 63.1 (231) 195 65.4 (151) 41.3

Pain 640 96.0 33.8 (216) 188 51.4 (111) 17.3

Vomiting 192 28.8 65.1 (125) 103 66.4 (83) 43.2

Anxiety 309 76.3 45.0 (139) 112 56.1 (78) 25.2

Appetite Lack 321 79.3 39.3 (126) 102 57.1 (72) 22.4

Depress ion 274 67.7 48.5 (133) 101 55.6 (74) 27.0

Disturbed Sleep 355 87.7 42.0 (149) 122 47.0 (70) 19.7

Fatigue 384 94.8 25.3 (97) 83 41.2 (40) 10.4

Nausea 283 69.9 38.2 (108) 85 60.2 (65) 23.0

Pain 356 87.9 28.9 (103) 80 40.8 (42) 11.8

Vomiting 168 41.5 47.6 (80) 64 57.5 (46) 27.4

        *Cancer: Pa in (n = 285) Pain 268 94.0 31.0 (83) 64 41.0 (34) 12.7

Appetite Lack 200 85.1 41.0 (82) 66 57.3 (47) 23.5

Nausea 184 78.3 34.8 (64) 49 54.7 (35) 19.0

Vomiting 113 48.1 44.2 (50) 39 52.0 (26) 23.0

        *Cancer: Cachexia/Wasting (n = 147) Appetite Lack 124 84.4 38.7 (48) 39 58.3 (28) 22.6

Anxiety 202 67.6 67.3 (136) 120 71.3 (97) 48.0

Appetite Lack 145 48.5 76.6 (111) 97 73.9 (82) 56.6

Depress ion 158 52.8 73.4 (116) 101 74.1 (86) 54.4

Disturbed Sleep 242 80.9 69.0 (167) 155 63.5 (106) 43.8

Fatigue 246 82.3 61.8 (152) 143 64.5 (98) 39.8

Nausea 138 46.2 72.5 (100) 93 79.0 (79) 57.2

Pain 190 63.5 60.0 (114) 106 69.3 (79) 41.6

Vomiting 90 30.1 80.0 (72) 66 79.2 (57) 63.3

        *Cancer: Nausea/Vomiting (n = 235)

Muscle Spasms (n = 667)

Cancer (n = 405)

Seizures  (n = 299)
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Table 6.15 Continued. Standard 8 symptom measures. 

 

Condition

Standard 8 

Symptom 

Measure

# of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Achieving ≥30 

Symptom 

Improvement within 4 

months of First 

Purchase (n)

# of Patients with 

Data in 4-mo Period 

Following Initial 

≥30% Symptom 

Improvement

% of Patients Who 

Achieved ≥30% 

Symptom Improvement 

that Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved ≥30% 

Symptom Improvement 

and Retained that 

Degree of Improvement 

for at Least 4 months

Anxiety 87 85.3 57.5 (50) 43 54.0 (27) 31.0

Appetite Lack 80 78.4 53.8 (43) 37 58.1 (25) 31.3

Depress ion 68 66.7 51.5 (35) 31 65.7 (23) 33.8

Disturbed Sleep 89 87.3 42.7 (38) 37 65.8 (25) 28.1

Fatigue 96 94.1 36.5 (35) 31 48.6 (17) 17.7

Nausea 72 70.6 65.3 (47) 31 59.6 (28) 38.9

Pain 97 95.1 41.2 (40) 32 47.5 (19) 19.6

Vomiting 31 30.4 54.8 (17) 16 82.4 (14) 45.2

Anxiety 60 74.1 51.7 (31) 28 58.1 (18) 30.0

Appetite Lack 64 79.0 37.5 (24) 19 45.8 (11) 17.2

Depress ion 54 66.7 48.1 (26) 22 61.5 (16) 29.6

Disturbed Sleep 65 80.2 44.6 (29) 28 55.2 (16) 24.6

Fatigue 76 93.8 21.1 (16) 14 37.5 (6) 7.9

Nausea 56 69.1 44.6 (25) 23 64.0 (16) 28.6

Pain 72 88.9 19.4 (14) 11 50.0 (7) 9.7

Vomiting 35 43.2 57.1 (20) 18 50.0 (10) 28.6

        *Terminal  I l lness : Pa in (n = 57) Pain 54 94.7 20.4 (11) 8 45.5 (5) 9.3

Appetite Lack 31 86.1 41.9 (13) 11 61.5 (8) 25.8

Nausea 28 77.8 35.7 (10) 10 70.0 (7) 25.0

Vomiting 18 50.0 50.0 (9) 8 44.4 (4) 22.2

        *Terminal  I l lness : Cachexia/Wasting (n 

= 29) Appetite Lack 23 79.3 43.5 (10) 9 60.0 (6) 26.1

Anxiety 44 91.7 50.0 (22) 20 68.2 (15) 34.1

Appetite Lack 39 81.3 48.7 (19) 17 63.2 (12) 30.8

Depress ion 34 70.8 47.1 (16) 15 75.0 (12) 35.3

Disturbed Sleep 44 91.7 50.0 (22) 18 50.0 (11) 25.0

Fatigue 41 85.4 46.3 (19) 15 47.4 (9) 22.0

Nausea 33 68.8 60.6 (20) 17 65.0 (13) 39.4

Pain 45 93.8 40.0 (18) 14 50.0 (9) 20.0

Vomiting 20 41.7 50.0 (10) 9 80.0 (8) 40.0

        *Terminal  I l lness : Nausea/Vomiting (n 

= 36)

HIV/AIDS (n = 48)

Crohn's  Disease (n = 102)

Terminal  I l lness  (n = 81)
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Table 6.15 Continued. Standard 8 symptom measures. 

 

 

Condition

Standard 8 

Symptom 

Measure

# of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Reporting at 

Moderate to 

Severe Levels 

at Baseline

% of Patients 

Achieving ≥30 

Symptom 

Improvement within 4 

months of First 

Purchase (n)

# of Patients with 

Data in 4-mo Period 

Following Initial 

≥30% Symptom 

Improvement

% of Patients Who 

Achieved ≥30% 

Symptom Improvement 

that Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved ≥30% 

Symptom Improvement 

and Retained that 

Degree of Improvement 

for at Least 4 months

Anxiety 26 92.9 69.2 (18) 17 72.2 (13) 50.0

Appetite Lack 8 28.6 50.0 (4) 3 75.0 (3) 37.5

Depress ion 20 71.4 75.0 (15) 14 86.7 (13) 65.0

Disturbed Sleep 21 75.0 76.2 (16) 16 75.0 (12) 57.1

Fatigue 21 75.0 66.7 (14) 13 50.0 (7) 33.3

Nausea 5 17.9 100.0 (5) 5 80.0 (4) 80.0

Pain 17 60.7 64.7 (11) 11 90.9 (10) 58.8

Vomiting 1 3.6 100.0 (1) 1 100.0 (1) 100.0

Anxiety 14 66.7 42.9 (6) 6 50.0 (3) 21.4

Appetite Lack 7 33.3 85.7 (6) 5 66.7 (4) 57.1

Depress ion 14 66.7 85.7 (12) 11 58.3 (7) 50.0

Disturbed Sleep 18 85.7 61.1 (11) 10 54.5 (6) 33.3

Fatigue 19 90.5 42.1 (8) 7 37.5 (3) 15.8

Nausea 6 28.6 16.7 (1) 1 100.0 (1) 16.7

Pain 18 85.7 33.3 (6) 6 50.0 (3) 16.7

Vomiting 1 4.8 0.0 (0) 0 -- (0) 0.0

Anxiety 17 81.0 52.9 (9) 7 55.6 (5) 29.4

Appetite Lack 8 38.1 87.5 (7) 5 57.1 (4) 50.0

Depress ion 15 71.4 40.0 (6) 5 50.0 (3) 20.0

Disturbed Sleep 18 85.7 33.3 (6) 6 83.3 (5) 27.8

Fatigue 20 95.2 35.0 (7) 7 71.4 (5) 25.0

Nausea 9 42.9 55.6 (5) 4 80.0 (4) 44.4

Pain 17 81.0 47.1 (8) 7 25.0 (2) 11.8

Vomiting 2 9.5 50.0 (1) 1 100.0 (1) 50.0

Tourette Syndrome (n = 28)

Glaucoma (n = 21)

ALS (n = 21)
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Appendix D: Symptom Results from the Patient Self-Evaluation shows the following for each 
Standard 8 measure stratified by qualifying medical condition: 1) a figure showing the 
distribution of patient responses at baseline, 2) a figure showing the cumulative percentage of 
patients achieving at least 30% symptom improvement at 2 weeks, 1 month, 2 months, 3 
months, and 4 months (the denominator is different between the orange and blue bars; orange 
bars include all moderate to severe scoring patients at baseline while blue bars restrict analyses 
to only those patients who submitted data by the time point indicated on the x-axis), 3) a figure 
showing the frequency distribution of patients by the average symptom change (%) each 
patient experienced in the 4-month follow-up period since they initially achieved ≥30% 
symptom reduction, and 4) a table of medical cannabis products patients purchased just prior 
to achieving ≥30% symptom improvement for the first time, along with the average daily THC 
and CBD dose taken by patients. 

Medical cannabis products that were purchased just prior to the initial 30% symptom 
improvement are discussed only briefly in this section (Question 3), and the reader is 
encouraged to see Appendix D: Symptom Results from the Patient Self-Evaluation for the full 
table of results. Here, only a few results regarding medical cannabis purchases are discussed as 
examples—some in relation to improvements on a particular Standard 8 measure, and others in 
relation to a particular condition-specific symptom measure.  

Table 6.16 below shows the most common medical cannabis products that were purchased by 
cancer patients just prior to achieving the initial 30% reduction in nausea symptoms. The 
second column from the right indicates the number of patients who purchased specific 
products just prior to that initial symptom reduction (products purchased indicated by “X”s). 
The table also shows the average daily amount of THC and CBD (mg) patients consumed (right-
most column), which was derived from manufacturer-supplied product information and 
pharmacist-entered calculations of how long the purchased supply would last. Very High 
THC:CBD vaporization products were purchased most frequently (n = 20), followed by a 
combination of Very High THC:CBD enteral products and Very High THC:CBD vaporization 
products (n = 12). See Appendix D: Symptom Results from the Patient Self-Evaluation for full 
results. 

Table 6.16. Top 5 medical cannabis product(s) purchased by cancer patients just prior to 
achieving the initial 30% reduction in the Standard 8 nausea measure.  

 

 

Very 

High 

THC to 

CBD

High 

THC to 

CBD Balanced

High 

CBD to 

THC

Very 

High 

CBD to 

THC

Very 

High 

THC to 

CBD

High 

THC to 

CBD Balanced

High 

CBD to 

THC

Very 

High 

CBD to 

THC

Very 

High 

THC to 

CBD

High 

THC to 

CBD Balanced

High 

CBD to 

THC

Very 

High 

CBD to 

THC

% of 

Patients out 

of 109 (n)

Avg Daily THC Use (mg) / Avg 

Daily CBD Use (mg)

X 18.3 (20) 55.9 mg/0.4 mg

X X 11.0 (12) 71.6 mg/0.5 mg

X 8.3 (9) 86.3 mg/0.4 mg

X 6.4 (7) 135.5 mg/83.2 mg

X X X 4.6 (5) 61.4 mg/15.6 mg

Enteral Inhalation Oromucosal
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Table 6.17 below shows the most common medical cannabis products that were purchased by 
terminal illness patients just prior to achieving the initial 30% reduction in nausea symptoms. 
The most frequently purchased products were a combination of both Very High THC:CBD 
products for oral administration and vaporization (n = 3), followed by Balanced THC:CBD 
products for inhalation only (n = 3). See Appendix D: Symptom Results from the Patient Self-
Evaluation for full results. 

Table 6.17. Top 7 medical cannabis product(s) purchased by terminal illness patients just prior 
to achieving the initial 30% reduction in the Standard 8 nausea measure.  

 

 

Table 6.18 below shows the most common medical cannabis products purchased by HIV/AIDS 
patients just prior to their initial 30% reduction in pain symptoms. Balanced THC:CBD products 
were purchased most frequently (n = 6), followed by Very High THC:CBD products for inhalation 
(n = 3). See Appendix D: Symptom Results from the Patient Self-Evaluation for full results. 

Table 6.18. Top 4 medical cannabis product(s) purchased by HIV/AIDS patients just prior to 
achieving the initial 30% reduction in the Standard 8 pain measure.  

 

 

Condition-Specific Symptom Measures 

In addition to the Standard 8 measures, some patients received additional symptom questions 
on the PSE to more adequately address condition-specific symptoms. These include, among 
others, questions on seizure frequency for seizure patients, questions on spasm frequency for 
muscle spasm and ALS patients, and Crohn’s activity in Crohn’s patients. While patients 
received the same response options on the Standard 8 measures (respond from 1-10 on a 
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numerical rating scale), response options for condition-specific measures varied and will be 
described in this section. All condition-specific measures were investigated within the same 
framework as the Standard 8 measures: 1) what percentage of patients achieved symptom 
improvement within the four months since their first medical cannabis purchase compared to 
their baseline responses, 2) what percentage of those achieving symptom improvement 
showed general persistence in the 4-month follow-up period, and 3) what medical cannabis 
products were purchased just prior to the patient reporting initial symptom improvements. A 
summary of results are similarly presented in a table like those presented for the Standard 8 
measures (see Table 6.19 below). 

The first column in Table 6.19 lists each condition that received additional symptom questions 
beyond the Standard 8. The second column briefly indicates the nature of these additional 
condition-specific symptom measures, with the number of patients included in the analysis at 
baseline indicated in the third column (baseline, meaning patients who provided data and met 
criteria on these measures at the beginning of the program – prior to purchasing any medical 
cannabis). The fourth column indicates the percentage and number of patients achieving a 
specified threshold of symptom improvement within four months of purchasing their first 
medical cannabis (denominator is patients included in the analysis at baseline). The threshold 
to determine symptom improvement for these analyses are subsequently described below, 
found in the descriptive section for each condition. The number of patients who had symptom 
data in the 4-month period following their initial symptom improvement are listed in the fifth 
column in Table 6.19. All symptom responses during this time period were averaged together 
within each patient. The sixth column indicates the percentage and number of patients who 
had achieved symptom improvement that subsequently still maintained that improvement for 
at least 4 months. Lastly, the right-most column shows the percentage of all patients who both 
achieved and maintained symptom improvements for at least 4 months. A more detailed 
discussion of these condition-specific results will follow Table 6.19.
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Table 6.19. Condition-Specific Measures.  

 

 

Condition

Condition-Specific Symptom 

Measure

# of Patients 

Included in 

Analysis 

% of Patients 

Achieving Threshold 

Symptom 

Improvement within 4 

months of First 

Purchase (n)

# of Patients with 

Data in 4-mo Period 

Following Initial 

Threshold Symptom 

Improvement

% of Patients Who 

Achieved Threshold 

Symptom Improvement 

that Maintained it for at 

Least 4 months (n)

% of Patients that Both 

Achieved Threshold 

Symptom Improvement 

and Retained that Degree 

of Improvement for at 

Least 4 months

Weekly Spasms Frequency 629 48.0 (302) 225 57.6 (174) 27.6

0-10 Spastici ty Sca le 618 36.4 (225) 197 47.1 (106) 17.2

Chemo-Induced Nausea 147 37.4 (55) 29 34.5 (19) 12.9

Chemo-Induced Vomiting 77 41.6 (32) 20 56.3 (18) 23.4

Cancer: Cachexia/Wasting Weight 147 13.6 (20) 15 45.0 (9) 6.1

Seizures Weekly Seizure Frequency 262 68.3 (179) 150 70.9 (127) 48.5

# Liquid Stools 41 51.2 (21) 17 57.1 (12) 29.3

Abdominal  Pa in 73 53.4 (39) 29 35.9 (14) 19.2

General  Wel l -Being 15 46.7 (7) 5 28.6 (2) 13.3

Measures  Combined 102 51.0 (52) 41 42.3 (22) 21.6

Weight 102 20.6 (21) 18 57.1 (12) 11.8

Terminal  I l lness : Cachexia/Wasting Weight 29 20.7 (6) 5 50.0 (3) 10.3

HIV/AIDS Weight 48 14.6 (7) 3 42.9 (3) 6.3

Tourette Syndrome Weekly Tic Frequency 28 60.7 (17) 15 76.5 (13) 46.4

Weekly Spasms Frequency 18 33.3 (6) 4 66.7 (4) 22.2

0-10 Spastici ty Sca le 15 20.0 (3) 3 100.0 (3) 20.0ALS

Muscle Spasms 

Cancer: Nausea/Vomiting

Crohn's  Disease
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Severe and Persistent Muscle Spasms 

Patients with muscle spasms were given two questions to assess the severity of their muscle 
spasms. First, patients were given the option to respond to the number of muscle spasms they 
experienced the day before or the number of muscle spasms they experienced within the last 
week. These allowed for the calculation of weekly spasm frequency. Secondly, patients were 
asked to rate the severity of their muscle spasms on a 0-10 numerical rating scale (NRS), with 0 
indicating absence of spasms to 10 indicating spasticity being as bad as the patient could 
imagine. For the analysis in Table 6.19 above, responses to the 0-10 spasticity measure were 
restricted to patients experiencing moderate to severe spasticity at baseline (score of 4 or 
higher), while all patients responding to the weekly spasms frequency question were included 
in the analysis. In the analysis of both measures, symptom improvement was defined as 
achieving at least a 30% reduction in symptoms (30% decrease in weekly spasm frequency; 30% 
decrease on the 0-10 NRS spasticity measure) compared to baseline. 

Weekly spasm frequency was reduced by ≥30% in nearly half (48.0%) of the muscle spasm 
patients. Among patients who achieved ≥30% reduction, 58% (27.6% of patients included in 
analysis at baseline) retained that level of improvement over the next four months. 

Severity of muscle spasticity was reduced by ≥30% for 36.4% of the patients with moderate to 
severe muscle spasticity at baseline. Among patients who achieved ≥30% reduction, 47% 
(17.2% of patients included in analysis at baseline) retained that level of improvement over the 
next four months.  

Table 6.20 below shows the top 5 medical cannabis product types that were purchased by 
muscle spasm patients just prior to achieving ≥30% weekly spasm reduction for the first time, 
including the number of patients who purchased those specific product types (second column 
from right). It also shows the average daily amount of THC and CBD (mg) patients consumed 
(right-most column), which was derived from manufacturer-derived product information and 
pharmacist-entered calculations of how long the purchased supply would last.  Full purchasing 
details are in Appendix D: Symptom Results from the Patient Self-Evaluation. The most 
frequently purchased product types preceding the initial symptom improvement were a 
combination of Balanced THC:CBD products for oral administration and Balanced THC:CBD 
products for vaporization (n = 34), followed by Very High THC:CBD products for vaporization (n 
= 30).
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Table 6.20. Top 5 medical cannabis product types purchased by muscle spasm patients just prior to achieving ≥30% reduction in weekly 
spasms. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column 

from right). 
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Cancer: Nausea and Vomiting 

Patients certified for cancer accompanied by severe and persistent nausea or vomiting were 
asked to assess the severity of chemotherapy-induced nausea and vomiting on a 0-10 numerical 
rating scale. Patients who experienced chemotherapy-induced nausea and vomiting at 
moderate to severe levels at baseline (score of 4 or higher) were included in the analysis in 
Table 6.19, with symptom improvement being defined as achieving at least a 30% improvement 
in symptoms (30% decrease on the 0-10 nausea/vomiting NRS) compared to baseline. 

Severity of chemotherapy-induced nausea was reduced by ≥30% for 37.4% of the patients with 
moderate to severe chemotherapy-induced nausea at baseline. Among the patients who 
achieved ≥30% reduction, 35% (12.9% of patients included in analysis at baseline) retained that 
level of improvement over the next four months. 

Severity of chemotherapy-induced vomiting was reduced by ≥30% for 41.6% of the patients 
with moderate to severe chemotherapy-induced vomiting at baseline. Among the patients who 
achieved ≥30% reduction, 56% (23.4% of patients included in analysis at baseline) retained that 
level of improvement over the next four months. 

 

Cancer: Cachexia and Severe Wasting 

Body weights were analyzed for patients certified for cancer accompanied by cachexia and/or 
severe wasting. Symptom improvement was defined as achieving at least a 3% increase in body 
weight compared to baseline weight. 

An increase of at least 3% in body weight was reported by 13.6% of patients. Among the 
patients who achieved ≥3% increase in body weight, 45% (6.1% of patients included in analysis 
at baseline) retained that increase over the next four months. 

 

Seizures 

Patients with seizures were given two questions to assess the severity of their seizures. First, 
patients were given the option to respond to the number of seizures they experienced the day 
before or the number of seizures they experienced within the last week. These allowed for the 
calculation of weekly spasm frequency. Table 6.19 shows results from the weekly seizure 
frequency measure, with symptom improvement defined as achieving at least a 30% 
improvement in symptoms (30% decrease in weekly seizure frequency) compared to baseline. 

Weekly seizure frequency was reduced by ≥30% in 68.3% of the seizure patients. Among 
patients who achieved ≥30% reduction, 71% (48.5% of patients included in analysis at baseline) 
retained that level of improvement over the next four months.  
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Table 6.21 below shows the top 5 medical cannabis product types that were purchased by 
seizure patients just prior to achieving ≥30% symptom improvement for the first time, including 
the number of patients who purchased those specific product types (second column from 
right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-
most column), which was derived from manufacturer-derived product information and 
pharmacist-entered calculations of how long the purchased supply would last. Full purchasing 
details are in Appendix D: Symptom Results from the Patient Self-Evaluation. The most 
frequently purchased product types preceding the initial symptom improvement were skewed 
towards relatively high CBD:THC products, with preference for oral administration of these 
products.
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Table 6.21. Top 5 medical cannabis product types purchased by seizure patients just prior to achieving ≥30% reduction in weekly 
seizures. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column 

from right). 

 

Very 

High 

THC to 

CBD Balanced

High 

CBD to 

THC

Very 

High 

CBD to 

THC

Very 

High 

THC to 

CBD Balanced

High 

CBD to 

THC

Very 

High 

CBD to 

THC

Very 

High 

THC to 

CBD Balanced

High 

CBD to 

THC

Very 

High 

CBD to 

THC

% of 

Patients out 

of 178 (n)

Avg Daily THC Use (mg) / 

Avg Daily CBD Use (mg)

X 48.3 (86) 7.6 mg/159.5 mg

X 16.9 (30) 13.2 mg/407.4 mg

X X 4.5 (8) 56.0 mg/37.4 mg

X X 3.4 (6) 4.9 mg/282.5 mg

X 2.8 (5) 19.3 mg/15.9 mg

Enteral Inhalation Oromucosal



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

147 
 

Crohn’s Disease 

Three questions from the Harvey-Bradshaw Index (HBI), which measures Crohn’s disease 
activity, were included on the PSE for Crohn’s disease patients. These three questions 
addressed the following: 1) the number of liquid or soft stools experienced yesterday, 2) 
general well-being yesterday (response options: “Very well”, “Slightly below par”, “Poor”, “Very 
poor”, “Terrible”), and 3) abdominal pain yesterday (response options: “None”, “Mild”, 
“Moderate”, “Severe”). Responses to these three questions were summed into a combined 
score for each patient (combined according to HBI scoring guidelines) as well as analyzed 
separately in Table 6.19. The three questions were selected from the HBI because they were 
patient-reported measures (versus clinician assessments). The HBI has been validated, but since 
only three questions from the HBI were used, the clinical significance of these aggregate and 
individual scores is unclear. Lastly, body weight data submitted through the PSE were analyzed 
and included in Table 6.19. 

Patients who indicated they experienced five or more liquid/soft stools at baseline were 
included in the analysis, with symptom improvement defined as achieving at least a 30% 
reduction in liquid/soft stools. Patients who indicated their general well-being was “Very Poor” 
or “Terrible” at baseline were included in the well-being analysis, with symptom improvement 
defined as feeling “Slightly Below Par” or “Very Well”. Patients who indicated they experienced 
“Moderate” or “Severe” abdominal pains were included in the abdominal pain analysis, with 
symptom improvement defined as experiencing “Mild” to “No” abdominal pain. For the 
combined Crohn’s activity measure (combined score on the three HBI measures), symptom 
improvement was defined as those achieving at least a 30% symptom improvement (30% 
decrease in the combined score compared to baseline).  Lastly, body weight improvement was 
defined as a 3% increase in body weight. 

Number of liquid/soft stools per day decreased by ≥30% for 51.2% of patients with at least five 
liquid/soft stools per day at baseline. Among patients who achieved ≥30% reduction, 57% 
(29.3% of patients included in analysis at baseline) retained that level of improvement over the 
next four months. 

Severity of abdominal pain improved for 53.4% of patients with moderate or severe abdominal 
pain at baseline. Among patients who reported an improvement in abdominal pain, 36% (19.2% 
of patients included in analysis at baseline) retained that improvement over the next four 
months. 

General well-being improved for 46.7% of patients who described their baseline well-being as 
“Very Poor” or “Terrible” at baseline. Among patients who reported an improvement in general 
well-being, 29% (13.3% of patients included in analysis at baseline) retained that improvement 
over the next four months. 

On the combined Crohn’s activity measure (number of liquid/soft stools, abdominal pain, 
general well-being), 51.0% of Crohn’s Disease patients achieved ≥30% improvement. Among 



M I N N E S O T A  M E D I C A L  C A N N A B I S  P R O G R A M :  P A T I E N T  E X P E R I E N C E S  F R O M  T H E  F I R S T  
P R O G R A M  Y E A R  

148 

patients who achieved ≥30% reduction, 42% (21.6% of patients included in analysis at baseline) 
retained that level of improvement over the next four months. 

An increase of at least 3% in body weight was reported by 20.6% of patients. Among the 
patients who achieved ≥3% increase in body weight, 57% (11.8% of patients included in analysis 
at baseline) retained that increase over the next four months. 

 

Terminal Illness 

Body weight measures on the PSE were analyzed in patients certified for terminal illness: 
accompanied by cachexia or severe wasting. Symptom improvement was defined as a 3% 
increase in body weight from their baseline body weight. 

An increase of at least 3% in body weight was reported by 20.7% of patients. Among the 
patients who achieved ≥3% increase in body weight, 50% (10.3% of patients included in analysis 
at baseline) retained that increase over the next four months. 

 

HIV/AIDS 

Body weight measures on the PSE were analyzed in HIV/AIDS patients. Similar to all body 
weight measures of improvement discussed previously, symptom improvement was defined as 
a 3% increase in body weight compared to their baseline body weight. 

An increase of at least 3% in body weight was reported by 14.6% of patients. Among the 
patients who achieved ≥3% increase in body weight, 43% (6.3% of patients included in analysis 
at baseline) retained that increase over the next four months. 

 

Tourette Syndrome 

Patients with Tourette Syndrome were given two questions to assess the severity of their tics. 
First, patients were given the option to respond to the number of tics they experienced the day 
before or the number of tics they experienced within the last week. These allowed for the 
calculation of weekly tic frequency. For Table 6.19, weekly tic frequency was analyzed in all 
patients, with symptom improvement defined as a 30% improvement in symptoms (30% 
decrease in weekly tics compared to baseline). 

Weekly tic frequency was reduced by ≥30% in 60.7% of the Tourette Syndrome patients. Among 
patients who achieved ≥30% reduction, 76% (46.4% of patients included in analysis at baseline) 
retained that level of improvement over the next four months.  
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Table 6.22 below shows the top 4 medical cannabis product types that were purchased by 
Tourette patients just prior to achieving ≥30% symptom improvement for the first time, 
including the number of patients who purchased those specific product types (second column 
from right). It also shows the average daily amount of THC and CBD (mg) patients consumed 
(right-most column), which was derived from manufacturer-derived product information and 
pharmacist-entered calculations of how long the purchased supply would last.  Full purchasing 
details are in Appendix D: Symptom Results from the Patient Self-Evaluation. The most 
frequently purchased product types preceding the initial symptom improvement were Very 
High THC:CBD oromucosal products (4 patients) and a combination of Balanced THC:CBD oral 
products and Very High THC:CBD oral products (2 patients)  

Table 6.22. Top 4 medical cannabis product types purchased by Tourette patients just prior to 
achieving ≥30% reduction in weekly tics. Last column shows the average daily THC/CBD dose 

that was used by patients purchasing those product types (second column from right). 
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Intraocular pressure results were collected on the PSE from Glaucoma patients and are 
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Table 6.23. Intraocular pressure test results (left eye/right eye) from glaucoma patients (n = 21). Test results are noted by the month they 
occurred prior to or after the patients’ first medical cannabis purchase (“First Visit”). 

Patient 12-mo 11-mo 5-mo 4-mo 3-mo 2-mo 1-mo 1-mo 2-mo 3-mo 4-mo 5-mo 6-mo 7-mo 9-mo 10-mo 11-mo 13-mo

1 15 / 11 11 / 10 7 / 12

2 20 / 17 17 / 14 18 / 16

3 18 / 20 19 / 18 18 / 18 19 / 22 19 / 18

4 26 / 28 26 / 28 18 / 18 18 / 16

5 21 / 26

6 20 / 20 20 / 20

7 17 / 15

8 34 / 30 33 / 33 26 / 24

9 26 / 23 17 / 18

10 30 / 30

11 22 / 24 27 / 21 21 / 24

12 12 / 10 12 / 12

13 22 / 14 22 / 14

14 9 / 26 8 / 12

15 17 / 18 19 / 24

16 22 / 20 16 / 16 17 / 17 16 / 16 18 / 19

17 23 / 23 16 / 16 19 / 25 16 / 19 16 / 19 16 / 18

18 10 / 12 12 / 15

19 30 / 22 19 / 16 26 / 16

20 17 / 19 19 / 17 19 / 17

21 17 / 26 17 / 28 20 / 25 19 / 20 24 / 28

Before 1st Medical Cannabis Purchase First 

Visit

After 1st Medical Cannabis Purchase
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ALS 

Patients with ALS were given two questions to assess the severity of their muscle spasms. First, 
patients were given the option to respond to the number of spasms they experienced the day 
before or the number of spasms they experienced within the last week. These allowed for the 
calculation of weekly spasm frequency. Table 6.19 presents results on weekly spasm frequency 
and spasm severity (0-10 NRS). For the spasticity scale measure, patients who experienced 
moderate to severe spasms at baseline (scored 4 or higher) were included in the analysis, with 
symptom improvement defined as achieving at least a 30% symptom improvement (30% 
decrease on the 0-10 NRS compared to baseline). 

Weekly spasm frequency was reduced by ≥30% in 33.3% of the ALS patients. Among patients 
who achieved ≥30% reduction, 67% (22.2% of patients included in analysis at baseline) retained 
that level of improvement over the next four months.  

Severity of muscle spasticity was reduced by ≥30% for 20.0% of the ALS patients with moderate 
to severe muscle spasticity at baseline. Among the three patients who achieved ≥30% 
reduction, all three retained that level of improvement over the next four months (20.0% of 
patients included in analysis at baseline). 

Table 6.24 below shows the top 5 medical cannabis product types that were purchased by ALS 
patients just prior to achieving ≥30% weekly spasm reduction for the first time, including the 
number of patients who purchased those specific product types (second column from right). It 
also shows the average daily amount of THC and CBD (mg) patients consumed (right-most 
column), which was derived from manufacturer-derived product information and pharmacist-
entered calculations of how long the purchased supply would last.  Full purchasing details are in 
Appendix D: Symptom Results from the Patient Self-Evaluation. The most frequently purchased 
product types preceding the initial symptom improvement were skewed towards balanced 
THC:CBD products and relatively high THC:CBD products.
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Table 6.24. Top 5 medical cannabis product types purchased by ALS patients just prior to 
achieving ≥30% reduction in weekly spasms. Last column shows the average daily THC/CBD 
dose that was used by patients purchasing those product types (second column from right). 

 

 

Benefits Reported on the Patient Self-Evaluation: Conclusions 

Similar to survey results, the PSE also demonstrated improvements on symptoms in medical 
cannabis patients. Patients enrolling in the program initially report a high degree of symptom 
burden with anywhere from roughly 40-60% of patients reporting symptom improvements 
within the 4 month period following their first medical cannabis purchase. If patients 
experienced improvements in symptoms, roughly half to three-quarters of them maintained 
those levels of improvement in the 4-month period following their initial report of 
improvement. 

There are some limitations on the PSE to consider when interpreting results. Firstly, there is no 
symptom data on patients who decide over time not to purchase medical cannabis any longer 
(or for extended periods of time). As discussed earlier, patients must complete a PSE prior to 
each medical cannabis purchase. If a patient stops purchasing medical cannabis, there will be a 
parallel pause in symptom data to understand whether there may have been a lack of symptom 
improvements to halt purchases. This is the reason for presenting many analyses on symptom 
improvements in the context of the initial baseline patient pool – regardless of whether they 
provided any subsequent symptom data or not. This allows for more of a conservative estimate 
of symptom benefit over time. A second limitation on the PSE has to do with the patient’s 
approach and conscientiousness in completing the PSE—all symptom measures are self-
reported which involves cognitive resources and motivation for the patient to complete the 
surveys as accurately as possible. 
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7. Adverse Side Effects 

Summary 

This chapter provides insight into the frequency and severity of adverse (negative) side effects 
through three sources of information: the Patient Self-Evaluation completed by the patient 
prior to each medical cannabis purchase, patient and health care practitioner surveys, and 
adverse event reports to the two medical cannabis manufacturers. 

The three information sources tell a similar story. Around 20-25% of enrolled patients report 
negative physical or mental side effects of some kind, with the majority – around 60% - 
reporting only one and 90% reporting 3 or fewer unique side effects. The vast majority of 
adverse side effects, around 90%, are mild to moderate in severity.  An assessment of the 30 
patients reporting severe side effects, meaning “interrupts usual daily activities,” found no 
apparent pattern in patient age, medical condition, or type of medical cannabis product used. 
Results reported in this chapter are generally similar to those reported in published clinical 
trials of cannabis and cannabinoids, though with a somewhat lower frequency of occurrence 
reported in the program.  Fortunately, up to the present no serious adverse events (life 
threatening or requiring hospitalization) have been reported. 

Some limitations of the data should be mentioned. For example, when the patient completes a 
Patient Self-Evaluation and has it reviewed in consultation with pharmacist staff, the 
completeness and accuracy of reported side effects (on the Patient Self-Evaluation) ultimately 
depend on the attention and good communication of the patient. Perhaps a more significant 
risk for under-reporting through Patient Self-Evaluation data is the situation when a patient has 
an intolerable side effect and decides to make no more purchases of medical cannabis.  If the 
patient doesn’t go to a cannabis patient center for another purchase, the patient doesn’t fill out 
another Patient Self-Evaluation, so the side effect is not documented through this mechanism.  
From anecdotal report and survey responses, we know this does occur. However, inquiries 
made of patients who have discontinued medical cannabis purchasing suggests this does not 
happen often. Finally, a weakness of the survey data is that many responders did not complete 
the question on most significant negative effect and a substantial proportion who did indicated 
cost or access issues, rather than physical or mental side effects. Though physical or mental side 
effects were probably minor or not present if the respondent indicated cost or access issues as 
the most significant negative effect, we don’t know that for sure. We are unable to characterize 
most significant negative effect for those who did not submit a response a response.  

Though the limitations mentioned in the paragraph above no doubt undercount the frequency 
of physical and mental side effects to some degree, their impact does not seem likely to 
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significantly change the main conclusions of the analyses reported in this section: at this point, 
the safety profile of the medical cannabis products available through the Minnesota program 
seems quite favorable. 

 
Adverse Side Effects Reported on the Patient Self-Evaluation 

Patients have the opportunity to report adverse side effects they attribute to medical cannabis 
on the Patient Self-Evaluation (PSE). Patients must complete a PSE prior to each medical 
cannabis purchasing transaction. Therefore, the administration of the PSE is timed so that 
patients can reflect on their experience with the medication they purchased previously and 
report those experiences on the following patient self-evaluation. A pharmacist at one of the 
eight medical cannabis dispensaries can then review PSE-reported information, which includes 
an opportunity to discuss side effects with the patient prior to approving that patient for 
another medical cannabis purchase. When reporting side effects on the PSE, patients are able 
to choose side effects from a pre-made list of options or write in side effects that do not fit one 
of the listed options. In addition, 
patients also indicate the severity 
with which each side effect is 
experienced (see Box 7.1).  

Adverse side effects were 
examined within the 1st program 
year cohort (n = 1660). Patients 
who had made at least their first 
medical cannabis purchase were 
identified, and from these 
patients, all PSEs that were 
submitted within the four months following their first medical cannabis purchase were included 
in a dataset. This led to a total of 1502 patients (90.5% of the cohort) being represented. For 
the following analyses, each side effect was counted once for a given patient if it was reported 
multiple times. If a side effect was reported multiple times, the observation that was 
categorized at the highest severity level was included in the analyses for this report.  In cases 
where a patient opted to write in their side effects (rather than choosing from the pre-made list 
of options), their responses were assessed carefully for adjudication for coding purposes.  
Therefore – while not affecting a substantial number of side effect responses – it should be 
noted that one limitation for accurate coding is the patient’s ability to adequately articulate 
their experiences. 

Of the 1502 patients, 18.1% (n = 272) reported any adverse side effects within the four month 
period following their first medical cannabis purchase. Of those 272 patients reporting any 
adverse side effects, the majority reported only one (n = 164, 60.3%), with approximately 90% 
of them reporting three or fewer different, adverse side effects (Figure 7.1). 

Adverse Side Effect Severity: Definitions 

Mild: Symptoms do not interfere with daily activities 
Moderate: Symptoms may interfere with daily activities 
Severe: Symptoms interrupt usual daily activities 

Box 7.1. Definitions on severity provided to patients for 
adverse side effect reporting. 
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Figure 7.1. Distribution of patient counts by number of different, adverse side effects 
reported (out of 272 patients). 
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Figure 7.2 shows the percentage of patients reporting specific adverse side effects (Table 7.1 
below lists adverse side effects that were reported by less than 2% of all patients). Of all side 
effects reported, dry mouth and drowsiness/somnolence/sedation were the most commonly 
reported side effects among patients. Overall, the frequency distribution of unique side effects 
mirrors typical clinical trial data on side effects from cannabis/cannabinoid use (see “A Review 
of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying 
Medical Conditions” on the Office of Medical Cannabis website). 

Figure 7.2. The most commonly reported adverse side effects represented by the percentage 
of patients reporting them (out of 272 patients). 

 
 

.

http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/index.html
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Table 7.1. Adverse side effects that were reported by less than 2% of patients (out of 272 patients). 

Side Effect 
% of 
Patients (n)  Side Effect 

% of Patients 
(n) 

Asthenia (muscle weakness) 1.8% (5)  Change in quality of seizures 0.4% (1) 

Chest pain 1.8% (5)  Chest colds 0.4% (1) 

Confusion 1.8% (5)  Cognitive change 0.4% (1) 

Disorientation 1.5% (4)  Cramping with bowel movement 0.4% (1) 

Eye redness 1.5% (4)  Dysphoria (intense feeling of unease or unpleasantness) 0.4% (1) 

Lethargy 1.5% (4)  Exacerbation of lymphedema 0.4% (1) 

Blurred Vision 1.1% (3)  Eye muscle twitching 0.4% (1) 

Decreased muscle coordination/balance 1.1% (3)  Hives 0.4% (1) 

Increased agitation 1.1% (3)  Hyperactive bowel sounds 0.4% (1) 

Numbness 1.1% (3)  Hypomania 0.4% (1) 

Panic attack 1.1% (3)  Increase in mucus secretions 0.4% (1) 

Personality/mood change 1.1% (3)  Increased aggression 0.4% (1) 

Tinnitus (ringing perception in the ears) 1.1% (3)  Increased urine output 0.4% (1) 

"Stoned" feeling 0.7% (2)  Increased yelling 0.4% (1) 

Body stiffness 0.7% (2)  Mouth irritation/burning 0.4% (1) 

Coughing/lung irritation 0.7% (2)  Rash on face 0.4% (1) 

Decreased appetite 0.7% (2)  Repressed immune system 0.4% (1) 

Dry eyes 0.7% (2)  Sleep disturbance 0.4% (1) 

Feeling cold 0.7% (2)  Sneezing 0.4% (1) 

Increased seizures 0.7% (2)  Thrush 0.4% (1) 

Tremors 0.7% (2)  Urinary retention 0.4% (1) 

"Wired" feeling 0.4% (1)  Vomiting 0.4% (1) 

Bloating 0.4% (1)  Worsening acne 0.4% (1) 

Burping 0.4% (1)    
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The 272 patients reporting any adverse side effects submitted a combined total of 478 side 
effect responses within 4 months of their first medical cannabis purchase. When aggregating all 
side effect responses across patients, only 9.2% (44) of all responses were reported as severe 
(see Figure 7.3). 

Figure 7.3. Percentage of all reported, adverse side effect responses categorized by severity. 
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Table 7.2. Table shows the number of patients reporting the listed side effects along with the 
percentage of those respondents who indicated that the side effect was severe. 

Side Effect 

# of 
Patients 
Reporting 

% of Patients 
Reporting as 
Severe (n) 

Dry mouth 59 6.8% (4) 

Drowsiness/somnolence/sedation 58 5.2% (3) 

Fatigue 53 3.8% (2) 

Mental clouding/"foggy brain" 26 7.7% (2) 

Headache 23 4.3% (1) 

Dizziness 22 9.1% (2) 

Lightheadedness 20 0% (0) 

Nausea 18 11.1% (2) 

Anxiety 16 12.5% (2) 

Abdominal/epigastric pain 12 8.3% (1) 

Diarrhea 12 16.7% (2) 

Insomnia 12 8.3% (1) 

Euphoria (intense feeling of well-being or pleasure) 11 9.1% (1) 

Difficulty concentrating 10 20% (2) 

Impaired memory 10 10% (1) 

Constipation 7 14.3% (1) 

Tachycardia (rapid heart rate) 7 28.6% (2) 

Paranoia 6 16.7% (1) 

Sore throat 6 0% (0) 

Asthenia (muscle weakness) 5 60% (3) 

Chest pain 5 20% (1) 

Confusion 5 0% (0) 

Disorientation 4 0% (0) 

Eye redness 4 0% (0) 

Lethargy 4 50% (2) 

Blurred Vision 3 0% (0) 

Decreased muscle coordination/balance 3 33.3% (1) 

Increased agitation 3 0% (0) 

Numbness 3 33.3% (1) 

Panic attack 3 33.3% (1) 

Personality/mood change 3 0% (0) 

Tinnitus (ringing perception in the ears) 3 0% (0) 

"Stoned" feeling 2 50% (1) 

Body stiffness 2 0% (0) 
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Table 7.2 Continued. Table shows the number of patients reporting the listed side effects 
along with the percentage of those respondents who indicated that the side effect was 

severe. 

Side Effect 

# of 
Patients 
Reporting 

% of Patients 
Reporting as 
Severe (n) 

Coughing/lung irritation 2 0% (0) 

Decreased appetite 2 0% (0) 

Dry eyes 2 0% (0) 

Feeling cold 2 0% (0) 

Increased seizures 2 50% (1) 

Tremors 2 0% (0) 

"Wired" feeling 1 0% (0) 

Bloating 1 0% (0) 

Burping 1 0% (0) 

Change in quality of seizures 1 0% (0) 

Chest colds 1 0% (0) 

Cognitive change 1 0% (0) 

Cramping with bowel movement 1 0% (0) 

Dysphoria (intense feeling of unease or unpleasantness) 1 0% (0) 

Exacerbation of lymphedema 1 10% (1) 

Eye muscle twitching 1 0% (0) 

Hives 1 0% (0) 

Hyperactive bowel sounds 1 0% (0) 

Hypomania 1 0% (0) 

Increase in mucus secretions 1 100% (1) 

Increased aggression 1 100% (1) 

Increased urine output 1 0% (0) 

Increased yelling 1 0% (0) 

Mouth irritation/burning 1 0% (0) 

Rash on face 1 0% (0) 

Repressed immune system 1 0% (0) 

Sleep disturbance 1 0% (0) 

Sneezing 1 0% (0) 

Thrush 1 0% (0) 

Urinary retention 1 0% (0) 

Vomiting 1 0% (0) 

Worsening acne 1 0% (0) 
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The 44 severe side effect responses (9.2% of total side effect responses) were attributed to 30 
patients (11.0% of patients reporting any side effects). Patients experiencing severe side effects 
represent a wide range of ages, including children and elderly patients; 14 patients were male 
and 16 patients were female. Their age, gender, and certifying conditions generally matched 
the whole first year cohort. Half of patients reporting severe side effects were taking a form of 
balanced THC:CBD product (n=15); 10 patients were using a high CBD product, 9 patients were 
using a very high THC product and 4 patients were using a high THC product. Seven of 30 
patients (23%) were using a combination of products with varying THC:CBD ratios (the most 
common combination was very high THC products and 1:1 THC:CBD products); 9 patients used 
a combination of products with different routes of administration (the most common 
combination was enteral and inhaled). Refer to Table 7.3 for details on the patients reporting 
severe side effects, along with the product types that were purchased just prior to experiencing 
the severe side effect.  

PSE-Reported Adverse Side Effects: Conclusions 

Less than a quarter of patients from the cohort (~18%) reported adverse side effects within the 
first 4 months since purchasing their first medical cannabis products. Roughly 90% of those that 
do report any side effects report 3 or fewer unique side effects during that time period. Results 
also suggest that relatively few patients experience severe, adverse side effects, with less than 
10% of all responses (attributed to 30 patients) being categorized as severe.
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Table 7.3. Patients reporting “severe” side effects: patient age, gender, and condition, product types purchased at most recent visit, and 
type of side effect reported. 

Age Gender Condition(s) Very High THC 
Product(s) 

High THC 
Product(s) 

High CBD 
Product(s) 

1:1 THC:CBD 
Product(s) 

Severe Side Effect Reported 

55 M HIV/AIDS - - - Enteral Chest pain 

67 F Severe Muscle 
Spasms 

Inhaled - Enteral Enteral, 
Inhaled 

Dry mouth 

28 F Severe Muscle 
Spasms 

- - - Enteral, 
Inhaled 

Lethargy 

58 F Severe Muscle 
Spasms 

- - - Enteral, 
Inhaled 

Panic attack 

32 M Severe Muscle 
Spasms 

Inhaled - - Inhaled Asthenia (muscle weakness)                         
Lethargy                                                         
Tachycardia (rapid heart rate) 

32 M Severe Muscle 
Spasms 

Inhaled - - Inhaled "Stoned" feeling 

38 M Severe Muscle 
Spasms 

Inhaled - - Inhaled Insomnia 

52 F Severe Muscle 
Spasms 

- - - Enteral, 
Inhaled 

Asthenia (muscle weakness) 
Drowsiness/somnolence/sedation 

61 F Cancer - - Enteral Enteral Dry mouth 

36 M Seizures - - Enteral - Diarrhea 

41 M Cancer, Terminal 
Illness 

- Enteral, 
Inhaled 

- - Drowsiness/somnolence/sedation 

87 F Severe Muscle 
Spasms 

- Enteral, 
Oromucosal 

- - Diarrhea 

31 M Cancer Enteral, Inhaled - - - Nausea 

71 F Cancer Inhaled - - Enteral 
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Asthenia (muscle weakness)                    
Exacerbation of lymphedema 

26 F Terminal Illness Inhaled - - Enteral, 
Inhaled, 

Oromucosal 

Constipation                                                     
Difficulty concentrating 
Drowsiness/somnolence/sedation                       
Dry mouth                                                            
Mental clouding/"foggy brain" 

36 F Cancer - - - Enteral Headache 

33 M Crohn's Disease - - - Enteral Fatigue 

63 F Crohn's Disease - - - Enteral Dizziness 

82 M Cancer - - - Enteral Dizziness 

60 F Seizures - - Enteral - Anxiety 

32 M Seizures - - Enteral - Nausea 

48 M Seizures - - Enteral - Fatigue 

18 F Seizures - - Enteral - Increased seizures 

28 M Seizures - - Enteral - Anxiety                                                              
Paranoia 

5 M Severe Muscle 
Spasms, Seizures 

- - Enteral - Decreased muscle 
coordination/balance           Increased 
aggression 

10 F Seizures - - Oromucosal - Abdominal/epigastric pain                            
Increase in mucus secretions 

56 F Cancer, HIV/AIDS - Enteral - - Dry mouth                                                         
Euphoria (intense feeling of well-
being/pleasure) 

21 M Cancer - Inhaled - - Tachycardia (rapid heart rate) 

42 F Severe Muscle 
Spasms 

Inhaled - - - 
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Impaired memory                                            
Difficulty concentration                                            
Mental clouding/"foggy brain" 

45 F Severe Muscle 
Spasms 

Inhaled - - - Numbness 
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Adverse Side Effects Reported on Surveys 

Patient-Reported Negative Effects of Medical Cannabis 

For overall patient response rate to the survey three months after first purchase and 
comparison of responders and non-responders see the section with survey results in the 
Benefits chapter above. 

The Patient Experience survey asks respondents to report the degree, or severity, of any 
negative effects they believe the patient received from using medical cannabis, on a scale from 
1 (no negative effects) to 7 (a great deal of negative effects). The survey then asked the 
respondent to describe, in their own words, the most significant negative effect. Table 7.4 
shows the distribution of negative effects by severity score within three broad categories: 
physical side effects (including dry mouth, fatigue, headache, dizziness, blurred vision); mental 
side effects (including mental clouding, paranoia, sedation or symptoms related to “high”); and 
issues related to accessing the medications (distance to distribution center, inconvenient 
operating hours for distribution centers, etc.). Based on anticipated reports on the high cost of 
medication, patients were asked to report on the affordability of the medication separately. 
However, 53 (7%) patients included cost in their estimation of the most significant negative 
effects related to medical cannabis; these reports are excluded from Table 7.4 but included in 
Appendix E: Patient-Reported Negative Effects from Surveys. Finally, please see the chapter 
titled, “Affordability and Suggestions for Improvement” for patient perceptions of medication 
affordability.  

Of 792 completed patient surveys, 744 responses (94%) included a negative effects score and 
441 (56%) included a response regarding most important negative effect, including comments 
stating “no negative effect.” Of 744 negative effect scale responses, 452 (61%) reported a score 
of 1, or “no negative effect.” This includes 13 patients who, though they entered a score of 1, 
entered a narrative description of physical or mental side effects. A total of 195 responses (25% 
of all patient responses) reported physical or mental negative effects. These reports generally 
mirrored side effects reported in clinical trials of medical cannabis (see “A Review of Medical 
Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical 
Conditions” on the Office of Medical Cannabis website). Reports of the most severe negative 
effects were as follows: scores of 7 (great deal of negative effects) were associated with reports 
of allergic reaction (n=1), pain (n=1), severe diarrhea (n=1), change in mood/behavior (n=1) and 
decreased awareness of surroundings (n=1). Scores of 6 were associated with reported physical 
side effects of dizziness or related symptoms (n=3), severe diarrhea (n=1), stomach pain (n=1), 
burning sensation with sublingual product (n=1), sleeping problems (n=1) and worsening 
seizures (n=2), and mental side effects of crying and irritability (n=1). Scores of 5 which 
reported physical negative effects included drug interactions, increased seizure activity, allergic 
reaction, lightheadedness, fatigue, headaches, visual impairment, dry mouth, a report that the 

http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/index.html
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product “made me sick” and pain related to vaping (n=1 each). Scores of 5 which reported 
mental negative effects included reports of paranoia (n=2), inability to concentrate (n=1), and 
increased anxiety (n=1).   

Apart from physical or mental negative effects, some patients reported issues related to 
program access, including distance to the nearest cannabis patient center (n=13). Other 
negative effects (not included in Table 7.4) were reported including issues related to the 
program design (n=9), negative attitudes of others toward the patient’s use of medical cannabis 
(n=17) and fear of legal or employment-related consequences related to program participation 
(n=5). Finally, 16 reports of negative effects were related to lack of efficacy of the medicine in 
treating the patient’s condition. A full listing of patient-reported negative effect comments is 
available in Appendix E: Patient-Reported Negative Effects from Surveys. 

Table 7.4. Summary of most significant negative effects experienced by the patient, per 
patient reports. 

  

1: No 
Negative 

Effects 2 3 4 5 6 

7: Great 
Deal of 

Negative 
Effects Total 

Physical Side Effects 
10 (1%) 57 (7%) 15 (2%) 26 (3%) 10 (1%) 9 (1%) 3 (0%) 

130 
(16%) 

Mental Side Effects 
3 (0%) 18 (2%) 14 (2%) 19 (2%) 4 (1%) 1 (0%) 2 (0%) 

61 
(8%) 

Access-Related Issues 
4 (1%) 3 (1%) 1 (0%) 2 (0%) 1 (0%) 1 (0%) 1 (0%) 

13 
(2%) 

Note: Results are broken down by negative effect scale scores. Percentages are calculated based on the total number of patient 
survey responses received (n=792).  

 

HCP-Reported Negative Effects from Medical Cannabis 

Like the Patient Experience survey, the HCP survey asks respondents to report the degree, or 
severity, of any negative effects they believe the patient received from using medical cannabis, 
on a scale from 1 (no negative effects) to 7 (a great deal of negative effects). Table 7.5 shows 
the distribution of negative effects by severity score within three broad categories: physical 
side effects (including dry mouth, fatigue, headache, dizziness, blurred vision); mental side 
effects (including mental clouding, paranoia, sedation or symptoms related to “high”); and 
issues related to accessing the medications (long distance to distribution center, inconvenient 
operating hours for distribution centers, etc.).  

Of 251 total HCP survey responses, 200 responses (80%) included a negative effects score and 
107 responses (43%) included a description of any negative effect(s). Of 200 negative effect 
scale responses, 128 (64%) reported a score of 1, or “no negative effect.” This includes 6 HCP 
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reports which entered a narrative description of physical or mental side effects. There were 33 
HCP reports (13% of all HCP survey responses) of physical or mental negative effects resulting 
from medical cannabis treatment. As seen in the patient survey results, these generally 
mirrored side effects described in clinical trials (see “A Review of Medical Cannabis Studies 
relating to Chemical Compositions and Dosages for Qualifying Medical Conditions” on the Office 
of Medical Cannabis website). Healthcare providers describing negative effects with high scores 
reported the following: a score of 7 was associated with a report of “abdominal discomfort”; 
dizziness (n=1) and sedation (n=1) were reported with scores of 6; finally, constipation, lethargy 
and worsened seizure activity (n=1) and a report of “too strong per patient” (n=1) were 
associated with a score of 5.  Four HCP responses reported access-related issues as a negative 
effect. Additionally, 25 HCP reports (10% of all HCP survey responses) described cost as a 
negative effect related to medical cannabis (these reports are not included in Table 7.5). 

A full listing of all negative effect comments from HCPs can be found in Appendix F: Healthcare 
Practitioner-Reported Negative Effects from Surveys. 

 

Table 7.5. Summary of most significant negative effects experienced by the patient, per HCP 
reports. 

Negative Effects By 
Score  

(1-7 Scale) 

1  
(No 

Negative 
Effects) 

 

2 
 
 
 
 

3 
 
 
 
 

4 
 
 
 
 

5 
 
 
 
 

6 
 
 
 
 

7  
(Great Deal 
of Negative 

Effects) 
 

Total 

Physical Side Effects 4 (2%) 5 (2%) 6 (2%) 2 (1%) 1 (0%) 1 (0%) 1 (0%) 20 (8%) 

Mental Side Effects 2 (1%) 6 (2%) 3 (1%) 1 (0%) - 1 (0%) - 13 (5%) 

Access Issues 1 (0%) 2 (1%) 1 (0%) - - - - 4 (2%) 

Note: Results are broken down by negative effect scale scores. Percentages in each cell are based on the total number of HCP 
survey responses (n=251).  

 

Adverse Side Effects Reported on Surveys: Conclusions 

Based on data from surveys completed by patients and their certifying healthcare practitioners 
three months after the patient’s first medical cannabis purchase, 25% of patient respondents 
report physical or mental side effects related to medical cannabis use. A minority of healthcare 
provider responders (13%) report physical or mental side effects. Both groups describe negative 
effects related to medical cannabis use including the cost of products and issues related to 

http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/practitioners/compdosagerpt.pdf
http://www.health.state.mn.us/topics/cannabis/index.html
http://www.health.state.mn.us/topics/cannabis/index.html
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accessing medicine. Most patients and HCPs reporting physical or mental side effects report 
low degrees of severity (negative effect scale scores of 1-3). 

 

Adverse Event Reporting to Manufacturers 

There is potential for enrolled patients, their family and caregivers, and health care 
practitioners to be concerned about an adverse event potentially caused by medical cannabis 
and to want to register their concern quickly. Both manufacturers have processes in place to 
receive these messages by telephone and by email. They collect and document information 
related to the incident and report it to the Office of Medical Cannabis. In nature and severity 
these reports have been similar to the adverse events reported in Patient Self-Evaluations and 
surveys. 

Patients, their registered caregivers, and certifying health care practitioners have a duty as 
program participants to report serious adverse events.  Called “serious adverse incidents” in the 
program’s rules (4770.4002), these are essentially occurrences that lead to hospitalization or 
are life-threatening events. As of the date of this report, no reported adverse events have met 
the definition of “serious adverse incident.”  
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8. Affordability and Suggestions for 
Improving the Program 

Patient Perceptions of Affordability 

Unlike traditional pharmaceuticals whose costs are often covered through insurance 
reimbursement, medical cannabis must be purchased solely out of pocket. The Patient 
Experience survey asked patients to rate the cost of the medication on a scale from 1, or very 
affordable, to 7, or very prohibitive. Responses to this question are displayed in Figure 8.1.  Of 
792 respondents, 683 (86%) reported that they found medical cannabis to be at least 
somewhat unaffordable (score of 4 or greater).  

 

Figure 8.1. Patient Perceptions of Product Affordability 
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Patient Perceptions of Online Registry 

Patients were asked how easy or difficult the online registry system, through which the 
Minnesota Medical Cannabis program is administered, is to use. Patients were asked to rate 
usability on a scale from 1, or very difficult to use, to 7, or very easy or intuitive to use. 
Responses were generally positive (Figure 2), with 51% of patients reporting high scores of 
usability (6 or 7).  

Figure 8.2. Online Registry Ease of Use 

 

Patient reports on the ease of use of the Medical Cannabis Registry online system (1=very difficult to use; 4=neither difficult nor 
easy to use; 7=very easy/intuitive to use). Note: percentages are based on total number of patient responses; 49 patients did 
not complete this question and are not represented in the figure. 
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Patient Perceptions of Office of Medical Cannabis Call Center 

Patients were asked to rate the helpfulness of the Office of Medical Cannabis Call Center (also 
known at the Support Center), which provides support for patients, caregivers and providers in 
navigating the registration and enrollment process as well as assisting with other program-
related inquiries. The Patient Experience survey asked patients to rate the helpfulness of the 
call center on a scale from 1, or not very helpful, to 7, or very helpful. Over half of all patient 
responses reported high scores of helpfulness (6 or 7).  

Figure 8.3. Call Center Helpfulness 

 

Patient reports on the helpfulness of the Office of Medical Cannabis Patient Support Center (1=not very helpful; 4=somewhat 
helpful; 7=very helpful). Note: percentages are based on total number of patient responses; 241 patients did not complete this 

question (several indicated no experience with the call center) and are not represented in the figure. 
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Patient Perceptions of Office of Medical Cannabis Website 

Patients were asked to state their level of agreement with the statement: “The Office of 
Medical Cannabis website provides me with the information I need to understand and 
participate in the program.” Among all patient respondents, 49% agreed and 28% strongly 
agreed that the website met their needs for information; however 10% expressed that they did 
not feel the website met their needs for program participation (Figure 8.4) and 12% did not 
respond to the survey question.  

Figure 8.4. “The website provides the information I need to understand and participate in the 
program” 

 

 

Patient Suggestions 

Patients were asked to provide feedback on the program; all responses submitted from the first 
year cohort are tabulated in Appendix G: Patient Suggestions for Improving the Program from 
Surveys. Many patients used this space to elaborate on the program’s impact on their lives; 
others suggested changes to the program’s administration or reported concerns related to 
product cost or access to cannabis patient centers.  
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Suggestions and Information Requests from Healthcare 
Practitioners 

Healthcare practitioners were asked to provide suggestions for improving the program, and 
were also asked if any additional information from the program would be useful to them. The 
full tabulation of comments is available in Appendix H: Healthcare Practitioner Suggestions for 
Improving the Program and Requests for Additional Information from Surveys. Many comments 
reported in these sections of the survey mirrored those reported as clinical observations; there 
were 39 additional comments relating to affordability of the products. Other common 
responses included requests for information on medical cannabis dosing and specific 
information on what products their patient was purchasing. Other responses included requests 
for more patient education regarding products, information on drug interactions, and data on 
efficacy in specific patient populations. 
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Preface

Public opinion on the medical value of marijuana has been
sharply divided. Some dismiss medical marijuana as a
hoax that exploits our natural compassion for the sick; oth-
ers claim it is a uniquely soothing medicine that has been
withheld from patients through regulations based on false
claims. Proponents of both views cite “scientific evidence”
to support their views and have expressed those views at
the ballot box in recent state elections. In January 1997, the
White House Office of National Drug Control Policy

(ONDCP) asked the Institute of Medicine to conduct a review of the scien-
tific evidence to assess the potential health benefits and risks of marijuana
and its constituent cannabinoids. That review began in August 1997 and
culminates with this report.

The ONDCP request came in the wake of state “medical marijuana”
initiatives. In November 1996, voters in California and Arizona passed
referenda designed to permit the use of marijuana as medicine. Although
Arizona’s referendum was invalidated five months later, the referenda
galvanized a national response. In November 1998, voters in six states
(Alaska, Arizona, Colorado, Nevada, Oregon, and Washington) passed
ballot initiatives in support of medical marijuana. (The Colorado vote will
not count, however, because after the vote was taken a court ruling deter-
mined there had not been enough valid signatures to place the initiative
on the ballot.)

vii
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viii PREFACE

Information for this study was gathered through scientific workshops,
site visits to cannabis buyers’ clubs and HIV/AIDS clinics, analysis of the
relevant scientific literature, and extensive consultation with biomedical
and social scientists. The three 2-day workshops—in Irvine, California;
New Orleans, Louisiana; and Washington, D.C.—were open to the public
and included scientific presentations and individual reports, mostly from
patients and their families, about experiences with and perspectives on
the medical use of marijuana. Scientific experts in various fields were se-
lected to talk about the latest research on marijuana, cannabinoids, and
related topics. (Cannabinoids are drugs with actions similar to THC, the
primary psychoactive ingredient in marijuana.) In addition, advocates for
and against the medical use of marijuana were invited to present scien-
tific evidence in support of their positions. Finally, the Institute of Medi-
cine appointed a panel of nine experts to advise the study team on techni-
cal issues.

Public outreach included setting up a Web site that provided infor-
mation about the study and asked for input from the public. The Web site
was open for comment from November 1997 until November 1998. Some
130 organizations were invited to participate in the public workshops.
Many people in the organizations—particularly those opposed to the
medical use of marijuana—felt that a public forum was not conducive to
expressing their views; they were invited to communicate their opinions
(and reasons for holding them) by mail or telephone. As a result, roughly
equal numbers of persons and organizations opposed to and in favor of
the medical use of marijuana were heard from.

Advances in cannabinoid science over the past 16 years have given
rise to a wealth of new opportunities for the development of medically
useful cannabinoid-based drugs. The accumulated data suggest a variety
of indications, particularly for pain relief, antiemesis, and appetite stimu-
lation. For patients who suffer simultaneously from severe pain, nausea,
and appetite loss,  such as those with AIDS or who are undergoing che-
motherapy, cannabinoid drugs might offer broad-spectrum relief not
found in any other single medication.

Marijuana is not a completely benign substance. It is a powerful drug
with a variety of effects. However, the harmful effects to individuals from
the perspective of possible medical use of marijuana are not necessarily
the same as the harmful physical effects of drug abuse.

Although marijuana smoke delivers THC and other cannabinoids to
the body, it also delivers harmful substances, including most of those
found in tobacco smoke. In addition, plants contain a variable mixture of
biologically active compounds and cannot be expected to provide a pre-
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PREFACE ix

cisely defined drug effect. For those reasons, the report concludes that the
future of cannabinoid drugs lies not in smoked marijuana but in chemi-
cally defined drugs that act on the cannabinoid systems that are a natural
component of human physiology. Until such drugs can be developed and
made available for medical use, the report recommends interim solutions.

John A. Benson, Jr.
Stanley J. Watson, Jr.
Co-Principal Investigators
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EXECUTIVE SUMMARY 1

1

Executive Summary

Public opinion on the medical value of marijuana has been
sharply divided. Some dismiss medical marijuana as a
hoax that exploits our natural compassion for the sick; oth-
ers claim it is a uniquely soothing medicine that has been
withheld from patients through regulations based on false
claims. Proponents of both views cite “scientific evidence”
to support their views and have expressed those views at
the ballot box in recent state elections. In January 1997, the
White House Office of National Drug Control Policy

(ONDCP) asked the Institute of Medicine (IOM) to conduct a review of
the scientific evidence to assess the potential health benefits and risks of
marijuana and its constituent cannabinoids (see the Statement of Task on
page 9). That review began in August 1997 and culminates with this re-
port.

The ONDCP request came in the wake of state “medical marijuana”
initiatives. In November 1996, voters in California and Arizona passed
referenda designed to permit the use of marijuana as medicine. Although
Arizona’s referendum was invalidated five months later, the referenda
galvanized a national response. In November 1998, voters in six states
(Alaska, Arizona, Colorado, Nevada, Oregon, and Washington) passed
ballot initiatives in support of medical marijuana. (The Colorado vote will
not count, however, because after the vote was taken a court ruling deter-
mined there had not been enough valid signatures to place the initiative
on the ballot.)

Can marijuana relieve health problems? Is it safe for medical use?
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2 MARIJUANA AND MEDICINE

Those straightforward questions are embedded in a web of social con-
cerns, most of which lie outside the scope of this report. Controversies
concerning the nonmedical use of marijuana spill over into the medical
marijuana debate and obscure the real state of scientific knowledge. In
contrast with the many disagreements bearing on social issues, the study
team found substantial consensus among experts in the relevant disci-
plines on the scientific evidence about potential medical uses of marijuana.

This report summarizes and analyzes what is known about the medi-
cal use of marijuana; it emphasizes evidence-based medicine (derived
from knowledge and experience informed by rigorous scientific analysis),
as opposed to belief-based medicine (derived from judgment, intuition,
and beliefs untested by rigorous science).

Throughout this report, marijuana refers to unpurified plant sub-
stances, including leaves or flower tops whether consumed by ingestion
or smoking. References to the “effects of marijuana” should be under-
stood to include the composite effects of its various components; that is,
the effects of tetrahydrocannabinol (THC), which is the primary psycho-
active ingredient in marijuana, are included among its effects, but not all
the effects of marijuana are necessarily due to THC. Cannabinoids are the
group of compounds related to THC, whether found in the marijuana
plant, in animals, or synthesized in chemistry laboratories.

Three focal concerns in evaluating the medical use of marijuana are:

1. Evaluation of the effects of isolated cannabinoids;
2. Evaluation of the risks associated with the medical use of mari-

juana; and
3. Evaluation of the use of smoked marijuana.

EFFECTS OF ISOLATED CANNABINOIDS

Cannabinoid Biology

Much has been learned since the 1982 IOM report Marijuana and
Health. Although it was clear then that most of the effects of marijuana
were due to its actions on the brain, there was little information about
how THC acted on brain cells (neurons), which cells were affected by
THC, or even what general areas of the brain were most affected by THC.
In addition, too little was known about cannabinoid physiology to offer
any scientific insights into the harmful or therapeutic effects of marijuana.
That all changed with the identification and characterization of cannab-
inoid receptors in the 1980s and 1990s. During the past 16 years, science
has advanced greatly and can tell us much more about the potential medi-
cal benefits of cannabinoids.
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CONCLUSION: At this point, our knowledge about the biology of
marijuana and cannabinoids allows us to make some general con-
clusions:

• Cannabinoids likely have a natural role in pain modulation,
control of movement, and memory.

• The natural role of cannabinoids in immune systems is likely
multi-faceted and remains unclear.

• The brain develops tolerance to cannabinoids.
• Animal research demonstrates the potential for dependence,

but this potential is observed under a narrower range of condi-
tions than with benzodiazepines, opiates, cocaine, or nicotine.

• Withdrawal symptoms can be observed in animals but appear
to be mild compared to opiates or benzodiazepines, such as
diazepam (Valium).

CONCLUSION: The different cannabinoid receptor types found in
the body appear to play different roles in normal human physiol-
ogy. In addition, some effects of cannabinoids appear to be inde-
pendent of those receptors. The variety of mechanisms through
which cannabinoids can influence human physiology underlies
the variety of potential therapeutic uses for drugs that might act
selectively on different cannabinoid systems.

RECOMMENDATION 1: Research should continue into the physi-
ological effects of synthetic and plant-derived cannabinoids and
the natural function of cannabinoids found in the body. Because
different cannabinoids appear to have different effects, cannab-
inoid research should include, but not be restricted to, effects
attributable to THC alone.

Efficacy of Cannabinoid Drugs

The accumulated data indicate a potential therapeutic value for can-
nabinoid drugs, particularly for symptoms such as pain relief, control of
nausea and vomiting, and appetite stimulation. The therapeutic effects of
cannabinoids are best established for THC, which is generally one of the
two most abundant of the cannabinoids in marijuana. (Cannabidiol is gen-
erally the other most abundant cannabinoid.)

The effects of cannabinoids on the symptoms studied are generally
modest, and in most cases there are more effective medications. However,
people vary in their responses to medications, and there will likely al-
ways be a subpopulation of patients who do not respond well to other
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4 MARIJUANA AND MEDICINE

medications. The combination of cannabinoid drug effects (anxiety reduc-
tion, appetite stimulation, nausea reduction, and pain relief) suggests that
cannabinoids would be moderately well suited for particular conditions,
such as chemotherapy-induced nausea and vomiting and AIDS wasting.

Defined substances, such as purified cannabinoid compounds, are
preferable to plant products, which are of variable and uncertain compo-
sition. Use of defined cannabinoids permits a more precise evaluation of
their effects, whether in combination or alone. Medications that can maxi-
mize the desired effects of cannabinoids and minimize the undesired ef-
fects can very likely be identified.

Although most scientists who study cannabinoids agree that the path-
ways to cannabinoid drug development are clearly marked, there is no
guarantee that the fruits of scientific research will be made available to
the public for medical use. Cannabinoid-based drugs will only become
available if public investment in cannabinoid drug research is sustained
and if there is enough incentive for private enterprise to develop and
market such drugs.

CONCLUSION: Scientific data indicate the potential therapeutic
value of cannabinoid drugs, primarily THC, for pain relief, con-
trol of nausea and vomiting, and appetite stimulation; smoked
marijuana, however, is a crude THC delivery system that also
delivers harmful substances.

RECOMMENDATION 2: Clinical trials of cannabinoid drugs for
symptom management should be conducted with the goal of
developing rapid-onset, reliable, and safe delivery systems.

Influence of Psychological Effects on Therapeutic Effects

The psychological effects of THC and similar cannabinoids pose three
issues for the therapeutic use of cannabinoid drugs. First, for some
patients—particularly older patients with no previous marijuana experi-
ence—the psychological effects are disturbing. Those patients report ex-
periencing unpleasant feelings and disorientation after being treated with
THC, generally more severe for oral THC than for smoked marijuana.
Second, for conditions such as movement disorders or nausea, in which
anxiety exacerbates the symptoms, the antianxiety effects of cannabinoid
drugs can influence symptoms indirectly. This can be beneficial or can
create false impressions of the drug effect. Third, for cases in which symp-
toms are multifaceted, the combination of THC effects might provide a
form of adjunctive therapy; for example, AIDS wasting patients would
likely benefit from a medication that simultaneously reduces anxiety,
pain, and nausea while stimulating appetite.
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CONCLUSION: The psychological effects of cannabinoids, such as
anxiety reduction, sedation, and euphoria can influence their po-
tential therapeutic value. Those effects are potentially undesir-
able for certain patients and situations and beneficial for others.
In addition, psychological effects can complicate the interpreta-
tion of other aspects of the drug’s effect.

RECOMMENDATION 3: Psychological effects of cannabinoids such
as anxiety reduction and sedation, which can influence medical
benefits, should be evaluated in clinical trials.

RISKS ASSOCIATED WITH MEDICAL USE OF MARIJUANA

Physiological Risks

Marijuana is not a completely benign substance. It is a powerful drug
with a variety of effects. However, except for the harms associated with
smoking, the adverse effects of marijuana use are within the range of ef-
fects tolerated for other medications. The harmful effects to individuals
from the perspective of possible medical use of marijuana are not neces-
sarily the same as the harmful physical effects of drug abuse. When inter-
preting studies purporting to show the harmful effects of marijuana, it is
important to keep in mind that the majority of those studies are based on
smoked marijuana, and cannabinoid effects cannot be separated from the
effects of inhaling smoke from burning plant material and contaminants.

For most people the primary adverse effect of acute marijuana use is
diminished psychomotor performance. It is, therefore, inadvisable to op-
erate any vehicle or potentially dangerous equipment while under the
influence of marijuana, THC, or any cannabinoid drug with comparable
effects. In addition, a minority of marijuana users experience dysphoria,
or unpleasant feelings. Finally, the short-term immunosuppressive effects
are not well established but, if they exist, are not likely great enough to
preclude a legitimate medical use.

The chronic effects of marijuana are of greater concern for medical use
and fall into two categories: the effects of chronic smoking and the effects
of THC. Marijuana smoking is associated with abnormalities of cells lin-
ing the human respiratory tract. Marijuana smoke, like tobacco smoke, is
associated with increased risk of cancer, lung damage, and poor preg-
nancy outcomes. Although cellular, genetic, and human studies all sug-
gest that marijuana smoke is an important risk factor for the development
of respiratory cancer, proof that habitual marijuana smoking does or does
not cause cancer awaits the results of well-designed studies.
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6 MARIJUANA AND MEDICINE

CONCLUSION: Numerous studies suggest that marijuana smoke is
an important risk factor in the development of respiratory dis-
ease.

RECOMMENDATION 4: Studies to define the individual health risks
of smoking marijuana should be conducted, particularly among
populations in which marijuana use is prevalent.

Marijuana Dependence and Withdrawal

A second concern associated with chronic marijuana use is depen-
dence on the psychoactive effects of THC. Although few marijuana users
develop dependence, some do. Risk factors for marijuana dependence are
similar to those for other forms of substance abuse. In particular, anti-
social personality and conduct disorders are closely associated with sub-
stance abuse.

CONCLUSION: A distinctive marijuana withdrawal syndrome has
been identified, but it is mild and short lived. The syndrome in-
cludes restlessness, irritability, mild agitation, insomnia, sleep dis-
turbance, nausea, and cramping.

Marijuana as a “Gateway” Drug

Patterns in progression of drug use from adolescence to adulthood
are strikingly regular. Because it is the most widely used illicit drug, mari-
juana is predictably the first illicit drug most people encounter. Not sur-
prisingly, most users of other illicit drugs have used marijuana first. In
fact, most drug users begin with alcohol and nicotine before marijuana—
usually before they are of legal age.

In the sense that marijuana use typically precedes rather than follows
initiation of other illicit drug use, it is indeed a “gateway” drug. But be-
cause underage smoking and alcohol use typically precede marijuana use,
marijuana is not the most common, and is rarely the first, “gateway” to
illicit drug use. There is no conclusive evidence that the drug effects of
marijuana are causally linked to the subsequent abuse of other illicit
drugs. An important caution is that data on drug use progression cannot
be assumed to apply to the use of drugs for medical purposes. It does not
follow from those data that if marijuana were available by prescription
for medical use, the pattern of drug use would remain the same as seen in
illicit use.

Finally, there is a broad social concern that sanctioning the medical
use of marijuana might increase its use among the general population. At
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this point there are no convincing data to support this concern. The exist-
ing data are consistent with the idea that this would not be a problem if
the medical use of marijuana were as closely regulated as other medica-
tions with abuse potential.

CONCLUSION: Present data on drug use progression neither sup-
port nor refute the suggestion that medical availability would in-
crease drug abuse. However, this question is beyond the issues
normally considered for medical uses of drugs and should not be
a factor in evaluating the therapeutic potential of marijuana or
cannabinoids.

USE OF SMOKED MARIJUANA

Because of the health risks associated with smoking, smoked mari-
juana should generally not be recommended for long-term medical use.
Nonetheless, for certain patients, such as the terminally ill or those with
debilitating symptoms, the long-term risks are not of great concern. Fur-
ther, despite the legal, social, and health problems associated with smok-
ing marijuana, it is widely used by certain patient groups.

RECOMMENDATION 5: Clinical trials of marijuana use for medical
purposes should be conducted under the following limited cir-
cumstances: trials should involve only short-term marijuana use
(less than six months), should be conducted in patients with
conditions for which there is reasonable expectation of efficacy,
should be approved by institutional review boards, and should
collect data about efficacy.

The goal of clinical trials of smoked marijuana would not be to de-
velop marijuana as a licensed drug but rather to serve as a first step to-
ward the possible development of nonsmoked rapid-onset cannabinoid
delivery systems. However, it will likely be many years before a safe and
effective cannabinoid delivery system, such as an inhaler, is available for
patients. In the meantime there are patients with debilitating symptoms
for whom smoked marijuana might provide relief. The use of smoked
marijuana for those patients should weigh both the expected efficacy of
marijuana and ethical issues in patient care, including providing informa-
tion about the known and suspected risks of smoked marijuana use.

RECOMMENDATION 6: Short-term use of smoked marijuana (less
than six months) for patients with debilitating symptoms (such
as intractable pain or vomiting) must meet the following condi-
tions:
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• failure of all approved medications to provide relief has
been documented,

• the symptoms can reasonably be expected to be relieved
by rapid-onset cannabinoid drugs,

• such treatment is administered under medical supervision
in a manner that allows for assessment of treatment effec-
tiveness, and

• involves an oversight strategy comparable to an institu-
tional review board process that could provide guidance
within 24 hours of a submission by a physician to provide
marijuana to a patient for a specified use.

Until a nonsmoked rapid-onset cannabinoid drug delivery system
becomes available, we acknowledge that there is no clear alternative for
people suffering from chronic conditions that might be relieved by smok-
ing marijuana, such as pain or AIDS wasting. One possible approach is to
treat patients as n-of-1 clinical trials (single-patient trials), in which pa-
tients are fully informed of their status as experimental subjects using a
harmful drug delivery system and in which their condition is closely
monitored and documented under medical supervision, thereby increas-
ing the knowledge base of the risks and benefits of marijuana use under
such conditions.
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STATEMENT OF TASK

The study will assess what is currently known and not known about the
medical use of marijuana. It will include a review of the science base re-
garding the mechanism of action of marijuana, an examination of the peer-
reviewed scientific literature on the efficacy of therapeutic uses of mari-
juana, and the costs of using various forms of marijuana versus approved
drugs for specific medical conditions (e.g., glaucoma, multiple sclerosis,
wasting diseases, nausea, and pain).

The study will also include an evaluation of the acute and chronic ef-
fects of marijuana on health and behavior; a consideration of the adverse
effects of marijuana use compared with approved drugs; an evaluation of
the efficacy of different delivery systems for marijuana (e.g., inhalation vs.
oral); an analysis of the data concerning marijuana as a gateway drug; and
an examination of the possible differences in the effects of marijuana due
to age and type of medical condition.

Specific Issues

Specific issues to be addressed fall under three broad categories: sci-
ence base, therapeutic use, and economics.

Science Base

• Review of the neuroscience related to marijuana, particularly the
relevance of new studies on addiction and craving

• Review of the behavioral and social science base of marijuana use,
particularly an assessment of the relative risk of progression to other drugs
following marijuana use

• Review of the literature determining which chemical components of
crude marijuana are responsible for possible therapeutic effects and for
side effects

Therapeutic Use

• Evaluation of any conclusions on the medical use of marijuana drawn
by other groups

• Efficacy and side effects of various delivery systems for marijuana
compared to existing medications for glaucoma, wasting syndrome, pain,
nausea, or other symptoms

• Differential effects of various forms of marijuana that relate to age or
type of disease

Economics

• Costs of various forms of marijuana compared with costs of existing
medications for glaucoma, wasting syndrome, pain, nausea, or other symp-
toms

• Assessment of differences between marijuana and existing medica-
tions in terms of access and availability

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

10 MARIJUANA AND MEDICINE

RECOMMENDATIONS

RECOMMENDATION 1: Research should continue into the physiological ef-
fects of synthetic and plant-derived cannabinoids and the natural func-
tion of cannabinoids found in the body. Because different cannabinoids
appear to have different effects, cannabinoid research should include, but
not be restricted to, effects attributable to THC alone.

Scientific data indicate the potential therapeutic value of cannabinoid
drugs for pain relief, control of nausea and vomiting, and appetite stimula-
tion. This value would be enhanced by a rapid onset of drug effect.

RECOMMENDATION 2: Clinical trials of cannabinoid drugs for symptom man-
agement should be conducted with the goal of developing rapid-onset,
reliable, and safe delivery systems.

The psychological effects of cannabinoids are probably important de-
terminants of their potential therapeutic value. They can influence symp-
toms indirectly which could create false impressions of the drug effect or
be beneficial as a form of adjunctive therapy.

RECOMMENDATION 3: Psychological effects of cannabinoids such as anxiety
reduction and sedation, which can influence medical benefits, should be
evaluated in clinical trials.

Numerous studies suggest that marijuana smoke is an important risk
factor in the development of respiratory diseases, but the data that could
conclusively establish or refute this suspected link have not been collected.

RECOMMENDATION 4: Studies to define the individual health risks of smoking
marijuana should be conducted, particularly among populations in which
marijuana use is prevalent.

Because marijuana is a crude THC delivery system that also delivers
harmful substances, smoked marijuana should generally not be recom-
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mended for medical use. Nonetheless, marijuana is widely used by certain
patient groups, which raises both safety and efficacy issues.

RECOMMENDATION 5: Clinical trials of marijuana use for medical purposes
should be conducted under the following limited circumstances: trials
should involve only short-term marijuana use (less than six months),
should be conducted in patients with conditions for which there is rea-
sonable expectation of efficacy, should be approved by institutional re-
view boards, and should collect data about efficacy.

If there is any future for marijuana as a medicine, it lies in its isolated
components, the cannabinoids and their synthetic derivatives. Isolated can-
nabinoids will provide more reliable effects than crude plant mixtures.
Therefore, the purpose of clinical trials of smoked marijuana would not be
to develop marijuana as a licensed drug but rather to serve as a first step
toward the development of nonsmoked rapid-onset cannabinoid delivery
systems.

RECOMMENDATION 6: Short-term use of smoked marijuana (less than six
months) for patients with debilitating symptoms (such as intractable pain
or vomiting) must meet the following conditions:

• failure of all approved medications to provide relief has been docu-
mented,

• the symptoms can reasonably be expected to be relieved by rapid-
onset cannabinoid drugs,

• such treatment is administered under medical supervision in a man-
ner that allows for assessment of treatment effectiveness, and

• involves an oversight strategy comparable to an institutional review
board process that could provide guidance within 24 hours of a
submission by a physician to provide marijuana to a patient for a
specified use.
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13

1

Introduction

This report summarizes and analyzes what is known
about the medical use of marijuana; it emphasizes evi-
dence-based medicine (derived from knowledge and ex-
perience informed by rigorous scientific analysis), as op-
posed to belief-based medicine (derived from judgment,
intuition, and beliefs untested by rigorous science).

Scientific data on controversial subjects are commonly
misinterpreted, overinterpreted, and misrepresented, and
the medical marijuana debate is no exception. We have

tried to present the scientific studies in such a way as to reveal their
strengths and limitations. One of the goals of this report is to help people
to understand the scientific data, including the logic behind the scientific
conclusions, so it goes into greater detail than previous reports on the
subject. In many cases, we have explained why particular studies are in-
conclusive and what sort of evidence is needed to support particular
claims about the harms or benefits attributed to marijuana. Ideally, this
report will enable the thoughtful reader to interpret new information
about marijuana that will continue to emerge rapidly well after this report
is published.

Can marijuana relieve health problems? Is it safe for medical use?
Those straightforward questions are embedded in a web of social con-
cerns, which lie outside the scope of this report. Controversies concerning
nonmedical use of marijuana spill over onto the medical marijuana de-
bate and tend to obscure the real state of scientific knowledge. In contrast
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14 MARIJUANA AND MEDICINE

with the many disagreements bearing on the social issues, the study team
found substantial consensus, among experts in the relevant disciplines,
on the scientific evidence bearing on potential medical use. This report
analyzes science, not the law. As in any policy debate, the value of scien-
tific analysis is that it can provide a foundation for further discussion.
Distilling scientific evidence does not in itself solve a policy problem.
What it can do is illuminate the common ground, bringing to light funda-
mental differences out of the shadows of misunderstanding and misinfor-
mation that currently prevail. Scientific analysis cannot be the end of the
debate, but it should at least provide the basis for an honest and informed
discussion.

Our analysis of the evidence and arguments concerning the medical
use of marijuana focuses on the strength of the supporting evidence and
does not refer to the motivations of people who put forth the evidence
and arguments. That is, it is not relevant to scientific validity whether an
argument is put forth by someone who believes that all marijuana use
should be legal or by someone who believes that any marijuana use is
highly damaging to individual users and to society as a whole. Nor does
this report comment on the degree to which scientific analysis is compat-
ible with current regulatory policy. Although many have argued that cur-
rent drug laws pertaining to marijuana are inconsistent with scientific
data, it is important to understand that decisions about drug regulation
are based on a variety of moral and social considerations, as well as on
medical and scientific ones.

Even when a drug is used only for medical purposes, value judg-
ments affect policy decisions concerning its medical use. For example, the
magnitude of a drug’s expected medical benefit affects regulatory judg-
ments about the acceptability of risks associated with its use. Also, al-
though a drug is normally approved for medical use only on proof of its
“safety and efficacy,” patients with life-threatening conditions are some-
times (under protocols for “compassionate use”) allowed access to unap-
proved drugs whose benefits and risks are uncertain. Value judgments
play an even more substantial role in regulatory decisions concerning
drugs, such as marijuana, that are sought and used for nonmedical pur-
poses. Then policymakers must take into account not only the risks and
benefits associated with medical use but also possible interactions be-
tween the regulatory arrangements governing medical use and the integ-
rity of the legal controls set up to restrict nonmedical use.

It should be clear that many elements of drug control policy lie out-
side the realm of biology and medicine. Ultimately, the complex moral
and social judgments that underlie drug control policy must be made by
the American people and their elected officials. A goal of this report is to
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evaluate the biological and medical factors that should be taken into ac-
count in making those judgments.

HOW THIS STUDY WAS CONDUCTED

Information was gathered through scientific workshops, site visits,
analysis of the relevant scientific literature, and extensive consultation
with biomedical and social scientists. The three 2-day workshops—in
Irvine, California; New Orleans, Louisiana; and Washington, D.C.—were
open to the public and included scientific presentations and reports,
mostly from patients and their families, about their experiences with and
perspectives on the medical use of marijuana. Scientific experts in various
fields were selected to talk about the latest research on marijuana, cannab-
inoids, and related topics (listed in Appendix B). Selection of the experts
was based on recommendations by their peers, who ranked them among
the most accomplished scientists and the most knowledgeable about mari-
juana and cannabinoids in their own fields. In addition, advocates for
(John Morgan) and against (Eric A. Voth) the medical use of marijuana
were invited to present scientific evidence in support of their positions.

Information presented at the scientific workshops was supplemented
by analysis of the scientific literature and evaluating the methods used in
various studies and the validity of the authors’ conclusions. Different
kinds of clinical studies are useful in different ways: results of a controlled
double-blind study with adequate sample sizes can be expected to apply
to the general population from which study subjects were drawn; an iso-
lated case report can suggest further studies but cannot be presumed to
be broadly applicable; and survey data can be highly informative but are
generally limited by the need to rely on self-reports of drug use and on
unconfirmed medical diagnoses. This report relies mainly on the most
relevant and methodologically rigorous studies available and treats the
results of more limited studies cautiously. In addition, study results are
presented in such a way as to allow thoughtful readers to judge the re-
sults themselves.

The Institute of Medicine (IOM) appointed a panel of nine experts to
advise the study team on technical issues. These included neurology and
the treatment of pain (Howard Fields); regulation of prescription drugs (J.
Richard Crout); AIDS wasting and clinical trials (Judith Feinberg); treat-
ment and pathology of multiple sclerosis (Timothy Vollmer); drug depen-
dence among adolescents (Thomas Crowley); varieties of drug depen-
dence (Dorothy Hatsukami); internal medicine, health care delivery, and
clinical epidemiology (Eric B. Larson); cannabinoids and marijuana phar-
macology (Billy R. Martin); and cannabinoid neuroscience (Steven R.
Childers).
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Public outreach included setting up a Web site that provided infor-
mation about the study and asked for input from the public. The Web site
was open for comment from November 1997 until November 1998. Some
130 organizations were invited to participate in the public workshops.
Many people in the organizations—particularly those opposed to the
medical use of marijuana—felt that a public forum was not conducive to
expressing their views; they were invited to communicate their opinions
(and reasons for holding them) by mail or telephone. As a result, roughly
equal numbers of persons and organizations opposed to and in favor of
the medical use of marijuana were heard from.

The study team visited four cannabis buyers’ clubs in California (the
Oakland Cannabis Buyers’ Cooperative, the San Francisco Cannabis Cul-
tivators Club, the Los Angeles Cannabis Resource Center, and Califor-
nians Helping Alleviate Medical Problems, or CHAMPS) and two HIV/
AIDS clinics (AIDS Health Care Foundation in Los Angeles and Louisi-
ana State University Medical Center in New Orleans). We listened to many
individual stories from the buyers’ clubs about using marijuana to treat a
variety of symptoms and heard clinical observations on the use of Marinol
to treat AIDS patients. Marinol is the brand name for dronabinol, which is
∆9-tetrahydrocannabinol (THC) in pill form and is available by prescrip-
tion for the treatment of nausea associated with chemotherapy and AIDS
wasting.

MARIJUANA TODAY

The Changing Legal Landscape

In the 20th century, marijuana has been used more for its euphoric
effects than as a medicine. Its psychological and behavioral effects have
concerned public officials since the drug first appeared in the southwest-
ern and southern states during the first two decades of the century. By
1931, at least 29 states had prohibited use of the drug for nonmedical pur-
poses.3 Marijuana was first regulated at the federal level by the Marijuana
Tax Act of 1937, which required anyone producing, distributing, or using
marijuana for medical purposes to register and pay a tax and which effec-
tively prohibited nonmedical use of the drug. Although the act did not
make medical use of marijuana illegal, it did make it expensive and incon-
venient. In 1942, marijuana was removed from the U.S. Pharmacopoeia
because it was believed to be a harmful and addictive drug that caused
psychoses, mental deterioration, and violent behavior.

In the late 1960s and early 1970s, there was a sharp increase in mari-
juana use among adolescents and young adults. The current legal status
of marijuana was established in 1970 with the passage of the Controlled
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Substances Act, which divided drugs into five schedules and placed mari-
juana in Schedule I, the category for drugs with high potential for abuse
and no accepted medical use (see Appendix C, Scheduling Definitions).
In 1972, the National Organization for the Reform of Marijuana Legisla-
tion (NORML), an organization that supports decriminalization of mari-
juana, unsuccessfully petitioned the Bureau of Narcotics and Dangerous
Drugs to move marijuana from Schedule I to Schedule II. NORML argued
that marijuana is therapeutic in numerous serious ailments, less toxic, and
in many cases more effective than conventional medicines.13 Thus, for 25
years the medical marijuana movement has been closely linked with the
marijuana decriminalization movement, which has colored the debate.
Many people criticized that association in their letters to IOM and during
the public workshops of this study. The argument against the medical use

Medical Marijuana Legislation Among the States

The 1996 California referendum known as Proposition 215 allowed se-
riously ill Californians to obtain and use marijuana for medical purposes
without criminal prosecution or sanction. A physician’s recommendation
is needed. Under the law, physicians cannot be punished or denied any
right or privilege for recommending marijuana to patients who suffer from
any illness for which marijuana will provide relief.

The 1996 Arizona referendum known as Proposition 200 was largely
about prison reform but also gave physicians the option to prescribe con-
trolled substances, including those in Schedule I (e.g., marijuana), to treat
the disease or relieve the suffering of seriously or terminally ill patients.
Five months after the referendum was passed, it was stalled whenArizona
legislators voted that all prescription medications must be approved by the
Food and Drug Administration, and marijuana is not so approved. In No-
vember 1998, Arizona voters passed a second referendum designed to al-
low physician’s to prescribe marijuana as medicine, but this is still at odds
with federal law.8

As of summer 1998, eight states—California, Connecticut, Louisiana,
New Hampshire, Ohio, Vermont, Virginia, and Wisconsin—had laws that
permit physicians to prescribe marijuana for medical purposes or to allow
a medical necessity defense.8 In November 1998, five states—Arizona,
Alaska, Oregon, Nevada, and Washington—passed medical marijuana bal-
lot initiatives. The District of Columbia also voted on a medical marijuana
initiative, but was barred from counting the votes because an amendment
designed to prohibit them from doing so was added to the federal appro-
priations bill; however, exit polls suggested that a majority of voters had
approved the measure.
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of marijuana presented most often to the IOM study team was that “the
medical marijuana movement is a Trojan horse”; that is, it is a deceptive
tactic used by advocates of marijuana decriminalization who would ex-
ploit the public’s sympathy for seriously ill patients.

Since NORML’s petition in 1972, there have been a variety of legal
decisions concerning marijuana. From 1973 to 1978, 11 states adopted stat-
utes that decriminalized use of marijuana, although some of them
recriminalized marijuana use in the 1980s and 1990s. During the 1970s,
reports of the medical value of marijuana began to appear, particularly
claims that marijuana relieved the nausea associated with chemotherapy.
Health departments in six states conducted small studies to investigate
the reports. When the AIDS epidemic spread in the 1980s, patients found
that marijuana sometimes relieved their symptoms, most dramatically
those associated with AIDS wasting. Over this period a number of defen-
dants charged with unlawful possession of marijuana claimed that they
were using the drug to treat medical conditions and that violation of the
law was therefore justified (the so-called medical necessity defense). Al-
though most courts rejected these claims, some accepted them.8

Against that backdrop, voters in California and Arizona in 1996
passed two referenda that attempted to legalize the medical use of mari-
juana under particular conditions. Public support for patient access to
marijuana for medical use appears substantial; public opinion polls taken
during 1997 and 1998 generally reported 60–70 percent of respondents in
favor of allowing medical uses of marijuana.15  However, those referenda
are at odds with federal laws regulating marijuana, and their implemen-
tation raises complex legal questions.

Despite the current level of interest, referenda and public discussions
have not been well informed by carefully reasoned scientific debate. Al-
though previous reports have all called for more research, the nature of
the research that will be most helpful depends greatly on the specific
health conditions to be addressed. And while there have been important
recent advances in our understanding of the physiological effects of mari-
juana, few of the recent investigators have had the time or resources to
permit detailed analysis. The results of those advances, only now begin-
ning to be explored, have significant implications for the medical mari-
juana debate.

Several months after the passage of the California and Arizona medi-
cal marijuana referendums, the Office of National Drug Control Policy
(ONDCP) asked whether IOM would conduct a scientific review of the
medical value of marijuana and its constituent compounds. In August
1997, IOM formally began the study and appointed John A. Benson Jr.
and Stanley J. Watson Jr. to serve as principal investigators for the study.
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The charge to IOM was to review the medical use of marijuana and the
harms and benefits attributed to it (details are given in Appendix D).

MARIJUANA AND MEDICINE

Marijuana plants have been used since antiquity for both herbal medi-
cation and intoxication. The current debate over the medical use of mari-
juana is essentially a debate over the value of its medicinal properties
relative to the risk posed by its use.

Marijuana’s use as an herbal remedy before the 20th century is well
documented.1,10,11 However, modern medicine adheres to different stan-
dards from those used in the past. The question is not whether marijuana
can be used as an herbal remedy but rather how well this remedy meets
today’s standards of efficacy and safety. We understand much more than
previous generations about medical risks. Our society generally expects
its licensed medications to be safe, reliable, and of proven efficacy; con-
taminants and inconsistent ingredients in our health treatments are not
tolerated. That refers not only to prescription and over-the-counter drugs
but also to vitamin supplements and herbal remedies purchased at the
grocery store. For example, the essential amino acid l-tryptophan was
widely sold in health food stores as a natural remedy for insomnia until
early 1990 when it became linked to an epidemic of a new and potentially
fatal illness (eosinophilia-myalgia syndrome).9,12 When it was removed
from the market shortly thereafter, there was little protest, despite the fact
that it was safe for the vast majority of the population. The 1,536 cases and
27 deaths were later traced to contaminants in a batch produced by a
single Japanese manufacturer.

Although few herbal medicines meet today’s standards, they have
provided the foundation for modern Western pharmaceuticals. Most cur-
rent prescriptions have their roots either directly or indirectly in plant
remedies.7 At the same time, most current prescriptions are synthetic com-
pounds that are only distantly related to the natural compounds that led
to their development. Digitalis was discovered in foxglove, morphine in
poppies, and taxol in the yew tree. Even aspirin (acetylsalicylic acid) has
its counterpart in herbal medicine: for many generations, American Indi-
ans relieved headaches by chewing the bark of the willow tree, which is
rich in a related form of salicylic acid.

Although plants continue to be valuable resources for medical ad-
vances, drug development is likely to be less and less reliant on plants
and more reliant on the tools of modern science. Molecular biology,
bioinformatics software, and DNA array-based analyses of genes and
chemistry are all beginning to yield great advances in drug discovery and
development. Until recently, drugs could only be discovered; now they can
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be designed. Even the discovery process has been accelerated through the
use of modern drug-screening techniques. It is increasingly possible to
identify or isolate the chemical compounds in a plant, determine which
compounds are responsible for the plant’s effects, and select the most ef-
fective and safe compounds—either for use as purified substances or as
tools to develop even more effective, safer, or less expensive compounds.

Yet even as the modern pharmacological toolbox becomes more so-
phisticated and biotechnology yields an ever greater abundance of thera-
peutic drugs, people increasingly seek alternative, low-technology thera-
pies.4,5 In 1997, 46 percent of Americans sought nontraditional medicines
and spent over 27 billion unreimbursed dollars; the total number of visits
to alternative medicine practitioners appears to have exceeded the num-
ber of visits to primary care physicians.5,6 Recent interest in the medical
use of marijuana coincides with this trend toward self-help and a search
for “natural” therapies. Indeed, several people who spoke at the IOM pub-
lic hearings in support of the medical use of marijuana said that they gen-
erally preferred herbal medicines to standard pharmaceuticals. However,
few alternative therapies have been carefully and systematically tested
for safety and efficacy, as is required for medications approved by the
FDA (Food and Drug Administration).2

WHO USES MEDICAL MARIJUANA?

There have been no comprehensive surveys of the demographics and
medical conditions of medical marijuana users, but a few reports provide
some indication. In each case, survey results should be understood to re-
flect the situation in which they were conducted and are not necessarily
characteristic of medical marijuana users as a whole. Respondents to sur-
veys reported to the IOM study team were all members of “buyers’ clubs,”
organizations that provide their members with marijuana, although not
necessarily through direct cash transactions. The atmosphere of the mari-
juana buyers’ clubs ranges from that of the comparatively formal and
closely regulated Oakland Cannabis Buyers’ Cooperative to that of a
“country club for the indigent,” as Denis Peron described the San Fran-
cisco Cannabis Cultivators Club (SFCCC), which he directed.

John Mendelson, an internist and pharmacologist at the University of
California, San Francisco (UCSF) Pain Management Center, surveyed 100
members of the SFCCC who were using marijuana at least weekly. Most
of the respondents were unemployed men in their forties. Subjects were
paid $50 to participate in the survey; this might have encouraged a greater
representation of unemployed subjects. All subjects were tested for drug
use. About half tested positive for marijuana only; the other half tested
positive for drugs in addition to marijuana (23% for cocaine and 13% for
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amphetamines). The predominant disorder was AIDS, followed by
roughly equal numbers of members who reported chronic pain, mood
disorders, and musculoskeletal disorders (Table 1.1).

The membership profile of the San Francisco club was similar to that
of the Los Angeles Cannabis Resource Center (LACRC), where 83% of the
739 patients were men, 45% were 36–45 years old, and 71% were HIV
positive. Table 1.2 shows a distribution of conditions somewhat different
from that in SFCCC respondents, probably because of a different mem-
bership profile. For example, cancer is generally a disease that occurs late
in life; 34 (4.7%) of LACRC members were over 55 years old; only 2% of
survey respondents in the SFCCC study were over 55 years old.

Jeffrey Jones, executive director of the Oakland Cannabis Buyers’ Co-
operative, reported that its largest group of patients is HIV-positive men
in their forties. The second-largest group is patients with chronic pain.

Among the 42 people who spoke at the public workshops or wrote to
the study team, only six identified themselves as members of marijuana
buyers’ clubs. Nonetheless, they presented a similar profile: HIV/AIDS
was the predominant disorder, followed by chronic pain (Tables 1.3 and
1.4). All HIV/AIDS patients reported that marijuana relieved nausea and
vomiting and improved their appetite. About half the patients who re-
ported using marijuana for chronic pain also reported that it reduced nau-
sea and vomiting.

Note that the medical conditions referred to are only those reported
to the study team or to interviewers; they cannot be assumed to represent
complete or accurate diagnoses. Michael Rowbotham, a neurologist at the
UCSF Pain Management Center, noted that many pain patients referred

TABLE 1.1 Self-Reported Disorders Treated with Marijuana by
Members of San Francisco Cannabis Cultivators Club

Disorder No. of Subjects

HIV 60
Musculoskeletal disorders and arthritis 39
Psychiatric disorders (primarily depression) 27
Neurological disorders and nonmusculoskeletal pain syndromes 9
Gastrointestinal disorders (most often nausea) 7
Other disorders

Glaucoma, allergies, nephrolithiasis, and the
skin manifestations of Reiter syndrome 7

Total disorders 149
Total number of respondents 100
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to that center arrive with incorrect diagnoses or with pain of unknown ori-
gin. At that center the patients who report medical benefit from marijuana
say that it does not reduce their pain but enables them to cope with it.

Most—not all—people who use marijuana to relieve medical condi-
tions have previously used it recreationally. An estimated 95% of the
LACRC members had used marijuana before joining the club. It is impor-
tant to emphasize the absence of comprehensive information on marijuana
use before its use for medical conditions. Frequency of prior use almost
certainly depends on many factors, including membership in a buyers’
club, membership in a population sector that uses marijuana more often
than others (for example, men 20–30 years old), and the medical condition
being treated with marijuana (for example, there are probably relatively
fewer recreational marijuana users among cancer patients than among
AIDS patients).

TABLE 1.2 Self-Reported Disorders Treated with Marijuana by
Members of Los Angeles Cannabis Resource Center (LACRC),
According to Center Staffa

Treated Disorder No. of Subjects % of Subjects

HIVb 528 71
Cancer 40 5.4
Terminal cancer 10 1.4
Mood disorders (depression) 4 0.5
Musculoskeletal (multiple sclerosis,

arthritis) 30 4.1
Chronic pain and back pain 33 4.5
Gastrointestinal 7 2.3
Neurological disorders (epilepsy,

Tourette syndrome, brain trauma) 7 0.9
Seizures or migrainesc 13 1.8
Glaucoma 15 2.0
Miscellaneous 42 5.7

Total number 739 100

aResults are based on a review of 739 individual records by LACRC staff members. In
contrast with Mendelson’s survey of San Francisco Cannabis Cultivators Club (Table 1.1),
only the primary disorder is indicated here. Membership in LACRC is contingent on a
doctor’s letter of acknowledgment, but diagnoses are not independently confirmed.

bHIV patients use marijuana to control nausea, increase appetite (to combat wasting), and
relieve gastrointestinal distress caused by AIDS medications. These uses are not indicated
separately.

cAs described by LACRC staff, some of these cases might also be neurological disorders.

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

INTRODUCTION 23

Patients who reported their experience with marijuana at the public
workshops said that marijuana provided them with great relief from
symptoms associated with disparate diseases and ailments, including
AIDS wasting, spasticity from multiple sclerosis, depression, chronic pain,
and nausea associated with chemotherapy. Their circumstances and
symptoms were varied, and the IOM study team was not in a position to
make medical evaluations or confirm diagnoses. Three representative
cases presented to the IOM study team are presented in Box 1.1; the sto-
ries have been edited for brevity, but each case is presented in the patient’s
words and with the patient’s permission.

TABLE 1.3 Summary of Reports to IOM Study Team by 43
Individuals

Symptoms Dominant Disease Symptoms Dominant Disease

Anorexia, AIDS Pain Migraine
nausea, AIDS Injury
vomiting AIDS Injury

AIDS Epilepsy and postpolio
syndrome

AIDS Trauma and epilepsy
AIDS Degenerative disk disease
AIDS Rheumatoid arthritis
AIDS and cancer Nail-patella syndrome
Cancer Reflex sympathetic dystrophy
Testicular cancer Gulf War chemical exposure
Cancer and multiple Multiple congenital

sclerosis cartilaginous exostosis
Thyroid conditiona Histiocytosis X
Migraine
Wilson’s disease Muscle Spasticitya

spasticity Multiple sclerosis
Mood Depression Multiple sclerosis

disorders Depression Multiple sclerosis
Depression and anxiety Paralysis
Depression and anxiety Spinal-cord injury
Manic depression Spasmodic torticollis

Manic depression Intraocular Glaucoma
Posttraumatic stress pressure
Premenstrual syndrome

Diarrhea Crohn’s disease

aNot specified.
NOTE: This table lists the people who reported to the IOM study team during the public
workshops, or through letters, that they use marijuana as medicine; it should not be inter-
preted as a representative sample of the full spectrum of people who use marijuana as medi-
cine. Each dominant disease represents an individual report.
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The variety of stories presented left the study team with a clear view
of people’s beliefs about how marijuana had helped them. But this collec-
tion of anecdotal data, although useful, is limited. We heard many posi-
tive stories but no stories from people who had tried marijuana but found
it ineffective. This is a fraction with an unknown denominator. For the
numerator we have a sample of positive responses; for the denominator
we have no idea of the total number of people who have tried marijuana
for medical purposes. Hence, it is impossible to estimate the clinical value
of marijuana or cannabinoids in the general population based on anec-
dotal reports. Marijuana clearly seems to relieve some symptoms for some
people—even if only as a placebo effect. But what is the balance of harm-
ful and beneficial effects? That is the essential medical question that can
be answered only by careful analysis of data collected under controlled
conditions.

CANNABIS AND THE CANNABINOIDS

Marijuana is the common name for Cannabis sativa, a hemp plant that
grows throughout temperate and tropical climates. The most recent re-
view of the constituents of marijuana lists 66 cannabinoids (Table 1.5).16

But that does not mean there are 66 different cannabinoid effects or inter-
actions. Most of the cannabinoids are closely related; they fall into only 10

TABLE 1.4 Primary Symptoms of 43 Individuals Who Reported to
IOM Study Team

Symptom Frequency Multiple Symptoms

No.  Who
Reported % of Those

% of Total (primary) Who Reported
Primary No.  of Symptoms Additional Primary
Symptom Reportsa Reported Symptoms Symptoms

Anorexia, nausea,
vomiting 21 31 13 62

Diarrhea 4 6 3 75
Intraocular pressure 2 3 1 50
Mood disorders 12 18 7 58
Muscle spasticity 12 18 7 58
Pain 16 24 13 81

Total 67 44 66

aForty-three persons reporting; 20 reported relief from more than one symptom.
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groups of closely related cannabinoids, many of which differ by only a
single chemical moiety and might be midpoints along biochemical path-
ways—that is, degradation products, precursors, or byproducts.16,18 ∆9-
tetrahydrocannabinol (∆9-THC) is the primary psychoactive ingredient;
depending on the particular plant, either THC or cannabidiol is the most
abundant cannabinoid in marijuana (Figure 1.1). Throughout this report,
THC is used to indicate ∆9-THC. In the few cases where variants of THC
are discussed, the full names are used. All the cannabinoids are lipo-
philic—they are highly soluble in fatty fluids and tissues but not in water.
Indeed, THC is so lipophilic that it is aptly described as “greasy.”

Throughout this report, marijuana refers to unpurified plant extracts,
including leaves and flower tops, regardless of how they are consumed—
whether by ingestion or by smoking. References to the effects of mari-
juana should be understood to include the composite effects of its various
components; that is, the effects of THC are included among the effects of
marijuana, but not all the effects of marijuana are necessarily due to THC.
Discussions concerning cannabinoids refer only to those particular com-
pounds and not to the plant extract. This distinction is important; it is
often blurred or exaggerated.

Cannabinoids are produced in epidermal glands on the leaves (espe-
cially the upper ones), stems, and the bracts that support the flowers of
the marijuana plant. Although the flower itself has no epidermal glands,
it has the highest cannabinoid content anywhere on the plant, probably
because of the accumulation of resin secreted by the supporting bracteole

TABLE 1.5 Cannabinoids Identified in Marijuana

Cannabinoid Common No. of Known
Group Abbreviation Variants in Each Group

∆9-Tetrahydrocannabinol ∆9-THC 9
∆8-Tetrahydrocannabinol ∆8-THC 2
Cannabichromene CBC 5
Cannabicyclol CBL 3
Cannabidiol CBD 7
Cannabielsoin CBE 5
Cannabigerol CBG 6
Cannabinidiol CBND 2
Cannabinol CBN 7
Cannabitriol CBT 9
Miscellaneous types 11

Total 66
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FIGURE 1.1 Cannabinoid biosynthesis. Arrows indicate cannabinoid biosynthe-
sis pathway; dark arrows indicate established pathways; the light gray arrow in-
dicates a probable but not well-established pathway (R. Mechoulam, Hebrew
University, personal communication, 1999).11 The great majority of studies report-
ing on the effects of cannabinoids refer to THC; most of the rest are about CBD
and CBN. Other cannabinoids found in marijuana do not appear to play an im-
portant role in the drug’s effects.

(the small leaf-like part below the flower). The amounts of cannabinoids
and their relative abundance in a marijuana plant vary with growing con-
ditions, including humidity, temperature, and soil nutrients (reviewed in
Pate, 199414). The chemical stability of cannabinoids in harvested plant
material is also affected by moisture, temperature, sunlight, and storage.
They degrade under any storage condition.
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BOX 1.1 Selected Cases from the Public Sessions

G.S. spoke at the IOM workshop in Louisiana about his use of mari-
juana first to combat AIDS wasting syndrome and later for relief from
the side effects of AIDS medications.

Skin rashes, dry mouth, foul metallic aftertaste, numbness of the face,
swelling of the limbs, fever spikes, headaches, dizziness, anemia, clinical
depression, neuropathy so crippling that I could not type, so painful that
the bed sheets felt like sandpaper, nausea so severe that I sometimes had to
leave the dinner table to vomit, and diarrhea so unpredictable that I dared
not leave the house without diapers.

These are some of the horrors that I have endured in the past 10 years
during my fight for life against the human immunodeficiency virus. But
these ravages were not caused by HIV itself, or by any of the opportunistic
infections that mark the steady progression of AIDS. Each of these night-
mares was a side effect of one of the hundreds of medications I have taken
to fight one infection after another on my way to a seemingly certain early
grave.

Had you known me three years ago, you would not recognize me now.
After years of final-stage AIDS, I had wasted to 130 lb. The purple Kaposi’s
sarcoma lesions were spreading. The dark circles under my eyes told of
sleepless nights and half-waking days. I encountered passages of time
marked by medication schedules, nausea, and diarrhea. I knew that I was
dying. Every reflection shimmered with death, my ghost-like pallor in the
mirror, the contained terror on the face of a bus passenger beside me, and
most of all the resigned sadness in my mother’s eyes.

But still I was fortunate because along the way I rediscovered the an-
cient understanding of marijuana’s medicinal benefit. So I smoked pot.
Every day. The pot calmed my stomach against handfuls of pills. The pot
made me hungry so that I could eat without a tube. The pot eased the pain
of crippling neural side effects so that I could dial the phone by myself. The
pot calmed my soul and allowed me to accept that I would probably die
soon. Because I smoked pot I lived long enough to see the development of
the first truly effective HIV therapies. I lived to gain 50 lb., regain my vigor,
and celebrate my 35th birthday. I lived to sit on the bus without frightening
the passenger beside me.

Even at this stage of my recovery I take a handful of pills almost every
day and will probably continue to do so for the rest of my life. While I am
grateful for the life-saving protease inhibitor therapies, they bring with them
a host of adverse reactions and undesirable side effects. Different patients
experience different reactions, of course, but almost all patients experience
some. Smoking marijuana relieves many of these side effects.

I am not one of the exceptional eight patients in the United States with

Continued
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legal permission to smoke marijuana. Every day I risk arrest, property for-
feiture, fines, and imprisonment. But I have no choice, you see, just as I
have no choice but to endure the side effects of these toxic medications.
So, many patients like me are breaking the law to enjoy relief that no other
therapy provides.

 I sit here, I believe, as living proof that marijuana can have a beneficial
effect in staving off wasting. Every pound was a day. I figured that for every
pound of body weight I could maintain, that was another day that I could
live in hopes that some effective therapy would emerge.

*  *  *
B.D. spoke at the IOM workshop in Louisiana. She is one of eight pa-
tients who are legally allowed to smoke marijuana under a Compas-
sionate Use Protocol. She uses marijuana to relieve nausea, muscle spas-
ticity, and pain associated with multiple sclerosis.

I was diagnosed with multiple sclerosis in 1988. Prior to that, I was an
active person with ballet and swimming. I now have a swimming pool, so
I swim each and every day, and I smoke marijuana. The government has
given me the marijuana to smoke. Each month I pick up a can filled with
the marijuana cigarettes rolled by the government.

At one time I weighed 85 lb. and I now weigh 105. Twenty pounds is
quite a bit to put on. I could not walk. I did not have the appetite. I use a
scooter now for distance. I can get around the house. I have a standard
poodle who is kind of like an assistant dog. She is good at it. She helps me.

When I found out that there was a program to get marijuana from the
government, I decided that was the answer. I was not a marijuana smoker
before that. In fact, I used to consider the people I knew who smoked the
marijuana as undesirables. Now, I myself am an undesirable.

But it works. It takes away the backache. With multiple sclerosis, you
can get spasms, and your leg will just go straight out and you cannot stop
that leg. You may have danced all of your life and put the leg where you
wanted it to be, but the MS takes that from you. So I use the swimming
pool, and that helps a lot. The kicks are much less when I have smoked a
marijuana cigarette. Since 1991, I’ve smoked 10 cigarettes a day. I do not
take any other drugs. Marijuana seems to have been my helper. At one
time, I did not think much of the people who smoke it. But when it comes
to your health, it makes a big difference.

*  *  *
J.H. spoke at the IOM workshop in Washington, D.C. He was seriously
injured in an accident, suffers from a form of arthritis associated with
abnormal activity of the sympathetic nervous system known as reflex
sympathetic dystrophy, and has hepatitis C. He uses marijuana to re-
lieve nausea from liver disease, pain, and muscle spasms.

I am 48 years old, married with two children. I am a veteran who served
during the Vietnam war. I was exposed to hepatitis C in 1972 by a blood
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transfusion, which I needed because of a motor vehicle accident that broke
my back; ruined my right shoulder, my left thumb, and hand; and almost
amputated my right leg at the knee. My hepatitis C was not diagnosed until
1997—after the disease had destroyed my pancreas* and I had four heart
attacks, one angioplasty, and a minor stroke. In 1989, while at work, I was
involved in an accident with a large soil survey auger. My pelvis was
crushed, and serious nerve damage was the result. I also have reflex sym-
pathetic dystrophy, which is a neurological disease that has a tremendous
amount of pain and muscle spasms.

I have reached what the doctors call end-stage liver disease from the
hepatitis C. I have lost 85 lbs. due to the severe bouts of nausea and vom-
iting. Every time I come home from a hospital stay, my 7 year old asks if I
got the liver transplant. I am on a transplant list, but I am not a candidate
until I am seven days from death.

In October 1997, after trying four different antinausea medications, four
of the doctors that I see told me to go to Europe and see a doctor and try
medicinal cannabis. My primary care doctor wrote me a letter to carry with
my medical records asking that the doctor help me in any way that he
could to alleviate the symptoms of the hepatitis C and the reflex sympa-
thetic dystrophy. Those symptoms are severe nausea and pain from the
hepatitis C and pain and muscle spasms from the neurological disease.

I went to Europe in November 1997, where I saw a doctor of internal
medicine. He prescribed me cannabis, 1–2 g a day. I got the medicine and
a pipe and tried it. Within two minutes of taking two puffs from the pipe,
the nausea was gone. I don’t think that I felt the high, although I was quite
elated. In about 45 min. I was starving. Normally, I have a fear of eating
because I vomit almost always after I eat or take a pill. I forgot about that,
and I think I ate more that night than I had eaten in months. I did feel a little
nauseated after about four hours, but I smoked two more puffs, and in
about two hours I went to bed. The next morning I felt hungry. During my
nine-day stay in Europe, I was able to stay free of vomiting and the waves
of nausea became less frequent.

I had experienced four years of pain control using Tegretol, a drug used
by epileptics to control seizures. Now I can’t use that medication because
of the damage that it causes my cirrhotic liver. When I smoked about 2 g of
marijuana a day, the nausea was gone and I was no longer losing weight.
The pain was at an acceptable level. Sometimes I still find it necessary to
use an opiate painkiller, but only when the pain is at its worst. Surprisingly,
I lost an associated high within a few days. I also think the cannabis has an
antidepressant effect on me, as I no longer have what I call the “poor me”
feelings that I experienced after learning about the hepatitis C.

*This is an unlikely consequence of hepatitis C; it is more likely that the patient’s
liver was damaged.
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ORGANIZATION OF THE REPORT

Throughout the report, steps that might be taken to fill the gaps in
understanding both the potential harms and benefits of marijuana and
cannabinoid use are identified. Those steps include identifying knowl-
edge gaps, promising research directions, and potential therapies based
on scientific advances in cannabinoid biology.

Chapter 2 reviews basic cannabinoid biology and provides a founda-
tion to understand the medical value of marijuana or its constituent can-
nabinoids. In consideration of the physician’s first rule, “first, do no
harm,” the potential harms attributed to the medical use of marijuana are
reviewed before the potential medical benefits.  Chapter 3 reviews the
risks posed by marijuana use, with emphasis on medical use.

Chapter 4 analyzes the most credible clinical data relevant to the medi-
cal use of marijuana. It reviews what is known about the physiological
mechanisms underlying particular conditions (for example, chronic pain,
vomiting, anorexia, and muscle spasticity), what is known about the cel-
lular actions of cannabinoids, and the levels of proof needed to show that
marijuana is an effective treatment for specific symptoms. It does not ana-
lyze the historical literature; history is informative in enumerating uses of
marijuana, but it does not provide the sort of information needed for a
scientifically sound evaluation of the efficacy and safety of marijuana for
clinical use. Because marijuana is advocated primarily as affording relief
from the symptoms of disease rather than as a cure, this chapter is orga-
nized largely by symptoms as opposed to disease categories. Finally, chap-
ter 4 compares the conclusions of this report with those of other recent
reports on the medical use of marijuana.

Chapter 5 describes the process of and analyzes the prospects for can-
nabinoid drug development.
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2

Cannabinoids and Animal Physiology

INTRODUCTION

Much has been learned since the publication of the 1982
Institute of Medicine (IOM) report Marijuana and Health.*
Although it was clear then that most of the effects of mari-
juana were due to its actions on the brain, there was little
information about how THC acted on brain cells (neu-
rons), which cells were affected by THC, or even what gen-
eral areas of the brain were most affected by THC. Too

little was known about cannabinoid physiology to offer any scientific in-
sights into the harmful or therapeutic effects of marijuana. That is no
longer true. During the past 16 years, there have been major advances in
what basic science discloses about the potential medical benefits of can-
nabinoids, the group of compounds related to THC. Many variants are
found in the marijuana plant, and other cannabinoids not found in the
plant have been chemically synthesized. Sixteen years ago it was still a
matter of debate as to whether THC acted nonspecifically by affecting the
fluidity of cell membranes or whether a specific pathway of action was
mediated by a receptor that responded selectively to THC (Table 2.1).

*The field of neuroscience has grown substantially since the publication of the 1982 IOM
report. The number of members in the Society for Neuroscience provides a rough measure
of the growth in research and knowledge about the brain: as of the middle of 1998, there
were over 27,000 members, more than triple the number in 1982.
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Basic science is the wellspring for developing new medications and is par-
ticularly important for understanding a drug that has as many effects as
marijuana. Even committed advocates of the medical use of marijuana do
not claim that all the effects of marijuana are desirable for every medical
use. But they do claim that the combination of specific effects of mari-
juana enhances its medical value. An understanding of those specific ef-
fects is what basic science can provide. The multiple effects of marijuana
can be singled out and studied with the goals of evaluating the medical
value of marijuana and cannabinoids in specific medical conditions, as
well as minimizing unwanted side effects. An understanding of the basic
mechanisms through which cannabinoids affect physiology permits more
strategic development of new drugs and designs for clinical trials that are
most likely to yield conclusive results.

Research on cannabinoid biology offers new insights into clinical use,
especially given the scarcity of clinical studies that adequately evaluate
the medical value of marijuana. For example, despite the scarcity of sub-

TABLE 2.1 Landmark Discoveries Since the 1982 IOM Report

 Year Discovery Primary Investigators

1986 Potent cannabinoid agonists are M. R. Johnson and L. S. Melvin75

developed; they are the key to
discovering the receptor.

1988 First conclusive evidence of specific A. Howlett and W. Devane36

cannabinoid receptors.

1990 The cannabinoid brain receptor L. Matsuda107 and M. Herkenham
(CB1) is cloned, its DNA sequence et al.60

is identified, and its location in
the brain is determined.

1992 Anandamide is discovered—a R. Mechoulam and W. Devane37

naturally occurring substance in
the brain that acts on cannabinoid
receptors.

1993 A cannabinoid receptor is discovered S. Munro112

outside the brain; this receptor
(CB2) is related to the brain
receptor but is distinct.

1994 The first specific cannabinoid M. Rinaldi-Carmona132

antagonist, SR 141716A, is developed.

1998 The first cannabinoid antagonist, M. Rinaldi-Carmona133

SR144528, that can distinguish
between CB1 and CB2 receptors
discovered.
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stantive clinical data, basic science has made it clear that cannabinoids
can affect pain transmission and, specifically, that cannabinoids interact
with the brain’s endogenous opioid system, an important system for the
medical treatment of pain (see chapter 4).

The cellular machinery that underlies the response of the body and
brain to cannabinoids involves an intricate interplay of different systems.
This chapter reviews the components of that machinery with enough de-
tail to permit the reader to compare what is known about basic biology
with the medical uses proposed for marijuana. For some readers that will
be too much detail. Those readers who do not wish to read the entire
chapter should, nonetheless, be mindful of the following key points in
this chapter:

• The most far reaching of the recent advances in cannabinoid biol-
ogy are the identification of two types of cannabinoid receptors
(CB1 and CB2) and of anandamide, a substance naturally produced
by the body that acts at the cannabinoid receptor and has effects
similar to those of THC. The CB1 receptor is found primarily in the
brain and mediates the psychological effects of THC. The CB2 re-
ceptor is associated with the immune system; its role remains un-
clear.

• The physiological roles of the brain cannabinoid system in humans
are the subject of much active research and are not fully known;
however, cannabinoids likely have a natural role in pain modula-
tion, control of movement, and memory.

• Animal research has shown that the potential for cannabinoid de-
pendence exists, and cannabinoid withdrawal symptoms can be
observed. However, both appear to be mild compared to depen-
dence and withdrawal seen with other drugs.

• Basic research in cannabinoid biology has revealed a variety of cel-
lular pathways through which potentially therapeutic drugs could
act on the cannabinoid system. In addition to the known cannab-
inoids, such drugs might include chemical derivatives of plant-
derived cannabinoids or of endogenous cannabinoids such as
anandamide but would also include noncannabinoid drugs that
act on the cannabinoid system.

This chapter summarizes the basics of cannabinoid biology—as
known today. It thus provides a scientific basis for interpreting claims
founded on anecdotes and for evaluating the clinical studies of marijuana
presented in chapter 4.
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The Value of Animal Studies

Much of the research into the effects of cannabinoids on the brain is
based on animal studies. Many speakers at the public workshops associ-
ated with this study argued that animal studies of marijuana are not rel-
evant to humans. Animal studies are not a substitute for clinical trials, but
they are a necessary complement. Ultimately, every biologically active
substance exerts its effects at the cellular and molecular levels, and the
evidence has shown that this is remarkably consistent among mammals,
even those as different in body and mind as rats and humans. Animal
studies typically provide information about how drugs work that would
not be obtainable in clinical studies. At the same time, animal studies can
never inform us completely about the full range of psychological and
physiological effects of marijuana or cannabinoids on humans.

The Active Constituents of Marijuana

∆9-THC and ∆8-THC are the only compounds in the marijuana plant
that produce all the psychoactive effects of marijuana. Because ∆9-THC is
much more abundant than ∆8-THC, the psychoactivity of marijuana has
been attributed largely to the effects of ∆9-THC. 11-OH-∆9-THC is the pri-
mary product of ∆9-THC metabolism by the liver and is about three times
as potent as ∆9-THC.128

There have been considerably fewer experiments with cannabinoids
other than ∆9-THC, although a few studies have been done to examine
whether other cannabinoids modulate the effects of THC or mediate the
nonpsychological effects of marijuana. Cannabidiol (CBD) does not have
the same psychoactivity as THC, but it was initially reported to attenuate
the psychological response to THC in humans;81,177 however, later studies
reported that CBD did not attenuate the psychological effects of THC.11,69

One double-blind study of eight volunteers reported that CBD can block
the anxiety induced by high doses of THC (0.5 mg/kg).177  There are nu-
merous anecdotal reports claiming that marijuana with relatively higher
ratios of THC:CBD is less likely to induce anxiety in the user than mari-
juana with low THC:CBD ratios; but, taken together, the results published
thus far are inconclusive.

The most important effect of CBD seems to be its interference with
drug metabolism, including ∆9-THC metabolism in the liver.14,114 It exerts
that effect by inactivating cytochrome P450s, which are the most impor-
tant class of enzymes that metabolize drugs. Like many P450 inactivators,
CBD can also induce P450s after repeated doses.13 Experiments in which
mice were treated with CBD followed by THC showed that CBD treat-
ment was associated with a substantial increase in brain concentrations of
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THC and its major metabolites, most likely because it decreased the rate
of clearance of THC from the body.15

In mice, THC inhibits the release of luteinizing hormone, the pituitary
hormone that triggers the release of testosterone from the testes; this ef-
fect is increased when THC is given with cannabinol or CBD.113

Cannabinol also lowers body temperature and increases sleep dura-
tion in mice.175 It is considerably less active than THC in the brain, but
studies of immune cells have shown that it can modulate immune func-
tion (see “Cannabinoids and the Immune System” later in this chapter).

The Pharmacological Toolbox

A researcher needs certain key tools in order to understand how a
drug acts on the brain. To appreciate the importance of these tools, one
must first understand some basic principles of drug action. All recent
studies have indicated that the behavioral effects of THC are receptor
mediated.27 Neurons in the brain are activated when a compound binds
to its receptor, which is a protein typically located on the cell surface.
Thus, THC will exert its effects only after binding to its receptor. In gen-
eral, a given receptor will accept only particular classes of compounds
and will be unaffected by other compounds.

Compounds that activate receptors are called agonists. Binding to a
receptor triggers an event or a series of events in the cell that results in a
change in the cell’s activity, its gene regulation, or the signals that it sends
to neighboring cells (Figure 2.1). This agonist-induced process is called
signal transduction.

Another set of tools for drug research, which became available only
recently for cannabinoid research, are the receptor antagonists, so-called
because they selectively bind to a receptor that would have otherwise been
available for binding to some other compound or drug. Antagonists block
the effects of agonists and are tools to identify the functions of a receptor
by showing what happens when its normal functions are blocked. Ago-
nists and antagonists are both ligands; that is, they bind to receptors. Hor-
mones, neurotransmitters, and drugs can all act as ligands. Morphine and
naloxone provide a good example of how agonists and antagonists inter-
act. A large dose of morphine acts as an agonist at opioid receptors in the
brain and interferes with, or even arrests, breathing. Naloxone, a power-
ful opioid antagonist, blocks morphine’s effects on opiate receptors,
thereby allowing an overdose victim to resume breathing normally.
Naloxone itself has no effect on breathing.

Another key tool involves identifying the receptor protein and deter-
mining how it works. That makes it possible to locate where a drug acti-
vates its receptor in the brain—both the general region of the brain and
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FIGURE 2.1 Diagram of neuron with synapse. Individual nerve cells, or neu-
rons, both send and receive cellular signals to and from neighboring neurons, but
for the purposes of this diagram only one activity is indicated for each cell. Neu-
rotransmitter molecules are released from the neuron terminal and move across
the gap between the “sending” and “receiving” neurons. A signal is transmitted
to the receiving neuron when the neurotransmitters have bound to the receptor
on its surface. The effects of a transmitted signal include:

• Changing the cell’s permeability to ions, such as calcium and potassium.
• Turning a particular gene on or off.
• Sending a signal to another neuron.
• Increasing or decreasing the responsiveness of the cell to other cellular sig-

nals.

Those effects can lead to cognitive, behavioral, or physiological changes, depend-
ing on which neuronal system is activated.

Continued on bottom of p. 39
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the cell type where the receptor is located. The way to find a receptor for a
drug in the brain is to make the receptor “visible” by attaching a radioac-
tive or fluorescent marker to the drug. Such markers show where in the
brain a drug binds to the receptor, although this is not necessarily the part
of the brain where the drug ultimately has its greatest effects.

Because drugs injected into animals must be dissolved in a water-
based solution, it is easier to deliver water-soluble molecules than to de-
liver fat-soluble (lipophilic) molecules such as THC. THC is so lipophilic
that it can stick to glass and plastic syringes used for injection. Because it
is lipophilic, it readily enters cell membranes and thus can cross the blood
brain barrier easily. (This barrier insulates the brain from many blood-
borne substances.) Early cannabinoid research was hindered by the lack
of potent cannabinoid ligands (THC binds to its cannabinoid receptors
rather weakly) and because they were not readily water soluble. The syn-
thetic agonist CP 55,940, which is more water soluble than THC, was the
first useful research tool for studying cannabinoid receptors because of its
high potency and ability to be labeled with a radioactive molecule, which
enabled researchers to trace its activity.

CANNABINOID RECEPTORS

The cannabinoid receptor is a typical member of the largest known
family of receptors: the G protein-coupled receptors with their distinctive
pattern in which the receptor molecule spans the cell membrane seven
times (Figure 2.2). For excellent recent reviews of cannabinoid receptor
biology, see Childers and Breivogel,27Abood and Martin,1 Felder and
Glass,43 and Pertwee.124  Cannabinoid receptor ligands bind reversibly
(they bind to the receptor briefly and then dissociate) and stereoselectively
(when there are molecules that are mirror images of each other, only one

The expanded view of the synapse illustrates a variety of ligands, that is, mol-
ecules that bind to receptors. Anandamide is a substance produced by the body
that binds to and activates cannabinoid receptors; it is an endogenous agonist. THC
can also bind to and activate cannabinoid receptors but is not naturally found in
the body; it is an exogenous agonist. SR 141716A binds to but does not activate
cannabinoid receptors. In this way it prevents agonists, such as anandamide and
THC, from activating cannabinoid receptors by binding to the receptors without
activating them; SR 141716A is an antagonist, but it is not normally produced in
the body. Endogenous antagonists, that is, those normally produced in the body,
might also exist, but none has been identified.
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FIGURE 2.2 Cannabinoid receptors. Receptors are proteins, and proteins are
made up of strings of amino acids. Each circle in the diagram represents one amino
acid. The shaded bar represents the cell membrane, which like all cell membranes
in animals is composed largely of phospholipids. Like many receptors, the can-
nabinoid receptors span the cell membrane; some sections of the receptor protein
are outside the cell membrane (extracellular); some are inside (intracellular). THC,
anandamide, and other known cannabinoid receptor agonists bind to the extracel-
lular portion of the receptor, thereby activating the signal pathway inside the cell.
The CB1 molecule is larger than CB2. The receptor molecules are most similar in
four of the seven regions where they are embedded in the cell membrane (known
as the transmembrane regions). The intracellular loops of the two receptor sub-
types are quite different, which might affect the cellular response to the ligand
because these loops are known to mediate G protein signaling, the next step in the
cell signaling pathway after the receptor. Receptor homology between the two
receptor subtypes is 44% for the full-length protein and 68% within the seven
transmembrane regions. The ligand binding sites are typically defined by the ex-
tracellular loops and the transmembrane regions.

version activates the receptor). Thus far, two cannabinoid receptor sub-
types (CB1 and CB2) have been identified, of which only CB1 is found in
the brain.

The cell responds in a variety of ways when a ligand binds to the
cannabinoid receptor (Figure 2.3). The first step is activation of G pro-
teins, the first components of the signal transduction pathway. That leads
to changes in several intracellular components—such as cyclic AMP and
calcium and potassium ions—which ultimately produce the changes in
cell functions. The final result of cannabinoid receptor stimulation de-
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pends on the particular type of cell, the particular ligand, and the other
molecules that might be competing for receptor binding sites. Different
agonists vary in binding potency, which determines the effective dose of
the drug, and efficacy, which determines the maximal strength of the sig-
nal that they transmit to the cell. The potency and efficacy of THC are
both relatively lower than those of some synthetic cannabinoids; in fact,
synthetic compounds are generally more potent and efficacious than en-
dogenous agonists.

CB1 receptors are extraordinarily abundant in the brain. They are
more abundant than most other G protein-coupled receptors and 10 times
more abundant than mu opioid receptors, the receptors responsible for
the effects of morphine.148

FIGURE 2.3 Cannabinoid agonists trigger a series of reactions within cells. Can-
nabinoid receptors are embedded in the cell membrane, where they are coupled
to G proteins (G) and the enzyme adenylyl cyclase (AC). Receptors are activated
when they bind to ligands, such as anandamide or THC in this case. This triggers
a variety of reactions, including inhibition (–) of AC, which decreases the produc-
tion of cAMP and cellular activities dependent on cAMP; opening of potassium
(K+) channels, which decreases cell firing; and closing of calcium (Ca2+) channels,
which decreases the release of neurotransmitters. Each of those changes can influ-
ence cellular communication.
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The cannabinoid receptor in the brain is a protein referred to as CB1.
The peripheral receptor (outside the nervous system), CB2, is most abun-
dant on cells of the immune system and is not generally found in the
brain.43,124 Although no other receptor subtypes have been identified,
there is a genetic variant known as CB1A (such variants are somewhat
different proteins that have been produced by the same genes via alterna-
tive processing). In some cases, proteins produced via alternative splicing
have different effects on cells. It is not yet known whether there are any
functional differences between the two, but the structural differences raise
the possibility.

CB1 and CB2 are similar, but not as similar as members of many other
receptor families are to each other. On the basis of a comparison of the
sequence of amino acids that make up the receptor protein, the similarity
of the CB1 and CB2 receptors is 44% (Figure 2.2). The differences between
the two receptors indicate that it should be possible to design therapeutic
drugs that would act only on one or the other receptor and thus would
activate or attenuate (block) the appropriate cannabinoid receptors. This
offers a powerful method for producing biologically selective effects. In
spite of the difference between the receptor subtypes, most cannabinoid
compounds bind with similar affinity* to both CB1 and CB2 receptors.
One exception is the plant-derived compound CBD, which appears to
have greater binding affinity for CB2 than for CB1,112 although another
research group has failed to substantiate that observation.129  Other ex-
ceptions include the synthetic compound WIN 55,212-2, which shows
greater affinity for CB2 than CB1, and the endogenous ligands, anan-
damide and 2-AG, which show greater affinity for CB1 than CB2.43  The
search for compounds that bind to only one or the other of the cannab-
inoid receptor types has been under way for several years and has yielded
a number of compounds that are useful research tools and have potential
for medical use.

Cannabinoid receptors have been studied most in vertebrates, such as
rats and mice. However, they are also found in invertebrates, such as
leeches and mollusks.156 The evolutionary history of vertebrates and in-
vertebrates diverged more than 500 million years ago, so cannabinoid re-
ceptors appear to have been conserved throughout evolution at least this
long. This suggests that they serve an important and basic function in
animal physiology. In general, cannabinoid receptor molecules are simi-
lar among different species.124  Thus, cannabinoid receptors likely fill
many similar functions in a broad range of animals, including humans.

*Affinity is a measure of how avidly a compound binds to a receptor. The higher the affin-
ity of a compound, the higher its potency; that is, lower doses are needed to produce its
effects.
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THE ENDOGENOUS CANNABINOID SYSTEM

For any drug for which there is a receptor, the logical question is,
“Why does this receptor exist?” The short answer is that there is probably
an endogenous agonist (that is, a compound that is naturally produced in
the brain) that acts on that receptor. The long answer begins with a search
for such compounds in the area of the body that produces the receptors
and ends with a determination of the natural function of those com-
pounds. So far, the search has yielded several endogenous compounds
that bind selectively to cannabinoid receptors. The best studied of them
are anandamide37  and arachidonyl glycerol (2-AG).108  However, their
physiological roles are not yet known.

Initially, the search for an endogenous cannabinoid was based on the
premise that its chemical structure would be similar to that of THC; that
was reasonable, in that it was really a search for another “key” that would
fit into the cannabinoid receptor “keyhole,” thereby activating the cellular
message system. One of the intriguing discoveries in cannabinoid biology
was how chemically different THC and anandamide are. A similar search
for endogenous opioids (endorphins) also revealed that their chemical
structure is very different from the plant-derived opioids, opium and
morphine.

 Further research has uncovered a variety of compounds with quite
different chemical structures that can activate cannabinoid receptors
(Table 2.2 and Figure 2.4). It is not yet known exactly how anandamide
and THC bind to cannabinoid receptors. Knowing this should permit
more precise design of drugs that selectively activate the endogenous can-
nabinoid systems.

Anandamide

The first endogenous cannabinoid to be discovered was arachidonyl-
ethanolamine, named anandamide from the Sanskrit word ananda, mean-
ing “bliss.”37 Compared with THC, anandamide has only moderate affin-
ity for CB1 receptor and is rapidly metabolized by amidases (enzymes that
remove amide groups). Despite its short duration of action, anand-amide
shares most of the pharmacological effects of THC.37,152 Rapid degrada-
tion of active molecules is a feature of neurotransmitter systems that al-
lows them control of signal timing by regulating the abundance of signal-
ing molecules. It creates problems for interpreting the results of many
experiments and might explain why in vivo studies with anandamide in-
jected into the brain have yielded conflicting results.

Anandamide appears to have both central (in the brain) and periph-
eral (in the rest of the body) effects. The precise neuroanatomical localiza-

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

44 MARIJUANA AND MEDICINE

TABLE 2.2 Compounds That Bind to Cannabinoid Receptors

Compound Properties

Agonists (receptor activators)
Plant-derived compounds

∆9-THC Main psychoactive cannabinoid in marijuana plant; largely
responsible for psychological and physiological effects
(except in discussions of the different forms of THC, THC
is used as a synonym for ∆9-THC).

∆8-THC Slightly less potent than ∆9-THC and much less abundant
in marijuana plant but otherwise similar.

11-OH-∆9-THC Bioactive compound formed when body breaks down ∆9-
THC; presumed to be responsible for some effects of
marijuana.

Cannabinoid agonists found in animals
Anandamide Found in animals ranging from mollusks to mammals;

(arachidonyl- appears to be primary endogenous cannabinoid agonist in
ethanolamide) mammals; chemical structure very different from plant

cannabinoids and related to prostaglandins.

2-AG (arachidonyl Endogenous agonist; structurally similar to anandamide;
glycerol) more abundant but less potent than anandamide.

THC analogues
Dronabinol Synthetic THC; marketed in the United States as Marinol

for nausea associated with chemotherapy and for AIDS-
related wasting.

Nabilone THC analogue; marketed in the United Kingdom as
Cesamet  for same indications as dronabionol.

CP 55,940 Synthetic cannabinoid; THC analogue; that is, it is
structurally similar to THC.

Levonantradol THC analogue.

HU-210 THC analogue, 100- to 800-fold greater potency than THC97.

Chemical structure unlike THC or anandamide
WIN-55,212-2 Chemical structure different from known cannabinoids, but

binds to both cannabinoid receptors; chemically related to
cyclo-oxygenase inhibitors, which include antiinflam-
matory drugs.

Antagonists (receptor blockers)
SR 141716A Synthetic CB1 antagonist; developed in 1994132.

SR 144528 Synthetic CB2 antagonist; developed in 1997133.

SOURCES:  Mechoulam et al., 1998;109 Felder and Glass, 1998;43 and British Medical Associa-
tion.17
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FIGURE 2.4 Chemical structures of selected cannabinoid agonists or molecules
that bind to and activate cannabinoid receptors. THC is the primary psychoactive
molecule found in marijuana. CP 55,940 is a THC analogue; that is, its chemical
structure is related to THC. Anandamide and 2-arachidonyl glycerol (2-AG) are
endogenous molecules, meaning they are naturally produced in the body. Al-
though the chemical structure of WIN 55,212 is very different from either THC or
anandamide, it is also a canabinoid agonist.

tion of anandamide and the enzymes that synthesize it are not yet known.
This information will provide essential clues to the natural role of anan-
damide and an understanding of the brain circuits in which it is a neu-
rotransmitter. The importance of knowing specific brain circuits that in-
volve anandamide (and other endogenous cannabinoid ligands) is that
such circuits are the pivotal elements for regulating specific brain func-
tions, such as mood, memory, and cognition.  Anandamide has been
found in numerous regions of the human brain: hippocampus (and
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parahippocampic cortex), striatum, and cerebellum; but it has not been
precisely identified with specific neuronal circuits. CB1 receptors are abun-
dant in these regions, and this further implies a physiological role for en-
dogenous cannabinoids in the brain functions controlled by these areas.
But substantial concentrations of anandamide are also found in the thala-
mus, an area of the brain that has relatively few CB1 receptors.124

Anandamide has also been found outside the brain. It has been found
in spleen tissue, which also has high concentrations of CB2 receptors, and
small amounts have been detected in heart tissue.44

In general, the affinity of anandamide for cannabinoid receptors is
only one-fourth to one-half that of THC (see Table 2.3). The differences
depend on the cells or tissue that are tested and on the experimental con-
ditions, such as the binding assay used (reviewed by Pertwee124).

The molecular structure of anandamide is relatively simple, and it
can be formed from arachidonic acid and ethanolamine. Arachidonic acid
is a common precursor of a group of biologically active molecules known
as eicosanoids, including prostaglandins.* Although anandamide can be
synthesized in a variety of ways, the physiologically relevant pathway

TABLE 2.3 Comparison of Cannabinoid Receptor Agonists

Potency can be measured in a variety of ways, from behavioral to physiological to
cellular. This table shows potency in terms of receptor binding, which is the most broadly
applicable to the many possible actions of cannabinoids. For example, anandamide binds
to the cannabinoid receptor only about half as avidly as does THC. Measures of potency
might include effects on activity (behavior) or hypothermia (physiologic).

The apparently low potency of 2-AG may, however, be misleading. A study published
late in 1998 reports that 2-AG is found with two other closely related compounds that by
themselves are biologically inactive; but in the presence of those two compounds, 2-AG is
only three times less active than THC.9 Further, 2-AG is much more abundant than
anandamide, although the biological significance of this remains to be determined.

Receptor Binding in Brain Tissue124

Potency Relative
Compound to ∆9-THC

CP 55,940  59
∆9-THC  1
Anandamide  0.47
2-AG  0.08

*Eicosanoids all contain a chain of 20 carbon atoms and are named after eikosi, the Greek
word for 20.
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seems to be through enzymatic cleavage of N-arachidonyl-phosphatidyl-
ethanolamine (NAPE), which yields anandamide and phosphatidic acid
(reviewed by Childers and Breivogel27).

Anandamide can be inactivated in the brain via two mechanisms. In
one it is enzymatically cleaved to yield arachidonic acid and ethanola-
mine—the reverse of what was initially proposed as its primary mode of
synthesis. In the other it is inactivated through neuronal uptake—that is,
by being transported into the neuron, which prevents its continuing acti-
vation of neighboring neurons.

Other Endogenous Agonists

Several other endogenous compounds that are chemically related to
anandamide and that bind to cannabinoid receptors have been discov-
ered, one of which is 2-AG.108  2-AG is closely related to anandamide and
is even more abundant in the brain. At the time of this writing, all known
endogenous cannabinoid receptor agonists (including anandamide) were
eicosanoids, which are arachidonic acid metabolites. Arachidonic acid (a
free fatty acid) is released via hydrolysis of membrane phospholipids.

Other, noneicosanoid, compounds that bind cannabinoid receptors
have recently been isolated from brain tissue, but they have not been iden-
tified, and their biological effects are under investigation. This is a fast-
moving field of research, and no review over six months old will be fully
up to date.

The endogenous compounds that bind to cannabinoid receptors prob-
ably perform a broad range of natural functions in the brain. This neural
signaling system is rich and complex and has many subtle variations,
many of which await discovery. In the next few years much more will
probably be known about these naturally occurring cannabinoids.

Some effects of cannabinoid agonists are receptor independent. For
example, both THC and CBD can be neuroprotective through their
antioxidative activity; that is, they can reduce the toxic forms of oxygen
that are released when cells are under stress.54 Other likely examples of
receptor-independent cannabinoid activity are modulation of activation
of membrane-bound enzymes (such as ATPase), arachidonic acid release,
and perturbation of membrane lipids. An important caution in interpret-
ing those reports is that concentrations of THC or CBD used in cellular
studies, such as these, are generally much higher than the concentrations
of THC or CBD in the body that would likely be achieved by smoking
marijuana.

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

48 MARIJUANA AND MEDICINE

Novel Targets for Therapeutic Drugs

Drugs that alter the natural biology of anandamide or other endog-
enous cannabinoids might have therapeutic uses (Table 2.4). For example,
drugs that selectively inhibit neuronal uptake of anandamide would in-
crease the brain’s own natural cannabinoids, thereby mimicking some of
the effects of THC. A number of important psychotherapeutic drugs act
by inhibiting neurotransmitter uptake. For example, antidepressants like
fluoxetine (Prozac) inhibit serotonin uptake and are known as selective
serotonin reuptake inhibitors, or SSRIs. Another way to alter levels of en-
dogenous cannabinoids would be to develop drugs that act on the en-
zymes involved in anandamide synthesis. Some antihypertensive drugs
work by inhibiting enzymes involved in the synthesis of endogenous hy-
pertensive agents. For example, anti-converting enzyme (ACE) inhibitors
are used in hypertensive patients to interfere with the conversion of an-
giotensin I, which is inactive, to the active hormone, angiotensin II.

SITES OF ACTION

Cannabinoid receptors are particularly abundant in some areas of the
brain. The normal biology and behavior associated with these brain areas

TABLE 2.4 Cellular Processes That Can Be Targeted for Drug
Development

Drug Action Biological Result

Block synthesis Synthesis of bioactive compounds Weaker signal, due to
is a continuous process and is decreased agonist
one means by which concentrations concentration.
of that compound are regulated.

Inhibit Chemical breakdown is one method Stronger signal, due to
degradation the body uses to inactivate increased agonist

endogenous substances. concentration.

Facilitate Neuronal uptake is one of the natural Stronger signal, due to
neuronal uptake ways in which a receptor agonist increased amount of time

is inactivated. during which agonist is
present in the synapse
where it can stimulate the
receptor.

NOTE: Endogenous cannabinoids are part of a cellular signaling system. This table lists
categories of natural processes that regulate such systems and shows the results of altering
those processes.
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are consistent with the behavioral effects produced by cannabinoids
(Table 2.5 and Figure 2.5). The highest receptor density is found in cells of
the basal ganglia that project locally and to other brain regions. These
cells include the substantia nigra pars reticulata, entopeduncular nucleus,
and globus pallidus, regions that are generally involved in coordinating
body movements. Patients with Parkinson’s or Huntington’s disease tend
to have impaired functions in these regions.

CB1 receptors are also abundant in the putamen, part of the relay sys-
tem within the basal ganglia that regulates body movements; the cerebel-
lum, which coordinates body movements; the hippocampus, which is in-
volved in learning, memory, and response to stress; and the cerebral
cortex, which is concerned with the integration of higher cognitive func-
tions.

CB1 receptors are found on various parts of neurons, including the

TABLE 2.5 Brain Regions in Which Cannabinoid Receptors Are
Abundant

Brain Region Functions Associated with Region

Brain regions in which cannabinoid receptors are abundant

Basal ganglia Movement control
Substantia nigra pars reticulata
Entopeduncular nucleus
Globus pallidus
Putamen

Cerebellum Body movement coordination
Hippocampus Learning and memory, stress
Cerebral cortex, especially cingulate, Higher cognitive functions

frontal, and parietal regions
Nucleus accumbens Reward center

Brain regions in which cannabinoid brain receptors are moderately concentrated

Hypothalamus Body housekeeping functions (body
temperature regulation, salt and water
balance, reproductive function)

Amygdala Emotional response, fear
Spinal cord Peripheral sensation, including pain
Brain stem Sleep and arousal, temperature regulation,

motor control
Central gray Analgesia
Nucleus of the solitary tract Visceral sensation, nausea and vomiting

SOURCES: Based on reviews by Pertwee (1997b)124 and Herkenham (1995).57
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FIGURE 2.5 Locations of brain regions in which cannabinoid receptors are abun-
dant. See Table 2.5 for a summary of functions associated with those regions.

axon, cell bodies, terminals, and dendrites.57,165 Dendrites are generally
the “receiving” part of a neuron, and receptors on axons or cell bodies
generally modulate other signals. Axon terminals are the “sending” part
of the neuron.

Cannabinoids tend to inhibit neurotransmission, although the results
are somewhat variable. In some cases, cannabinoids diminish the effects
of the inhibitory neurotransmitter, g-aminobutyric acid (GABA);144 in
other cases, cannabinoids can augment the effects of GABA.120 The effect
of activating a receptor depends on where it is found on the neuron: if
cannabinoid receptors are presynaptic (on the “sending” side of the syn-
apse) and inhibit the release of GABA, cannabinoids would diminish
GABA effects; the net effect would be stimulation. However, if cannab-
inoid receptors are postsynaptic (on the “receiving” side of the synapse)
and on the same cell as GABA receptors, they will probably mimic the
effects of GABA; in that case, the net effect would be inhibition.120,144,160

CB1 is the predominant brain cannabinoid receptor. CB2 receptors
have not generally been found in the brain, but there is one isolated report
suggesting some in mouse cerebellum.150 CB2 is found primarily on cells
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of the immune system. CB1 receptors are also found in immune cells, but
CB2 is considerably more abundant there (Table 2.6) (reviewed by
Kaminski80 in 1998).

As can be appreciated in the next section, the presence of cannabinoid
systems in key brain regions is strongly tied to the functions and pathol-
ogy associated with those regions. The clinical value of cannabinoid sys-
tems is best understood in the context of the biology of these brain re-
gions.

CANNABINOID RECEPTORS AND BRAIN FUNCTIONS

Motor Effects

Marijuana affects psychomotor performance in humans. The effects
depend both on the nature of the task and the experience with marijuana.
In general, effects are clearest in steadiness (body sway and hand steadi-
ness) and in motor tasks that require attention. The results of testing can-
nabinoids in rodents are much clearer.

Cannabinoids clearly affect movement in rodents, but the effects de-
pend on the dose: low doses stimulate and higher doses inhibit locomo-
tion.111,159 Cannabinoids mainly inhibit the transmission of neural signals,
and they inhibit movement through their actions on the basal ganglia and
cerebellum, where cannabinoid receptors are particularly abundant (Fig-
ure 2.6). Cannabinoid receptors are also found in the neurons that project
from the striatum and subthalamic nucleus, which inhibit and stimulate
movement, respectively.58,101

Cannabinoids decrease both the inhibitory and stimulatory inputs to
the substantia nigra and therefore might provide dual regulation of move-

TABLE 2.6 Cannabinoid Receptors

CB1 CB2

Effects of various cannabinoids
∆9-THC Agonist Weak antagonist
Anandamide Agonist Agonist
Cannabinol Weak agonist Agonist; greater affinity for CB2 than

for CB1
Cannabidiol Does not bind Does not bind to receptor

to receptor

Receptor distribution
Areas of greatest Brain Immune system, especially B cells and

abundance natural killer cells
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FIGURE 2.6 Diagrams showing motor regions of the brain. Basal ganglia are a
group of three brain regions, or nuclei—caudate, putamen, and globus pallidus.
Figure 2.6a is a three-dimensional view showing the location of those nuclei in the
brain. Figure 2.6b shows those structures in a vertical cross-sectional view. The
major output pathways of the basal ganglia arise from the globus pallidus and
pars reticulata of the substantia nigra. Their main target is the thalamus.
SOURCE:  Figure 2.6a is reprinted from Principles of Neural Science, 2nd ed., 1985
(E.R. Kandel and J.H. Schwartz, eds.), with permission from the copyright holder,
Appleton and Lange.
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ment at this nucleus. In the substantia nigra, cannabinoids decrease trans-
mission from both the striatum and the subthalamic nucleus.141 The glo-
bus pallidus has been implicated in mediating the cataleptic effects of
large doses of cannabinoids in rats.126 (Catalepsy is a condition of dimin-
ished responsiveness usually characterized by trancelike states and waxy
rigidity of the muscles.) Several other brain regions—the cortex, the cer-
ebellum, and the neural pathway from cortex to striatum—are also in-
volved in the control of movement and contain abundant cannabinoid
receptors.52,59,101 They are therefore possible additional sites that might
underlie the effects of cannabinoids on movement.

Memory Effects

One of the primary effects of marijuana in humans is disruption of
short-term memory.68 That is consistent with the abundance of CB1 recep-
tors in the hippocampus, the brain region most closely associated with
memory. The effects of THC resemble a temporary hippocampal lesion.63

Deadwyler and colleagues have demonstrated that cannabinoids decrease
neuronal activity in the hippocampus and its inputs.23,24, 83 In vitro, sev-
eral cannabinoid ligands and endogenous cannabinoids can block the cel-
lular processes associated with memory formation.29,30,116,157,163 Further-
more, cannabinoid agonists inhibit release of several neurotransmitters:
acetylcholine from the hippocampus,49-51 norepinephrine from human
and guinea pig (but not rat or mouse) hippocampal slices,143 and
glutamate in cultured hippocampal cells.144 Cholinergic and noradrener-
gic neurons project into the hippocampus, but circuits within the hippo-
campus are glutamatergic.* Thus, cannabinoids could block transmission
both into and within the hippocampus by blocking presynaptic neu-
rotransmitter release.

Pain

After nausea and vomiting, chronic pain was the condition cited most
often to the IOM study team as a medical use for marijuana. Recent re-
search presented below has shown intriguing parallels with anecdotal
reports of the modulating effects of cannabinoids on pain—both the ef-
fects of cannabinoids acting alone and the effects of their interaction with
opioids.

*Neurons are often defined by the primary neurotransmitter released at their terminals.
Thus, cholinergic neurons release acetylcholine, noradrenergic neurons release noradrenalin
(also known as norepinephrine), and glutamergic neurons release glutamate.
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Behavioral Studies

Cannabinoids reduce reactivity to acute painful stimuli in laboratory
animals. In rodents, cannabinoids reduced the responsiveness to pain in-
duced through various stimuli, including thermal, mechanical, and chemi-
cal stimuli.12,19,46,72,96,154,174 Cannabinoids were comparable with opiates
in potency and efficacy in these experiments.12,72

Cannabinoids are also effective in rodent models of chronic pain.
Herzberg and co-workers found that cannabinoids can block allodynia
and hyperalgesia associated with neuropathic pain in rats.62 This is an
important advance because chronic pain frequently results in a series of
neural changes that increase suffering due to allodynia (pain elicited by
stimuli that are normally innocuous), hyperalgesia ( abnormally increased
reactivity to pain), and spontaneous pain; furthermore, some chronic pain
syndromes are not amenable to therapy, even with the most powerful
narcotic analgesics.10

Pain perception is controlled mainly by neurotransmitter systems
within the central nervous system, and cannabinoids clearly play a role in
the control of pain in those systems.45 However, pain-relieving and pain-
preventing mechanisms also occur in peripheral tissues, and endogenous
cannabinoids appear to play a role in peripheral tissues. Thus, the differ-
ent cannabinoid receptor subtypes might act synergistically. Experiments
in which pain is induced by injecting dilute formalin into a mouse’s paw
have shown that anandamide and palmitylethanolamide (PEA) can block
peripheral pain.22,73 Anandamide acts primarily at the CB1 receptor,
whereas PEA has been proposed as a possible CB2 agonist; in short, there
might be a biochemical basis for their independent effects. When injected
together, the analgesic effect is stronger than that of either alone. That
suggests an important strategy for the development of a new class of an-
algesic drug: a mixture of CB1 and CB2 agonists. Because there are few, if
any, CB2 receptors in the brain, it might be possible to develop drugs that
enhance the peripheral analgesic effect while minimizing the psychologi-
cal effects.

Neural Sites of Altered Responsiveness to Painful Stimuli

The brain and spinal cord mediate cannabinoid analgesia. A number
of brain areas participate in cannabinoid analgesia and support the role of
descending pathways (neural pathways that project from the brain to the
spinal cord).103,105 Although more work is needed to produce a compre-
hensive map of the sites of cannabinoid analgesia, it is clear that the ef-
fects are limited to particular areas, most of which have an established
role in pain.
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Specific sites where cannabinoids act to affect pain processing include
the periaqueductal gray,104 rostral ventral medulla,105,110 thalamic nucleus
submedius,102 thalamic ventroposterolateral nucleus,102 dorsal horn of the
spinal cord,64,65 and peripheral sensory nerves.64-66,131 Those nuclei also
participate in opiate analgesia. Although similar to opiate analgesia, can-
nabinoid analgesia is not mediated by opioid receptors; morphine and
cannabinoids sometimes act synergistically, and opioid antagonists gen-
erally have no effect on cannabinoid-induced analgesia.171 However, a
kappa-receptor antagonist has been shown to attenuate spinal, but not su-
praspinal, cannabinoid analgesia.153,170,171 (Kappa opioid receptors consti-
tute one of the three major types of opioid receptors; the other two types
are mu and delta receptors.)

Neurophysiology and Neurochemistry of Cannabinoid Analgesia

Because of the marked effects of cannabinoids on motor function, be-
havioral studies in animals alone cannot provide sufficient grounds for
the conclusion that cannabinoids depress pain perception. Motor behav-
ior is typically used to measure responses to pain, but this behavior is
itself affected by cannabinoids. Thus, experimental results include an un-
measured combination of cannabinoid effects on motor and pain systems.
The effects on specific neural systems, however, can be measured at the
neurophysiological and neurochemical levels. Cannabinoids decrease the
response of immediate-early genes (genes that are activated in the early
or immediate stage of response to a broad range of cellular stimuli) to
noxious stimuli in the spinal cord, decrease response of pain neurons in
the spinal cord, and decrease the responsiveness of pain neurons in the
ventral posterolateral nucleus of the thalamus.67,102 Those changes are me-
diated by cannabinoid receptors, are selective for pain neurons, and are
unrelated to changes in skin temperature or depth of anesthesia, and they
follow the time course of the changes in behavioral responses to painful
stimuli but not the time course of motor changes.67 On-cells and off-cells
in the rostral ventral medulla control pain transmission at the level of the
spinal cord, and cannabinoids also modulate their responses in a manner
that is very similar to that of morphine.110

Endogenous Cannabinoids Modulate Pain

Endogenous cannabinoids can modulate pain sensitivity through both
central and peripheral mechanisms. For example, animal studies have
shown that pain sensitivity can be increased when endogenous cannab-
inoids are blocked from acting at CB1 receptors.22,62,110,130,158 Administra-
tion of cannabinoid antagonists in either the spinal cord130 or paw22 in-
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crease the sensitivity of animals to pain. In addition, there is evidence that
cannabinoids act at the site of injury to reduce peripheral inflammation.131

Current data suggest that the endogenous cannabinoid analgesic sys-
tem might offer protection against the long-lasting central hyperalgesia
and allodynia that sometimes follow skin or nerve injuries.130,158 These
results raise the possibility that therapeutic interventions that alter the
levels of endogenous cannabinoids might be useful for managing pain in
humans.

CHRONIC EFFECTS OF THC

Most substances of abuse produce tolerance, physical dependence,
and withdrawal symptoms. Tolerance is the most common response to re-
petitive use of a drug and is the condition in which, after repeated expo-
sure to a drug, increasing doses are needed to achieve the same effect.
Physical dependence develops as a result of a resetting of homeostatic
mechanisms in response to repeated drug use. Tolerance, dependence,
and withdrawal are not peculiar to drugs of abuse. Many medicines that
are not addicting can produce these types of effects; examples of such
medications include clonidine, propranolol, and tricyclic antidepressants.
The following sections discuss what is known about the biological mecha-
nisms that underlie tolerance, reward, and dependence; clinical studies
about those topics are discussed in chapter 3.

Tolerance

Chronic administration of cannabinoids to animals results in toler-
ance to many of the acute effects of THC, including memory disruption,34

decreased locomotion,2,119 hypothermia,42,125 neuroendocrine effects,134

and analgesia.4 Tolerance also develops to the cardiovascular and psy-
chological effects of THC and marijuana in humans (see also discussion in
chapter 3).55,56,76

Tolerance to cannabinoids appears to result from both pharmacokinetic
changes (how the drug is absorbed, distributed, metabolized, and ex-
creted) and pharmacodynamic changes (how the drug interacts with target
cells). Chronic treatment with the cannabinoid agonist, CP 55,940, in-
creases the activity of the microsomal cytochrome P450 oxidative system,31

the system through which drugs are metabolized in the liver; this sug-
gests pharmacokinetic tolerance. Chronic cannabinoid treatment also pro-
duces changes in brain cannabinoid receptors and cannabinoid receptor
mRNA concentrations—an indication that pharmacodynamic effects are
important as well.

Most studies have found that brain cannabinoid receptor concentra-
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tions usually decrease after prolonged exposure to agonists,42,119,136,138 al-
though some studies have reported increases137 or no changes2 in recep-
tor binding in brain. Differences among studies could be due to the par-
ticular agonist tested, the assay used, the brain region examined, or the
treatment time. For example, the THC analogue, levonantradol, produces
a greater desensitization of adenylyl cyclase inhibition than does THC in
cultured neuroblastoma cells.40 This might be explained by differences in
efficacy between these two agonists.18,147 A time course study revealed
differences among brain regins in the rates and magnitudes of receptor
down regulation.16 Those findings suggest that tolerance to different ef-
fects of cannabinoids develops at different rates.

Chronic treatment with THC also produces variable effects on can-
nabinoid-mediated signal transduction systems. It produces substantial
desensitization of cannabinoid-activated G proteins in a number of rat
brain regions.147 The time course of this desensitization varies across brain
regions.16

It is difficult to extend the findings of short-term animal studies to
human marijuana use. To simulate long-term use, higher doses are used
in animal studies than are normally achieved by smoking marijuana. For
example, the average human will feel “high” after injection of THC at a
level of 0.06 mg/kg,118 compared with the 10–20 mg/kg per day used in
many chronic rat studies. At the same time, doses of marijuana needed to
observe behavioral changes in rats (usually changes in locomotor behav-
ior) are substantially higher than doses at which people feel “high.” The
pharmacokinetics of THC distribution in the body are also dramatically
different between rats and humans and depend heavily on whether it is
inhaled, injected, or swallowed. It is likely that some of the same bio-
chemical adaptations to chronic cannabinoid administration occur in labo-
ratory animals and humans, but the magnitude of the effects in humans
might be less than that in animals in proportion to the doses used.

Reward and Dependence

Experimental animals that are given the opportunity to self-adminis-
ter cannabinoids generally do not choose to do so, which has led to the
conclusion that they are not reinforcing and rewarding.38 However, be-
havioral95 and brain stimulation94 studies have shown that THC can be
rewarding to animals. The behavioral study used a “place preference”
test, in which an animal is given repeated doses of a drug in one place,
and is then given a choice between a place where it received the drug and
a place where it did not. The animals chose the place where they received
the THC. These rewarding effects are highly dose dependent. In all mod-
els studied, cannabinoids are only rewarding at midrange; doses that are
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too low are not rewarding; doses that are too high can be aversive. Mice
will self-administer the cannabinoid agonist WIN 55,212-2 but only at low
doses.106 This effect is specifically mediated by CB1 receptors and indi-
cates that stimulation of those receptors is rewarding to the mice. Antago-
nism of cannabinoid receptors is also rewarding in rats; in conditioned
place preference tests, animals show a preference for the place they re-
ceive the cannabinoid antagonist SR 141716A at both low and high
doses.140 Cannabinoids increase dopamine concentrations in the
mesolimbic dopamine system of rats, a pathway associated with reinforce-
ment.25,39,161 However, the mechanism by which THC increases dopa-
mine concentrations appears to be different from that of other abused
drugs51 (see chapter 3 for further discussion of reinforcement). THC-
induced increases in dopamine are due to increases in the firing rate of
dopamine cells in the ventral tegmental area by ∆9-THC.47 However, these
increases in firing rate in the ventral tegmental area could not be explained
by increases in the firing of the A10 dopamine cell group, where other
abused drugs have been shown to act.51

Physical dependence on cannabinoids has been observed only under
experimental conditions of “precipitated withdrawal” in which animals
are first treated chronically with cannabinoids and then given the CB1
antagonist SR 141716A.3,166 The addition of the antagonist accentuates any
withdrawal effect by competing with the agonist at receptor sites; that is,
the antagonist helps to clear agonists off and keep them off receptor sites.
This suggests that, under normal cannabis use, the long half-life and slow
elimination from the body of THC and the residual bioactivity of its me-
tabolite, 11-OH-THC, can prevent substantial abstinence symptoms. The
precipitated withdrawal produced by SR 141716A has some of the charac-
teristics of opiate withdrawal, but it is not affected by opioid antagonists,
and it affects motor systems differently. An earlier study with monkeys
also suggested that abrupt cessation of chronic THC is associated with
withdrawal symptoms.8 Monkeys in that study were trained to work for
food after which they were given THC on a daily basis; when the investi-
gators stopped administering THC, the animals stopped working for food.

A study in rats indicated that the behavioral cannabinoid withdrawal
syndrome is consistent with the consequences of withdrawal from other
drugs of abuse in that it correlates with the effects of stimulation of central
amygdaloid corticotropin-releasing hormone release.135 However, the
withdrawal syndrome for cannabinoids and the corresponding increase
in corticotropin-releasing hormone are observed only after administra-
tion of the CB1 antagonist SR 141716A to cannabinoid-tolerant animals.3,166

The implications of data based on precipitated withdrawal in animals for
human cannabinoid abuse have not been established.166 Furthermore,
acute administration of THC also produces increases in corticotropin-
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releasing hormone and adrenocorticotropin release; both are stress-related
hormones.71 This set of withdrawal studies may explain the generally
aversive effects of cannabinoids in animals and could indicate that the
increase in corticotropin-releasing hormone is merely a rebound effect.
Thus, cannabinoids appear to be conforming to some of the neurobiologi-
cal effects of other drugs abused by humans, but the underlying mecha-
nisms of these actions and their value for determining the reinforcement
and dependence liability of cannabinoids in humans remain undeter-
mined.

CANNABINOIDS AND THE IMMUNE SYSTEM

The human body protects itself from invaders, such as bacteria and
viruses through the elaborate and dynamic network of organs and cells
referred to as the immune system. Cannabinoids, especially THC, can
modulate the function of immune cells in various ways—in some cases
enhancing and in others diminishing the immune response85 (summarized
in Table 2.7). However, the natural function of cannabinoids in the im-
mune system is not known. Immune cells respond to cannabinoids in a
variety of ways, depending on such factors as drug concentration, timing
of drug delivery to leukocytes in relation to antigen stimulation, and type
of cell function. Although the chronic effects of cannabinoids on the im-
mune system have not been studied, based on acute exposure studies in
experimental animals it appears that THC concentrations that modulate
immunological responses are higher than those required for psycho-
activity.

The CB2 receptor gene, which is not expressed in the brain, is particu-
larly abundant in immune tissues, with an expression level 10–100 times
higher than that of CB1. In spleen and tonsils the CB2 mRNA* content is
equivalent to that of CB1 mRNA in the brain.48 The rank order, from high
to low, of CB2 mRNA levels in immune cells is B-cells > natural killer cells
>> monocytes > polymorphonuclear neutrophil cells > T8 cells > T4 cells.
In tonsils the CB2 receptors appear to be restricted to B-lymphocyte-
enriched areas. In contrast, CB1 receptors are mainly expressed in the cen-
tral nervous system and, to a lesser extent, in several peripheral tissues
such as adrenal gland, heart, lung, prostate, uterus, ovary, testis, bone
marrow, thymus, and tonsils.

*After a gene is transcribed, it is often spliced and modified into mRNA, or message RNA.
The CB-2 mRNA is the gene “message” that moves from the cell nucleus into the cytoplasm
where it will be translated into the receptor protein.
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TABLE 2.7 Effects of Cannabinoids on the Immune System

Cell Types Tested or Drug
Drug Tested Type of Animal Experiment Concentration*

THC, 2-AG, Lymphocytes and splenocytes in vitro 0.1–30 µM
11-OH-THC, CBN

THC, 2-AG Lymphocytes and splenocytes 0.1–25 µM

Anandamide Splenocytes in vitro 1–25 µM

THC, 11-OH-THC,  2-AG Splenocytes in vitro 3–30 µM

THC, CP 55,940, Lymphocytes in vitro 0.1–100 nM
WIN 55,212-2 (0.0001–0.1 µM)

THC Drug injected into mice >5 mg/kg

HU-210 Drug injected into mice >0.05 mg/kg

THC, 11-OH-THC, Splenocytes in vitro  1–30 µM
CBD, CP 55,940, CBN

THC Drug injected into rodents 3 mg/kg per day for
25 days, 40 mg/kg
per day for 2 days

THC, 11-OH-THC Natural killer cells in vitro  0.1–32 µM

THC Peritoneal macrophages and 3–30 µM
monocytes

THC, CBD Drug injected into mice; in one case, >5 mg/kg per day for
in vitro tests done on spleens 4 days or 50 mg/kg

every 5 days for up
to 8 weeks

THC, CBD Peripheral blood mononuclear cells <0.1 µM
in vitro 30 µM

THC, CBD Splenocytes and T cells in vitro 10 µM

THC Phorbol myristate acetate- 10–20 µM
differentiated macrophage in vitro

THC Endotoxin-activated macrophages 10–30 µM
in vitro

THC Peritoneal macrophages in vitro 10–30 µM
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Result Reference

Higher doses suppressed T cell Luo, 1992; Pross, 1992;b Klein, 1985;c

proliferation Specter, 1990;d Lee, 1995;a Herring, 1998

Lower doses increased T cell proliferation Luo, 1992; Lee, 1995;a Pross, 1992b

in vitro
Little or no effect on T cell proliferation Lee, 1995;a Devane, 1992

Decreased B cell proliferation Klein, 1985;c Lee, 1995a

Increased B cell proliferation Derocq, 1995

Antibody production suppressed Baczynsky, 1983; Schatz, 1993

Antibody production suppressed Titishov, 1989

Antibody production suppressed Klein, 1990; Baczynsky, 1983; Kaminski,
1992, 1994; Herring, 1998

Repeated low doses or a high dose of THC Patel, 1985; Klein, 1987
suppressed the activity of natural killer cells

Doses of ≥10 µM suppressed natural killer Klein, 1987; Luo, 1989
cell cytolytic activity; doses <10 µM
produced no effect

Variable doses of THC suppressed Lopez-Cepero, 1986; Specter, 1991;
macophage functions in vitro Tang, 1992

THC suppressed normal immune response; Cabral, 1986; Blanchard, 1986
interferons failed to increase when
exposed to cytokine inducer; CBD had no
suppressive effect

Increased interferon production Watzl, 1991
Decreased interferon production

Both THC and CBD suppressed Condie, 1996
interleukin-2 secretion and number of
interleukin-2 transcripts

Increased tumor necrosis factor production Shivers, 1994
and interleukin-1 supernatant bioactivity

Increased processing and release of Zhu, 1994
interleukin-1 rather than cellular
production of interleukin-1

Increased interleukin-1 bioactivity Klein, 1990

Continued
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THC Drug and sublethal or lethal dose of 8 mg/kg before and
Legionella pneumophilia after bacterial
injected in mice infection

<5 mg/kg doses
or one 8 mg/kg or
4 mg/kg dose before
bacteria infection

THC Drug and herpes simplex virus 100 mg/kg before
injected in immunodeficient mice and after viral

infection
100 mg/kg before

virual infection

TABLE 2.7 Continued

Cell Types Tested or Drug
Drug Tested Type of Animal Experiment Concentration*

aCell density dependent.
bMitogen dependent.
cDependent on serum concentration in cell culture medium.
dDependent on timing of drug exposure relative to mitogen exposure.
*Drug concentrations are given in the standard format of molarity (M). A 1-M solution

is the molecular weight of the compound (in grams) in 1 liter (L) of solution. The molecular

Box 2.1 Cells of the Immune System

The various organs of the immune system are positioned throughout the
body and include bone marrow, thymus, lymph nodes, and spleen. The
cells of the immune system consist of white blood cells, or leukocytes,
which are formed in the bone marrow from stem cells—so-called because
a great variety of cells descend from them (see below). There are two kinds
of leukocytes: lymphocytes and phagocytes. Lymphocytes consist of B cells,
T cells (B and T refer to where the cells mature, either in the bone marrow
[B] or thymus [T]), and natural killer (NK) cells; the major phagocytes are
monocytes, macrophages, and neutrophils. Phagocytes have many impor-
tant roles in the immune response; most important is that they initiate the
response by engulfing and digesting foreign substances, or antigens (such
as bacteria, viruses, and foreign proteins), that enter the body. Once di-
gested, the antigens are exposed to specialized lymphocytes, some of which
produce antibodies and effector T cells, which help destroy any antigens
remaining in the body. Antibodies are proteins produced by B cells that
bind to antigens and promote antigen destruction. Effector T cells include
killer T cells, which attack and kill antigen laden cells, and helper T cells,
which secrete special proteins called cytokines that promote antigen elimi-
nation. NK cells are specialized lymphocytes that are also activated by
antigen to either kill infected targets or secrete immunoregulatory cytokines.
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Cytokine-mediated septic shock and death Klein, 1993, 1994; Newton, 1994
occurred with exposure to sublethal
dose of bacteria

Survival occurred, but with greater susceptiblity
to infection when challenged with bacteria
and death when challenged with a lethal
dose of bacteria

Two high doses of THC potentiated the Specter, 1991
effects of herpes simplex and enhanced the
progression of death

Single dose did not promote death

Result   Reference

weight of THC is 314, so a 1-M solution would be 314 g of THC in 1 L of solution, and a
10-µM solution would be 3.14 mg THC/L.

A 1- to 10-µM concentration will generally elicit a physiologically relevant response in
immune cell cultures. Higher doses are often suspected of not being biologically meaningful
because they are much larger than would ever be achieved in the body. The doses listed in
this table are, for the most part, very high. See text for further discussion.

Stem cell

Lymphoid
precursor

Myeloid
precursor

T cells

B cells

Antibodies

Neutrophil

Monocyte

Macrophage

Natural
killer cells

T killer cells

T helper cells
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Cannabinoid Receptors and Intracellular Action in Immune Cells

CB2 appears to be the predominant gene expressed in resting leuko-
cytes.78,112 The level of CB1 gene activity is normally low in resting cells
but increases with cell activation.32 Thus the CB1 receptor might be im-
portant only when immune responses are stimulated, but the physiologi-
cal relevance of this observation remains to be determined. Some of the
cannabinoid effects observed in immune systems, especially at high drug
concentrations, are likely mediated through nonreceptor mechanisms, but
these have not yet been identified.4

Ligand binding to either CB1 or CB2 inhibits adenylate cyclase, an
enzyme that is responsible for cAMP production and is, thus, an integral
aspect of intracellular signal transduction (see Figure 2.3).53,79,91,122,139,151,167

Increases in intracellular cAMP concentrations lead to immune enhance-
ment, and decreases lead to an inhibition of the immune response.77 Can-
nabinoids inhibit the rise in intracellular cAMP that normally results from
leukocyte activation, and this might be the pathway through which can-
nabinoids suppress immune cell functions.28,74,167 In addition, cannab-
inoids activate other molecular pathways such as the nuclear factor-kB
pathway, and therefore these signals might be modified in drug-treated
immune cells.33,74

T and B Cells

When stimulated by antigen, lymphocytes (see Box 2.1) first prolifer-
ate and then mature or differentiate to become potent effector cells, such
as B cells that release antibodies or T cells that release cytokines. The nor-
mal T-cell proliferation that is seen when human lymphocytes and mouse
splenocytes (spleen cells) are exposed to antigens and mitogens* can be
inhibited by THC, 11-OH-THC, cannabinol, and 2-AG, as well as syn-
thetic cannabinoid agonists such as CP 55,940; WIN 55,212-2; and HU-
210.61,89,93,99,127,155 In contrast, one study testing anandamide revealed little
or no effect on T cell proliferation.93

However, these drug effects are variable and depend on experimental
conditions, such as the experimental drug dose used, the mitogen used,
the percentage of serum in the culture, and the timing of cannabinoid
drug exposure. In general, lower doses of cannabinoids increase prolif-
eration and higher doses suppress proliferation. Doses that are effective
in suppressing immune function are typically greater than 10 µM in cell
culture studies and greater than 5 mg/kg in whole-animal studies.85 By

*Mitogens are substances that stimulate cell division (mitosis) and cell transformation.
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comparison, at 0.05 mg/kg, people will experience the full psychoactive
effects of THC; however, because of their high metabolic rates, small ro-
dents frequently require drug doses that are 100-fold higher than doses
needed for humans to achieve comparable drug effects. Thus, the immune
effects of doses of cannabinoids higher than those ever experienced by
humans should be interpreted with caution.93

As with T cells, B cell proliferation can be suppressed by various can-
nabinoids, such as THC, 11-OH-THC, and 2-AG, but B cell proliferation is
more inhibited at lower drug concentrations than T cell proliferation.89,93

Conversely, low doses of THC, CP 55,940 and WIN 55,212-2 increase B cell
proliferation in cultured human cells exposed to mitogen.35 This effect
possibly involves the CB2 receptor, because the effect appears to be the
same when the CB1 receptor was blocked by the antagonist SR 141716A
(which does not block the CB2 receptor). The reason for the differences in
B cell responsiveness to cannabinoids is probably due to differences in
cell type and source; for example, B cells collected from mouse spleen
might respond to cannabinoids somewhat differently than B cells from
human tonsils.

Natural Killer Cells

Repeated injections of relatively low doses of THC (3 mg/kg/day121*)
or two injections of a high dose (40 mg/kg86) suppress the ability of NK
cells to destroy foreign cells in rats and mice. THC can also suppress cy-
tolytic activity of the NK cells in cell cultures; 11-OH-THC is even more
potent.86 In contrast, THC concentrations below 10 µM had no effect on
NK cell activity in mouse cell cultures.98

Macrophages

Macrophages perform various functions, including phagocytosis (in-
gestion and destruction of foreign substances), cytolysis, antigen presen-
tation to lymphocytes, and production of active proteins involved in de-
stroying microorganisms, tissue repair, and modulation of immune cells.
Those functions can be suppressed by THC doses similar to those capable
of modulating lymphocyte functions (see above).88,109

*While 3 mg/kg would be a high dose for humans (see Table 3.1), in rodents, it is a low
dose for immunological effects and a moderate dose for behavioral effects.
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Cytokines

Cytokines are proteins produced by immune cells. When released
from the producing cell, they can alter the function of other cells they
come in contact with. In a sense they are like hormones. Thus, cannab-
inoids can either increase or decrease cytokine production depending
upon experimental conditions.

Some cytokines, such as interferon-γ and interleukin-2 (IL-2), are pro-
duced by T helper-1 (Th1) cells. These cytokines help to activate cell-
mediated immunity and the killer cells that eliminate microorganisms
from the body (see Box 2.1). When injected into mice, THC suppresses the
production of those cytokines that modulate the host response to infec-
tion (see below).115 Cannabinoids also modulate interferons induced by
viral infection,21 as well as other interferon inducers.85 Furthermore, in
human cell cultures, interferon production can be increased by low con-
centrations but decreased by high concentrations of either THC or CBD.168

In addition to Th1 cytokines, cannabinoids modulate the production of
cytokines such as interleukin-1 (IL-1), tumor necrosis factor (TNF), and
interleukin-6 (IL-6).145,176 At 8 mg/kg, THC can increase the in vivo mobi-
lization of serum acute-phase cytokines, including IL-1, TNF, and IL-6.90

Finally, although these studies suggest that cannabinoids can induce an
increase in cytokines, other studies suggest that they can also suppress
cytokine production.85 The different results might be due to different cell
culture conditions or because different cell lines were studied.

Antibody Production

Antibody production is an important measure of humoral immune
function as contrasted with cellular (cell-mediated) immunity. Antibody
production can be suppressed in mice injected with relatively low doses
of THC (>5 mg/kg) or HU-210 (>0.05 mg/kg) and in mouse spleen cell
cultures exposed to a variety of cannabinoids, including THC, 11-OH-
THC, cannabinol, cannabidiol, CP 55,940, or HU-210.5,6,61,78,79,84,85,142,164

However, the inhibition of antibody response by cannabinoids was only
observed when antibody-forming cells were exposed to T-cell-dependent
antigens (the responses require functional T cells and macrophages as ac-
cessory cells). Conversely, antibody responses to several T-cell-indepen-
dent antigens were not inhibited by THC; this suggests that B cells are
relatively insensitive to inhibition by cannabinoids.142

Resistance to Infection in Animals Exposed to Cannabinoids

Evaluation of bacterial infections in mice that received injections of
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THC can suppress resistance to infection, although the effect depends on
the dose and timing of drug administration. Mice pretreated with THC (8
mg/kg) one day before infection with a sublethal dose of the pneumonia-
causing bacteria Legionella pneumophilia and then treated again one day
after the infection with THC developed symptoms of cytokine-mediated
septic shock and died; control mice that were not pretreated with THC
became immune to repeated infection and survived the bacterial chal-
lenge.90 If only one injection of THC was given or doses less than 5 mg/kg
were used, all the mice survived the initial infection but failed to survive
later challenge with a lethal dose of the bacteria; hence, these mice failed
to develop immune memory in response to the initial sublethal infection.87

Note that these are very high doses and are considerably higher than doses
experienced by marijuana users (see Figure 3.1).115 In rats, doses of 4.0
mg/kg THC are aversive.95

Few studies have been done to evaluate the effect of THC on viral
infections, and this subject needs further study.20 Compared to healthy
animals, THC might have greater immunosuppressive effects in animals
whose immune systems are severely weakened. For example, a very high
dose of THC (100 mg/kg) given two days before and after herpes simplex
virus infection was shown to be a cofactor with the virus in advancing the
progression to death in an immunodeficient mouse model infected with a
leukemia virus.85 However, THC given as a single dose (100 mg/kg) two
days before herpes simplex virus infection did not promote the progres-
sion to death. Hence, whether THC is immunosuppressive probably de-
pends on the timing of THC exposure relative to an infection.

Antiinflammatory Effects

As discussed above, cannabinoid drugs can modulate the production
of cytokines, which are central to inflammatory processes in the body. In
addition, several studies have shown directly that cannabinoids can be
antiinflammatory. For example, in rats with autoimmune encephalomy-
elitis (an experimental model used to study multiple sclerosis), cannab-
inoids were shown to attenuate the signs and the symptoms of central
nervous system damage.100,172 (Some believe that nerve damage associ-
ated with multiple sclerosis is caused by an inflammatory reaction.) Like-
wise, the cannabinoid, HU-211, was shown to suppress brain inflamma-
tion that resulted from closed-head injury146 or infectious meningitis7 in
studies on rats. HU-211 is a synthetic cannabinoid that does not bind to
cannabinoid receptors and is not psychoactive;7 thus, without direct evi-
dence, the effects of marijuana cannot be assumed to include those of HU-
211. CT-3, another atypical cannabinoid, suppresses acute and chronic
joint inflammation in animals.178 It is a nonpsychoactive synthetic deriva-
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tive of 11-THC-oic acid (a breakdown product of THC) and does not ap-
pear to bind to cannabinoid receptors.129 Cannabichromene, a cannabinoid
found in marijuana, has also been reported to have antiinflammatory
properties.173 No mechanism of action for possible antiinflammatory ef-
fects of cannabinoids has been identified, and the effects of these atypical
cannabinoids and effects of marijuana are not yet established.

It is interesting to note that two reports of cannabinoid-induced anal-
gesia are based on the ability of the endogenous cannabinoids, anan-
damide and PEA, to reduce pain associated with local inflammation that
was experimentally induced by subcutaneous injections of dilute forma-
lin.22,73 Both THC and anandamide can increase serum levels of ACTH
and corticosterone in animals.169 Those hormones are involved in regulat-
ing many responses in the body, including those to inflammation. The
possible link between experimental cannabinoid-induced analgesia and
reported antiinflammatory effects of cannabinoids is important for poten-
tial therapeutic uses of cannabinoid drugs but has not yet been estab-
lished.

Conclusions Regarding Effects on the Immune System

Cell culture and animal studies have established cannabinoids as
immunomodulators—that is, they increase some immune responses and
decrease others. The variable responses depend on such experimental fac-
tors as drug dose, timing of delivery, and type of immune cell examined.
Cannabinoids affect multiple cellular targets in the immune system and a
variety of effector functions. Many of the effects noted above appear to
occur at concentrations over 5 µM in vitro and over 5 µg/kg in vivo.* By
comparison, a 5-mg injection of THC into a person (about 0.06 mg/kg) is
enough to produce strong psychoactive effects. It should be emphasized,
however, that little is known about the immune effects of chronic low-
dose exposure to cannabinoids.

Another issue in need of further clarification involves the potential
usefulness of cannabinoids as therapeutic agents in inflammatory dis-
eases. Glucocorticoids have historically been used for these diseases, but
nonpsychotropic cannabinoids potentially have fewer side effects and
might thus offer an improvement over glucocorticoids in treating inflam-
matory diseases.

*In vitro studies are those in which animal cells or tissue are removed and studied outside
the animal; in vivo studies are those in which experiments are conducted in the whole ani-
mal.
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CONCLUSIONS AND RECOMMENDATIONS

Given the progress of the past 15 years in understanding the effects of
cannabinoids, research in the next decade is likely to reveal even more. It
is interesting to compare how little we know about cannabinoids with
how much we know about opiates. Table 2.8 suggests good reason for
optimism about the future of cannabinoid drug development. Now that
many of the basic tools of cannabinoid pharmacology and biology have
been developed, one can expect to see rapid advances that can begin to
match what is known of opiate systems in the brain.

Despite the tremendous progress in understanding the pharmacol-
ogy and neurobiology of brain cannabinoid systems, this field is still in its
early developmental stages. A key focus for future study is the neurobiol-
ogy of endogenous cannabinoids; establishing the precise brain localiza-
tion (in which cells and where) of cannabinoids, cellular storage and re-
lease mechanisms, and uptake mechanisms will be crucial in determining
the biological role of this system. Technology needed to establish the bio-
logical significance of these systems will be broad based and include such
research tools as the transgenic or gene knockout mice, as has already
been accomplished for various opioid-receptor types.26 In 1997, both CB1
and CB2 knockout mice were generated by a team of scientists at the Na-
tional Institutes of Health, and a group in France has developed another
strain of CB1 knockout mice.92

TABLE 2.8 Historical Comparisons Between Cannabinoids and
Opiates

Pharmacological
Discoveries Cannabinoids Opiates

Discovery of receptor 1988   (Devane et al. 1973 (Pert and
existence and Dill and Snyder, Simon,

Howlett )36,40 and Terenius )123,149,162

Identification of 1994 SR 141716A Before 1973: naloxone
receptor antagonist (Rinaldi-

Carmona et al.)132

Discovery of first 1992 anandamide 1975 met- and
endogenous ligand (Devane et al.)37 leu-enkephalin

(Hughes et al.)70

First receptor cloned 1990 (Matsuda et al.)107 1992 (Evans et al.
and Kieffer et al.)41,82

Natural functions Unknown Pain, reproduction, mood,
movement, and others
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Several research tools will greatly aid such investigations, in particu-
lar a greater selection of agonists and antagonists that permit discrimina-
tion in activation between CB1 and CB2 and hydrophilic agonists that can
be delivered to animals or cells more effectively than hydrophobic com-
pounds. In the area of drug development, future progress should con-
tinue to provide more specific agonists and antagonists for CB1 and CB2
receptors, with varying potential for therapeutic uses.

There are certain areas that will provide keys to a better understand-
ing of the potential therapeutic value of cannabinoids. For example, basic
biology indicates a role for cannabinoids in pain and control of move-
ment, which is consistent with a possible therapeutic role in these areas.
The evidence is relatively strong for the treatment of pain and, intriguing
although less well established, for movement disorders. The neuropro-
tective properties of cannabinoids might prove therapeutically useful, al-
though it should be noted that this is a new area and other, better studied,
neuroprotective drugs have not yet been shown to be therapeutically use-
ful. Cannabinoid research is clearly relevant not only to drug abuse but
also to understanding basic human biology. Further, it offers the potential
for the discovery and development of new therapeutically useful drugs.

CONCLUSION: At this point, our knowledge about the biology of
marijuana and cannabinoids allows us to make some general con-
clusions:

• Cannabinoids likely have a natural role in pain modulation,
control of movement, and memory.

• The natural role of cannabinoids in immune systems is likely
multi-faceted and remains unclear.

• The brain develops tolerance to cannabinoids.
• Animal research has demonstrated the potential for depen-

dence, but this potential is observed under a narrower range of
conditions than with benzodiazepines, opiates, cocaine, or
nicotine.

• Withdrawal symptoms can be observed in animals but appear
mild compared with those of withdrawal from opiates or ben-
zodiazepines, such as diazepam (Valium).

CONCLUSION: The different cannabinoid receptor types found in
the body appear to play different roles in normal physiology. In
addition, some effects of cannabinoids appear to be independent
of those receptors. The variety of mechanisms through which can-
nabinoids can influence human physiology underlies the variety
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of potential therapeutic uses for drugs that might act selectively
on different cannabinoid systems.

RECOMMENDATION: Research should continue into the physiologi-
cal effects of synthetic and plant-derived cannabinoids and the
natural function of cannabinoids found in the body. Because
different cannabinoids appear to have different effects, cannab-
inoid research should include, but not be restricted to, effects
attributable to THC alone.

This chapter has summarized recent progress in understanding the
basic biology of cannabinoids and provides a foundation for the next two
chapters which review studies on the potential health risks (chapter 3)
and benefits of marijuana use (chapter 4).
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3
First, Do No Harm:

Consequences of Marijuana
Use and Abuse

Primum non nocere. This is the physician’s first rule:
whatever treatment a physician prescribes to a pa-
tient—first, that treatment must not harm the patient.

The most contentious aspect of the medical marijuana de-
bate is not whether marijuana can alleviate particular
symptoms but rather the degree of harm associated with
its use. This chapter explores the negative health conse-
quences of marijuana use, first with respect to drug abuse,

then from a psychological perspective, and finally from a physiological
perspective.

THE MARIJUANA “HIGH”

The most commonly reported effects of smoked marijuana are a sense
of well-being or euphoria and increased talkativeness and laughter alter-
nating with periods of introspective dreaminess followed by lethargy and
sleepiness (see reviews by Adams and Martin, 1996,1 Hall and Solowij,59

and Hall et al. 60).  A characteristic feature of a marijuana “high” is a dis-
tortion in the sense of time associated with deficits in short-term memory
and learning. A marijuana smoker typically has a sense of enhanced physi-
cal and emotional sensitivity, including a feeling of greater interpersonal
closeness. The most obvious behavioral abnormality displayed by some-
one under the influence of marijuana is difficulty in carrying on an intelli-

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

84 MARIJUANA AND MEDICINE

gible conversation, perhaps because of an inability to remember what was
just said even a few words earlier.

The high associated with marijuana is not generally claimed to be
integral to its therapeutic value. But mood enhancement, anxiety reduc-
tion, and mild sedation can be desirable qualities in medications—par-
ticularly for patients suffering pain and anxiety. Thus, although the
psychological effects of marijuana are merely side effects in the treatment
of some symptoms, they might contribute directly to relief of other symp-
toms. They also must be monitored in controlled clinical trials to discern
which effect of cannabinoids is beneficial. These possibilities are discussed
later under the discussions of specific symptoms in chapter 4.

The effects of various doses and routes of delivery of THC are shown
in Table 3.1.

Adverse Mood Reactions

Although euphoria is the more common reaction to smoking mari-
juana, adverse mood reactions can occur. Such reactions occur most
frequently in inexperienced users after large doses of smoked or oral mari-
juana. They usually disappear within hours and respond well to reassur-
ance and a supportive environment. Anxiety and paranoia are the most
common acute adverse reactions;59  others include panic, depression, dys-
phoria, depersonalization, delusions, illusions, and hallucinations.1,40,66,69

Of regular marijuana smokers, 17% report that they have experienced at
least one of the symptoms, usually early in their use of marijuana.145

Those observations are particularly relevant for the use of medical mari-
juana in people who have not previously used marijuana.

DRUG DYNAMICS

There are many misunderstandings about drug abuse and depen-
dence (see reviews by O’Brien114  and Goldstein54). The terms and con-
cepts used in this report are as defined in the most recent Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV ),3 the most influential sys-
tem in the United States for diagnoses of mental disorders, including sub-
stance abuse (see Box 3.1). Tolerance, dependence, and withdrawal are
often presumed to imply abuse or addiction, but this is not the case. Toler-
ance and dependence are normal physiological adaptations to repeated
use of any drug. The correct use of prescribed medications for pain, anxi-
ety, and even hypertension commonly produces tolerance and some mea-
sure of physiological dependence.

Even a patient who takes a medicine for appropriate medical indica-
tions and at the correct dosage can develop tolerance, physical depen-
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TABLE 3.1 Psychoactive Doses of THC in Humans

Resulting
Plasma

THC Delivery THC Dose Concentrations
Investigators System Administered of THC Subjects’ Reactions

Heishman and One 2.75% 0.32 mg/kga 50–100 ng/ml At higher level, subjects
co-workers THC felt 100% “high” and
(1990)62a cigarette psychomotor

smoked performance
was decreased;
at 50 ng/ml, subjects
felt about 50% “high”

Kelly and 1-g marijuana 0.25–0.50 Not measured Enough to feel
co-workers cigarette mg/kga psychological effects
(1993)85 smoked (2% or of THC

3.5% THC)

Ohlsson and 19-mg THC About 0.22 100 ng/ml Subjects felt “high”
co-workers cigarette mg/kgb

(1980)118 smoked
(about 1.9%
THC)

5 mg of THC About 0.06 100 ng/ml Subjects felt “high”
injected mg/kgb

intravenously

Chocolate chip About 0.24 8 ng/ml Subjects rated “high”
cookie mg/kg as only about 40%
containing
20 mg of THC

Lindgren and 19-mg THC 12 mg smoked 85 ng/ml Subjects felt “high”
co-workers cigarette (7 mg after 3 min., after 3 min., and
(1981)95 smoked to remained 35 ng/ml maximally high

“desired high” in cigarette after 15 min. after 10–20 min.
butt) (average self-ratings of

5.5 on 10-point scale)
5 mg of THC 0.06 mg/kgc 300 ng/ml Subjects felt maximally
injected after 3 min., “high” after 10 min.
intravenously 65 ng/ml (average self ratings of

after 15 min. 7.5 on a 10-point scale)

aSubjects’ weights and cigarette weights were not given. Calculation based on 85-kg body
weight and 1-g cigarette weight. Note that some THC would have remained in the cigarette
butt and some would have been lost in sidestream smoke, so these represent maximal pos-
sible doses. Actual doses would have been slightly less.
bBased on estimated average 85-kg weight of 11 men 18–35 years old.
cBased on approximate 80-kg weight of subjects (including men and women).
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Box 3.1
Definitions

Addiction. Substance dependence.
Craving refers to the intense desire for a drug and is the most difficult aspect

of addiction to overcome.
Physiological dependence is diagnosed when there is evidence of either tol-

erance or withdrawal; it is sometimes, but not always, manifested in
substance dependence.

Reinforcement. A drug—or any other stimulus—is referred to as a reinforcer
if exposure to it is followed by an increase in frequency of drug-seeking
behavior. The taste of chocolate is a reinforcer for biting into a choco-
late bar. Likewise, for many people the sensation experienced after
drinking alcohol or smoking marijuana is a reinforcer.

Substance dependence is a cluster of cognitive, behavioral, and physiologi-
cal symptoms indicating that a person continues use of the substance
despite significant substance-related problems.

Tolerance is the most common response to repetitive use of a drug and can
be defined as the reduction in responses to the drug after repeated ad-
ministrations.

Withdrawal. The collective symptoms that occur when a drug is abruptly
withdrawn are known as withdrawal syndrome and are often the only
evidence of physical dependence.

dence, and withdrawal symptoms if the drug is stopped abruptly rather
than gradually. For example, a hypertensive patient receiving a beta-
adrenergic receptor blocker, such as propranolol, might have a good thera-
peutic response; but if the drug is stopped abruptly, there can be a with-
drawal syndrome that consists of tachycardia and a rebound increase in
blood pressure to a point that is temporarily higher than before adminis-
tration of the medication began.

Because it is an illegal substance, some people consider any use of
marijuana as substance abuse. However, this report uses the medical defi-
nition; that is, substance abuse is a maladaptive pattern of repeated sub-
stance use manifested by recurrent and significant adverse consequences.3
Substance abuse and dependence are both diagnoses of pathological sub-
stance use. Dependence is the more serious diagnosis and implies com-
pulsive drug use that is difficult to stop despite significant substance-
related problems (see Box 3.2).
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Box 3.2
DSM-IV Criteria for Substance Dependence

A maladaptive pattern of substance use, leading to clinically significant
impairment or distress, as manifested by three (or more) of the following,
occurring at any time in the same 12-month period:

(1) Tolerance, as defined by either of the following:
(a) A need for markedly increased amount of the substance to

achieve intoxication or desired effect.
(b) Markedly diminished effect with continued use of the same

amount of the substance.
(2) Withdrawal, as defined by either of the following:

(a) The characteristic withdrawal syndrome for the substance.
(b) The same (or a closely related) substance is taken to relieve

or avoid withdrawal symptoms.
(3) The substance is often taken in larger amounts or over a longer

period than was intended.
(4) There is a persistent desire or unsuccessful efforts to cut down or

control substance use.
(5) A great deal of time is spent in activities necessary to obtain the

substance (e.g., visiting multiple doctors or driving long distances),
to use the substance (e.g., chain-smoking), or to recover from its
effects.

(6) Important social, occupational, or recreational activities are given
up or reduced because of substance use.

(7) The substance use is continued despite knowledge of having a
persistent or recurrent physical or psychological problem that is
likely to have been caused or exacerbated by the substance (e.g.,
current cocaine use despite recognition of cocaine-induced
depression or continued drinking despite recognition that an ulcer
was made worse by alcohol consumption).

Substance abuse with physiological dependence is diagnosed if there is
evidence of tolerance or withdrawal.

Substance abuse without physiological dependence is diagnosed if there is
no evidence of tolerance or withdrawal.

Reinforcement

Drugs vary in their ability to produce good feelings in users, and the
more strongly reinforcing a drug is, the more likely it will be abused (G.
Koob, Institute of Medicine (IOM) workshop). Marijuana is indisputably
reinforcing for many people. The reinforcing properties of even so mild a
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stimulant as caffeine are typical of reinforcement by addicting drugs (re-
viewed by Goldstein54 in 1994). Caffeine is reinforcing for many people at
low doses (100–200 mg, the average amount of caffeine in one to two cups
of coffee) and is aversive at high doses (600 mg, the average amount of
caffeine in six cups of coffee). The reinforcing effects of many drugs are
different for different people. For example, caffeine was most reinforcing
for test subjects who scored lowest on tests of anxiety but tended not to be
reinforcing for the most anxious subjects.

As an argument to dispute the abuse potential of marijuana, some
have cited the observation that animals do not willingly self-administer
THC, as they will cocaine. Even if that were true, it would not be relevant
to human use of marijuana. The value in animal models of drug self-
administration is not that they are necessary to show that a drug is rein-
forcing but rather that they provide a model in which the effects of a drug
can be studied. Furthermore, THC is indeed rewarding to animals at some
doses but, like many reinforcing drugs, is aversive at high doses (4.0 mg/
kg).93  Similar effects have been found in experiments conducted in
animals outfitted with intravenous catheters that allow them to self-
administer WIN 55,212, a drug that mimics the effects of THC.100

A specific set of neural pathways has been proposed to be a “reward
system” that underlies the reinforcement of drugs of abuse and other plea-
surable stimuli.51  Reinforcing properties of drugs are associated with their
ability to increase concentrations of particular neurotransmitters in areas
that are part of the proposed brain reward system. The median forebrain
bundle and the nucleus accumbens are associated with brain reward path-
ways.88  Cocaine, amphetamine, alcohol, opioids, nicotine, and THC144  all
increase extracellular fluid dopamine in the nucleus accumbens region
(reviewed by Koob and Le Moal88 and Nestler and Aghajanian110 in 1997).
However, it is important to note that brain reward systems are not strictly
“drug reinforcement centers.” Rather, their biological role is to respond to
a range of positive stimuli, including sweet foods and sexual attraction.

Tolerance

The rate at which tolerance to the various effects of any drug devel-
ops is an important consideration for its safety and efficacy. For medical
use, tolerance to some effects of cannabinoids might be desirable. Differ-
ences in the rates at which tolerance to the multiple effects of a drug
develops can be dangerous. For example, tolerance to the euphoric effects
of heroin develops faster than tolerance to its respiratory depressant
effects, so heroin users tend to increase their daily doses to reach their
desired level of euphoria, thereby putting themselves at risk for respira-
tory arrest. Because tolerance to the various effects of cannabinoids might
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develop at different rates, it is important to evaluate independently their
effects on mood, motor performance, memory, and attention, as well as
any therapeutic use under investigation.

Tolerance to most of the effects of marijuana can develop rapidly after
only a few doses, and it also disappears rapidly. Tolerance to large doses
has been found to persist in experimental animals for long periods after
cessation of drug use. Performance impairment is less among people who
use marijuana heavily than it is among those who use marijuana only
occasionally,29,104,124 possibly because of tolerance. Heavy users tend to
reach higher plasma concentrations of THC than light users after similar
doses of THC, arguing against the possibility that heavy users show less
performance impairment because they somehow absorb less THC (per-
haps due to differences in smoking behavior).95

There appear to be variations in the development of tolerance to the
different effects of marijuana and oral THC. For example, daily marijuana
smokers participated in a residential laboratory study to compare the
development of tolerance to THC pills and to smoked marijuana.61,62  One
group was given marijuana cigarettes to smoke four times per day for
four consecutive days; another group was given THC pills on the same
schedule. During the four-day period, both groups became tolerant to feel-
ing “high” and what they reported as a “good drug effect.” In contrast,
neither group became tolerant to the stimulatory effects of marijuana or
THC on appetite. “Tolerance” does not mean that the drug no longer pro-
duced the effects but simply that the effects were less at the end than at
the beginning of the four-day period. The marijuana smoking group re-
ported feeling “mellow” after smoking and did not show tolerance to this
effect; the group that took THC pills did not report feeling “mellow.” The
difference was also reported by many people who described their experi-
ences to the IOM study team.

The oral and smoked doses were designed to deliver roughly equiva-
lent amounts of THC to a subject. Each smoked marijuana dose consisted
of five 10-second puffs of a marijuana cigarette containing 3.1% THC; the
pills contained 30 mg of THC. Both groups also received placebo drugs
during other four-day periods. Although the dosing of the two groups
was comparable, different routes of administration resulted in different
patterns of drug effect. The peak effect of smoked marijuana is usually felt
within minutes and declines sharply after 30 minutes68,95; the peak effect
of oral THC is usually not felt until about an hour and lasts for several
hours.118

Withdrawal

A distinctive marijuana and THC withdrawal syndrome has been
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identified, but it is mild and subtle compared with the profound physical
syndrome of alcohol or heroin withdrawal.31,74 The symptoms of mari-
juana withdrawal include restlessness, irritability, mild agitation, insom-
nia, sleep EEG disturbance, nausea, and cramping (Table 3.2). In addition
to those symptoms, two recent studies noted several more. A group of
adolescents under treatment for conduct disorders also reported fatigue
and illusions or hallucinations after marijuana abstinence (this study is
discussed further in the section on “Prevalence and Predictors of Depen-
dence on Marijuana and Other Drugs”).31  In a residential study of daily

TABLE 3.2 Drug Withdrawal Symptoms

Opioids (e.g., heroin
Nicotine Alcohol Marijuana Cocaine or morphine)

Restlessness Restlessness Restlessness
Irritability Irritability Irritability Irritability
Impatience, Mild agitation
   hostility
Dysphoria Dysphoria Dysphoria
Depression Depression
Anxiety Anxiety
Difficulty
   concentrating

Sleep Insomnia Sleepiness, Insomnia
   disturbance    fatigue

Sleep EEG
   disturbance

Nausea Nausea Nausea
Cramping Cramping

Decreased Tachycardia, Bradycardia
   heart rate    hypertension

Sweating Muscle aches
Seizures Increased sensitivity

   to pain
Alcohol craving Cocaine craving Opioid craving

Increased Delirium
   appetite or    tremensa

   weight gain
Tremor
Perceptual
   distortion

aSevere agitation, confusion, visual hallucinations, fever, profuse sweating, nausea,
diarrhea, dilated pupils.
SOURCE: O’Brien (1996).113
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marijuana users, withdrawal symptoms included sweating and runny
nose, in addition to those listed above.62  A marijuana withdrawal syn-
drome, however, has been reported only in a group of adolescents in treat-
ment for substance abuse problems31 and in a research setting where sub-
jects were given marijuana or THC daily.62,74

Withdrawal symptoms have been observed in carefully controlled
laboratory studies of people after use of both oral THC and smoked mari-
juana.61,62  In one study, subjects were given very high doses of oral THC:
180–210 mg per day for 10–20 days, roughly equivalent to smoking 9–10
2% THC cigarettes per day.74  During the abstinence period at the end of
the study, the study subjects were irritable and showed insomnia, runny
nose, sweating, and decreased appetite. The withdrawal symptoms, how-
ever, were short lived. In four days they had abated. The time course con-
trasts with that in another study in which lower doses of oral THC were
used (80–120 mg/day for four days) and withdrawal symptoms were still
near maximal after four days.61,62

In animals, simply discontinuing chronic heavy dosing of THC does
not reveal withdrawal symptoms, but the “removal” of THC from the
brain can be made abrupt by another drug that blocks THC at its receptor
if administered when the chronic THC is withdrawn. The withdrawal syn-
drome is pronounced, and the behavior of the animals becomes hyper-
active and disorganized.153  The half-life of THC in brain is about an
hour.16,24  Although traces of THC can remain in the brain for much longer
periods, the amounts are not physiologically significant. Thus, the lack of
a withdrawal syndrome when THC is abruptly withdrawn without ad-
ministration of a receptor-blocking drug is probably not due to a pro-
longed decline in brain concentrations.

Craving

Craving, the intense desire for a drug, is the most difficult aspect of
addiction to overcome. Research on craving has focused on nicotine, alco-
hol, cocaine, and opiates but has not specifically addressed marijuana.115

Thus, while this section briefly reviews what is known about drug crav-
ing, its relevance to marijuana use has not been established.

Most people who suffer from addiction relapse within a year of absti-
nence, and they often attribute their relapse to craving.58  As addiction
develops, craving increases even as maladaptive consequences accumu-
late. Animal studies indicate that the tendency to relapse is based on
changes in brain function that continue for months or years after the last
use of the drug.115  Whether neurobiological conditions change during the
manifestation of an abstinence syndrome remains an unanswered ques-
tion in drug abuse research.88  The “liking” of sweet foods, for example, is
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mediated by opioid forebrain systems and by brain stem systems, whereas
“wanting” seems to be mediated by ascending dopamine neurons that
project to the nucleus accumbens.109

Anticraving medications have been developed for nicotine and alco-
hol. The antidepressant, bupropion, blocks nicotine craving, while
naltrexone blocks alcohol craving.115  Another category of addiction medi-
cation includes drugs that block other drugs’ effects. Some of those drugs
also block craving. For example, methadone blocks the euphoric effects of
heroin and also reduces craving.

MARIJUANA USE AND DEPENDENCE

Prevalence of Use

Millions of Americans have tried marijuana, but most are not regular
users. In 1996, 68.6 million people—32% of the U.S. population over 12
years old—had tried marijuana or hashish at least once in their lifetime,
but only 5% were current users.132  Marijuana use is most prevalent
among 18- to 25-year-olds and declines sharply after the age of 34 (Figure
3.1).77,132 Whites are more likely than blacks to use marijuana in adoles-
cence, although the difference decreases by adulthood.132

Most people who have used marijuana did so first during adolescence.
Social influences, such as peer pressure and prevalence of use by peers,
are highly predictive of initiation into marijuana use.9  Initiation is not, of
course, synonymous with continued or regular use. A cohort of 456 stu-
dents who experimented with marijuana during their high school years
were surveyed about their reasons for initiating, continuing, and stop-
ping their marijuana use.9  Students who began as heavy users were
excluded from the analysis. Those who did not become regular marijuana
users cited two types of reasons for discontinuing. The first was related to
health and well-being; that is, they felt that marijuana was bad for their
health or for their family and work relationships. The second type was
based on age-related changes in circumstances, including increased re-
sponsibility and decreased regular contact with other marijuana users.
Among high school students who quit, parental disapproval was a stron-
ger influence than peer disapproval in discontinuing marijuana use. In
the initiation of marijuana use, the reverse was true. The reasons cited by
those who continued to use marijuana were to “get in a better mood or
feel better.” Social factors were not a significant predictor of continued
use. Data on young adults show similar trends. Those who use drugs in
response to social influences are more likely to stop using them than those
who also use them for psychological reasons.80

The age distribution of marijuana users among the general popula-
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FIGURE 3.1 Age distribution of marijuana users among the general population.

tion contrasts with that of medical marijuana users. Marijuana use gener-
ally declines sharply after the age of 34 years, whereas medical marijuana
users tend to be over 35. That raises the question of what, if any, relation-
ship exists between abuse and medical use of marijuana; however, no
studies reported in the scientific literature have addressed this question.

Prevalence and Predictors of Dependence on
Marijuana and Other Drugs

Many factors influence the likelihood that a particular person will
become a drug abuser or an addict; the user, the environment, and the
drug are all important factors (Table 3.3).114 The first two categories apply
to potential abuse of any substance; that is, people who are vulnerable to
drug abuse for individual reasons and who find themselves in an envi-
ronment that encourages drug abuse are initially likely to abuse the most
readily available drug—regardless of its unique set of effects on the brain.
The third category includes drug-specific effects that influence the abuse
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liability of a particular drug. As discussed earlier in this chapter, the more
strongly reinforcing a drug is, the more likely that it will be abused. The
abuse liability of a drug is enhanced by how quickly its effects are felt,
and this is determined by how the drug is delivered. In general, the effects
of drugs that are inhaled or injected are felt within minutes, and the effects
of drugs that are ingested take a half hour or more.

The proportion of people who become addicted varies among drugs.
Table 3.4 shows estimates for the proportion of people among the general
population who used or became dependent on different types of drugs.
The proportion of users that ever became dependent includes anyone who
was ever dependent—whether it was for a period of weeks or years—and
thus includes more than those who are currently dependent. Compared
to most other drugs listed in this table, dependence among marijuana us-
ers is relatively rare. This might be due to differences in specific drug
effects, the availability of or penalties associated with the use of the differ-
ent drugs, or some combination.

Daily use of most illicit drugs is extremely rare in the general popula-
tion. In 1989, daily use of marijuana among high school seniors was less
than that of alcohol (2.9% and 4.2%, respectively).76

Drug dependence is more prevalent in some sectors of the population
than in others. Age, gender, and race or ethnic group are all important.8
Excluding tobacco and alcohol, the following trends of drug dependence
are statistically significant:8 Men are 1.6 times as likely than women to
become drug dependent, non-Hispanic whites are about twice as likely as
blacks to become drug dependent (the difference between non-Hispanic

TABLE 3.3 Factors That Are Correlated with Drug Dependence

Individual Factors
• Pharmacological effects of the drug
• Gender
• Age
• Genetic factors
• Individual risk-taking propensities
• Prior drug use

Environmental Factors
• Availability of the drug
• Acceptance of use of that drug in society
• Balance of social reinforcements and of punishments for use
• Balance of social reinforcements and of punishments for abstinence

SOURCE: Crowley and Rhine (1985).32
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and Hispanic whites was not significant), and people 25–44 years old are
more than three times as likely as those over 45 years old to become drug
dependent.

More often than not, drug dependence co-occurs with other psychiat-
ric disorders. Most people with a diagnosis of drug dependence disorder
also have a diagnosis of a another psychiatric disorder (76% of men and
65% of women).76 The most frequent co-occurring disorder is alcohol
abuse; 60% of men and 30% of women with a diagnosis of drug depen-
dence also abuse alcohol. In women who are drug dependent, phobic dis-
orders and major depression are almost equally common (29% and 28%,
respectively). Note that this study distinguished only between alcohol,
nicotine and “other drugs”; marijuana was grouped among “other drugs.”
The frequency with which drug dependence and other psychiatric dis-
orders co-occur might not be the same for marijuana and other drugs that
were included in that category.

A strong association between drug dependence and antisocial per-
sonality or its precursor, conduct disorder, is also widely reported in chil-
dren and adults (reviewed in 1998 by Robins126). Although the causes of
the association are uncertain, Robins recently concluded that it is more
likely that conduct disorders generally lead to substance abuse than the
reverse.126 Such a trend might, however, depend on the age at which the
conduct disorder is manifested.

TABLE 3.4 Prevalence of Drug Use and Dependencea in the
General Population

Proportion That Have Proportion of Users That
Drug Category Ever Used (%) Ever Became Dependent (%)

Tobacco  76  32
Alcohol  92  15
Marijuana (including hashish)  46b  9
Anxiolytics (including sedatives 13  9

and hypnotic drugs)
Cocaine  16  17
Heroin  2  23

aDiagnosis of drug dependence used in this study based on DSM-III-R criteria.2
bThe percentage of people who ever used marijuana is higher than that reported by the
National Household Survey on Drug Abuse (32%), probably due to different survey meth-
ods (for discussion, see Kandel, 199276).
SOURCE: Adapted from Table 2 in Anthony and co-workers (1994).8
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A longitudinal study by Brooks and co-workers noted a significant
relationship between adolescent drug use and disruptive disorders in
young adulthood; except for earlier psychopathology, such as childhood
conduct disorder, the drug use preceded the psychiatric disorders.18 In
contrast with use of other illicit drugs and tobacco, moderate (less than
once a week and more than once a month) to heavy marijuana use did not
predict anxiety or depressive disorders; but it was similar to those other
drugs in predicting antisocial personality disorder. The rates of disrup-
tive disorders increased with increased drug use. Thus, heavy drug use
among adolescents can be a warning sign for later psychiatric disorders;
whether it is an early manifestation of or a cause of those disorders re-
mains to be determined.

Psychiatric disorders are more prevalent among adolescents who use
drugs—including alcohol and nicotine—than among those who do not.79

Table 3.5 indicates that adolescent boys who smoke cigarettes daily are
about 10 times as likely to have a psychiatric disorder diagnosis as those
who do not smoke. However, the table does not compare intensity of use
among the different drug classes. Thus, although daily cigarette smoking
among adolescent boys is more strongly associated with psychiatric dis-
orders than is any use of illicit substances, it does not follow that this
comparison is true for every amount of cigarette smoking.79

Few marijuana users become dependent on it (Table 3.4), but those
who do encounter problems similar to those associated with dependence
on other drugs.19,143 Dependence appears to be less severe among people

TABLE 3.5 Relative Prevalence of Diagnoses of Psychiatric Disorders
Associated with Drug Use Among Childrena

Relative Prevalence Estimatesb

Drug Use Boys Girls

Weekly alcohol use 6.1  1.6 (n.s.)
Daily cigarette smoking 9.8  2.1 (n.s.)
Any illicit substance use 3.2  5.3

aSubjects were from 9 to 18 years old (average, 13 years old).
bAn estimate of 1 means that the relative prevalence of the disorder is equal in those who

do and those who do not use the particular type of drug; that is, there is no measurable
association. An estimate greater than 1 indicates that the factor is associated. Substance abuse
was excluded because the subjects were already grouped by high drug use. Except where
noted (n.s.), all values are statistically significant.
SOURCE: Data from Table 4 in Kandel and co-workers (1997).79
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who use only marijuana than among those who abuse cocaine or those
who abuse marijuana with other drugs (including alcohol).19,143

Data gathered in 1990–1992 from the National Comorbidity Study of
over 8,000 persons 15–54 years old indicate that 4.2% of the general popu-
lation were dependent on marijuana at some time.8 Similar results for the
frequency of substance abuse among the general population were ob-
tained from the Epidemiological Catchment Area Program, a survey of
over 19,000 people. According to data collected in the early 1980s for that
study, 4.4% of adults have, at one time, met the criteria for marijuana
dependence. In comparison, 13.8% of adults met the criteria for alcohol
dependence and 36.0% for tobacco dependence. After alcohol and nico-
tine, marijuana was the substance most frequently associated with a diag-
nosis of substance dependence.

In a 15-year study begun in 1979, 7.3% of 1,201 adolescents and young
adults in suburban New Jersey at some time met the criteria for marijuana
dependence; this indicates that the rate of marijuana dependence might
be even higher in some groups of adolescents and young adults than in
the general population.71 Adolescents meet the criteria for drug depen-
dence at lower rates of marijuana use than do adults, and this suggests
that they are more vulnerable to dependence than adults25 (see Box 3.2).

Youths who are already dependent on other substances are particu-
larly vulnerable to marijuana dependence. For example, Crowley and co-
workers31 interviewed a group of 229 adolescent patients in a residential
treatment program for delinquent, substance-involved youth and found
that those patients were dependent on an average of 3.2 substances. The
adolescents had previously been diagnosed as dependent on at least one
substance (including nicotine and alcohol) and had three or more conduct
disorder symptoms during their life. About 83% of those who had used
marijuana at least six times went on to develop marijuana dependence.
About equal numbers of youths in the study had a diagnosis of marijuana
dependence and a diagnosis of alcohol dependence; fewer were nicotine
dependent. Comparisons of dependence potential between different
drugs should be made cautiously. The probability that a particular drug
will be abused is influenced by many factors, including the specific drug
effects and availability of the drug.

Although parents often state that marijuana caused their children to
be rebellious, the troubled adolescents in the study by Crowley and co-
workers developed conduct disorders before marijuana abuse. That is con-
sistent with reports that the more symptoms of conduct disorders chil-
dren have, the younger they begin drug abuse,127 and that the earlier they
begin drug use, the more likely it is to be followed by abuse or depen-
dence.125

Genetic factors are known to play a role in the likelihood of abuse for
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drugs other than marijuana,7,129 and it is not unexpected that genetic fac-
tors play a role in the marijuana experience, including the likelihood of
abuse. A study of over 8,000 male twins listed in the Vietnam Era Twin
Registry indicated that genes have a statistically significant influence on
whether a person finds the effects of marijuana pleasant.97 Not surpris-
ingly, people who found marijuana to be pleasurable used it more often
than those who found it unpleasant. The study suggested that, although
social influences play an important role in the initiation of use, individual
differences—perhaps associated with the brain’s reward system—influ-
ence whether a person will continue using marijuana. Similar results were
found in a study of female twins.86 Family and social environment
strongly influenced the likelihood of ever using marijuana but had little
effect on the likelihood of heavy use or abuse. The latter were more influ-
enced by genetic factors. Those results are consistent with the finding that
the degree to which rats find THC rewarding is genetically based.92

In summary, although few marijuana users develop dependence,
some do. But they appear to be less likely to do so than users of other
drugs (including alcohol and nicotine), and marijuana dependence
appears to be less severe than dependence on other drugs. Drug depen-
dence is more prevalent in some sectors of the population than others, but
no group has been identified as particularly vulnerable to the drug-
specific effects of marijuana. Adolescents, especially troubled ones, and
people with psychiatric disorders (including substance abuse) appear to
be more likely than the general population to become dependent on
marijuana.

If marijuana or cannabinoid drugs were approved for therapeutic
uses, it would be important to consider the possibility of dependence,
particularly for patients at high risk for substance dependence. Some con-
trolled substances that are approved medications produce dependence
after long-term use; this, however, is a normal part of patient manage-
ment and does not generally present undue risk to the patient.

Progression from Marijuana to Other Drugs

The fear that marijuana use might cause, as opposed to merely pre-
cede, the use of drugs that are more harmful is of great concern. To judge
from comments submitted to the IOM study team, it appears to be of
greater concern than the harms directly related to marijuana itself. The
discussion that marijuana is a “gateway” drug implicitly recognizes that
other illicit drugs might inflict greater damage to health or social relations
than marijuana. Although the scientific literature generally discusses drug
use progression between a variety of drug classes, including alcohol and
tobacco, the public discussion has focused on marijuana as a “gateway”
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drug that leads to abuse of more harmful illicit drugs, such as cocaine and
heroin.

There are strikingly regular patterns in the progression of drug use
from adolescence to adulthood. Because it is the most widely used illicit
drug, marijuana is predictably the first illicit drug that most people
encounter. Not surprisingly, most users of other illicit drugs used mari-
juana first.81,82 In fact, most drug users do not begin their drug use with
marijuana—they begin with alcohol and nicotine, usually when they are
too young to do so legally.82,90

The gateway analogy evokes two ideas that are often confused. The
first, more often referred to as the “stepping stone” hypothesis, is the idea
that progression from marijuana to other drugs arises from pharmaco-
logical properties of marijuana itself.82 The second is that marijuana serves
as a gateway to the world of illegal drugs in which youths have greater
opportunity and are under greater social pressure to try other illegal
drugs. The latter interpretation is most often used in the scientific litera-
ture, and it is supported, although not proven, by the available data.

The stepping stone hypothesis applies to marijuana only in the broad-
est sense. People who enjoy the effects of marijuana are, logically, more
likely to be willing to try other mood-altering drugs than are people who
are not willing to try marijuana or who dislike its effects. In other words,
many of the factors associated with a willingness to use marijuana are,
presumably, the same as those associated with a willingness to use other
illicit drugs. Those factors include physiological reactions to the drug
effect, which are consistent with the stepping stone hypothesis, but also
psychosocial factors, which are independent of drug-specific effects. There
is no evidence that marijuana serves as a stepping stone on the basis of its
particular physiological effect. One might argue that marijuana is gener-
ally used before other illicit mood-altering drugs, in part, because its
effects are milder; in that case, marijuana is a stepping stone only in the
same sense as taking a small dose of a particular drug and then increasing
that dose over time is a stepping stone to increased drug use.

Whereas the stepping stone hypothesis presumes a predominantly
physiological component of drug progression, the gateway theory is a
social theory. The latter does not suggest that the pharmacological quali-
ties of marijuana make it a risk factor for progression to other drug use.
Instead, the legal status of marijuana makes it a gateway drug.82

Psychiatric disorders are associated with substance dependence and
are probably risk factors for progression in drug use. For example, the
troubled adolescents studied by Crowley and co-workers31 were depen-
dent on an average of 3.2 substances, and this suggests that their conduct
disorders were associated with increased risk of progressing from one
drug to another. Abuse of a single substance is probably also a risk factor
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for later multiple drug use. For example, in a longitudinal study that
examined drug use and dependence, about 26% of problem drinkers
reported that they first used marijuana after the onset of alcohol-related
problems (R. Pandina, IOM workshop). The study also found that 11% of
marijuana users developed chronic marijuana problems; most also had
alcohol problems.

Intensity of drug use is an important risk factor in progression. Daily
marijuana users are more likely than their peers to be extensive users of
other substances (for review, see Kandel and Davies78). Of 34- to 35-year-
old men who had used marijuana 10–99 times by the age 24–25, 75% never
used any other illicit drug; 53% of those who had used it more than 100
times did progress to using other illicit drugs 10 or more times. 78  Compa-
rable proportions for women are 64% and 50%.

The factors that best predict use of illicit drugs other than marijuana
are probably the following: age of first alcohol or nicotine use, heavy mari-
juana use, and psychiatric disorders. However, progression to illicit drug
use is not synonymous with heavy or persistent drug use. Indeed, al-
though the age of onset of use of licit drugs (alcohol and nicotine) predicts
later illicit drug use, it does not appear to predict persistent or heavy use
of illicit drugs.90

Data on the gateway phenomenon are often overinterpreted. For
example, one study reports that “marijuana’s role as a gateway drug
appears to have increased.”55 It was a retrospective study based on inter-
views of drug abusers who reported smoking crack or injecting heroin
daily. The data from the study provide no indication of what proportion
of marijuana users become serious drug abusers; rather, they indicate that
serious drug abusers usually use marijuana before they smoke crack or
inject heroin. Only a small percentage of the adult population uses crack
or heroin daily; during the five-year period from 1993 to 1997, an average
of three people per 1,000 used crack and about two per 1,000 used heroin
in the preceding month.132

Many of the data on which the gateway theory is based do not mea-
sure dependence; instead, they measure use—even once-only use. Thus,
they show only that marijuana users are more likely to use other illicit
drugs (even if only once) than are people who never use marijuana, not
that they become dependent or even frequent users. The authors of these
studies are careful to point out that their data should not be used as evi-
dence of an inexorable causal progression; rather they note that identify-
ing stage-based user groups makes it possible to identify the specific risk
factors that predict movement from one stage of drug use to the next—the
real issue in the gateway discussion.25

In the sense that marijuana use typically precedes rather than follows
initiation into the use of other illicit drugs, it is indeed a gateway drug.
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However, it does not appear to be a gateway drug to the extent that it is
the cause or even that it is the most significant predictor of serious drug
abuse; that is, care must be taken not to attribute cause to association. The
most consistent predictors of serious drug use appear to be the intensity
of marijuana use and co-occurring psychiatric disorders or a family his-
tory of psychopathology (including alcoholism).78,83

An important caution is that data on drug use progression pertain to
nonmedical drug use. It does not follow from those data that if marijuana
were available by prescription for medical use, the pattern of drug use
would be the same. Kandel and co-workers also included nonmedical use
of prescription psychoactive drugs in their study of drug use progres-
sion.82 In contrast with the use of alcohol, nicotine, and illicit drugs, there
was not a clear and consistent sequence of drug use involving the abuse
of prescription psychoactive drugs. The current data on drug use progres-
sion neither support nor refute the suggestion that medical availability
would increase drug abuse among medical marijuana users. Whether the
medical use of marijuana might encourage drug abuse among the general
community—not among medical marijuana users themselves but among
others simply because of the fact that marijuana would be used for medi-
cal purposes—is another question.

LINK BETWEEN MEDICAL USE AND DRUG ABUSE

Almost everyone who spoke or wrote to the IOM study team about
the potential harms posed by the medical use of marijuana felt that it
would send the wrong message to children and teenagers. They stated
that information about the harms caused by marijuana is undermined by
claims that marijuana might have medical value. Yet many of our power-
ful medicines are also dangerous medicines. These two facets of medi-
cine—effectiveness and risk—are inextricably linked.

The question here is not whether marijuana can be both harmful and
helpful but whether the perception of its benefits will increase its abuse.
For now any answer to the question remains conjecture. Because mari-
juana is not an approved medicine, there is little information about the
consequences of its medical use in modern society. Reasonable inferences
might be drawn from some examples. Opiates, such as morphine and
codeine, are an example of a class of drugs that is both abused to great
harm and used to great medical benefit, and it would be useful to exam-
ine the relationship between their medical use and their abuse. In a “natu-
ral experiment” during 1973–1978 some states decriminalized marijuana,
and others did not. Finally, one can examine the short-term consequences
of the publicity surrounding the 1996 medical marijuana campaign in Cali-
fornia and ask whether it had any measurable impact on marijuana con-
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sumption among youth in California; the consequences of “message” that
marijuana might have medical use are examined below.

Medical Use and Abuse of Opiates

Two highly influential papers published in the 1920s and 1950s led to
widespread concern among physicians and medical licensing boards that
liberal use of opiates would result in many addicts (reviewed by Moulin
and co-workers106 in 1996). Such fears have proven unfounded; it is now
recognized that fear of producing addicts through medical treatment
resulted in needless suffering among patients with pain as physicians
needlessly limited appropriate doses of medications.27,44 Few people begin
their drug addiction problems with misuse of drugs that have been pre-
scribed for medical use.114 Opiates are carefully regulated in the medical
setting, and diversion of medically prescribed opiates to the black market
is not generally considered to be a major problem.

No evidence suggests that the use of opiates or cocaine for medical
purposes has increased the perception that their illicit use is safe or
acceptable. Clearly, there are risks that patients will abuse marijuana for
its psychoactive effects and some likelihood of diversion of marijuana
from legitimate medical channels into the illicit market. But those risks do
not differentiate marijuana from many accepted medications that are
abused by some patients or diverted from medical channels for non-
medical use. Medications with abuse potential are placed in Schedule II of
the Controlled Substances Act, which brings them under stricter control,
including quotas on the amount that can be legally manufactured (see
chapter 5 for discussion of the Controlled Substances Act). That schedul-
ing also signals to physicians that a drug has abuse potential and that they
should monitor its use by patients who could be at risk for drug abuse.

Marijuana Decriminalization

Monitoring the Future, the annual survey of values and lifestyles of
high school seniors, revealed that high school seniors in decriminalized
states reported using no more marijuana than did their counterparts in
states where marijuana was not decriminalized.72 Another study reported
somewhat conflicting evidence indicating that decriminalization had
increased marijuana use.105  That study used data from the Drug Aware-
ness Warning Network (DAWN), which has collected data on drug-
related emergency room (ER) cases since 1975. There was a greater in-
crease from 1975 to 1978 in the proportion of ER patients who had used
marijuana in states that had decriminalized marijuana in 1975–1976 than
in states that had not decriminalized it (Table 3.6). Despite the greater
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increase among decriminalized states, the proportion of marijuana users
among ER patients by 1978 was about equal in states that had and states
that had not decriminalized marijuana. That is because the non-decrimi-
nalized states had higher rates of marijuana use before decriminalization.
In contrast with marijuana use, rates of other illicit drug use among ER
patients were substantially higher in states that did not decriminalize
marijuana use. Thus, there are different possible reasons for the greater
increase in marijuana use in the decriminalized states. On the one hand,
decriminalization might have led to an increased use of marijuana (at least
among people who sought health care in hospital ERs). On the other hand,
the lack of decriminalization might have encouraged greater use of drugs
that are even more dangerous than marijuana.

The differences between the results for high school seniors from the
Monitoring the Future study and the DAWN data are unclear, although
the author of the latter study suggests that the reasons might lie in limita-
tions inherent in how the DAWN data are collected.105

In 1976, the Netherlands adopted a policy of toleration for possession
of up to 30 g of marijuana. There was little change in marijuana use dur-
ing the seven years after the policy change, which suggests that the change
itself had little effect; however, in 1984, when Dutch “coffee shops” that
sold marijuana commercially spread throughout Amsterdam, marijuana

TABLE 3.6 Effect of Decriminalization on Marijuana Use in
Emergency Room (ER) Cases

Total Reports of Drug Use per ERa

States That States That Did Not
Decriminalized Decriminalize

Periodb Marijuana Marijuana

Marijuana use 1975 0.8 1.5
1978 2.7 2.5

Other drug use 1975 47 55
1978 55 70

aData are based on patient self-reports.
bStates that decriminalized marijuana did so after 1975 and before 1978. The 1975 values

reflect ER marijuana reports before or in the first months of decriminalization, whereas 1978
values reflect ER reports when decriminalization laws had been in effect at least a year. The
1978 levels are median values for quarters in 1978 and are derived from Figures 1 and 2 in
Model (1993).105

SOURCE: Adapted from Figures 1 and 2 in Model (1993).105
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use began to increase.98 During the 1990s, marijuana use has continued to
increase in the Netherlands at the same rate as in the United States and
Norway—two countries that strictly forbid marijuana sale and posses-
sion. Furthermore, during this period, approximately equal percentages
of American and Dutch 18 year olds used marijuana; Norwegian 18 year
olds were about half as likely to have used marijuana. The authors of this
study conclude that there is little evidence that the Dutch marijuana
depenalization policy led to increased marijuana use, although they note
that commercialization of marijuana might have contributed to its in-
creased use.  Thus, there is little evidence that decriminalization of mari-
juana use necessarily leads to a substantial increase in marijuana use.

The Medical Marijuana Debate

The most recent National Household Survey on Drug Abuse showed
that among people 12–17 years old the perceived risk associated with
smoking marijuana once or twice a week had decreased significantly be-
tween 1996 and 1997.132 (Perceived risk is measured as the percentage of
survey respondents who report that they “perceive great risk of harm” in
using a drug at a specified frequency.) At first glance, that might seem to
validate the fear that the medical marijuana debate of 1996—before pas-
sage of the California medical marijuana referendum in November 1997—
had sent a message that marijuana use is safe. But a closer analysis of the
data shows that Californian youth were an exception to the national trend.
In contrast to the national trend, the perceived risk of marijuana use did
not change among California youth between 1996 and 1997.132* In sum-
mary, there is no evidence that the medical marijuana debate has altered
adolescents’ perceptions of the risks associated with marijuana use.132

PSYCHOLOGICAL HARMS

In assessing the relative risks and benefits related to the medical use
of marijuana, the psychological effects of marijuana can be viewed both as
unwanted side effects and as potentially desirable end points in medical
treatment. However, the vast majority of research on the psychological
effects of marijuana has been in the context of assessing the drug’s intoxi-
cating effects when it is used for nonmedical purposes. Thus, the litera-

*Although Arizona also passed a medical marijuana referendum, it was embedded in a
broader referendum concerning prison sentencing. Hence, the debate in Arizona did not
focus on medical marijuana the way it did in California, and changes in Arizona youths’
attitudes likely reflect factors peripheral to medical marijuana.
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ture does not directly address the effects of marijuana taken for medical
purposes.

There are some important caveats to consider in attempting to
extrapolate from the research mentioned above to the medical use of
marijuana. The circumstances under which psychoactive drugs are taken
are an important influence on their psychological effects. Furthermore,
research protocols to study marijuana’s psychological effects in most
instances were required to use participants who already had experience
with marijuana. People who might have had adverse reactions to mari-
juana either would choose not to participate in this type of study or would
be screened out by the investigator. Therefore, the incidence of adverse
reactions to marijuana that might occur in people with no marijuana
experience cannot be estimated from such studies. A further complicating
factor concerns the dose regimen used for laboratory studies. In most
instances, laboratory research studies have looked at the effects of single
doses of marijuana, which might be different from those observed when
the drug is taken repeatedly for a chronic medical condition.

Nonetheless, laboratory studies are useful in suggesting what psy-
chological functions might be studied when marijuana is evaluated for
medical purposes. Results of laboratory studies indicate that acute and
chronic marijuana use has pronounced effects on mood, psychomotor,
and cognitive functions. These psychological domains should therefore
be considered in assessing the relative risks and therapeutic benefits re-
lated to marijuana or cannabinoids for any medical condition.

Psychiatric Disorders

A major question remains as to whether marijuana can produce last-
ing mood disorders or psychotic disorders, such as schizophrenia.
Georgotas and Zeidenberg52 reported that smoking 10–22 marijuana ciga-
rettes per day was associated with a gradual waning of the positive mood
and social facilitating effects of marijuana and an increase in irritability,
social isolation, and paranoid thinking. Inasmuch as smoking one ciga-
rette is enough to make a person feel “high” for about 1–3 hours,68,95,118

the subjects in that study were taking very high doses of marijuana.
Reports have described the development of apathy, lowered motivation,
and impaired educational performance in heavy marijuana users who do
not appear to be behaviorally impaired in other ways.121,122 There are clini-
cal reports of marijuana-induced psychosis-like states (schizophrenia-like,
depression, and/or mania) lasting for a week or more.112 Hollister sug-
gests that, because of the varied nature of the psychotic states induced by
marijuana, there is no specific “marijuana psychosis.” Rather, the mari-
juana experience might trigger latent psychopathology of many types.66

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

106 MARIJUANA AND MEDICINE

More recently, Hall and colleagues60 concluded that “there is reasonable
evidence that heavy cannabis use, and perhaps acute use in sensitive indi-
viduals, can produce an acute psychosis in which confusion, amnesia,
delusions, hallucinations, anxiety, agitation and hypomanic symptoms
predominate.” Regardless of which of those interpretations is correct, the
two reports agree that there is little evidence that marijuana alone pro-
duces a psychosis that persists after the period of intoxication.

Schizophrenia

The association between marijuana and schizophrenia is not well
understood. The scientific literature indicates general agreement that
heavy marijuana use can precipitate schizophrenic episodes but not that
marijuana use can cause the underlying psychotic disorder.59,96,151 As
noted earlier, drug abuse is common among people with psychiatric
disorders. Estimates of the prevalence of marijuana use among schizo-
phrenics vary considerably but are in general agreement that it is at least
as great as that among the general population.134 Schizophrenics prefer
the effects of marijuana to those of alcohol and cocaine,35 which they seem
to use less often than does the general population.134 The reasons for this
are unknown, but it raises the possibility that schizophrenics might obtain
some symptomatic relief from moderate marijuana use. But overall, com-
pared with the general population, people with schizophrenia or with a
family history of schizophrenia are likely to be at greater risk for adverse
psychiatric effects from the use of cannabinoids.

Cognition

As discussed earlier, acutely administered marijuana impairs cogni-
tion.60,66,112 Positron emission tomography (PET) imaging allows investi-
gators to measure the acute effects of marijuana smoking on active brain
function. Human volunteers who perform auditory attention tasks before
and after smoking a marijuana cigarette show impaired performance
while under the influence of marijuana; this is associated with substantial
reduction in blood flow to the temporal lobe of the brain, an area that is
sensitive to such tasks.116,117 Marijuana smoking increases blood flow in
other brain regions, such as the frontal lobes and lateral cerebellum.101,155

Earlier studies purporting to show structural changes in the brains of
heavy marijuana users22 have not been replicated with more sophisticated
techniques.28,89

Nevertheless, recent studies14,122  have found subtle defects in cogni-
tive tasks in heavy marijuana users after a brief period (19–24 hours) of
marijuana abstinence. Longer term cognitive deficits in heavy marijuana
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users have also been reported.140 Although these studies have attempted
to match heavy marijuana users with subjects of similar cognitive abilities
before exposure to marijuana use, the adequacy of this matching has been
questioned.133 The complex methodological issues facing research in this
area are well reviewed in an article by Pope and colleagues.121 Care must
be exercised so that studies are designed to differentiate between changes
in brain function caused the effects of marijuana and by the illness for
which marijuana is being given. AIDS dementia is an obvious example of
this possible confusion. It is also important to determine whether repeated
use of marijuana at therapeutic dosages produces any irreversible cogni-
tive effects.

Psychomotor Performance

Marijuana administration has been reported to affect psychomotor
performance on a number of tasks. The review by Chait and Pierri23 not
only details the studies that have been done but also points out the incon-
sistencies among studies, the methodological shortcomings of many stud-
ies, and the large individual differences among the studies attributable to
subject, situational, and methodological factors. Those factors must be
considered in studies of psychomotor performance when participants are
involved in a clinical trial of the efficacy of marijuana. The types of psy-
chomotor functions that have been shown to be disrupted by the acute
administration of marijuana include body sway, hand steadiness, rotary
pursuit, driving and flying simulation, divided attention, sustained atten-
tion, and the digit-symbol substitution test. A study of experienced air-
plane pilots showed that even 24 hours after a single marijuana cigarette
their performance on flight simulator tests was impaired.163 Before the
tests, however, they told the study investigators that they were sure their
performance would be unaffected.

Cognitive impairments associated with acutely administered mari-
juana limit the activities that people would be able to do safely or produc-
tively. For example, no one under the influence of marijuana or THC
should drive a vehicle or operate potentially dangerous equipment.

Amotivational Syndrome

One of the more controversial effects claimed for marijuana is the pro-
duction of an “amotivational syndrome.” This syndrome is not a medical
diagnosis, but it has been used to describe young people who drop out of
social activities and show little interest in school, work, or other goal-
directed activity. When heavy marijuana use accompanies these symp-
toms, the drug is often cited as the cause, but no convincing data demon-
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strate a causal relationship between marijuana smoking and these behav-
ioral characteristics.23 It is not enough to observe that a chronic marijuana
user lacks motivation. Instead, relevant personality traits and behavior of
subjects must be assessed before and after the subject becomes a heavy
marijuana user. Because such research can only be done on subjects who
become heavy marijuana users on their own, a large population study—
such as the Epidemiological Catchment Area study described earlier in
this chapter—would be needed to shed light on the relationship between
motivation and marijuana use. Even then, although a causal relationship
between the two could, in theory, be dismissed by an epidemiological
study, causality could not be proven.

Summary

Measures of mood, cognition, and psychomotor performance should
be incorporated into clinical trials evaluating the efficacy of marijuana or
cannabinoid drugs for a given medical condition. Ideally, participants
would complete mood assessment questionnaires at various intervals
throughout the day for a period before; every week during; and, where
appropriate, after marijuana therapy. A full psychological screening of
research participants should be conducted to determine whether there is
an interaction between the mood-altering effects of chronic marijuana use
and the psychological characteristics of the subjects. Similarly, the cogni-
tive and psychomotor functioning should be assessed before and regu-
larly during the course of a chronic regimen of marijuana or cannabinoid
treatment to determine the extent to which tolerance to the impairing
effects of marijuana develops and to monitor whether new problems
develop.

When compared with changes produced by either placebo or an active
control medication, the magnitude of desirable therapeutic effects and the
frequency and magnitude of adverse psychological side effects of mari-
juana could be determined. That would allow a more thorough assess-
ment of the risk:benefit ratio associated with the use of marijuana for a
given indication.

CONCLUSION: The psychological effects of cannabinoids, such as
anxiety reduction, sedation, and euphoria, can influence their po-
tential therapeutic value. Those effects are potentially undesir-
able in some patients and situations and beneficial in others. In
addition, psychological effects can complicate the interpretation
of other aspects of the drug’s effect.
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RECOMMENDATION: Psychological effects of cannabinoids, such
as anxiety reduction and sedation, which can influence medical
benefits, should be evaluated in clinical trials.

PHYSIOLOGICAL HARMS: TISSUE AND ORGAN DAMAGE

Many people who spoke to the IOM study team in favor of the medi-
cal use of marijuana cited the absence of marijuana overdoses as evidence
that it is safe. Indeed, epidemiological data indicate that in the general
population marijuana use is not associated with increased mortality.138

However, other serious health outcomes should be considered, and they
are discussed below.

It is important to keep in mind that most of the studies that report
physiological harm resulting from marijuana use are based on the effects
of marijuana smoking. Thus, we emphasize that the effects reported can-
not be presumed to be caused by THC alone or even in combination with
other cannabinoids found in marijuana. It is likely that smoke is a major
cause of the reported effects. In most studies the methods used make it
impossible to weigh the relative contributions of smoke versus cannab-
inoids.

Immune System

The relationship between marijuana and the immune system presents
many facets, including potential benefits and suspected harms. This sec-
tion reviews the evidence on suspected harms to the immune system
caused by marijuana use.

Despite the many claims that marijuana suppresses the human im-
mune system, the health effects of marijuana-induced immunomodulation
are still unclear. Few studies have been done with animals or humans to
assess the effects of marijuana exposure on host resistance to bacteria,
viruses, or tumors.

Human Studies

Several approaches have been used to determine the effects of mari-
juana on the human immune system. Each has serious limitations, which
are discussed below.

Assays of Leukocytes from Marijuana Smokers. One of the more com-
mon approaches has been to isolate peripheral blood leukocytes from
people who have smoked marijuana in order to evaluate the immune
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response of those cells in vitro—most often by measuring mitogen-
induced cell proliferation, a normal immune response. Almost without
exception, this approach has failed to demonstrate any reduction in leu-
kocyte function. The major problem with the approach is that after blood
samples are drawn from the study subjects the leukocytes must be isolated
from whole blood before they are tested. That is done by high-speed cen-
trifugation followed by extensive washing of the cells, which removes the
cannabinoid; perhaps for this reason no adverse effects have been demon-
strated in peripheral blood leukocytes from marijuana smokers.75,91,123,160

Leukocyte Responses to THC. Another approach is to isolate peripheral
blood leukocytes from healthy control subjects who do not smoke mari-
juana and then to measure the effect of THC on the ability of these cells to
proliferate in response to mitogenic stimulation in vitro. One important
difference between leukocytes isolated from a marijuana smoker, as
described above, and leukocyte cell cultures to which THC has been added
directly is in the cannabinoid composition. Marijuana smoke contains
many distinct cannabinoid compounds of which THC is just one. More-
over, the immunomodulatory activity of many of the other cannabinoid
compounds has never been tested, and it is now known that at least one of
those—cannabinol (CBN)—has greater activity on the immune system
than on the central nervous system,64 so it is unclear whether the profile
of activity observed with THC accurately represents the effects of mari-
juana smoke on immune competence. Likewise, the extent to which
different cannabinoids in combination exhibit additive, synergistic, or
antagonistic effects with respect to immunomodulatory activity is unclear.
The issue is complicated by the fact that leukocytes express both types of
cannabinoid receptors: CB1 and CB2.

An additional factor that might affect the immunomodulatory activ-
ity of cannabinoids in leukocytes is metabolism. Leukocytes have very
low levels of the cytochrome P-450 drug-metabolizing enzymes,20 so the
metabolism of cannabinoids is probably different between in vivo and in
vitro exposure. That last point is pertinent primarily to investigations of
chronic, not acute, cannabinoid exposure.

Human-Derived Cell Lines. A third approach for investigating the effects
of cannabinoids on human leukocytes has been to study human-derived
cell lines.* As described above, the cell lines are treated in vitro with can-
nabinoids to test their responses to different stimuli. Although cell lines

*Cell lines are created by removing cells from an organism and then treating them so they
are “immortalized,” meaning they will continue to divide and multiply indefinitely in cul-
ture. Cellular processes can then be studied in isolation from their original source.
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are a convenient source of human cells, the problems described above
apply here as well. In addition, the cell lines might not be the same as the
original cells. For example, cell lines do not necessarily have the same
number of cannabinoid receptors as the original human cells.

Rodent Studies

The most widely used approach is to evaluate the effects of cannab-
inoids in rodents, using rodent-derived cells in vitro. The rationale is that
the human and rodent immune systems are remarkably similar, and it is
assumed that the effects produced by cannabinoids on the rodent immune
system will be similar to those produced in humans. Although no sub-
stantial species differences in immune system sensitivity to cannabinoids
have been reported, the possibility should be considered.

Summary

The complete effect of marijuana smoking on immune function
remains unknown. More important, it is not known whether smoking
leads to increased rates of infections, tumors, allergies, or autoimmune
responses. The problem is how to duplicate the “normal” marijuana smok-
ing pattern while removing other potential immunomodulating lifestyle
factors, such as alcohol and tobacco use. Epidemiological studies are
needed to determine whether marijuana users have a higher incidence of
such diseases, as infections, tumors, allergies, and autoimmune diseases.
Studies on resistance to bacterial and viral infection are clearly needed
and should involve the collaboration of immunologists, infectious disease
specialists, oncologists, and pharmacologists.

Marijuana Smoke

Tobacco is the predominant cause of such lung diseases as cancer and
emphysema, and marijuana smoke contains many of the components of
tobacco smoke.69  Thus, it is important to consider the relationship be-
tween habitual marijuana smoking and some lung diseases.

Given a cigarette of comparable weight, as much as four times the
amount of tar can be deposited in the lungs of marijuana smokers as in
the lungs of tobacco smokers.162 The difference is due primarily to the
differences in filtration and smoking technique between tobacco and mari-
juana smokers. Marijuana cigarettes usually do not have filters, and mari-
juana smokers typically develop a larger puff volume, inhale more deeply,
and hold their breath several times longer than tobacco smokers.119 How-
ever, a marijuana cigarette smoked recreationally typically is not packed
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as tightly as a tobacco cigarette, and the smokable substance is about half
that in a tobacco cigarette. In addition, tobacco smokers generally smoke
considerably more cigarettes per day than do marijuana smokers.

Cellular Damage

Lymphocytes: T and B Cells. Human studies of the effect of marijuana
smoking on immune cell function are not all consistent with cannabinoid
cell culture and animal studies. For example, antibody production was
decreased in a group of hospitalized patients who smoked marijuana for
four days (12 cigarettes/day), but the decrease was seen in only one sub-
type of humoral antibody (IgG), whereas two other subtypes (IgA and
IgM) remained normal and one (IgE) was increased.108 In addition, T cell
proliferation was normal in the blood of a group of marijuana smokers,
although closer evaluation showed an increase in one subset of T cells161

and a decrease in a different subset (CD8).157 It appears that marijuana
use is associated with intermittent disturbances in T and B cell function,
but the magnitude is small and other measures are often normal.87

Macrophages. Alveolar macrophages are the principal immune-effector
cells in the lung and are primarily responsible for protecting the lung
against infectious microorganisms, inhaled foreign substances, and tumor
cells. They are increased during tissue inflammation. In a large sample of
volunteers, habitual marijuana smokers had twice as many alveolar mac-
rophages as nonsmokers, and smokers of both marijuana and tobacco had
twice as many again.11  Marijuana smoking also reduced the ability of
alveolar macrophages to kill fungi, such as Candida albicans;* pathogenic
bacteria, such as Staphylococcus aureus; and tumor target cells. The reduc-
tion in ability to destroy fungal organisms was similar to that seen in
tobacco smokers. The inability to kill pathogenic bacteria was not seen in
tobacco smokers.10 Furthermore, marijuana smoking depressed produc-
tion of proinflammatory cytokines, such as TNF-I and IL-6, but not of
immunosuppressive cytokines.10 Cytokines are important regulators of
macrophage function, so this marijuana-related decrease in inflammatory
cytokine production might be a mechanism whereby marijuana smokers
are less able to destroy fungal and bacterial organisms, as well as tumor
cells.

The inability of alveolar macrophages from habitual marijuana smok-
ers without apparent disease to destroy fungi, bacteria, and tumor cells

*Candida albicans is a yeast infection that is particularly prevalent among people whose
immune systems are suppressed, such as in AIDS patients.
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and to release proinflammatory cytokines, suggests that marijuana might
be an immunosuppressant with clinically significant effects on host de-
fense. Therefore, the risks of smoking marijuana should be seriously
weighed before recommending its use in any patient with preexisting
immune deficits—including AIDS patients, cancer patients, and those
receiving immunosuppressive therapies (for example, transplant or cancer
patients).

Bronchial and Pulmonary Damage

Animal Studies. A number of animal studies have revealed respiratory
tract changes and diseases associated with marijuana smoking, but others
have not. Extensive damage to the smaller airways, which are the major
site of chronic obstructive pulmonary disease (COPD),* and acute and
chronic pneumonia have been observed in various species exposed to dif-
ferent doses of marijuana smoke.41,42,128  In contrast, rats exposed to
increasing doses of marijuana smoke for one year did not show any signs
of COPD, whereas rats exposed to tobacco smoke did.67

Chronic Bronchitis and Respiratory Illness. Results of human studies
suggest that there is a greater chance of respiratory illness in people who
smoke marijuana. In a survey of outpatient medical visits at a large health
maintenance organization (HMO), marijuana users were more likely to
seek help for respiratory illnesses than people who smoked neither mari-
juana or tobacco.120  However, the incidence of seeking help for respira-
tory illnesses was not higher in those who smoked marijuana for 10 years
or more than in those who smoked for less than 10 years. One explanation
for this is that people who experience respiratory symptoms are more
likely to quit smoking and that people who continue to smoke constitute a
set of survivors who do not develop or are indifferent to such symptoms.
One limitation of this study is that no data were available on the use of
cocaine, which when used with marijuana could contribute to the ob-
served differences. Another limitation is that the survey relied on self-
reporting; tobacco, alcohol, and marijuana use might have been under-
reported (S. Sidney, IOM workshop).

When marijuana smokers were compared with nonsmokers and to-
bacco smokers in a group of 446 volunteers, 15–20% of the marijuana
smokers reported symptoms of chronic bronchitis, including chronic

*COPD is a slow progressive obstruction of the airways, loss of their elasticity, and loss of
lung volume, characterized by chronic shortness of breath, chronic bronchitis, and reduced
oxygenation of blood.
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cough and phlegm production,146 and 20–25% of the tobacco smokers re-
ported symptoms of chronic bronchitis. Despite a marked disparity in the
amount of each substance smoked per day (three or four joints of mari-
juana versus more than 20 cigarettes of tobacco), the difference in the per-
centages of tobacco smokers and marijuana smokers experiencing symp-
toms of chronic bronchitis was statistically insignificant.146  Similar
findings were reported by Bloom and co-workers,15  who noted an addi-
tive effect of smoking both marijuana and tobacco.

Bronchial Tissue Changes. Habitual marijuana smoking is associated
with changes in the lining of the human respiratory tract. Many mari-
juana or tobacco smokers have increased redness (erythema) and swell-
ing (edema) of the airway tissues and increased mucous secretions.43,56  In
marijuana smokers the number and size of small blood vessels in the bron-
chial wall are increased, tissue edema is present, and the normal ciliated
cells* lining the inner surface of the bronchial wall are largely replaced by
mucous-secreting goblet cells. The damage is greater in people who smoke
both marijuana and tobacco.130  Overproduction of mucus by the increased
numbers of mucous-secreting cells in the presence of decreased numbers
of ciliated cells tends to leave coughing as the only major mechanism to
remove mucus from the airways; this might explain the relatively high
proportion of marijuana smokers who complain of chronic cough and
phlegm production.148

A 1998 study has shown that both marijuana and tobacco smokers
have significantly more cellular and molecular abnormalities in bronchial
epithelium cells than nonsmokers; these changes are associated with in-
creased risk of cancer.12  The tobacco-only smokers in that study smoked
an average of 25 cigarettes per day, whereas the marijuana-only smokers
smoked an average of 21 marijuana cigarettes per week. Although the
marijuana smokers smoked far fewer cigarettes, their cellular abnormali-
ties were equivalent to or greater than those seen in tobacco smokers. This
and earlier studies have shown that such abnormalities are greatest in
people who smoke both marijuana and tobacco; hence, marijuana
and tobacco smoke might have additive effects on airway tissue.12,43,56

Tenant150 found similar results in U.S. servicemen who suffered from res-
piratory symptoms and were heavy hashish smokers. (Hashish is the resin
from the marijuana plant.)

Chronic Obstructive Pulmonary Disease. In the absence of epidemio-
logical data, indirect evidence, such as nonspecific airway hyperrespon-

*Ciliated cells have hair-like projections that function to transport mucus toward the mouth
by rapid wave-like motion.
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siveness and measures of lung function, offers an indicator of the vulner-
ability of marijuana smokers to COPD.154  For example, the methacholine
provocative challenge test, used to evaluate airway hyperresponsiveness,
showed that tobacco smokers develop more airway hyperresponsiveness.
But no such correlation has been shown between marijuana smoking and
airway hyperresponsiveness.

There is conflicting evidence on whether regular marijuana use harms
the small airways of the lungs. Bloom and co-workers found that an aver-
age of one joint smoked per day significantly impaired the function of
small airways.15  But Tashkin and co-workers146  did not observe such
damage among heavier marijuana users (three to four joints per day for at
least 10 years), although they noted a narrowing of large central airways.
Tashkin and co-workers’ long-term study, which adjusted for age-related
decline in lung function (associated with an increased risk for developing
COPD), showed an accelerated rate of decline in tobacco smokers but not
in marijuana smokers.147  Thus, the question of whether usual marijuana
smoking habits are enough to cause COPD remains open.

Conclusion. Chronic marijuana smoking might lead to acute and chronic
bronchitis and extensive microscopic abnormalities in the cells lining the
bronchial passageways, some of which may be premalignant. These res-
piratory symptoms are similar to those of tobacco smokers, and the com-
bination of marijuana and tobacco smoking augments these effects. At the
time of this writing, it had not been established whether chronic smoking
marijuana causes COPD, but there is probably an association.

HIV/AIDS Patients

The relationship between marijuana smoking and the natural course
of AIDS is of particular concern because HIV patients are the largest group
who report using marijuana for medical purposes. Marijuana use has been
linked both to increased risk of progression to AIDS in HIV-seropositive
patients and to increased mortality in AIDS patients.

For unknown reasons, marijuana use is associated with increased
mortality among men with AIDS but not among the general population.138

(The relative risk of AIDS mortality for current marijuana users in this 12-
year study was 1.90, indicating that almost twice as many marijuana users
died of AIDS as did noncurrent marijuana users.) Never-married men
used twice as much marijuana as married men and accounted for 83% of
the AIDS deaths in the study. The authors of the study note that, while
marital status is insufficient to adjust for lifestyle factors—particularly,
homosexual behavior—a substantial proportion of the never-married men
with AIDS were probably homosexuals or bisexuals. That raises the pos-
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sibility that the association of marijuana use with AIDS deaths might be
related to indirect factors, such as use of other drugs or high-risk sexual
behavior, both of which increase risks of infection to which AIDS patients
are more susceptible. The higher mortality of AIDS patients who were
current marijuana users also raises the question of whether this was be-
cause patients increased their use of marijuana at the endstages of the
disease to treat their symptoms. However, the association between mari-
juana use and AIDS deaths was similar even when the subjects who died
earliest in the first five years of this 12-year study, and who were presum-
ably the most sick, were excluded from the analysis. In summary, it is
premature to conclude what the underlying causes of this association
might be.

For the general population, the mortality associated with marijuana
use was lower than that associated with cigarette smoking, and tobacco
smoking was not an independent risk factor in AIDS mortality. The
authors of the study described above concluded that therapeutic use of
marijuana did not contribute to the increased mortality among men with
AIDS.

Marijuana use has been associated with a higher prevalence of HIV
seropositivity in cross-sectional studies,84 but the relationship of mari-
juana to the progression to AIDS in HIV-seropositive patients is a reason-
able question. It remains unclear whether marijuana smoking is an inde-
pendent risk factor in the progression of AIDS in HIV-seropositive men.
Marijuana use did not increase the risk of AIDS in HIV-seropositive men
in the Multicenter AIDS Cohort Study, in which 1,795 HIV-seropositive
men were studied for 18 months,84 or in the San Francisco Men’s Health
Study, in which 451 HIV-seropositive men were studied for six years.34  In
contrast, the Sydney AIDS Project in Australia, in which 386 HIV-sero-
positive men were studied for 12 months,152 reported that marijuana use
was associated with increased risk of progression to AIDS. The results of
the Sydney study are less reliable than those of the other two studies
noted; it was the shortest of the studies and, according to the 1993 defini-
tion of AIDS, many of the subjects probably already had AIDS at the
beginning of the study.*

The most compelling concerns regarding marijuana smoking in HIV/
AIDS patients are the possible effects of marijuana on immunity.111 Re-
ports of opportunistic fungal and bacterial pneumonia in AIDS patients
who used marijuana suggest that marijuana smoking either suppresses
the immune system33 or exposes patients to an added burden of patho-

*In 1993 the diagnosis of AIDS was expanded to include anyone with a CD4 count of less
than 200. Prior to 1993 this alone would have been insufficient for a diagnosis of AIDS.
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gens.21  In summary, patients with preexisting immune deficits due to
AIDS should be expected to be vulnerable to serious harm caused by
smoking marijuana. The relative contribution of marijuana smoke versus
THC or other cannabinoids is not known.

Carcinogenicity

The gas and tar phases of marijuana and tobacco smoke contain many
of the same compounds. Furthermore, the tar phase of marijuana smoke
contains higher concentrations of polycyclic aromatic hydrocarbons
(PAHs), such as the carcinogen benzopyrene. The higher content of carci-
nogenic PAHs in marijuana tar and the greater deposition of this tar in the
lung might act in conjunction to amplify the exposure of a marijuana
smoker to carcinogens. For those reasons the carcinogenicity of marijuana
smoke is an important concern.

It is more difficult to collect the epidemiological data necessary to
establish or refute the link between marijuana smoke and cancer than that
between tobacco smoke and cancer. Far fewer people smoke only mari-
juana than only tobacco, and marijuana smokers are more likely to under-
report their smoking.

Case Studies. Results of several case series suggest that marijuana might
play a role in the development of human respiratory cancer. Reports indi-
cate an unexpectedly large proportion of marijuana users among people
with lung cancer141,149  and cancers of the upper aerodigestive tract—that
is, the oral cavity, pharynx, larynx, and esophagus—that occur before the
age of 45.36,39,149  Respiratory tract cancers associated with heavy tobacco
and alcohol consumption are not usually seen before the age of 60,154 and
the occurrence of such cancers in marijuana users younger than 60 sug-
gests that long-term marijuana smoking potentiates the effects of other
risk factors, such as tobacco smoking, and is a more potent risk factor than
tobacco and alcohol use in the early development of respiratory cancers.
Most studies lack the necessary comparison groups to calculate the iso-
lated effect of marijuana use on cancer risk. Many marijuana smokers also
smoke tobacco, so when studies lack information regarding cigarette
smoking status, there is no way to separate the effects of marijuana smoke
and tobacco smoke.

Epidemiological Evidence. As of this writing, Sidney and co-workers139

had conducted the only epidemiological study to evaluate the association
between marijuana use and cancer. The study included a cohort of about
65,000 men and women 15–49 years old. Marijuana users were defined as
those who had used marijuana on six or more occasions. Among the 1,421
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cases of cancer in this cohort, marijuana use was associated only with an
increased risk of prostate cancer in men who did not smoke tobacco. In
these relatively young HMO clients, no association was found between
marijuana use and other cancers, including all tobacco-related cancers,
colorectal cancer, and melanoma. The major limitation associated with
interpreting this study is that the development of lung cancer requires a
long exposure to smoking, and most marijuana users quit before this level
of exposure is achieved. In addition, marijuana use has been widespread
in the United States only since the late 1960s; therefore, despite the large
cohort size there might not have been a sufficient number of heavy or
long-term marijuana smokers to reveal an effect.

Cellular and Molecular Studies. In contrast with clinical studies, cellular
and molecular studies have provided strong evidence that marijuana
smoke is carcinogenic. Cell culture studies implicate marijuana smoke in
the development of cancer. Prolonged exposure of hamster lung cell cul-
tures to marijuana smoke led to malignant transformations,94  and expo-
sure of human lung explants to marijuana smoke resulted in chromosomal
and DNA alterations.154  The tar from marijuana smoke also induced
mutations similar to those produced by tar from the same quantity of
tobacco in a common bacterial assay for mutagenicity.158

Molecular studies also implicate marijuana smoke as a carcinogen.
Proto-oncogenes and tumor suppressor genes are a group of genes that
affect cell growth and differentiation. Normally, they code for proteins
that control cellular proliferation. Once mutated or activated, they pro-
duce proteins that cause cells to multiply rapidly and out of control, and
this results in tumors or cancer.* When the production of these proteins
was evaluated in tissue biopsies taken from marijuana, tobacco, and mari-
juana plus tobacco smokers, and nonsmokers, two of them (EGFR and Ki-
67) were markedly higher in the marijuana smokers than in the non-
smokers and the tobacco smokers. Moreover, the effects of marijuana and
tobacco were additive.131  Thus, in relatively young smokers of marijuana,
particularly those who smoke both marijuana and tobacco, marijuana is
implicated as a risk factor for lung cancer.

DNA alterations are known to be early events in the development of
cancer, and have been observed in the lymphocytes of pregnant mari-
juana smokers and in those of their newborns.4  This is an important study

*Some of the genes involved in the development of lung cancer include those that encode
for Ki-67 (a nuclear proliferation protein responsible for cell division), the p53 tumor sup-
pressor (a protein that normally suppresses cell growth), and epidermal growth factor
receptor (EGFR) (a receptor found on a variety of cell types, especially epithelial cells, that
promotes cellular growth and proliferation when bound to epidermal growth factor).
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because the investigators were careful to exclude tobacco smokers—a
problem in previous studies that cited mutagenic effects of marijuana
smoke.26,53,63,142 The same investigators found similar effects in previous
studies among tobacco smokers,5,6 so the effects cannot be attributed
solely to THC or other cannabinoids. Although it can be determined only
by experiment, it is likely that the smoke contents—other than cannab-
inoids—are responsible for a large part of the mutagenic effect.

Preliminary findings suggest that marijuana smoke activates cyto-
chrome P4501Al (CYP1Al), the enzyme that converts PAHs, such as
benz[α]pyrene, into active carcinogens.99 Bronchial epithelial cells in
tissue biopsies taken from marijuana smokers show more binding to
CYP1A1 antibodies than do comparable cells in biopsies from nonsmok-
ers (D. Tashkin, IOM workshop). That suggests that there is more of
CYP1A1 itself in the bronchial cells of marijuana smokers, but different
experimental methods will be needed to establish that possibility.

Conclusions

There is no conclusive evidence that marijuana causes cancer in
humans, including cancers usually related to tobacco use. However,
cellular, genetic, and human studies all suggest that marijuana smoke is
an important risk factor for the development of respiratory cancer. More
definitive evidence that habitual marijuana smoking leads or does not
lead to respiratory cancer awaits the results of well-designed case control
epidemiological studies. It has been 30 years since the initiation of wide-
spread marijuana use among young people in our society, and such stud-
ies should now be feasible.

The following studies or activities would be useful in providing data
that could more precisely define the health risks of smoking marijuana.

1. Case control studies to determine whether marijuana use is asso-
ciated with an increased risk of respiratory cancer. Despite the lack of
compelling epidemiological evidence, findings from the biochemical, cel-
lular, immunological, genetic, tissue, and animal studies cited above
strongly suggest that marijuana is a risk factor for human cancer. What is
required to address that hypothesis more convincingly is a population-
based case control study of sufficiently large numbers of people with lung
cancer and upper aerodigestive tumors (cancers of the oral cavity and
pharynx, larynx, and esophagus), as well as noncancer controls, to dem-
onstrate a statistically significant association, if one exists. Because of the
long period required for induction of human carcinomas and the infre-
quent use of marijuana in the general U.S. population before 1966, no epi-
demiological studies so far have been extensive enough to measure the
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association between marijuana and cancer adequately. However, epide-
miological investigation of this association is probably possible now in
that some 30 years have elapsed since the start of widespread marijuana
use in the United States among teenagers and young adults.

2. Molecular markers of respiratory cancer progression in marijuana
smokers. If an epidemiological association between marijuana use and
risk of respiratory cancer is demonstrated, studies would be warranted to
explore the presence of molecular markers—such as TP53, p16, NATZ,
and GSTML—that could be predictive of genetically increased risk of car-
cinogenesis in marijuana users.

3. Prospective epidemiological studies of populations with HIV se-
ropositivity or at high risk for HIV infection.* Because HIV/AIDS pa-
tients constitute the largest group that reports smoking marijuana for
medical purposes and they are particularly vulnerable to immunosup-
pressive effects, there is a pressing need for a better understanding of the
relative risk posed by and the rewards of smoking marijuana. Such stud-
ies should include history of marijuana use in the analysis of potential
risk factors for seroconversion and acquisition of opportunistic infections
or progression to AIDS. The studies could be carried out in the context of
any federally approved clinical trials of medical marijuana in immuno-
compromised patients and should provide a follow-up period long
enough to capture potential adverse events.

4. Regularized recording of marijuana use by patients. Although
marijuana is the most commonly used illicit drug, medical providers of-
ten do not question patients about marijuana use and rarely document its
use.102  Among 452 Kaiser Permanente patients who reported daily or
almost daily marijuana use, physicians recorded marijuana use in only
3% of their medical records (S. Sidney, IOM workshop).

5. Additional cellular, animal, and human studies to investigate the
effects of THC and marijuana on immune function. The effects studied
should include effects on proinflammatory versus immunosuppressive
cytokines and on the function of leukocytes that present antigen to T cells.

The question that needs to be addressed is whether THC or marijuana
is a risk factor for HIV infection, for progression to more severe stages of

*A prospective study is one in which a group of subjects is identified and then studied over
the course of time. Such a study allows an experimenter to balance different factors that may
contribute to the study outcome. For example, age, family history, and smoking are risk
factors for lung cancer. In a prospective study, these factors can be balanced to measure how
much smoking increases the risk of lung cancer. A retrospective study is one in which people
with a particular disease are identified and their histories are studied. Such studies are easier
and less expensive to conduct, but they generally lack the explanatory power of prospective
studies.
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AIDS, or for opportunistic infection among HIV-positive patients. Studies
are needed to determine the effects of marijuana use on the function of
alveolar macrophages. It would be important to compare the HIV infec-
tivity and replication of alveolar macrophages harvested from habitual
marijuana users with those harvested from nonusers or infrequent mari-
juana users. Cell culture studies could be used to compare the susceptibil-
ity of HIV-infected alveolar macrophages to additional infection with
opportunistic pathogens. Similarly, further studies on cell cultures of pe-
ripheral blood mononuclear cells could be used to assess the effects of
exposure to THC on HIV infectivity and replication.

Cardiovascular System

Marijuana smoke and oral THC can cause tachycardia (rapid heart
beat) in humans, 20–100% above baseline.57,85  The increase in heart rate is
greatest in the first 10–20 minutes after smoking and decreases sharply
and steadily; depending on whether smoked marijuana or oral THC is
used, this can last three or five hours, respectively.68,95  In some cases,
blood pressure increases while a person is in a reclining position but de-
creases inordinately on standing, resulting in postural hypotension (de-
creased blood pressure due to changing posture from a lying or sitting
position to a standing position, which can cause dizziness and faintness).
In contrast with acute administration of THC, chronic oral ingestion of
THC reduces heart rate in humans.13

In animals, THC decreases heart rate and blood pressure.57,156  How-
ever, most of the animal studies have been conducted in anesthetized ani-
mals, and anesthesia causes hypertension. Thus, those studies should be
interpreted as reports on the effects of cannabinoids in hypertensive sub-
jects. The results of the animal and human studies are consistent with the
conclusion that cannabinoids are hypotensive at high doses in animals, as
well as humans.156

Tolerance can appear after a few days of frequent daily administra-
tion (two or three doses per day) of oral THC or marijuana extract, with
heart rate decreasing, reclining blood pressure falling, and postural hy-
potension disappearing.73  Thus, the intensity of the effects depends on
frequency of use, dose, and even body position.

The cardiovascular changes have not posed a health problem for
healthy, young users of marijuana or THC. However, such changes in
heart rate and blood pressure could present a serious problem for older
patients, especially those with coronary arterial or cerebrovascular dis-
ease. Cardiovascular diseases are the leading causes of death in the United
States (coronary heart disease is first; stroke is third), so any effect of mari-
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juana use on cardiovascular disease could have a substantial impact on
public health (S. Sidney, IOM workshop). The magnitude of the impact
remains to be determined as chronic marijuana users from the late 1960s
enter the age when coronary arterial and cerebrovascular diseases become
common. Smoking marijuana is also known to decrease maximal exercise
performance. That, with the increased heart rate, could theoretically
induce angina (S. Sidney, IOM workshop), so, this raises the possibility
that patients with symptomatic coronary artery disease should be advised
not to smoke marijuana, and THC might be contraindicated in patients
with restricted cardiovascular function.

Reproductive System

Animal Studies. Marijuana and THC can inhibit many reproductive func-
tions on a short-term basis. In both male and female animals, THC injec-
tions suppress reproductive hormones and behavior.107,159  Studies have
consistently shown that injections of THC result in rapid, dose-dependent
suppression of serum luteinizing hormone (LH).70  (LH is the pituitary
hormone that stimulates release of the gonadal hormones, testosterone
and estrogen.) Embryo implantation also appears to be inhibited by THC.
But it does not necessarily follow that marijuana use will interfere with
human reproduction. With few exceptions, the animal studies are based
on acute treatments (single injections) or short-term treatments (THC
injections given over a series of days). The results are generally observed
for only several hours or in females sometimes for only one ovulatory
cycle.

Acute treatments with cannabinoids—including THC, CBD, cannab-
inol, and anandamide—can decrease the fertilizing capacity of sea urchin
sperm.135-137  The sea urchin is only a distant relative of humans, but the
cellular processes that regulate fertilization are similar enough that one
can expect a similar effect in humans. However, the effect of cannabinoids
on the capacity of sperm to fertilize eggs is reversible and is observed at
concentrations of 6–100 µM,136,137  which are higher than those likely to be
experienced by marijuana smokers. The presence of cannabinoid recep-
tors in sperm suggests the possibility of a natural role for anandamide in
modulating sperm function during fertilization. However, it remains to
be determined whether smoked marijuana or oral THC taken in pre-
scribed doses has a clinically significant effect on the fertilizing capacity
of human sperm.

Exposure to THC in utero can result in long-term changes. Many in
utero effects interfere with embryo implantation (see review by Wenger
and co-workers159). Exposure to THC shortly before or after birth can re-
sult in impaired reproductive behavior in mice when they reach adult-
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hood: females are slower to show sexual receptivity, and males are slower
to mount.107

Although THC can act directly on endocrine tissues, such as the testes
and ovaries, it appears to affect reproductive physiology through its
actions on the brain, somewhere other than the pituitary. Some of the
effects of THC are exerted through its action on stress hormones, such as
cortisol.70

Human Studies. The few human studies are consistent with the acute
animal studies: THC inhibits reproductive functions. However, studies of
men and women who use marijuana regularly have yielded conflicting
results and show either depression of reproductive hormones, no effect,
or only a short-term effect. Overall, the results of human studies are con-
sistent with the hypothesis that THC inhibits LH on a short-term basis but
not in long-term marijuana users. In other words, long-term users develop
tolerance to the inhibitory effect of THC on LH. The results in men and
women are similar, with the added consideration of the menstrual cycle
in women; the acute effects of THC appear to vary with cycle stage. THC
appears to have little effect during the follicular phase (the phase after
menses and before ovulation) and to inhibit the LH pulse during the luteal
phase (the phase after ovulation and before menses).103  In brief, although
there are no data on fertility itself, marijuana or THC would probably
decrease human fertility—at least in the short term—for both men and
women. And it is reasonable to predict that THC can interfere with early
pregnancy, particularly with implantation of the embryo. Like tobacco
smoke, marijuana smoke is highly likely to be harmful to fetal develop-
ment and should be avoided by pregnant women and those who might
become pregnant in the near future. Nevertheless, although fertility and
fetal development are important concerns for many, they are unlikely to
be of much concern to people with seriously debilitating or life-
threatening diseases. The well-documented inhibition of reproductive
functions by THC is thus not a serious concern for evaluating the short-
term medical use of marijuana or specific cannabinoids.

The results of studies of the relationship between prenatal marijuana
exposure and birth outcome have been inconsistent (reviewed in 1995 by
Cornelius and co-workers30). Except for adolescent mothers, there is little
evidence that gestation is shorter in mothers who smoke marijuana.30

Several studies of women who smoked marijuana regularly during preg-
nancy show that they tend to give birth to lower weight babies.46,65

Mothers who smoke tobacco also give birth to lower weight babies, and
the relative contributions of smoking and THC are not known from these
studies.

Babies born to mothers who smoked marijuana during pregnancy

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

124 MARIJUANA AND MEDICINE

weighed an average of 3.4 ounces less than babies born to a control group
of mothers who did not smoke marijuana; there was no statistically sig-
nificant difference in either gestational age or frequency of congenital
abnormalities.164  Those results were based on women whose urine tests
indicated recent marijuana exposure. However, when the analysis was
based only on self-reports of marijuana use (without verification by urine
tests), there was no difference in weight between babies born to women
who reported themselves as marijuana smokers and those born to women
who reported that they did not smoke marijuana. That raises an impor-
tant concern about the methods used to measure the effects of marijuana
smoking in any study, perhaps even more so in studies on the effects of
marijuana during pregnancy, when subjects might be less likely to admit
to smoking marijuana. (The study was conducted in the last trimester of
pregnancy, and there was no information about the extent of marijuana
use earlier in pregnancy.)

For most of these studies, much of the harm associated with mari-
juana use is consistent with that associated with tobacco use, and smok-
ing is an important factor, so the contribution of cannabinoids cannot be
confirmed. However, Jamaican women who use marijuana rarely smoke
it; but instead prepare it as tea.37  In a study of neonates born to Jamaican
women who did or did not ingest marijuana during pregnancy, there was
no difference in neurobehavioral assessments made at three days after
birth and at one month.38  A limitation of the study is that there was no
direct measure of marijuana use. Estimates of marijuana use were based
on self-reports, which might be more accurate in Jamaica than in the
United States because less social stigma is associated with marijuana use
in Jamaica but still are less reliable than direct measures.

Newborns of mothers who smoke either marijuana or tobacco have
statistically significantly higher mutation rates than those of non-
smokers.4,5

Since 1978, the Ottawa Prenatal Prospective Study has measured the
cognitive functions of children born to mothers who smoked marijuana
during pregnancy.47  Children of mothers who smoked either moderately
(one to six marijuana cigarettes per week) or heavily (more than six mari-
juana cigarettes per week) have been studied from the age of four days to
9–12 years. It is important to keep in mind that studies like this provide
important data about the risks associated with marijuana use during preg-
nancy, but they do not establish the causes of any such association.

The children in the different marijuana exposure groups showed no
lasting differences in global measures of intelligence, such as language
development, reading scores, and visual or perceptual tests. Moderate
cognitive deficits were detectable among these children when they were
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four days old and again at four years, but the deficits were no longer
apparent at five years.

Prenatal marijuana exposure was not, however, without lasting effect.
At ages 5–6 years and 9–12 years, children in the same study who were
prenatally exposed to tobacco smoke scored lower on tests of language
skills and cognitive functioning.48  In another study,49,50  9 to 12 year olds
who were exposed to marijuana prenatally scored lower than control sub-
jects on tasks associated with “executive function,” a term used by psy-
chologists to describe a person’s ability to plan, anticipate, and suppress
behaviors that are incompatible with a current goal.50  It was reflected in
how the mothers described their children. Mothers of the marijuana-
exposed children were more likely to describe their offspring as hyper-
active or impulsive than were mothers of control children. The alteration
in executive function was not seen in children born to tobacco smokers.
The underlying causes might be the marijuana exposure or might be more
closely related to the reasons underlying the mothers’ use of marijuana
during pregnancy.

Mice born to dams injected with the endogenous cannabinoid, anan-
damide, during the last trimester of pregnancy also showed delayed ef-
fects. No effect of anandamide treatment during pregnancy was detected
until the mice were adults (40 days old), at which time they showed be-
havioral changes that are common to the effects of other psychotropic
drugs or prenatal stress.45  As with the children born to mothers who
smoked marijuana, it is not known what aspect of the treatment caused
the effect. The dams might have found the dose (20 mg/kg of body
weight) of anandamide aversive, in which case the effect could have
resulted from generalized stress, as opposed to a cannabinoid-specific
effect. Either is possible. Despite the uncertainty as to the underlying
causes of the effects of prenatal exposure to cannabinoid drugs, it is pru-
dent to advise against smoking marijuana during pregnancy.

SUMMARY AND CONCLUSIONS

This chapter summarizes the harmful effects of marijuana on indi-
vidual users and, to a lesser extent, on society. The harmful effects on
individuals were considered from the perspective of possible medical use
of marijuana and can be divided into acute and chronic effects. The vast
majority of evidence on harmful effects of marijuana is based on smoked
marijuana, and, except for the psychoactive effects that can be reasonably
attributed to THC, it is not possible to distinguish the drug effects from
the effects of inhaling smoke from burning plant material.

For most people the primary adverse effect of acute marijuana use is
diminished psychomotor performance; it is inadvisable for anyone under

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

126 MARIJUANA AND MEDICINE

the influence of marijuana to operate any equipment that might put the
user or others in danger (such as driving or operating complex equip-
ment). Most people can be expected to show impaired performance of
complex tasks, and a minority experience dysphoria. People with or at
risk of psychiatric disorders (including substance dependence) are par-
ticularly vulnerable to developing marijuana dependence, and marijuana
use would be generally contraindicated for them. The short-term immuno-
suppressive effects are not well established; if they exist at all, they are
probably not great enough to preclude a legitimate medical use. The acute
side effects of marijuana use are within the risks tolerated for many medi-
cations.

The chronic effects of marijuana are of greater concern for medical use
and fall into two categories: the effects of chronic smoking and the effects
of THC. Marijuana smoke is like tobacco smoke in that it is associated
with increased risk of cancer, lung damage, and poor pregnancy outcome.
Smoked marijuana is unlikely to be a safe medication for any chronic
medical condition. The second category is that associated with depen-
dence on the psychoactive effects of THC. Despite past skepticism, it has
been established that, although it is not common, a vulnerable subpopu-
lation of marijuana users can develop dependence. Adolescents, particu-
larly those with conduct disorders, and people with psychiatric disorders,
or problems with substance abuse appear to be at greater risk for mari-
juana dependence than the general population.

As a cannabinoid drug delivery system, marijuana cigarettes are not
ideal in that they deliver a variable mixture of cannabinoids and a variety
of other biologically active substances, not all of which are desirable or
even known. Unknown substances include possible contaminants, such
as fungi or bacteria.

Finally, there is the broad social concern that sanctioning the medical
use of marijuana might lead to an increase in its use among the general
population. No convincing data support that concern. The existing data
are consistent with the idea that this would not be a problem if the medi-
cal use of marijuana were as closely regulated as the use of other medica-
tions that have abuse potential, but we acknowledge a lack of data that
directly address the question. Even if there were evidence that the medi-
cal use of marijuana would decrease the perception that it can be a harm-
ful substance, this is beyond the scope of laws regulating the approval of
therapeutic drugs. Those laws concern scientific data related to the safety
and efficacy of drugs for individual use; they do not address perceptions
or beliefs of the general population.

Marijuana is not a completely benign substance. It is a powerful drug
with a variety of effects. However, except for the harm associated with
smoking, the adverse effects of marijuana use are within the range toler-
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ated for other medications. Thus, the safety issues associated with mari-
juana do not preclude some medical uses. But the question remains: Is it
effective? That question is covered here in two chapters: chapter 2 sum-
marizes what has been learned about the biological activity of cannab-
inoids in the past 15 years through research in the basic sciences, and
chapter 4 reviews clinical data on the effectiveness of marijuana and can-
nabinoids for the treatment of various medical conditions.

Three factors influence the safety of marijuana or cannabinoid
drugs for medical use: the delivery system, the use of plant material,
and the side effects of cannabinoid drugs. (1) Smoking marijuana is
clearly harmful, especially in people with chronic conditions, and is not
an ideal drug delivery system. (2) Plants are of uncertain composition,
which renders their effects equally uncertain, so they constitute an unde-
sirable medication. (3) The side effects of cannabinoid drugs are within
the acceptable risks associated with approved medications. Indeed, some
of the side effects, such as anxiety reduction and sedation, might be desir-
able for some patients. As with many medications, there are people for
whom they would probably be contraindicated.

CONCLUSION: Present data on drug use progression neither sup-
port nor refute the suggestion that medical availability would in-
crease drug abuse. However, this question is beyond the issues
normally considered for medical uses of drugs, and it should not
be a factor in the evaluation of the therapeutic potential of mari-
juana or cannabinoids.

CONCLUSION: A distinctive marijuana withdrawal syndrome has
been identified, but it is mild and short lived. The syndrome in-
cludes restlessness, irritability, mild agitation, insomnia, sleep
EEG disturbance, nausea, and cramping.

CONCLUSION: Numerous studies suggest that marijuana smoke is
an important risk factor in the development of respiratory dis-
ease.

RECOMMENDATION: Studies to define the individual health risks
of smoking marijuana should be conducted, particularly among
populations in which marijuana use is prevalent.
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4

The Medical Value of Marijuana and
Related Substances

During the course of drug development, a typical com-
pound is found to have some medical benefit and then
extensive tests are undertaken to determine its safety and
proper dosage for medical use. In contrast, marijuana has
been widely used in the United States for decades.162 In
1996, 68.6 million people—32% of the U.S. population over
12 years old—had tried marijuana or hashish at least once;
5% were current users.162

The data on the adverse effects of marijuana are more
extensive than the data on its effectiveness. Clinical studies of marijuana
are difficult to conduct: researchers interested in clinical studies of mari-
juana face a series of barriers, research funds are limited, and there is a
daunting thicket of regulations to be negotiated at the federal level (those
of the Food and Drug Administration, FDA, and the Drug Enforcement
Agency, DEA) and state levels (see chapter 5). Consequently, the rapid
growth in basic research on cannabinoids contrasts with the paucity of
substantial clinical studies on medical uses.

This chapter is devoted to an analysis of the therapeutic value of mari-
juana and cannabinoids for specific symptoms associated with various
conditions. The risks associated with the medical use of marijuana are
discussed in chapter 3. It should be noted that THC, the primary active
ingredient in marijuana, is an FDA-approved drug referred to as
dronabinol and marketed as Marinol. Marijuana is advocated primarily
for relief from the symptoms of disease rather than as a cure.

For the most part, the logical categories for the medical use of mari-
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juana are not based on particular diseases but on symptoms—such as
nausea, appetite loss, or chronic pain—each of which can be caused by
various diseases or even by treatments for diseases. This chapter is there-
fore organized by symptoms rather than by diseases. There are eight
sections. The first section explains clinical trials, the following five deal
with specific symptoms and conditions, and the last two summarize the
medical benefits of marijuana and cannabinoids. The five sections on
symptoms and conditions are as follows: pain, nausea and vomiting, wast-
ing syndrome and appetite stimulation, neurological symptoms (includ-
ing muscle spasticity), and glaucoma.

The Institute of Medicine (IOM) study team received reports of more
than 30 different medical uses of marijuana, more than could be carefully
reviewed in a report of this length; even more uses are reported else-
where.62,63  For most of the infrequently mentioned medical uses of mari-
juana there are only a few anecdotal reports. This report reviews only the
most prominent symptoms that are reportedly relieved by marijuana.
However, many of those diseases not reviewed here share common symp-
toms, such as pain, nausea and vomiting, and muscle spasms, which
might be relieved by cannabinoid drugs.

STANDARDS FOR EVALUATING CLINICAL TRIALS

Before evaluating individual clinical trials concerning the efficacy and
safety of medical uses of marijuana and cannabinoids, it is useful to review
the general qualities of clinical trials. Clinical trials involve groups of indi-
viduals in which different treatments are compared among different
groups. Such trials measure the efficacy of a medication and are required
by the FDA for approval of any new drug or new use of a drug (discussed
further in chapter 5).

The degree of assurance that the outcome of a clinical trial is due to
the treatment being tested depends on how well the trial is designed.
Three important factors to consider in evaluating the design of a clinical
trial are sample selection, subjective effects, and effects that are indepen-
dent of the treatment. For sample selection it is important to ensure that
patients are allocated to different treatment groups in such a way that the
groups are not biased toward a particular treatment outcome. For ex-
ample, the health status, gender, and ages of different treatment groups
should be equivalent. Subjective effects must be controlled because they
influence experimental results in two important ways. First, a patient’s
expectation that a treatment will be effective can influence the degree of
its effect (for example, in the control of nausea). Second, the investigator’s
expectation can influence his or her interpretation of the treatment effect
(for example, when assessing the level of pain experienced by a patient).

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

MEDICAL VALUE OF MARIJUANA AND RELATED SUBSTANCES 139

For these reasons, double blinding, in which neither the subject nor the
person who assesses the drug’s effect is aware of the subject’s treatment
group, is particularly important in cannabinoid drug studies. Another
important control for subjective effects includes the use of placebo drugs,
which are inert substances, or the use of comparison drugs that have
effects similar to the experimental drug. Finally, the quality of the experi-
mental design depends on controlling for factors that are unrelated to the
test drug but that might nonetheless influence the treatment outcome.
Sequencing effects are one example of such factors. For example, patients
might react differently to the same medication depending on whether the
medication was administered after an effective or an ineffective treatment.
Likewise, a patient whose symptoms are initially mild might react differ-
ently to a drug than would a patient whose symptoms are initially severe.
Because psychological effects are associated with cannabinoid drugs, it is
important to consider how such side effects might influence the therapeu-
tic value of the treatment. Conditions such as pain and nausea are espe-
cially susceptible to subjective influences. For example, depending on the
person, THC can reduce or increase anxiety; it is important to determine
to what extent this “side effect” contributes to the therapeutic effect.

While double-blind, randomized, controlled clinical trials offer the
highest degree of assurance of drug efficacy, such trials are not always
feasible. Vulnerable populations, such as children, older patients, and
women of child-bearing age, are often excluded from experimental drug
trials for safety reasons. Nonetheless, such patients are part of everyday
clinical practice. The challenge of integrating the ideal of standardized
and rigorous processes for treatment evaluation with everyday clinical
practice has encouraged interest in single-patient trials.67  Methods for
such trials have been established and tested in a variety of clinical set-
tings, usually under everyday conditions.66,105,159  They are particularly
valuable when physicians or patients are uncertain about the efficacy of
treatment for symptomatic diseases. Controls can be incorporated even in
this kind of trial. Such trials can be double blinded and can involve cross-
over designs in which the patient is treated with alternating treatments,
such as placebo-drug-placebo or one drug followed by another drug. As
with any other clinical trial, a single-patient trial should be designed to
permit objective comparison between treatments.

ANALGESIA

Pain is the most common symptom for which patients seek medical
assistance.5 Pain associated with structural or psychophysiological dis-
orders can arise from somatic, visceral, or neural structures. Somatic pain
results from activation of receptors outside the brain and is transmitted to
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the brain via peripheral nerves. Visceral pain results from activation of
specific pain receptors in the intestine (visceral nociceptive receptors); it is
characterized as a deep aching or cramping sensation, but its source is
often experienced at sites remote from the site of receptor activation, a
phenomenon known as referred pain. Neuropathic pain results from injury
to peripheral receptors, nerves, or the central nervous system; it is typi-
cally burning, the skin feels abnormally unpleasant when gently touched
(dysesthesia), and it often occurs in an area of sensory loss, as in the case
of postherpetic neuralgia (shingles).

All of the currently available analgesic (pain-relieving) drugs have
limited efficacy for some types of pain. Some are limited by dose-related
side effects and some by the development of tolerance or dependence. A
cannabinoid, or other analgesic, could potentially be useful under any of
the following circumstances:

• There is a medical condition for which it is more effective than any
currently available medication.

• It has a broad clinical spectrum of efficacy and a unique side effect
profile.

• It has synergistic interactions with other analgesics.
• It exhibits “side effects” that are considered useful in some clinical

situations.
• Its efficacy is enhanced in patients who have developed tolerance

to opioids.

There have not been extensive clinical studies of the analgesic potency
of cannabinoids, but the available data from animal studies indicate that
cannabinoids could be useful analgesics. In general, cannabinoids seem to
be mild to moderate analgesics. Opiates, such as morphine and codeine,
are the most widely used drugs for the treatment of acute pain, but they
are not consistently effective in chronic pain; they often induce nausea
and sedation, and tolerance occurs in some patients. Recent research has
made it clear that CB1 receptor agonists act on pathways that partially
overlap with those activated by opioids but through pharmacologically
distinct mechanisms (see chapter 2). Therefore, they would probably have
a different side effect profile and perhaps additive or synergistic analgesic
efficacy.

In light of the evidence that cannabinoids can reduce pain in animals,
it is important to re-evaluate the evidence of analgesic efficacy in humans
and to ask what clinical evidence is needed to decide whether cannab-
inoids have any use in the treatment of pain.
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Clinical Studies of Cannabinoids

There have been three kinds of studies of the effects of cannabinoids
on pain in human volunteers: studies of experimentally induced acute
pain, studies of postsurgical acute pain, and studies of chronic pain. Over-
all, there have been very few studies—only one since 1981—and they have
been inconclusive.

Experimentally Induced Acute Pain

Early studies of cannabinoids on volunteers did not demonstrate con-
sistent analgesia when experimental pain models were used. In fact, three
early volunteer studies of THC and experimental pain caused by a variety
of pain modalities—electrical stimulation, tourniquet pain, and thermal
pain—resulted in an increase in pain sensitivity (hyperalgesia).22,84,108

Other studies also failed to show an analgesic effect of THC, but they
were not well designed. Raft and co-workers found no evidence of THC
effect on pain thresholds and pain tolerance following electrical stimula-
tion and noxious pressure.150  But their study suffers from two major meth-
odological problems. First, they measured only the extremes of pain
sensation—threshold (the lowest intensity at which a particular stimulus is
perceived as painful) and tolerance (the maximum intensity of pain that a
subject can withstand). However, most pain is experienced in an interme-
diate range, where effects on pain suppression are most detectable. Mod-
ern methods of pain assessment in humans typically use ratings of the
intensity of the sensation of pain; those methods are superior to assessing
the effects of a drug on the extremes of pain.192 Second, Raft and co-
workers did not include a positive control; that is, they did not demon-
strate the adequacy of their method by showing that an established
analgesic, such as an opiate or narcotic, was effective under their study
conditions.

Clark and co-workers22 tested the effect of smoked marijuana on ther-
mal pain in volunteers and failed to observe an analgesic effect. However,
because of the study design, the results are inconclusive. First, there was
no positive control to demonstrate the adequacy of their methods; sec-
ond, the study subjects were habitual marijuana users. During the study,
they were hospitalized and allowed free access to marijuana cigarettes for
a period of four weeks, consuming an average of four to 17 marijuana
cigarettes per day. Pain was tested “approximately every one to two
weeks.” Thus, it is quite likely that the subjects were tolerant to THC at
the time of testing.
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Surgical Acute Pain

Raft and co-workers150 found no analgesic effect of THC on surgical
pain induced by tooth extraction. However, that study suffered from
several serious limitations: the tooth extraction included treatment with
the local anesthetic lidocaine, the pain during the procedure was assessed
24 hours later, and there was no positive control. Levonantradol (a syn-
thetic THC analogue) was tested in 56 patients who had moderate to
severe postoperative or trauma pain.89  They were given intramuscular
injections of levonantrodol or placebo 24 hours after surgery. To control
for previous drug exposure, patients with a history of drug abuse or
addiction and those who received an analgesic, antiinflammatory, tran-
quilizer, sedative, or anesthetic agent within 24 hours of the test drug
were excluded from the study. On average, pain relief was significantly
greater in the levonantradol-treated patients than in the placebo-treated
patients. Because the authors did not report the number or percentage of
people who responded, it is not clear whether the average represents con-
sistent pain relief in all levonantradol-treated patients or whether some
people experienced great relief and a few experienced none.

Chronic Pain

The most encouraging clinical data on the effects of cannabinoids on
chronic pain are from three studies of cancer pain. Cancer pain can be due
to inflammation, mechanical invasion of bone or other pain-sensitive
structure, or nerve injury. It is severe, persistent, and often resistant to
treatment with opioids. In one study, Noyes and co-workers found that
oral doses of THC in the range of 5–20 mg produced analgesia in patients
with cancer pain.139,140 The first experiment was a double-blind, placebo-
controlled study of 10 subjects and measured both pain intensity and pain
relief.140 Each subject received all drug treatments: placebo and 5, 10, 15,
and 20 mg of THC in pill form; each pill was identical in appearance and
given on successive days. The 15- and 20-mg doses of THC produced sig-
nificant analgesia. There were no reports of nausea or vomiting. In fact, at
least half the patients reported increased appetite. With a 20-mg dose of
THC, patients were heavily sedated and exhibited “depersonalization,”
characterized by a state of dreamy immobility, a sense of unreality, and
disconnected thoughts. Five of 36 patients exhibited adverse reactions (ex-
treme anxiety) and were eliminated from the study. Only one patient ex-
perienced this effect at the 10-mg dose of THC. The mean age of the pa-
tients was 51 years, and they were probably not experienced marijuana
smokers. A limitation of this study is that there were no positive con-
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trols—that is, other analgesics that could provide a better measure of the
degree of analgesia produced by THC.

In a later larger single-dose study, the same investigators reported
that the analgesic effect of 10 mg of THC was equivalent to that of 60 mg
of codeine; the effect of 20 mg of THC was equivalent to that of 120 mg of
codeine.139 (Note that codeine is a relatively weak analgesic.) The side
effect profiles were similar, though THC was more sedating than codeine.
In a separate publication the same authors published data indicating that
patients had improved mood, a sense of well-being, and less anxiety.139

The results of the studies mentioned above on cancer pain are consis-
tent with the results of using a nitrogen analogue of THC. Two trials were
reported: one compared this analogue with codeine in 30 patients, and a
second compared it with placebo or secobarbital, a short-acting barbitu-
rate.175 For mild, moderate, and severe pain, the THC analogue was
equivalent to 50 mg of codeine and superior to placebo and to 50 mg of
secobarbital.

Case Reports and Surveys

The few case reports of clinical analgesia trials of cannabinoids are
not convincing.85,120 There are, however, anecdotal surveys that raise the
possibility of a role for cannabinoids in some patients who have chronic
pain with prominent spasticity. A recent survey of over 100 patients with
multiple sclerosis reported that a large number obtained relief from
spasticity and limb pain (discussed further under the section on multiple
sclerosis).28 Several said that it relieved their phantom pain and
headache.41

Migraine Headaches

There is clearly a need for improved migraine medications.
Sumatriptan (Imitrex) is the best available medication for migraine head-
aches, but it fails to abolish migraine symptoms in about 30% of migraine
patients.118,147 Marijuana has been proposed numerous times as a treat-
ment for migraine headaches, but there are almost no clinical data on the
use of marijuana or cannabinoids for migraine. Our search of the litera-
ture since 1975 yielded only one scientific publication on the subject. It
presents three cases of cessation of daily marijuana smoking followed by
migraine attacks—not convincing evidence that marijuana relieves
migraine headaches.43 The same result could have been found if migraine
headaches were a consequence of marijuana withdrawal. While there is
no evidence that marijuana withdrawal is followed by migraines, when
analyzing the strength of reports such as these it is important to consider
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all logical possibilities. Various people have claimed that marijuana
relieves their migraine headaches, but at this stage there are no conclusive
clinical data or published surveys about the effect of cannabinoids on
migraine.

However, a possible link between cannabinoids and migraine is sug-
gested by the abundance of cannabinoid receptors in the periaqueductal
gray (PAG) region of the brain. The PAG region is part of the neural
system that suppresses pain and is thought to be involved in the genera-
tion of migraine headaches.52 The link or lack thereof between cannab-
inoids and migraine might be elucidated by examining the effects of
cannabinoids on the PAG region.110  Recent results indicating that both
cannabinoid receptor subtypes are involved in controlling peripheral
pain15 suggest that the link is possible. Further research is warranted.

Conclusions: Analgesia

A key question to address is whether there is any receptor selectivity
for the analgesic efficacy of cannabinoids. Are the unwanted side effects
(amnesia and sedation) caused by the same receptors in the same brain
regions as those producing the analgesia? If the answer is yes, enhancing
efficacy will not solve the problem of sedation. Similarly, are the pleasant
side effects due to an action at the same receptor? Can the feelings of well-
being and appetite stimulation be separated by molecular design? Recent
results indicating that both cannabinoid receptor subtypes are indepen-
dently involved in controlling peripheral pain15 (discussed in chapter 2)
strongly suggest that this is possible and that further research is
warranted.

Further research into the basic circuitry underlying cannabinoid anal-
gesia should be valuable. The variety of neural pathways that underlie
the control of pain suggests that a synergistic analgesia “cocktail” would
be effective. For example, Lichtman and Martin have shown the involve-
ment of an α2 adrenoreceptor in cannabinoid analgesia.111  Perhaps a com-
bination of a CB1 agonist and an α2 agonist (such as clonidine) would
provide enhanced analgesia with less severe side effects.

Clinical studies should be directed at pain patients for whom there is
a demonstrated need for improved management and where the particular
side effect profile of cannabinoids promises a clear benefit over current
approaches. The following patient groups should be targeted for clinical
studies of cannabinoids in the treatment of pain:

• Chemotherapy patients, especially those being treated for the
mucositis, nausea, and anorexia.
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• Postoperative pain patients (using cannabinoids as an opioid
adjunct to determine whether nausea and vomiting from opioids
are reduced).

• Patients with spinal cord injury, peripheral neuropathic pain, or
central poststroke pain.

• Patients with chronic pain and insomnia.
• AIDS patients with cachexia, AIDS neuropathy, or any significant

pain problem.

In any patient group an essential question to be addressed is whether
the analgesic efficacy of opioids can be augmented. The strategy would be
to find the ceiling analgesic effect with an opioid (as determined by pain
intensity and tolerability of side effects) and then add a cannabinoid to
determine whether additional pain relief can be obtained. That would
begin the investigation of potential drug combinations. As with any clini-
cal study on analgesic drugs, it will be important to investigate the devel-
opment of tolerance and physical dependence; these are not themselves
reasons to exclude the use of cannabinoids as analgesics, but such infor-
mation is essential to the management of many drugs that are associated
with tolerance or physical dependence.

A secondary question would be whether THC is the only or the best
component of marijuana for analgesia. How does the analgesic effect of
the plant extract compare with that of THC alone? If there is a difference,
it will be important to identify the combinations of cannabinoids that are
the most effective analgesics.

In conclusion, the available evidence from animal and human studies
indicates that cannabinoids can have a substantial analgesic effect. One
exception is the lack of analgesic effect in studies on experimentally
induced acute pain, but because of limitations in the design of those stud-
ies they were inconclusive. Further clinical work is warranted to establish
the magnitude of the effect in different clinical conditions and to deter-
mine whether the effect is sustained. Although the usefulness of cannab-
inoids appears to be limited by side effects, notably sedation, other effects
such as anxiolysis, appetite stimulation, and perhaps antinausea and
antispasticity effects should be studied in randomized, controlled clinical
trials. These very “special” effects might warrant development of cannab-
inoid drugs for particular clinical populations.

NAUSEA AND VOMITING

Nausea and vomiting (emesis) occur under a variety of conditions,
such as acute viral illness, cancer, radiation exposure, cancer chemo-
therapy, postoperative recovery, pregnancy, motion, and poisoning. Both
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are produced by excitation of one or a combination of triggers in the gas-
trointestinal tract, brain stem, and higher brain centers (Figure 4.1, Emesis-
stimulating pathways).127 There are numerous cannabinoid receptors in
the nucleus of the solitary tract, a brain center that is important in the
control of emesis.79,80  Although the same mechanisms appear to be
involved in triggering both nausea and vomiting, either can occur with-
out the other. Much more is known about the neural mechanisms that
produce vomiting than about those that produce nausea, in large part
because vomiting is a complex behavior involving coordinated changes
in the gastrointestinal tract, respiratory muscles, and posture, whereas
nausea is a sensation involving primarily higher brain centers and lacks a
discrete observable action.104,128 Most reports on the antiemetic effects of
marijuana or cannabinoids are based on chemotherapy-induced emesis;
they are the subject of the following section.

Chemotherapy-Induced Nausea and Vomiting

The use of effective chemotherapeutic drugs has produced cures in
some malignancies and retarded the growth of others, but nausea and
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vomiting are frequent side effects of these drugs. Nausea ranks behind
only hair loss as a concern of patients on chemotherapy, and many pa-
tients experience it as the worst side effect of chemotherapy. The side
effects can be so devastating that patients abandon therapy or suffer
diminished quality of life. As a result, the development of effective strate-
gies to control the emesis induced by many chemotherapeutic agents is a
major goal in the supportive care of patients with malignancies.

The mechanism by which chemotherapy induces vomiting is not com-
pletely understood. Studies suggest that emesis is caused by stimulation
of receptors in the central nervous system or the gastrointestinal tract.
This stimulation appears to be caused by the drug itself, a metabolite of
the drug, or a neurotransmitter.6,12,35 In contrast with an emetic like
apomorphine, there is a delay between the administration of chemo-
therapy and the onset of emesis. This delay depends on the chemothera-
peutic agent; emesis can begin anywhere from a few minutes after the
administration of an agent like mustine to an hour for cisplatin.12

The most desirable effect of an antiemetic is to control emesis com-
pletely, which is currently the primary standard in testing new antiemetic
agents (R. Gralla, IOM workshop). Patients recall the number of emetic
episodes accurately, even if their antiemetics are sedating or affect
memory;101 thus, the desired end point of complete control is also a highly
reliable method of evaluation. The degree of nausea can be estimated
through the use of established visual analogue scales.*21,55,101

Another consideration in using antiemetic drugs is that the frequency
of emesis varies from one chemotherapeutic agent to another. For ex-
ample, cisplatin causes vomiting in more than 99% of patients who are
not taking an antiemetic (with about 10 vomiting episodes per dose),
whereas methotrexate causes emesis in less than 10% of patients.55,82,83

Among chemotherapeutic agents, cisplatin is the most consistent emetic
known and has become the benchmark for judging antiemetic efficacy.
Antiemetics that are effective with cisplatin are at least as effective with
other chemotherapeutic agents. Controlling for the influence of prior che-
motherapy and balancing predisposing factors such as, sex, age, and prior
heavy alcohol use among study groups are vital for reliability. Reliable
randomization of patients and blinding techniques (easier when there are
no psychoactive effects) are also necessary to evaluate the control of vom-
iting and nausea.

*The visual analogue scale is a continuous line representing all possible levels of a particu-
lar sensation. It is an estimation of a patient’s subjective evaluation and not a true measure-
ment. Patients select a point anywhere on the line to demonstrate the level of sensation they
are experiencing, with one end representing one extreme, such as no sensations, and the
other end representing the opposite extreme, such as a maximum level of that sensation.
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THC and Marijuana Therapy for Chemotherapy-Induced
Nausea and Vomiting

Cannabinoids are mildly effective in preventing emesis in some pa-
tients who are receiving cancer chemotherapy. Several cannabinoids have
been tested as antiemetics, including THC (both ∆9-THC and ∆8-THC) and
the synthetic cannabinoids nabilone and levonantradol. Smoked mari-
juana has also been examined.

Antiemetic Properties of THC

The quality and usefulness of antiemetic studies depend on adher-
ence to the methodological considerations outlined above. Many of the
reported clinical experiences with cannabinoids are not based on defini-
tive experimental methods. In studies that compared THC with a placebo,
THC was usually found to possess antiemetic properties. However, the
chemotherapeutic drug varied in most trials, and some studies included
small numbers of patients. In one study THC was found to be superior to
a placebo in patients receiving methotrexate, an agent that is not a strong
emetic.18 When the same investigators studied THC in a small number of
patients who were receiving a chemotherapeutic drug that is more likely
to cause emesis than anthracycline, the antiemetic effect was poor.19

Other trials were designed to compare THC with that of Compazine
(prochlorperazine).143,160  In the 1980s, prochlorperazine was one of the
more effective antiemetics available, but it was not completely satisfac-
tory, and the search for better agents continued. THC and prochlor-
perazine given orally showed similar degrees of efficacy, but the studies
often used various chemotherapeutic agents. Even when administered in
combination, THC and prochlorperazine failed to stop vomiting in two-
thirds of patients.50

In a carefully controlled double-blind study comparing THC with the
antiemetic drug metoclopramide, in which no patient had previously
received chemotherapy and in which anticipatory emesis was therefore
not a factor, all patients received the same dose of cisplatin and were
randomly assigned to the THC group or the metoclopramide group.
Complete control of emesis occurred in 47% of those treated with
metoclopramide and 13% of those treated with THC.58 Major control (two
or fewer episodes) occurred in 73% of the patients given metoclopramide
compared to 27% of those given THC. There were many flaws in experi-
mental methods, but those results suggest that THC has some, but not
great, efficacy in reducing chemotherapy-induced emesis.18,19,50,161 The
studies also indicate that the degree of efficacy is not high. In 1985, the
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FDA approved THC in the form of dronabinol for this treatment (dis-
cussed in chapter 5).

The THC metabolite, 11-OH-THC, is more psychoactive than THC
but is a weaker antiemetic.121  Thus, it might be possible to design anti-
emetic cannabinoids without the psychological effects associated with
marijuana or THC. ∆8-THC is less psychoactive than THC151 but was
found to completely block both acute and delayed chemotherapy-induced
emesis in a study of eight children, ages 3–13 years.* Two hours before the
start of each cancer treatment and every six hours thereafter for 24 hours,
the children were given ∆8-THC as oil drops on the tongue or in a bite of
bread (18 mg/m2 body surface area). The children received a total of 480
treatments. The only side effects reported were slight irritability in two of
the youngest children (3.5 and 4 years old). Based on the prediction that
the THC-induced anxiety effects would be less in children than in adults,
the authors used doses that were higher than those recommended for
adults (5–10 mg/m2 body surface area).

Antiemetic Properties of Synthetic THC Analogues

Nabilone (Cesamet) and levonantradol were tested in various settings;
the results were similar to those with THC. Efficacy was observed in sev-
eral trials, but no advantage emerged for these agents.176,185 As in the THC
trials, nabilone and levonantradol reduced emesis but not as well as other
available agents in moderately to highly emetogenic settings. Neither is
commercially available in the United States.

Antiemetic Properties of Marijuana

Among the efforts to study marijuana was a preliminary study con-
ducted in New York state on 56 cancer patients who were unresponsive to
conventional antiemetic agents.188 The patients were asked to rate the
effectiveness of marijuana compared with results during prior chemo-
therapy cycles. In this survey, 34% of patients rated marijuana as moder-
ately or highly effective. The authors concluded that marijuana had anti-
emetic efficacy, but its relative value was difficult to determine because
no control group was used and the patients varied with respect to previ-
ous experiences, such as marijuana use and THC therapy.

*Note that the authors of this study chose to use ∆8-THC because it is more stable and
easier to produce than ∆9-THC; it does not follow from this particular study that marijuana,
with its mixture of cannabinoids, should be a more powerful antiemetic than ∆9-THC.
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A Canadian oncology group conducted a double-blind, cross-over,
placebo-controlled study comparing smoked marijuana with THC in pill
form in 20 patients who were receiving various chemotherapeutic
drugs.107 The degree of emetic control was similar: only 25% of patients
achieved complete control of emesis; 35% of the patients indicated a slight
preference for the THC pills over marijuana, 20% preferred marijuana,
and 45% expressed no preference. 107

Neither study showed a clear advantage for smoked marijuana over
oral THC, but neither reported data on the time course of antiemetic con-
trol, possible advantages of self-titration with the smoked marijuana, or
the degree to which patients were able to swallow the pills. Patients with
severe vomiting would have been unlikely to be able to swallow or keep
the pills down long enough for them to take effect. The onset of drug
effect is much faster with inhaled or injected THC than it is for oral deliv-
ery.87,112,141  Although many marijuana users have claimed that smoked
marijuana is a more effective antiemetic than oral THC, no controlled stud-
ies have yet been published that analyze this in sufficient detail to esti-
mate the extent to which this is the case.

Side Effects Associated with THC and Marijuana in Antiemetic Therapy

Frequent side effects associated with THC or marijuana are dizziness,
dry mouth, hypotension, moderate sedation, and euphoria or dyspho-
ria.18,19,50,107,143,160,176,185 To patients, dry mouth and sedation are the least
troubling side effects. Perhaps the most troubling side effects are
orthostatic hypotension and dizziness, which could increase the patient’s
distress.

There is disagreement as to whether the psychoactive effects of THC
correlate with its antiemetic activity. In the prospective double-blind trial
comparing THC with metoclopramide, the authors reported no relation-
ship between the occurrence of complete antiemetic control and euphoria
or dysphoria.58 Other investigators believe that the occurrence of eupho-
ria or dysphoria is often associated with improved antiemetic control.160

Nevertheless, there is a consensus among investigators that dysphoric
effects are more common among patients who have had no prior experi-
ence with cannabinoids. An important and unexpected problem encoun-
tered in the New York state open trial with marijuana was the inability of
nearly one-fourth of the patients to tolerate the administration of mari-
juana by smoking.188 The intolerance could have been due to inexperience
with smoking marijuana and is an important consideration.
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Therapy for Chemotherapy-Induced Nausea and Vomiting

Present Therapy

New classes of antiemetics that have emerged over the past 10 years
have dramatically reduced the nausea and vomiting associated with
cancer chemotherapy and transformed the acceptance of cisplatin by
cancer patients. The new antiemetics—including selective serotonin type 3
receptor antagonists, substituted benzamides, corticosteroids, butyro-
phenones, and phenothiazines—have few side effects when given over a
short term and are convenient in various clinical settings.

The most effective commonly used antiemetics are serotonin receptor
antagonists (ondansetron and granisetron) with or without cortico-
steroids.37,56,88,145,155 In a combination trial of dexamethasone (a cortico-
steroid) and a serotonin antagonist, complete control of acute cisplatin-
induced emesis was observed in about 75% of patients. If the
chemotherapy was only moderately emetogenic, up to 90% of the patients
who received the combination achieved complete control of emesis. Side
effects of those antiemetic agents include headache, constipation, and
alterations in liver function, but they are generally well tolerated by most
patients.13

Other commonly used antiemetics are phenothiazines—prochlorpera-
zine (Compazine) and haloperidol—and metoclopramide. Metoclopra-
mide is somewhat less effective than the serotonin antagonists and has
more side effects, including acute dystonic reactions, drowsiness, diar-
rhea, and depression.13,37 Side effects associated with phenothiazines are
severe or acute dystonic reactions, hypotension, blurred vision, drowsi-
ness, dry mouth, urinary retention, allergic reactions, and occasional
jaundice.13

The cost of effective antiemetic regimens can vary markedly, depend-
ing on the agent, dose, schedule, and route of administration. Overall,
oral regimens cost less than intravenous regimens because of lower phar-
macy and administration costs, as well as lower acquisition costs in many
countries. Regimens with a cost to the pharmacy as low as about $30 to
$35 per treatment session have been shown to be effective;57 these costs
are for treatment of acute emesis and delayed emesis with generic agents
where available.

Although it is generally not well known by the public, major progress
in controlling chemotherapy-induced acute nausea and vomiting has been
made since the 1970s. Patients receiving the most difficult to control emetic
agents now have no more than about a 20–30% likelihood of experiencing
acute emesis,155 whereas in the 1970s the likelihood was nearly 100%
despite antiemetics.55,86 As has been seen, most antiemetic studies with
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BOX 4.1
Attitudes of Oncologists Toward Prescribing Marijuana

In the 1990s, two groups of investigators conducted three surveys on
the attitudes of clinical oncologists toward prescribing marijuana as an
antiemetic. These studies are arguably out of date in that the antiemetics
available now are much more effective than those available when the stud-
ies were conducted. Nonetheless, the studies merit attention because they
are still often cited as evidence for or against the use of marijuana as an
antiemetic.

The two groups’ results were contradictory. In 1994, by which time
serotonin receptor antagonists (5-HT receptors) had become available,
Schwartz and Beveridge171 concluded that oncologists had little interest in
prescribing marijuana to control emesis, whereas Doblin and Kleiman39

had concluded in 1991 that interest was great. Since 1994, the two groups
have debated in the literature as to which study represents the true senti-
ment among oncologists.38,172,177 In fact, numerous methodological differ-
ences between the two studies might explain the different results.38,172

Ultimately, these studies are irrelevant. Both deal with perceptions rather
than pharmacological realities based on well-designed outcome studies.177

cannabinoids had methodological difficulties and are inconclusive. The
evidence from the well-conducted trials indicate that cannabinoids reduce
emesis in about one-fourth of patients receiving cancer chemotherapy.
Cannabinoids are not as effective as several other classes of agents, such
as substituted benzamides, serotonin receptor antagonists, and cortico-
steroids. The side effects associated with cannabinoid use are generally
tolerable. Like cannabinoids, smoked marijuana, was apparently effective,
but the efficacy was no greater than that of available antiemetic agents
now considered to be marginally satisfactory. At present, the most effec-
tive antiemetic regimens are combinations of oral serotonin receptor
antagonists with dexamethasone in single-dose regimens given before
chemotherapy. Neither multiple-dose regimens nor intravenous anti-
emetics provide better control, and both add unnecessary costs.59,81

Future Therapy

Advances in therapy for chemotherapy-induced nausea and vomit-
ing will require discovery of agents that work through mechanisms dif-
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ferent from those of existing antiemetics, including the serotonin antago-
nists. Among the proposed new pathways, neurokinin-1 (NK-1) receptor
antagonists appear to be the most promising. Neurokinin receptors are
found in brain and intestine and are thought to be involved in motor
activity, mood, pain and reinforcement. They might well be involved in
mediating intestinal sensations, including nausea. In animal models,
agents that block the NK-1 receptor prevent cisplatin-induced emesis. At
the time of this writing, clinical trials with NK-1 receptor antagonists were
under way (phase II or small phase III comparison studies). Preliminary
results indicated that these agents have useful activity in both acute and
delayed chemotherapy-induced emesis (that is, beginning or persisting
24 or more hours after chemotherapy) and are safe to administer
orally.102,135

It is theoretically possible, considering that the mechanism of cannab-
inoid action appears to differ from that of the serotonin receptor antago-
nists and of corticosteroids, that THC added to more effective regimens
might enhance control of emesis. Such combinations should aim to be as
convenient as possible and have few additional side effects. The critical
issue is not whether marijuana or cannabinoid drugs might be superior to
the new drugs, but whether some group of patients might obtain added
or better relief from marijuana or cannabinoid drugs.

Even with the best antiemetic drugs, the control of nausea and vomit-
ing that begins or persists 24 hours after chemotherapy remains imper-
fect. The pathophysiology of delayed emesis appears different from that
of acute emesis, and it is more likely to occur with a strong emetic agent,
but it varies from patient to patient. Treatment to prevent this emesis re-
quires dosing both before and after chemotherapy.103

Conclusions: Chemotherapy-Induced Nausea

Most chemotherapy patients are unlikely to want to use marijuana or
THC as an antiemetic. In 1999, there are more effective antiemetic agents
available than were available earlier. By comparison, cannabinoids are
only modest antiemetics. However, because modern antiemetics probably
act through different mechanisms, cannabinoids might be effective in
people who respond poorly to currently used antiemetic drugs, or can-
nabinoids might be more effective in combination with a new drug than is
either alone. For both reasons, studies of the effects of adjunctive cannab-
inoids on chemotherapy-induced emesis are worth pursuing for patients
whose emesis is not optimally controlled with other agents.

While some people who spoke to the IOM study team described the
mood-enhancing and anxiety-reducing effects of marijuana as a positive
contribution to the antiemetic effects of marijuana, one-fourth of the
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patients in the New York state study described earlier were unable to
tolerate smoked marijuana. Overall, the effects of oral THC and smoked
marijuana are similar, but there are differences. For example, in the resi-
dential studies of experienced marijuana users by Haney and co-workers,
subjects reported that marijuana made them feel “mellow,”71 whereas
comparable doses of oral THC did not.70  Such differences might be due to
the different routes of delivery of THC, as well as the different mixture of
cannabinoids found in the marijuana plant. As of this writing, no studies
had been published that weighed the relative contributions of those dif-
ferent factors.

The goal of antiemetic medications is to prevent nausea and vomit-
ing. Hence, antiemetics are typically given before chemotherapy, in which
case a pill is an effective from of drug delivery. However, in patients
already experiencing severe nausea or vomiting, pills are generally inef-
fective because of the difficulty in swallowing or keeping a pill down and
slow onset of the drug effect. Thus, an inhalation (but preferably not smok-
ing) cannabinoid drug delivery system would be advantageous for treat-
ing chemotherapy-induced nausea.

Until the development of rapid-onset antiemetic drug delivery sys-
tems, there will likely remain a subpopulation of patients for whom stan-
dard antiemetic therapy is ineffective and who suffer from debilitating
emesis. It is possible that the harmful effects of smoking marijuana for a
limited period of time might be outweighed by the antiemetic benefits of
marijuana, at least for patients for whom standard antiemetic therapy is
ineffective and who suffer from debilitating emesis. Such patients should
be evaluated on a case-by-case basis and treated under close medical
supervision.

WASTING SYNDROME AND APPETITE STIMULATION

Wasting syndrome in acquired immune deficiency syndrome (AIDS)
patients is defined by the Centers for Disease Control and Prevention as
the involuntary loss of more than 10% of baseline average body weight in
the presence of diarrhea or fever of more than 30 days that is not attribut-
able to other disease processes.17  Anorexia (loss of appetite) can acceler-
ate wasting by limiting the intake of nutrients. Wasting (cachexia) and
anorexia are common end-stage features of some fatal diseases, such as
AIDS, and of some types of metastatic cancers. In AIDS, weight loss of as
little as 5% is associated with decreased survival, and a body weight about
one-third below ideal body weight results in death.99,158

There are two forms of malnutrition: starvation and cachexia. Starva-
tion, the deprivation of essential nutrients, results from famine or poverty,
malabsorption, eating disorders such as anorexia nervosa, and so on. Star-
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vation leads to metabolic adaptations that deplete body fat before losses
of lean tissue. Cachexia results from tissue injury, infection, or tumor and
is characterized by a disproportionate loss of lean body mass, such as
skeletal muscle. The effects of starvation regardless of the cause can usu-
ally be reversed by providing food, whereas the effects of cachexia can be
reversed only through control of the underlying disease and—at least for
some patients—drugs that stimulate metabolism, such as growth hormone
or androgenic-anabolic hormones.

Malnutrition in HIV-Infected Patients

By 1997 more than 30 million people worldwide were infected with
human immunodeficiency virus (HIV), and the number is predicted to
increase to almost 40 million by the year 2000.126,186 Malnutrition is com-
mon among AIDS patients and plays an independent and important role
in their prognosis.95,100,158 Because treatment for malnutrition depends on
whether it is caused by starvation or cachexia, one needs to know the
effects of HIV infection on metabolic processes. The answer depends on
the clinical situation and can be either or both.94

The development of malnutrition in HIV infection has many facets.
Malnutrition in HIV-infected patients results in a disproportionate deple-
tion of body cell mass,* total body nitrogen, and skeletal muscle mass; all
are consistent with cachexia.97,194 Body composition studies show that the
depletion of body cell mass precedes the progression to AIDS (falling CD4
lymphocyte counts); this suggests that malnutrition is a consequence of
the inflammatory response to the underlying viral infection, rather than a
general complication of AIDS.144 In contrast, weight loss is often episodic
and related to acute complications, such as febrile opportunistic infec-
tions.113 Mechanisms underlying wasting in HIV-infected patients depend
on the stage of HIV infection and on specific associated complications.

The many reasons for decreased food intake among AIDS patients
include mouth, throat, or esophageal infections or ulcers (oropharyngeal
and esophageal pathology); adverse effects of medications;196 diarrhea;
enteric infection; malabsorption; serious systemic infection; focal or dif-
fuse neurological disease; HIV enteropathy; depression; fatigue; and
poverty. Nutrient malabsorption is often the result of microorganism
overgrowth or infection in the intestine, especially in the later stages of
AIDS.95,157

*Body cell mass is the fat-free cellular mass. It is composed of the cells of the muscle and
organs, plus circulating hematopoietic cells and the aqueous compartment of adipocytes. It
is not fat, extracellular water, or extracellular solids (such as tendons).
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Marijuana and THC for Malnutrition in HIV-Infected Patients

Despite their frequency of use, little has been published about the
effectiveness of marijuana or cannabinoids for the treatment of mal-
nutrition and wasting syndrome in HIV-infected patients. The only can-
nabinoid evaluated in controlled clinical studies is THC, or dronabinol.
Short-term (six-week) and long-term (one-year) therapy with dronabinol
was associated with an increase in appetite and stable weight, and in a
previous short-term (five-week) clinical trial in five patients, dronabinol
was shown to increase body fat by 1%.8,9,179  In 1992, the FDA approved
THC, under the trade name Marinol (dronabinol), as an appetite stimu-
lant for the treatment of AIDS-related weight loss. Megestrol acetate
(Megace) is a synthetic derivative of progesterone that can stimulate
appetite and cause substantial weight gain when given in high doses (320–
640 mg/day) to AIDS patients. Megestrol acetate is more effective than
dronabinol in stimulating weight gain, and dronabinol has no additive
effect when used in combination with megestrol acetate.183 HIV/AIDS
patients are the largest group of patients who use dronabinol. However,
some reject it because of the intensity of neuropsychological effects, an
inability to titrate the oral dose easily, and the delayed onset and pro-
longed duration of its action.3 There is evidence that cannabinoids modu-
late the immune system (see chapter 2, “Cannabinoids and the Immune
System”), and this could be a problem in immunologically compromised
patients. No published studies have formally evaluated use of any of the
other cannabinoids for appetite stimulation in wasting.

Anecdotes abound that smoked marijuana is useful for the treatment
of HIV-associated anorexia and weight loss.23,62 Some people report a pref-
erence for smoked marijuana over oral THC because it gives them the
ability to titrate the effects, which depend on how much they inhale. In
controlled laboratory studies of healthy adults, smoked marijuana was
shown to increase body weight, appetite, and food intake.47,119 Unfortu-
nately, there have been no controlled studies of the effect of smoked mari-
juana on appetite, weight gain, and body composition in AIDS patients.
At the time of this writing, Donald Abrams, of the University of California,
San Francisco, was conducting the first clinical trial to test the safety of
smoked marijuana in AIDS patients, and the results were not yet available.

A major concern with marijuana smoking in HIV-infected patients is
that they might be more vulnerable than other marijuana users to
immunosuppressive effects of marijuana or to the exposure of infectious
organisms associated marijuana plant material (see chapter 3, “Marijuana
Smoke”).
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Therapy for Wasting Syndrome in HIV-Infected Patients

Present Therapy

Generally, therapy for wasting in HIV-infected people focuses on
appetite stimulation. Few therapies have proved successful in treatment
of the AIDS wasting syndrome. The stimulant studied most is megestrol
acetate, which has been shown to increase food intake by about 30% over
baseline for reasons that remain unknown. Its effect in producing sub-
stantial weight gain is dose dependent, but most of the weight gained is in
fat tissue, not lean body mass. Although the findings are still preliminary,
anabolic compounds, such as testosterone or growth hormone, might be
useful in preventing the loss of or in restoring lean body mass in AIDS
patients.10,44,64,170  Enteral and parenteral nutrition have also been evalu-
ated and shown to increase weight, but again the increase is due more to
body fat than to lean body mass.96,98

Encouraging advances in the antiviral treatment of HIV infection and
developments in the prophylaxis of and therapy for opportunistic infec-
tions have recently changed the outlook for the long-term health of HIV-
infected people. Death rates have been halved, and the frequency of
serious complications, including malnutrition, has fallen markedly.94,133

Future Therapy

The primary focus of future therapies for wasting in HIV-infected
patients is to increase lean body mass as well as appetite. Active systemic
infections are associated with profound anorexia, which is believed to be
mediated by cytokines that stimulate inflammation through their actions
in and outside the brain.132 Cytokine inhibitors, such as thalidomide, have
been under investigation as potential treatments to increase lean body
mass and reduce malnutrition. Even though cannabinoids do not appear
to restore lean body mass, they might be useful as adjunctive therapy. For
example, cannabinoids could be used as appetite stimulants, in patients
with diminished appetite who are undergoing resistance exercises or ana-
bolic therapy to increase lean body mass. They could also be beneficial for
a variety of effects, such as increased appetite, while reducing the nausea
and vomiting caused by protease inhibitors and the pain and anxiety
associated with AIDS.

Considering current knowledge about malnutrition in HIV infection,
cannabinoids, by themselves, will probably not constitute primary
therapy for this condition but might be useful in combination with other
therapies, such as anabolic agents. Specifically, the proposed mechanism
of action of increasing food intake would most likely be ineffective in pro-
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moting an increase in skeletal muscle mass and functional capacity—the
goal in the treatment of cachexia in AIDS patients.

Malnutrition in Cancer Patients

Malnutrition compromises the quality of life of many cancer patients
and contributes to the progression of their disease. About 30% of Ameri-
cans will develop cancer in their lifetimes, and two-thirds of those who
get cancer will die as a result of it.5 Depending on the type of cancer, 50–
80% of patients will develop cachexia and up to 50% of them will die, in
part, as a result of cachexia.11,40 The cachexia appears to result from the
tumor itself, and cytokines (proteins secreted by the host during an im-
mune response to tumor) are probably important factors in this develop-
ment. Cachexia does not occur in all cancer patients, but generally occurs
in the late stages of advanced cancer of the pancreas, lung, and prostate.

The only cannabinoid evaluated for treating cachexia in cancer
patients is dronabinol, which has been shown to improve appetite and
promote weight gain.54 Present treatments for cancer cachexia are similar
to that for cachexia in AIDS patients. These treatments are usually indi-
cated in late stages of advanced disease and include megestrol acetate
and enteral and parenteral nutrition. Megestrol acetate stimulates appe-
tite and promotes weight gain in cancer patients, although the gain is
mostly in fat mass (reviewed by Bruera 199814). Both megestrol acetate
and dronabinol have dose-related side effects that can be troublesome for
patients: megestrol acetate can cause hyperglycemia and hypertension,
and dronabinol can cause dizziness and lethargy. Cannabinoids have also
been shown to modulate the immune system (see chapter 2, “Cannab-
inoids and the Immune System”), and this could be contraindicated in
some cancer patients (both the chemotherapy and the cancer can be
immunosuppressive).

Future treatments will probably depend on the development of meth-
ods that block cytokine actions and the use of selective β2-adrenergic
receptor agonists to increase muscle mass.14,73 Treatments for cancer
cachexia will also most likely need to identify individual patients’ needs.
Some patients might need only a cytokine inhibitor, whereas others could
benefit from combined approaches, such as an appetite stimulant and β2-
adrenergic receptor agonists. In this respect, such cannabinoids as THC
might prove useful as part of a combination therapy as an appetite stimu-
lant, antiemetic, analgesic, and anxiolytic, especially for patients in late
stages of the disease.
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Anorexia Nervosa

Anorexia nervosa, a psychiatric disorder characterized by distorted
body image and self-starvation, affects an estimated 0.6% of the U.S. popu-
lation, with a greater prevalence in females than males.5 Its mortality is
high, and response to standard treatments is poor.

THC appears to be ineffective in treating this disease. In one study it
caused severe dysphoric reactions in three of 11 patients.65 One possible
explanation of the dysphoria is that THC increases appetite and thus
intensifies the mental conflict between hunger and food refusal.13 Fur-
thermore, such patients might have underlying psychiatric disorders, such
as schizophrenia and depression, in which cannabinoids might be haz-
ardous (see chapter 3, “Psychological Harms”).

Current treatments include psychological techniques to overcome
emotional or behavioral problems and dietary intervention to reverse the
malnutrition.195  Pharmacological treatments, such as antidepressants,
have been used in addition to psychotherapy but tend to lack the desired
level of efficacy.33 Recently, alterations in a gene for one of the serotonin
receptors have been identified in some patients with anorexia nervosa.45

The possibility of a genetic component suggests a pathway for the devel-
opment of new drugs to treat this disease.

Conclusions: Wasting Syndrome and Appetite Stimulation

The profile of cannabinoid drug effects suggests that they are promis-
ing for treating wasting syndrome in AIDS patients. Nausea, appetite loss,
pain, and anxiety are all afflictions of wasting, and all can be mitigated by
marijuana. Although some medications are more effective than marijuana
for these problems, they are not equally effective in all patients. A rapid-
onset (that is, acting within minutes) delivery system should be devel-
oped and tested in such patients. Smoking marijuana is not recommended.
The long-term harm caused by smoking marijuana makes it a poor drug
delivery system, particularly for patients with chronic illnesses.

Terminal cancer patients pose different issues. For those patients the
medical harm associated with smoking is of little consequence. For termi-
nal patients suffering debilitating pain or nausea and for whom all indi-
cated medications have failed to provide relief, the medical benefits of
smoked marijuana might outweigh the harm.

NEUROLOGICAL DISORDERS

Neurological disorders affect the brain, spinal cord, or peripheral
nerves and muscles in the body. Marijuana has been proposed most often
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as a source of relief for three general types of neurological disorders:
muscle spasticity, particularly in multiple sclerosis patients and spinal
cord injury victims; movement disorders, such as Parkinson’s disease,
Huntington’s disease, and Tourette’s syndrome; and epilepsy. Marijuana
is not proposed as a cure for such disorders, but it might relieve some
associated symptoms.

Muscle Spasticity

Spasticity is the increased resistance to passive stretch of muscles and
increased deep tendon reflexes. Muscles may also contract involuntarily
(flexor and extensor spasms). In some cases these contractions are debili-
tating and painful and require therapy to relieve the spasms and associ-
ated pain.

There are numerous anecdotal reports that marijuana can relieve the
spasticity associated with multiple sclerosis or spinal cord injury, and ani-
mal studies have shown that cannabinoids affect motor areas in the
brain—areas that might influence spasticity.51,78,130,168

Multiple Sclerosis

Multiple sclerosis (MS) is a condition in which multiple areas of the
central nervous system (CNS) are affected. Many nerve fibers become
demyelinated, some are destroyed, and scars (sclerosis) form, resulting in
plaques scattered throughout the white matter of the CNS. (Myelin is the
lipid covering that surrounds nerve cell fibers and facilitates the conduc-
tion of signals along nerve cells and ultimately between the brain, the
spinal cord, and the rest of the body.) MS exacerbations appear to be
caused by abnormal immune activity that causes inflammation and my-
elin destruction in the brain (primarily in the periventricular area), brain
stem, or spinal cord. Demyelination slows or blocks transmission of nerve
impulses and results in an array of symptoms such as fatigue, depression,
spasticity, ataxia (inability to control voluntary muscular movements),
vertigo, blindness, and incontinence. About 90% of MS patients eventu-
ally develop spasticity. There are an estimated 2.5 million MS patients
worldwide, and spasticity is a major concern of many patients and physi-
cians.134 Spasticity is variably experienced as muscle stiffness, muscle
spasms, flexor spasms or cramps, muscle pain or ache. The tendency for
the legs to spasm at night (flexor spasms) can interfere with sleep.

Marijuana is often reported to reduce the muscle spasticity associated
with MS.62,123 In a mail survey of 112 MS patients who regularly use mari-
juana, patients reported that spasticity was improved and the associated
pain and clonus decreased.287 However, a double-blind placebo-controlled
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study of postural responses in 10 MS patients and 10 healthy volunteers
indicated that marijuana smoking impaired posture and balance in both
MS patients and the volunteers.61  Nevertheless, the 10 MS patients felt
that they were clinically improved. The subjective improvement, while
intriguing, does not constitute unequivocal evidence that marijuana re-
lieves spasticity. Survey data do not measure the degree of placebo effect,
estimated to be as great as 30 percent in pain treatments.122,131  Further-
more, surveys do not separate the effects of marijuana or cannabinoids on
mood and anxiety from the effects on spasticity.

The effects of THC on spasticity were evaluated in a series of three
clinical trials testing a total of 30 patients.24,148,187 They were “open trials,”
meaning that the patients were informed before treatment that they would
be receiving THC. Based on patient report or clinical exam by the investi-
gator, spasticity was less severe after the THC treatment. However, THC
was not effective in all patients and frequently caused unpleasant side
effects. Spasticity was also reported to be less severe in a single case study
after nabilone treatment (Figure 4.2).117

In general, the abundant anecdotal reports are not well supported by
the clinical data summarized in Table 4.1. But this is due more to the limi-
tation of the studies than to negative results. There are no supporting
animal data to encourage clinical research in this area, but there also are
no good animal models of the spasticity of MS. Without an appropriate
model, studies to determine the physiological basis for how marijuana or
THC might relieve spasticity cannot be conducted. Nonetheless, the sur-
vey results suggest that it would be useful to investigate the potential
therapeutic value of cannabinoids in relieving symptoms associated with
MS. Such research would require the use of objective measures of spastic-
ity, such as the pendulum test.* Since THC is mildly sedating, it is also
important to distinguish this effect from antispasticity effects in any such
investigations. Mild sedatives, such as Benadryl or benzodiazepines,
would be useful controls for studies on the ability of cannabinoids to
relieve muscle spasticity. The regular use of smoked marijuana, however,
would be contraindicated in a chronic condition like MS.

Spinal Cord Injury

In 1990, there were about 15 million patients worldwide with spinal
cord injury, and an estimated 10,000 new cases are reported each year in

*The pendulum test is an objective and accurate measure of MS-induced spasticity. It is
done by videotaping a patient who lies supine on a table with his or her leg extending off the
edge. The leg is dropped and the resulting motion is mathematically analyzed by computer
to provide a quantitative measure of spasticity.
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FIGURE 4.2 Effect of nabilone on multiple sclerosis symptoms. This figure
shows the results of a trial in which a 45-year-old man with MS was given four-
week treatments alternately with placebo and nabilone. The patient served as both
experimental subject and control; his treatment sequence was nabilone-placebo-
nabilone-placebo. That pattern of alternating treatments reduces the possibility
that the observed changes are unrelated to the drug and are not simply due to
other factors that changed with time. The results of the trial are consistent with the
possibility that THC might relieve spasticity, but although more rigorous than
many self-report studies of psychoactive substances, it has problems. First, the
patient could not distinguish the treatments at the time of taking them, but after
the nabilone treatment he felt sedated. Thus, it is not possible to know how much
the expectation of relief contributed to his perception of relief. Second, the study
measured his perception of pain, in which spasticity is an important factor but not
the only factor. It is not possible to know the extent to which the perception of
pain was affected by nabilone and how much by the stimulus that generated the
pain—in this case, involuntary muscle contractions. Because it is unaffected by
conscious control, the frequency of nocturia is clearer evidence of the effect of
THC, although it might also represent how well the patient slept. This trial with a
single person is intriguing but not definitive proof that THC can reliably relieve
spasticity. SOURCE: Martyn et al. (1995).117 Reprinted with permission.
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TABLE 4.1 Studies on the Effects of Marijuana and Cannabinoids in
Multiple Sclerosis

Drug and
Dose Study Design Results Reference

Marijuana Mail survey Survey was mailed to 233 MS Consroe and
112/233 MS patients patients, of whom 112 (48%) co-workers

responded; 97% of respondents (1997)28

reported improved spasticity
and reduced pain.

Marijuana Clinical trial Reduction in spasticity and Meinck and
1 MS patient improved ataxia. co-workers

(1989)123

Marijuana Double-blind, MS patients felt they were Greenberg
placebo-controlled improved, but posture and and
10 MS patients; balance were impaired. co-workers
10 normal individuals (1994)61

Oral THC Open trial 5 patients experienced subjective Clifford
5–15 mg 8 MS patients but not objective improvement (1983)24

every 6 hrs, in motor coordination; objective
up to 18 hrs improvement in tremor

demonstrated in 2 of the 8 patients.

Oral THC Double-blind, Spasticity was improved based Petro and
5 and 10 mg, placebo controlled on examiner ratings. Ellenberger
single doses 9 MS patients (1981)148

Oral THC Double-blind, Patients reported subjective Ungerleider
2.5–15 mg, placebo controlled, decreases in spasticity at doses of and
once or twice crossover  7.5 mg or greater, but no changes co-workers
daily for 13 MS patients in objective measures of spasticity (1987)187

5 days or weakness were observed.

Nabilone Placebo-controlled The patient reported increased Martyn and
(THC 1 MS patient well-being, less frequent nocturia, co-workers
analogue) and reduced severity of muscle (1995)117

spasticity during nabilone
treatment (Figure 4.2).

the United States alone.134,138  About 60% of spinal cord injuries occur in
people younger than 35 years old. Most will need long-term care and some
lifelong care.116

Many spinal cord injury patients report that marijuana reduces their
muscle spasms.114  Twenty-two of 43 respondents to a 1982 survey of
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people with spinal cord injuries reported that marijuana reduced their
spasticity.114  One double-blind study of a paraplegic patient with painful
spasms in both legs suggested that oral THC was superior to codeine in
reducing muscle spasms.72,120 Victims of spinal cord injury reporting at
IOM workshops noted that smoking marijuana reduces their muscle
spasms, their nausea, and the frequency of their sleepless nights. The
caveats described for surveys of spasticity relief in MS patients also apply
here.

Therapy for Muscle Spasticity

Present Therapy. Present therapy for spasticity includes the various medi-
cations listed in Table 4.2. Baclofen and tizanidine, the most commonly
prescribed antispasticity drugs, relieve spasticity and spasms with various
degrees of success. The benefit of these agents is generally only partial.
Their use is complicated by the side effects of drowsiness, dry mouth, and
increased weakness.

Future Therapy.  The discovery of agents that work through mechanisms
different from those of existing antispasticity drugs will be an important
advance in the treatment of spasticity. The aim of new treatments will be
to relieve muscle spasticity and pain without substantially increasing
muscle weakness in conditions that result in spasticity. The treatment for
MS itself will likely be directed at immunomodulation. Various
immunomodulating agents, such as beta-interferon and glatiramer ac-
etate, have been shown to reduce the frequency of symptomatic attacks,
the progression of disability, and the rate of appearance of demyelinated
lesions as detected by magnetic resonance imaging.5

Conclusion: Muscle Spasticity

Basic animal studies described in chapter 2 have shown that cannab-
inoid receptors are particularly abundant in areas of the brain that control

TABLE 4.2 Classes of Antispasticity Drugs

Drug Class Drug

GABAB-receptor agonists Baclofen
α-Receptor agonists Tizanidine
Noncompetitive GABAA-receptor agonists Benzodiazepines, including diazepam

Calcium blockers in skeletal muscle Dantrolene
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movement and that cannabinoids affect movement and posture in animals
as well as humans. The observations are consistent with the possibility
that cannabinoids have antispastic effects, but they do not offer any direct
evidence that cannabinoids affect spasticity, even in animals. The avail-
able clinical data are too meager to either accept or dismiss the suggestion
that marijuana or cannabinoids relieve muscle spasticity. But the few
positive reports of the ability of THC and related compounds to reduce
spasticity, together with the prevalence of anecdotal reports of the relief
provided by marijuana, suggest that carefully designed clinical trials test-
ing the effects of cannabinoids on muscle spasticity should be considered
(see chapter 1).25,62  Such trials should be designed to assess the degree to
which the anxiolytic effects of cannabinoids contribute to any observed
antispastic effects.

Spasticity occurring at night can be very disruptive to sleep. Thus, a
long-lasting medication would be especially useful for MS patients at bed-
time—when drowsiness would be a beneficial rather than an unwanted
side effect and mood-altering effects would be less of a problem. One cau-
tion is related to the effects of THC on the stages of sleep, which should be
evaluated in MS patients who have sleep disturbances. If THC is proven
to relieve spasticity, a pill might be the preferred route of delivery for
nighttime use because of its long duration of action. Compared to the
currently available therapies, the long half-life of THC might allow for a
smoother drug effect throughout the day. The intensity of the symptoms
resulting from spasticity, particularly in MS, can rapidly increase in an
unpredictable fashion such that the patient develops an “attack” of in-
tense muscle spasms lasting minutes to hours. An inhaled form of THC (if
it were shown to be efficacious) might be appropriate for those patients.

Movement Disorders

Movement disorders are a group of neurological conditions caused
by abnormalities in the basal ganglia and their subcortical connections
through the thalamus with cortical motor areas. The brain dysfunctions
ultimately result in abnormal skeletal muscle movements in the face,
limbs, and trunk. The movement disorders most often considered for
marijuana or cannabinoid therapy are dystonia, Huntington’s disease,
Parkinson’s disease, and Tourette’s syndrome. Movement disorders are
often transiently exacerbated by stress and activity and improved by fac-
tors that reduce stress. This is of particular interest because for many
people marijuana reduces anxiety.
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Dystonia

Dystonia can be a sign of other basal ganglion disorders, such as
Huntington’s disease and tardive dyskinesia (irreversible development of
involuntary dyskinetic movements) and can be a primary basal ganglion
disorder. Primary dystonias are a heterogeneous group of chronic slowly
progressive neurological disorders characterized by dystonic move-
ments—slow sustained involuntary muscle contractions that often result
in abnormal postures of limbs, trunk, and neck. Dystonias can be con-
fined to one part of the body, such as spasmodic torticollis (neck) or
Meige’s syndrome (facial muscles), or can affect many parts of the body,
such as dystonia musculorum deformans.5  Dystonia can cause mild to
severe disability and sometimes pain secondary to muscle aching or
arthritis. Some dystonias are genetic; others are caused by drugs. The
specific neuropathological changes in these diseases have not been
determined.

No controlled study of marijuana in dystonic patients has been pub-
lished, and the only study of cannabinoids was a preliminary open trial of
cannabidiol (CBD) that suggested modest dose-related improvements in
the five dystonic patients studied.30 In mutant dystonic hamsters, how-
ever, the cannabinoid receptor agonist, WIN 55,212-2, can produce
antidystonic effects.153

Huntington’s Disease

Huntington’s disease is an inherited degenerative disease that usu-
ally appears in middle age and results in atrophy or loss of neurons in the
caudate nucleus, putamen, and cerebral cortex. It is characterized by
arrhythmic, rapid muscular contractions (chorea), emotional disturbance,
and dementia (impairment in intellectual and social ability). Animal stud-
ies suggest that cannabinoids have antichoreic activity, presumably
because of stimulation of CB1 receptors in the basal ganglia.129,168

On the basis of positive results in one of four Huntington’s disease
patients, CBD and a placebo were tested in a double-blind crossover study
of 15 Huntington’s disease patients who were not taking any antipsychotic
drugs. Their symptoms neither improved nor worsened with CBD treat-
ment.27,164

The effects of other cannabinoids on patients with Huntington’s dis-
ease are largely unknown. THC and other CB1 agonists are more likely
candidates than CBD, which does not bind to the CB1 receptor. Those
receptors are densely distributed on the very neurons that perish in
Huntington’s disease.152  Thus far there is little evidence to encourage
clinical studies of cannabinoids in Huntington’s disease.
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Parkinson’s Disease

Parkinson’s disease, a degenerative disease, affects about 1 million
Americans over the age of 50.53  It is characterized by bradykinesia (slow-
ness in movement), akinesia (abrupt stoppage of movement), resting
tremor, muscular rigidity, and postural instability.

Theoretically, cannabinoids could be useful for treating Parkinson’s
disease patients because cannabinoid agonists specifically inhibit the path-
ways between the subthalamic nucleus and substantia nigra and prob-
ably also the pathways between the subthalamic nucleus and globus
pallidus (these structures shown in Figure 2.6).165,169  The latter effect was
not directly tested but is consistent with what is known about these neu-
ral pathways. Hyperactivity of the subthalamic neurons, observed in both
Parkinson’s patients and animal models of Parkinson’s disease, is
hypothesized to be a major factor in the debilitating bradykinesia associ-
ated with the disease.36  Furthermore, although cannabinoids oppose the
actions of dopamine in intact rats, they augment dopamine activation of
movement in an animal model of Parkinson’s disease. This suggests the
potential for adjunctive therapy with cannabinoid agonists.165–167,169

At the time of this writing, we could find only one published clinical
trial of marijuana involving five cases of idiopathic Parkinson’s disease.48

That trial was prompted by a patient’s report that smoking marijuana
reduced tremor, but the investigators found no improvement in tremor
after the five patients smoked marijuana—whereas all subjects benefited
from the administration of standard medications for Parkinson’s disease
(levodopa and apomorphine).48  Although new animal data might some-
day indicate a use for cannabinoids in treating Parkinson’s disease, cur-
rent data do not recommend clinical trials of cannabinoids in patients with
Parkinson’s disease.

Tourette’s Syndrome

Tourette’s syndrome usually begins in childhood and is characterized
by motor and vocal tics (involuntary rapid repetitive movements or
vocalizations). It has been suggested that the symptoms might be medi-
ated by a reduction in the activity of limbic-basal ganglia-thalamocortical
circuits (shown in Figure 2.4).42  These circuits, while not well understood,
appear to be responsible for translating a person’s intentions to move into
actual movements. Damage to these structures leads to either involuntary
increases in movement (as in Huntington’s disease) or the inability to
make voluntary movements (as in Parkinson’s disease). The nature of the
deficit in Tourette’s syndrome is unknown.

No clear link has been established between symptoms of Tourette’s
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syndrome and cannabinoid sites or mechanism of action. Pimozide and
haloperidol, two widely used treatments for Tourette’s syndrome, inhibit
effects mediated by the neurotransmitter dopamine, whereas cannab-
inoids can increase dopamine release.154,181  The physiological relevance,
if any, of these two observations has not been established.

Clinical reports consist of four case histories indicating that marijuana
use can reduce tics in Tourette’s patients.75,163 In three of the four cases the
investigators suggest that beneficial effects of marijuana might have been
due to anxiety-reducing properties of marijuana rather than to a specific
antitic effect.163

Therapy for Movement Disorders

Various drugs are available (Table 4.3) to treat the different move-
ment disorders. Common side effects of many of these drugs are sedation,
lethargy, school and work avoidance, social phobia, and increased risk of
parkinsonism and tardive dyskinesia. With some of the medications, like
those used for dystonia, efficacy is lacking in up to 50% of the patients. In
addition to medications, surgical interventions, such as pallidotomy and
neurosurgical transplantation of embryonic substantia nigra tissue into
the patient’s striatum, have been tried in Parkinson’s disease patients.
Surgery is generally palliative and is still considered to be in the develop-
mental phase.

TABLE 4.3 Drugs Used to Treat Movement Disorders

Dystonia Parkinson’s disease
Benzodiazepines Levodopa
Tetrabenazine Carbidopa+levodopa combination
Intramuscular botulinum toxin Amantadine
Anticholinergics Bromocriptine
Baclofen Pergolide

Pramipexole
Huntington’s disease Ropinirole

Reserpine Selegiline
Tetrabenazine Trihexyphenidyl
Haloperidol Benztropine

Tourette’s syndrome tics
Pimozide
Clonidine
Haloperidol
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Conclusion: Movement Disorders

The abundance of CB1 receptors in basal ganglia and reports of ani-
mal studies showing the involvement of cannabinoids in the control of
movement suggest that cannabinoids would be useful in treating move-
ment disorders in humans. Marijuana or CB1 receptor agonists might
provide symptomatic relief of chorea, dystonia, some aspects of parkin-
sonism, and tics. However, clinical evidence is largely anecdotal; there
have been no well-controlled studies of adequate numbers of patients.
Furthermore, nonspecific effects might confound interpretation of results
of studies. For example, the anxiolytic effects of cannabinoids might make
patients feel that their condition is improved, despite the absence of mea-
surable change in their condition.

Compared to the abundance of anecdotal reports concerning the ben-
eficial effects of marijuana on muscle spasticity, there are relatively few
claims that marijuana is useful for treating movement disorders. This
might reflect a lack of effect or a lack of individuals with movement dis-
orders who have tried marijuana. In any case, while there are a few
isolated reports of individuals with movement disorders who report a
benefit from marijuana, there are no published surveys indicating that a
substantial percentage of patients with movement disorders find relief
from marijuana. Existing studies involve too few patients from which to
draw conclusions. The most promising reports involve symptomatic treat-
ment of spasticity. If the reported neuroprotective effects of cannabinoids
discussed in chapter 2 prove to be therapeutically useful, this could ben-
efit patients with movement disorders, but without further data such a
benefit is highly speculative. Since stress often transiently exacerbates
movement disorders, it is reasonable to hypothesize that the anxiolytic
effects of marijuana or cannabinoids might be beneficial to some patients
with movement disorders. However, chronic marijuana smoking is a
health risk that could increase the burden of chronic conditions, such as
movement disorders.

Cannabinoids inhibit both major excitatory and inhibitory inputs to
the basal ganglia. This suggests that a cannabinoid agonist could produce
opposite effects on movement, depending on the type of transmission
(excitatory or inhibitory) that is most active at the time of drug adminis-
tration. This property could be used to design treatments in basal ganglia
movement disorders, such as Parkinson’s disease where either the excita-
tory subthalamic input becomes hyperactive or the inhibitory striatal
input becomes hypoactive. The dose employed would be a major factor in
the therapeutic uses of cannabinoids in movement disorders; low doses
should be desirable, while higher doses could be expected to aggravate
pathological conditions. Thus, there is a clear reason to recommend pre-
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clinical studies; that is, animal studies to test the hypothesis that cannab-
inoids play an important role in movement disorders.

With the possible exception of multiple sclerosis, the evidence to
recommend clinical trials of cannabinoids in movement disorders is rela-
tively weak. Ideally, clinical studies would follow animal research that
provided stronger evidence than is currently available on the potential
therapeutic value of cannabinoids in the treatment of movement
disorders. Unfortunately, there are no good animal models for these dis-
orders. Thus, double-blind, placebo-controlled clinical trials of isolated
cannabinoids that include controls for relevant side effects should be con-
ducted. Such effects include anxiolytic and sedative effects, which might
either mask or contribute to the potential therapeutic effects of
cannabinoids.

Epilepsy

Epilepsy is a chronic seizure disorder that affects about 2 million
Americans and 30 million people worldwide.156 It is characterized by re-
current sudden attacks of altered consciousness, convulsions, or other
motor activity. A seizure is the synchronized excitation of large groups of
brain cells. These abnormal electrical events have a wide array of possible
causes, including injury to the brain and chemical changes derived from
metabolic faults of exposure to toxins.156

Seizures are classified as partial (focal) or generalized. Partial seizures
are associated with specific sensory, motor, or psychic aberrations that
reflect the function of the part of the cerebral cortex from which the sei-
zures arise. Generalized seizures are usually the result of pathological con-
ditions of brain sites that project to widespread regions of the brain. Such
pathology can produce petit mal seizures or major grand mal convulsions.

Cannabinoids in Epilepsy

There are anecdotal and individual case reports that marijuana con-
trols seizures in epileptics (reviewed in a 1997 British Medical Association
report13), but there is no solid evidence. While there are no studies indi-
cating that either marijuana or THC worsen seizures, there is no scientific
basis to justify such studies.

In the only known case-controlled study that was designed to evalu-
ate illicit drug use and the risk of first seizure, Ng and co-workers137 con-
cluded that marijuana is a protective factor for first-time seizures in men
but not women. Men who used marijuana reportedly had fewer first-time
seizures than men who did not use marijuana. That report was based on a
comparison of 308 patients who had been admitted to a hospital after
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their first seizure with a control group of 294 patients. The control group
was made up of patients who had not had seizures and were admitted for
emergency surgery, such as surgery for appendicitis, intestinal obstruc-
tion, or acute cholecystitis. Compared to men who did not use marijuana,
the odds ratio of first seizure for men who had used marijuana within 90
days of hospital admission was 0.36 (95% confidence interval = 0.18–0.74).
An odds ratio of less than one is consistent with the suggestion that mari-
juana users are less likely to have seizures. The results for women were
not statistically significant. However, this was a weak study. It did not
include measures of health status prior to hospital admissions for the
patients’ serious conditions, and differences in their health status might
have influenced their drug use rather than—as suggested by the authors—
that differences in their drug use influenced their health.

The potential antiepileptic activity of CBD has been investigated but
is not promising. Three controlled trials were conducted in which CBD
was given orally to patients who had had generalized grand mal seizures
or focal seizures (Table 4.4). Two of these studies were never published,
but information about one was published in a letter to the South African
Medical Journal, and the other was presented at the 1990 Marijuana Inter-
national Conference on Cannabis and Cannabinoids.184

TABLE 4.4 Clinical Trials of Cannabidiol (CBD) in Epileptics

Study Design Results Reference

Double-blind placebo-controlled trial 4 of 8 remained almost free Cunha and
8 epileptic patients were given CBD of convulsions. Three of the co-workers34

at 200–300 mg/day in conjunction with 4 were partially improved
standard antiepileptic therapies. for up to 4.5 months.

Double-blind placebo-controlled study CBD had no effect on Ames4

12 epileptic patients were given CBD seizure frequency.
at 200–300 mg/day along with
standard  antiepileptic drugs.

Double-blind placebo-controlled, CBD had no effect on Trembly and
add-on crossover trial seizures. Sherman,
10 epileptic patients were given CBD 1990184

at 300 mg/day for 6 months. (reviewed in
Consroe and
Sandyk, 199229)

Open trial Seizure frequency was Trembly and
One patient was given CBD at reduced in the patient. Sherman,
900–1,200 mg/day for 10 months. 1990184

(reviewed in
Consroe and
Sandyk, 199229)
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TABLE 4.5 Anticonvulsant Drugs for Various Types of Seizures

Generalized grand mal seizures Partial (focal) seizures
Carbamazepine Carbamazepine
Valproate Phenytoin
Phenytoin Valproate
Phenobarbital Phenobarbital

Clonazepam
Generalized petit mal seizures Gabapentin

Ethosuximide Lamotrigine
Clonazepam Tiagabine (as adjunct therapy)
Valproate

SOURCE: Adapted from Andreoli et al. (1997).5

Even if CBD had antiepileptic properties, these studies were likely
too small to demonstrate efficacy. Proving efficacy of anticonvulsants gen-
erally requires large numbers of patients followed for months because the
frequency of seizures is highly variable and the response to therapy varies
depending on seizure type.4,49

Therapy for Epilepsy

Present Therapy. Standard pharmacotherapy for partial and generalized
seizures, listed in Table 4.5, involves a variety of anticonvulsant drugs.
These drugs suppress seizures completely in approximately 60% of
patients who have chronic epilepsy and improve seizures in another 15%
of patients. All of the anticonvulsants listed in Table 4.5 have side effects,
some of the more common of which are drowsiness, mental slowing,
ataxia, tremor, hair loss, increased appetite, headache, insomnia, and rash.
Nevertheless, recurrent seizures are physically dangerous and emotion-
ally devastating, and preventing them outweighs many undesirable side
effects of anticonvulsant drugs.

Future Therapy. The goal of epilepsy treatment is to halt the seizures
with minimal or no side effects and then to eradicate the cause. Most of
the anticonvulsant research on cannabinoids was conducted before 1986.
Since then, many new anticonvulsants have been introduced and cannab-
inoid receptors have been discovered. At present, the only biological evi-
dence of antiepileptic properties of cannabinoids is that CB1 receptors are
abundant in the hippocampus and amygdala. Both regions are involved
in partial seizures but are better known for their role in functions unre-
lated to seizures.26  Basic research might reveal stronger links between
cannabinoids and seizure activity, but this is not likely to be as fruitful a
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subject of cannabinoid research as others. Given the present state of
knowledge, clinical studies of cannabinoids in epileptics are not indicated.

Alzheimer’s Disease

Food refusal is a common problem in patients who suffer from
Alzheimer’s type dementia. The causes of anorexia in demented people
are not known but may be a symptom of depression. Antidepressants
improve eating in some but not all patients with severe dementia. Eleven
Alzheimer’s patients were treated for 12 weeks on an alternating schedule
of dronabinol and placebo (six weeks of each treatment). The dronabinol
treatment resulted in substantial weight gains and declines in disturbed
behavior.190 No serious side effects were observed. One patient had a sei-
zure and was removed from the study, but the seizure was not necessarily
caused by dronabinol. Recurrent seizures without any precipitating events
occur in 20% of patients who have advanced dementia of Alzheimer’s
type.189  Nevertheless, these results are encouraging enough to recom-
mend further clinical research with cannabinoids.

The patients in the study discussed above were in long-term institu-
tional care, and most were severely demented with impaired memory.
Although short-term memory loss is a common side effect of THC in
healthy patients, it was not a concern in this study. However, the effect of
dronabinol on memory in Alzheimer’s patients who are not as severely
disturbed as those in the above study would be an important consider-
ation.

GLAUCOMA

After cataracts, glaucoma is the second-leading cause of blindness in
the world; almost 67 million people are expected to be affected world-
wide by the year 2000149 (for an excellent review, see Alward, 19982). The
most common form of glaucoma, primary open-angle glaucoma (POAG),
is a slowly progressive disorder that results in loss of retinal ganglion
cells and degeneration of the optic nerve, causing deterioration of the
visual fields and ultimately blindness. The mechanisms behind the dis-
ease are not understood, but three major risk factors are known: age, race,
and high intraocular pressure (IOP). POAG is most prevalent among the
elderly, with 1% affected in those over 60 years old and more than 9% in
those over 80. In African Americans over 80, there is more than a 10%
chance of having the disease, and older African Caribbeans (who are less
racially mixed than African Americans) have a 20–25% chance of having
the disease.106

The eye’s rigid shape is normally maintained in part by IOP, which is
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regulated by the circulation of a clear fluid, the aqueous humor,* between
the front of the lens and the back of the cornea. Because of impaired out-
flow of aqueous humor from the anterior chamber of the eye, a high IOP
is a risk factor for glaucoma, but the mechanism by which it damages the
optic nerve and retinal ganglion cells remains unclear.174 The two leading
possibilities are that high IOP interferes with nutrient blood flow to the
region of the optic nerve or that it interferes with transport of nutrients,
growth factors, and other compounds within the optic nerve axon (P.
Kaufman, IOM workshop). If the interference continues, the retinal gan-
glion cells and optic nerve will permanently atrophy; the result is blind-
ness.68 Because high IOP is the only known major risk factor that can be
controlled, most treatments have been designed to reduce it. However,
reducing it does not always arrest or slow the progression of visual
loss.20,109

Marijuana and Cannabinoids in Glaucoma

Marijuana and THC have been shown to reduce IOP by an average of
24% in people with normal IOP who have visual-field changes. In a num-
ber of studies of healthy adults and glaucoma patients, IOP was reduced
by an average of 25% after smoking a marijuana cigarette that contained
approximately 2% THC—a reduction as good as that observed with most
other medications available today.1,16,32,76,77,125,193 Similar responses have
been observed when marijuana was eaten or THC was given in pill form
(10–40 mg) to healthy adults or glaucoma patients.76,91 But the effect lasts
only about three to four  hours. Elevated IOP is a chronic condition and
must be controlled continuously.

Intravenous administration of ∆9-THC, ∆8-THC, or 11-OH-THC to
healthy adults substantially decreased IOP, whereas cannabinol, CBD,
and β-OH-THC had little effect.31,146 The cause for the reduction in IOP
remains unknown, but the effect appears to be independent of the fre-
quently observed drop in arterial systolic blood pressure (Keith Green,
Medical College of Georgia, personal communication).

Three synthetic cannabinoids were investigated; BW29Y, BW146Y,
and nabilone. They were given orally to patients who had high IOP.
BW146Y and nabilone were as effective as ingesting THC or smoking

*The cornea and lens must be optically clear, which means that there cannot be blood
circulation in these tissues. The aqueous humor is a clear fluid that functions as alternative
circulation across the rear of the cornea and to the lens, providing nutrients and removing
waste from these tissues.
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marijuana but again with a very short duration of action; BW29Y was
ineffective.136,182

Topical treatments with cannabinoids have been ineffective in reduc-
ing IOP. When ∆9-THC was applied topically as eye drops, whether once
or four times a day, there was no decrease in IOP.60,90 Suspensions of lipo-
philic THC tended to be irritating to the eye.

In summary, cannabinoids and marijuana can reduce IOP when ad-
ministered orally, intravenously, or by inhalation but not when adminis-
tered topically. Even though a reduction in IOP by standard medications
or surgery clearly slows the rate of glaucoma symptom progression, there
is no direct evidence of benefits of cannabinoids or marijuana in the natu-
ral progression of glaucoma, visual acuity, or optic nerve atrophy.92,115

In addition to lowering IOP, marijuana reduces blood pressure and
has many psychological effects. Merritt and co-workers reported hypoten-
sion, palpitations, and psychotropic effects in glaucoma patients after in-
halation of marijuana.125 Cooler and Gregg31 also reported increased anxi-
ety and tachycardia after intravenous infusion of THC (1.5–3 mg). All
those side effects are problematic, particularly for elderly glaucoma pa-
tients who have cardiovascular or cerebrovascular disease. The reduction
in blood pressure can be substantial and might adversely affect blood flow
to the optic nerve.124  Many people with systemic hypertension have their
blood pressure reduced to manageable and acceptable levels through
medication, but this does not seem to affect their IOP. In contrast, there is
evidence that reduction in blood pressure to considerably below-normal
levels influences IOP and ocular blood flow.46,74,142  Hence, in the case of
an eye with high IOP or an optic nerve in poor condition and susceptibil-
ity to high IOP, reduced blood flow to the optic nerve could compromise
a functional retina and be a factor in the progression of glaucoma.

Because it is not known how these compounds work, it is also not
known how they might interact with other drugs used to treat glaucoma.
If the mechanism involves a final common pathway, the effects of cannab-
inoids might not be additive and might even interfere with effective drugs.

Therapy for Glaucoma

Present Therapy

Six classes of drugs are used to treat glaucoma; all reduce IOP (Table
4.6).93  In the late 1970s, when early reports of the effects of marijuana on
IOP surfaced, only cholinomimetics, epinephrine, and oral carbonic an-
hydrase inhibitors were available. They are not popular today because of
their side effects, such as pupil constriction or dilation, brow ache, tachy-
cardia, and diuresis; all of them have been superseded by the other classes

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

176 MARIJUANA AND MEDICINE

of drugs.93 Surgical options are also available today to lower IOP, includ-
ing laser trabeculoplasty, trabeculectomy/sclerostomy, drainage implan-
tation, and cyclodestruction of fluid-forming tissues.173 Thus, there are
now many effective options to slow the progression of glaucoma by re-
ducing IOP.

One important factor in slowing the progression of glaucoma via
medications that reduce IOP is patient compliance with dosing regimens.
With respect to compliance, the ideal glaucoma drug is one that is applied
at most twice a day (P. Kaufman, IOM workshop). If the dose must be
repeated every three to four hours, patient compliance becomes a prob-
lem; for this reason, marijuana and the cannabinoids studied thus far
would not be highly satisfactory treatments for glaucoma. Present thera-
pies, especially combinations of approved topical drugs, can control IOP
when administered once or twice a day, at a cost of about $60 per month.

Future Therapy

In all likelihood the next generation of glaucoma therapies will deal
with neural protection, neural rescue, neural regeneration, or blood flow,
and the optic nerve and neural retina will be treated directly rather than
just by lowering IOP (P. Kaufman, IOM workshop). There is some evi-
dence that a synthetic cannabinoid, HU-211, might have neuroprotective
effects in vitro; this presents a potential approach that has nothing to do
with IOP.197 HU-211 is commonly referred to as a cannabinoid because its
chemical structure is similar to THC; however, it does not bind to cannab-
inoid receptor.

It is known that cannabinoids lower IOP fairly substantially but not
how. No one has tested whether the effect is receptor mediated (B. Martin,
IOM workshop). To do so, one could test whether a receptor antagonist

TABLE 4.6 Classes of Drugs Used to Treat Glaucoma

Cholinergic agonists ααααα2-Adrenergic agonists
Pilocarpine Aproclonidine

Brimonidine

βββββ2-Adrenergic agonists Carbonic anhydrase inhibitors
Epinephrine Acetazolamide
Dipivefrin Dorzolamide (Trusopt)

βββββ2-Adrenergic antagonists Prostaglandin-F2a analogues
Timolol Latanoprost
Betaxolol (Betoptic) Unoprostone
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blocked the effects of THC or other cannabinoids. If the decrease were
shown to be receptor mediated, it would be important to know whether it
was through CB1, which mediates central nervous system effects, or CB2,
which is not involved in CNS effects. If it were CB2, it might be possible to
reduce IOP without the CNS side effects. Finally, it is not known whether
the endogenous cannabinoid system is a natural regulator of IOP.

Conclusion:  Glaucoma

Although glaucoma is one of the most frequently cited medical indi-
cations for marijuana, the data do not support this indication. High intra-
ocular pressure (IOP) is a known risk factor for glaucoma and can, indeed,
be reduced by cannabinoids and marijuana. However, the effect is too
and short lived and requires too high doses, and there are too many side
effects to recommend lifelong use in the treatment of glaucoma. The po-
tential harmful effects of chronic marijuana smoking outweigh its modest
benefits in the treatment of glaucoma. Clinical studies on the effects of
smoked marijuana are unlikely to result in improved treatment for glau-
coma.

Future research might reveal a therapeutic effect of isolated cannab-
inoids. For example, it might be possible to design a cannabinoid drug
with longer-lasting effects on IOP and with less psychoactivity than THC.

SUMMARY

Advances in cannabinoid science of the past 16 years have given rise
to a wealth of new opportunities for the development of medically useful
cannabinoid-based drugs. The accumulated data suggest a variety of in-
dications, particularly for pain relief, antiemesis, and appetite stimula-
tion. For patients such as those with AIDS or who are undergoing chemo-
therapy, and who suffer simultaneously from severe pain, nausea, and
appetite loss, cannabinoid drugs might offer broad-spectrum relief not
found in any other single medication. The data are weaker for muscle
spasticity but moderately promising. The least promising categories are
movement disorders, epilepsy, and glaucoma. Animal data are moder-
ately supportive of a potential for cannabinoids in the treatment of move-
ment disorders and might eventually yield stronger encouragement. The
therapeutic effects of cannabinoids are most well established for THC,
which is the primary psychoactive ingredient of marijuana. But it does
not follow from this that smoking marijuana is good medicine.

Although marijuana smoke delivers THC and other cannabinoids to
the body, it also delivers harmful substances, including most of those
found in tobacco smoke. In addition, plants contain a variable mixture of
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biologically active compounds and cannot be expected to provide a pre-
cisely defined drug effect. For those reasons there is little future in smoked
marijuana as a medically approved medication. If there is any future in
cannabinoid drugs, it lies with agents of more certain, not less certain,
composition. While clinical trials are the route to developing approved
medications, they are also valuable for other reasons. For example, the
personal medical use of smoked marijuana—regardless of whether or not
it is approved—to treat certain symptoms is reason enough to advocate
clinical trials to assess the degree to which the symptoms or course of
diseases are affected. Trials testing the safety and efficacy of marijuana
use are an important component to understanding the course of a disease,
particularly diseases such as AIDS for which marijuana use is prevalent.
The argument against the future of smoked marijuana for treating any
condition is not that there is no reason to predict efficacy but that there is
risk. That risk could be overcome by the development of a nonsmoked
rapid-onset delivery system for cannabinoid drugs.

There are two caveats to following the traditional path of drug devel-
opment for cannabinoids. The first is timing. Patients who are currently
suffering from debilitating conditions unrelieved by legally available
drugs, and who might find relief with smoked marijuana, will find little
comfort in a promise of a better drug 10 years from now. In terms of good
medicine, marijuana should rarely be recommended unless all reasonable
options have been eliminated. But then what? It is conceivable that the
medical and scientific opinion might find itself in conflict with drug regu-
lations. This presents a policy issue that must weigh—at least tempo-
rarily—the needs of individual patients against broader social issues. Our
assessment of the scientific data on the medical value of marijuana and its
constituent cannabinoids is but one component of attaining that balance.

The second caveat is a practical one. Although most scientists who
study cannabinoids would agree that the scientific pathways to cannab-
inoid drug development are clearly marked, there is no guarantee that the
fruits of scientific research will be made available to the public. Cannab-
inoid-based drugs will become available only if there is either enough
incentive for private enterprise to develop and market such drugs or sus-
tained public investment in cannabinoid drug research and development.
The perils along this pathway are discussed in chapter 5. Although mari-
juana is an abused drug, the logical focus of research on the therapeutic
value of cannabinoid-based drugs is the treatment of specific symptoms
or diseases, not substance abuse. Thus, the most logical research sponsors
would be the several institutes within the National Institutes of Health or
organizations whose primary expertise lies in the relevant symptoms or
diseases.
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CONCLUSION:  Scientific data indicate the potential therapeutic
value of cannabinoid drugs, primarily THC, for pain relief, con-
trol of nausea and vomiting, and appetite stimulation; smoked
marijuana, however, is a crude THC delivery system that also
delivers harmful substances.

RECOMMENDATION: Clinical trials of cannabinoid drugs for symp-
tom management should be conducted with the goal of devel-
oping rapid-onset, reliable, and safe delivery systems.

RECOMMENDATION: Clinical trials of marijuana use for medical
purposes should be conducted under the following limited cir-
cumstances: trials should involve only short-term marijuana use
(less than six months), should be conducted in patients with
conditions for which there is reasonable expectation of efficacy,
should be approved by institutional review boards, and should
collect data about efficacy.

RECOMMENDATION: Short-term use of smoked marijuana (less
than six months) for patients with debilitating symptoms (such
as intractable pain or vomiting) must meet the following condi-
tions:

• failure of all approved medications to provide relief has
been documented,

• the symptoms can reasonably be expected to be relieved
by rapid-onset cannabinoid drugs,

• such treatment is administered under medical supervision
in a manner that allows for assessment of treatment effec-
tiveness, and

• involves an oversight strategy comparable to an institu-
tional review board process that could provide guidance
within 24 hours of a submission by a physician to provide
marijuana to a patient for a specified use.

Until a nonsmoked rapid-onset cannabinoid drug delivery system be-
comes available, we acknowledge that there is no clear alternative for
people suffering from chronic conditions that might be relieved by smok-
ing marijuana, such as pain or AIDS wasting. One possible approach is to
treat patients as n-of-1 clinical trials, in which patients are fully informed
of their status as experimental subjects using a harmful drug delivery sys-
tem and in which their condition is closely monitored and documented
under medical supervision, thereby increasing the knowledge base of the
risks and benefits of marijuana use under such conditions. We recom-
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mend these n-of-1 clinical trials using the same oversight mechanism as
that proposed in the above recommendations.

OTHER REPORTS ON MARIJUANA AS MEDICINE

Since 1996, five important reports pertaining to the medical uses of
marijuana have been published, each prepared by deliberative groups of
medical and scientific experts (Appendix E). They were written to ad-
dress different facets of the medical marijuana debate, and each offers a
somewhat different perspective. With the exception of the report by the
Health Council of the Netherlands, each concluded that marijuana can be
moderately effective in treating a variety of symptoms. They also agree
that current scientific understanding is rudimentary; indeed, the senti-
ment most often stated is that more research is needed. And these reports
record the same problem with herbal medications as noted here: the un-
certain composition of plant material makes for an uncertain, and hence
often undesirable, medicine.

The 1996 report by the Health Council of the Netherlands concluded
that there is insufficient evidence to justify the medical use of marijuana
or THC, despite the fact that the latter is an approved medication in the
United States and Britain. However, that committee addressed only
whether there was sufficient evidence to warrant the prescription of mari-
juana or cannabinoids, not whether the data are sufficient to justify clini-
cal trials. Conclusions of the Health Council of the Netherlands contrast
with that country’s tolerance of marijuana use. The health council’s report
noted that marijuana use by patients in the terminal stages of illness is
tolerated in hospitals. It also said that the council did “not wish to judge
patients who consume marihuana (in whatever form) because it makes
them feel better. . . .”

In contrast, the American Medical Association House of Delegates,
National Institutes of Health (NIH), and the British Medical Association
recommend clinical trials of smoked marijuana for a variety of symptoms.
The NIH report, however, was alone in recommending clinical studies of
marijuana for the treatment of glaucoma—and even then there was dis-
agreement among the panel members (William T. Beaver, chair, NIH Ad
Hoc Expert Panel on the Medical Use of Marijuana, personal communica-
tion, 1998).

Recent reviews that have received extensive attention from those who
follow the medical marijuana debate have been written by strong advo-
cates for (Grinspoon and Bakalar, 199362; Zimmer and Morgan, 1997198) or
against (Voth and Schwartz, 1997191) the medical use of marijuana. Those
reports represent the individual views of their authors, and they are not
reviewed here but have been reviewed in major scientific journals.7,69,178,180
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5

Development of Cannabinoid Drugs

Medicines today are expected to be of known composition
and quality. Even in cases where marijuana can provide
relief of symptoms, the crude plant mixture does not meet
this modern expectation. The future of medical marijuana
lies in classical pharmacological drug development, and
indeed there has been a resurgence of scientific, as well as
public, interest in the therapeutic applications of cannab-
inoids. After an initial burst of scientific activity in the
1970s, today’s renewed interest has been fueled by major

scientific discoveries discussed in previous chapters: the identification and
cloning of endogenous cannabinoid receptors, the discovery of endog-
enous substances that bind to these receptors, and the emergence of syn-
thetic cannabinoids that also bind to cannabinoid receptors. These scien-
tific accomplishments have propelled interest in developing new drugs
that can treat more effectively or more safely the constellation of symp-
toms for which cannabinoids might have therapeutic benefit (see chap-
ter 4). Through the process of what is referred to as “rational drug design,”
scientists manipulate the chemical structures of known cannabinoids to
design better therapeutic agents. Several new cannabinoids are being
developed for human use, but none has reached the stage of human test-
ing in the United States.

The purpose of this chapter is to describe the process of and analyze
the prospects for development of cannabinoid drugs. It first discusses the
regulatory hurdles that every new drug encounters en route to market. It
then proceeds to describe the regulatory and market experiences of
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dronabinol (tetrahydrocannabinol, or THC, in sesame oil), the only ap-
proved cannabinoid in the United States. These sections serve as a road
map to determine whether the therapeutic potential of cannabinoids is
likely to be exploited commercially to meet patient needs. Finally, the
chapter describes what would be needed to bring marijuana to market as
a medicinal plant.

The term cannabinoids is used in this chapter to refer to a group of
substances that are structurally related to THC—by virtue of a tricyclic
chemical structure—or that bind to cannabinoid receptors, such as the
natural ligand anandamide. From a chemist’s point of view, this defini-
tion encompasses a variety of distinct chemical classes. But because the
purpose of this chapter is to explore prospects for drug development, both
chemical structure and pharmacological activity are important; therefore,
the broader definition of cannabinoids is used.

FEDERAL DRUG DEVELOPMENT POLICY

Like controlled substances, cannabinoids developed for medical use
encounter a gauntlet of public health regulatory controls administered by
two federal agencies: the Food and Drug Administration (FDA) of the
U.S. Department of Health and Human Services (DHHS) and the Drug
Enforcement Administration (DEA) of the U.S. Department of Justice. The
FDA regulates human testing and the introduction of new drugs into the
marketplace, whereas the DEA determines the schedule of and establishes
production quotas for drugs with potential for abuse to prevent their
diversion to illicit channels. The DEA also authorizes registered physi-
cians to prescribe controlled substances. Some drugs, such as marijuana,
are labeled Schedule I in the Controlled Substance Act, and this adds con-
siderable complexity and expense to their clinical evaluation. It is impor-
tant to point out that Schedule I status does not necessarily apply to all
cannabinoids.

Food and Drug Administration

Under the Federal Food, Drug, and Cosmetic (FD&C) Act, the FDA
approves new drugs for entry into the marketplace after their safety and
efficacy are established through controlled clinical trials conducted by the
drugs’ sponsors.23  FDA approval of a drug is the culmination of a long,
research intensive process of drug development, which often takes well
over a decade.19,44  Drug development is performed largely by pharma-
ceutical companies, but some targeted drug development programs are
sponsored by the National Institutes of Health (NIH) to stimulate further
development and marketing by the private sector. The NIH’s drug devel-

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

DEVELOPMENT OF CANNABINOID DRUGS 195

opment programs—including those for AIDS, cancer, addiction, and epi-
lepsy—have been instrumental in ushering new drugs to market in col-
laboration with pharmaceutical companies.33  In fact, as noted later, most
of the preclinical and clinical research on dronabinol was supported by
NIH.

Drug development begins with discovery, that is, the synthesis and
purification of a new compound with expected biological activity and
therapeutic value. The next major step is the testing of the compound in
animals to learn more about its safety and efficacy and to predict its utility
for humans. Those early activities are collectively referred to as the pre-
clinical phase. When evidence from the preclinical phase suggests a prom-
ising role in humans, the manufacturer submits an Investigational New
Drug (IND) application  to the FDA. The IND submission contains a plan
for human clinical trials and includes the results of preclinical testing and
other information.20  Absent FDA objection, the IND becomes effective
after 30 days, allowing the manufacturer to conduct clinical testing (test-
ing in humans), which generally involves three phases (see Figure 5.1).
The three stages of clinical testing are usually the most time-consuming
phases of drug development, lasting five years on average.22  The actual
time depends on the complexity of the drug, availability of patients, dura-
tion of use, difficulty of measuring clinical end points, therapeutic class,
and indication (the disease or condition for which the drug has purported
benefits).31

Drug development is a long and financially risky process. For every
drug that ultimately reaches clinical testing through an IND, thousands of
drugs are synthesized and tested in the laboratory. And only about one in
five drugs initially tested in humans successfully secures FDA approval
for marketing through a new drug application (NDA).19

The manufacturer submits an NDA to the FDA to gain approval for
marketing when clinical testing is complete. An NDA is a massive docu-
ment, the largest portion of which contains the clinical data from Phase I–
III testing. The other technical sections of an NDA include chemistry,
manufacturing, and controls; nonclinical pharmacology and toxicology;
and human pharmacokinetics and bioavailability.23  In the case of a new
cannabinoid, an abuse liability assessment would also probably be part of
an NDA submission. In 1996 the median time for FDA review of an NDA,
from submission to approval, was 15.1 months, a review period consider-
ably shorter than that in 1990, when the figure was 24.3 months.22  The
shortening of approval time is an outgrowth of the Prescription Drug User
Fee Act of 1992, which authorized the FDA to hire additional review staff
with so-called user fees paid by industry and imposed clear deadlines for
FDA action on an NDA. With respect to the cost of a single drug’s devel-
opment, a number of recent studies have provided a range of estimates of
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about $200–$300 million, depending on the method and year of calcula-
tion.33,44

With FDA approval of an NDA, the manufacturer is permitted to
market the drug for the approved indication. At that point, although any
physician is at liberty to prescribe the approved drug for another indica-
tion (an “off-label use”), the manufacturer cannot promote it for that indi-
cation unless the new indication is granted separate marketing approval
by the FDA.* To obtain such approval, the manufacturer is required to
compile another application to the FDA for what is known variously as an
“efficacy supplement,” a “supplemental application,” or a “supplemental
new drug application.” Those terms connote that the application is supple-
mental to the NDA. In general, collecting new data for FDA approval of
an efficacy supplement is not as intensive a process as that for an NDA; it
generally requires the firm to conduct two additional Phase III studies,
although under some circumstances only one additional study of the
drug’s efficacy is needed.24  The preclinical studies, for example, ordi-
narily need not be replicated. The average cost to the manufacturer for
obtaining approval for the new indication is typically about $10–$40 mil-
lion.33  The review time to obtain FDA approval for the new indication
can be considerable; a recent study of supplemental indications approved
by the FDA in 1989–1994 found the approval time to exceed that for the
original NDA,18  a reflection, in part, of the lower priority that the FDA
accords to the review of efficacy supplements as opposed to new drugs.23

The manufacturer also must apply to the FDA to receive marketing
approval for a new formulation of a previously approved drug. A new
formulation is a new dosage form, including a new route of administra-
tion. An example of such a new formulation is an inhaled version of
Marinol, which is currently approved only in capsule form. The manufac-
turer is required to establish bioequivalence, safety, and efficacy of the
new formulation. The amount of evidence required for approval is highly
variable, depending on the similarities between the new formulation and
the approved formulation. New formulations are evaluated case by case
by the FDA. In the case of Marinol, for example, an inhaled version is
likely to require not only new studies of efficacy but also new studies of
abuse liability. There appear to be no published peer-reviewed studies of
the average cost and time for approval of a new formulation.

Two other FDA programs might be relevant to the potential availabil-

*FDA policies for off-label use are being transformed as a result of the Food and Drug
Administration Modernization Act of 1997.  The FDA recently promulgated new rules to
give manufacturers greater flexibility to disseminate information about off-label uses (FDA,
1998b24a). As of this writing, however, court decisions have left the status of the new rules
somewhat unclear.
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ity of new cannabinoids. One program is authorized under the Orphan
Drug Act of 1983, which provides incentives to manufacturers to develop
drugs to treat “orphan diseases.” An orphan disease, as defined in an
amendment to the act, is one that affects 200,000 or fewer people in the
United States.* The act’s most important incentive is a period of exclusive
marketing protection of seven years, during which time the FDA is pro-
hibited from approving the same drug for the same indication.5,6  Some of
the medical conditions for which cannabinoids have been advocated—
Huntington’s disease, multiple sclerosis, and spinal cord injury (see chap-
ter 4)—might meet the definition of an orphan disease and thus enable
manufacturers to take advantage of the act’s financial incentives to bring
products to market. If a disease affects more than 200,000 people, the
manufacturer sometimes subdivides the patient population into smaller
units to qualify. For example, a drug for the treatment of Parkinson’s dis-
ease is not likely to receive an orphan designation because its prevalence
exceeds 200,000, but orphan designation has been accorded to drugs for
subsets of Parkinson’s patients, such as those suffering from early-morn-
ing motor dysfunction in the late stages of the disease.25

The other program is the Treatment-IND program, which was estab-
lished by regulation in 1987 (and codified into law in 1997) to allow
patients with serious and life-threatening diseases to obtain experimental
medications, such as marijuana, before their general marketing.† Treat-
ment INDs may be issued during Phase III studies to patients who are not
enrolled in clinical trials, provided among other requirements that no
comparable alternative drug is available.22,32,33  Thus, the treatment IND
program can provide a mechanism for some patients to obtain a promis-
ing new cannabinoid before its widespread commercial availability if it
reached the late stages of clinical testing for a serious or life-threatening
disease.

Drug Enforcement Administration

The DEA is responsible for scheduling controlled substances, that is,
drugs and other agents that possess a potential for abuse. Abuse is gener-
ally defined as nonmedical use that leads to health and safety hazards,
diversion from legitimate channels, self-administration, and other unto-
ward results.15,21  The legislation that gives DEA the authority to regulate

*The FDA can grant orphan designation to a drug intended for a condition that affects a
larger population if the manufacturer’s estimated expenses are unlikely to be recovered by
sales in the United States (Public Law 98-551).

†Marijuana cigarettes were available under a special FDA-sponsored Compassionate
Investigational New Drug Program for desperately ill patients until March 1992, when the
program was closed to new participants.48
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drugs of abuse is the Controlled Substances Act, which was passed in
1970 and amended several times. The overall purpose of the CSA is to
restrict or control the availability of drugs to prevent their abuse.

Under the CSA, the DEA places each drug that has abuse potential
into one of five categories. The five categories, referred to as Schedules I–
V, carry different degrees of restriction. Schedule I is the most restrictive,
covering drugs that have “no accepted medical use” in the United States
and that have high abuse potential. The definitions of the categories and
examples of drugs in each are listed in Appendix C. Each schedule is asso-
ciated with a distinct set of controls that affect manufacturers, investiga-
tors, pharmacists, practitioners, patients, and recreational users. The
controls include registration with the DEA, labeling and packaging, pro-
duction quotas, security, recordkeeping, and dispensing.15  For instance,
patients with a legitimate medical need for drugs in Schedule II, the most
restrictive schedule for drugs “currently with accepted medical use,” can
neither refill their prescriptions nor have them telephoned to a pharmacy
(except in an emergency).

The scheduling of substances under the CSA is handled case by case.
It may be initiated by DEA, by DHHS, or by petition from an interested
party, including the drug’s manufacturer or a public-interest group.15  The
final decision for scheduling rests with the DEA, but for this purpose the
secretary of DHHS is mandated to provide a recommendation. The
secretary’s recommendation* to DEA is based in part on results from
abuse liability testing that the FDA requires of the manufacturer seeking
approval of a new drug. Abuse liability testing is not a single test; it is a
compilation of several in vitro human and animal studies, of which some
of the best known are drug self-administration and drug discrimination
studies.21,34  The secretary’s recommendation for scheduling is formally
guided by eight legal criteria, including the drug’s actual or relative po-
tential for abuse, scientific evidence of its pharmacological effect, risk to
public health, and its psychic or physiological dependence liability (21
U.S.C. § 811 (b), (c)). Once the DEA receives a scheduling recommenda-
tion, its scheduling decision, including the requirement for obtaining pub-
lic comment, usually takes weeks to months.33  In practice, the DEA usu-
ally adheres to the recommendation of the secretary.† Beyond the DEA,

*The FDA and the National Institute of Drug Abuse, two agencies of DHHS, work jointly
to develop the medical and scientific analysis that is forwarded to the secretary, who makes
a recommendation to the administrator of the DEA (DEA, 199815).

†Under the CSA, “the recommendations of the Secretary to the Attorney General shall be
binding on the Attorney General as to such scientific and medical matters, and if the Secre-
tary recommends that a drug or other substance not be controlled, the Attorney General
shall not control the drug or other substance” (21 U.S.C.§ 811 (b)).
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various state scheduling laws also affect the manufacture and distribu-
tion of controlled substances.33,50

Under the CSA, marijuana and THC* are in Schedule I, the most
restrictive schedule. The scheduling of any other cannabinoid under this
act first hinges on whether it is found in the plant. All cannabinoids in the
plant are automatically in Schedule I because they fall under the act’s
definition of marijuana (21 U.S.C. § 802 (16)). In addition, under DEA’s
regulations, synthetic equivalents of the substances contained in the plant
and “synthetic substances, derivatives, and their isomers” whose “chemi-
cal structure and pharmacological activity” are “similar” to THC also are
automatically in Schedule I (21 CFR § 1308.11(d)(27). Based on the ex-
amples listed in the regulations, the word similar probably limits the
applicability of the regulation to isomers of THC, but DEA’s interpreta-
tion of its own regulations would carry significant weight in any specific
situation.

Prompted by a 1995 petition from Jon Gettman, a former president of
the National Organization for the Reform of Marijuana Laws (NORML),
to remove marijuana and THC from Schedule I, DEA gathered informa-
tion which was then submitted to DHHS for a medical and scientific rec-
ommendation and scheduling recommendation, as required by the CSA.
For the reasons noted above, any changes in scheduling of marijuana and
THC would also affect other plant cannabinoids. For the present, how-
ever, any cannabinoid found in the plant is automatically controlled in
Schedule I.

Investigators are affected by Schedule I requirements even if their re-
search is being conducted in vitro or on animals. For example, researchers
studying cannabinoids found in the plant are required under the CSA to
submit their research protocol to DEA, which issues a registration that is
contingent on FDA’s evaluation and approval of the protocol (21 CFR §
1301.18). DEA also inspects the researcher’s security arrangements. How-
ever, the regulatory implications are quite different for cannabinoids not
found in the plant. Such cannabinoids appear to be unscheduled unless the
FDA or DEA decides that they are sufficiently similar to THC to be placed
automatically into Schedule I under the regulatory definition outlined
above or the FDA or the manufacturer deems them to have potential for
abuse, thereby triggering de novo the scheduling process noted above.
Thus far, the cannabinoids most commonly used in preclinical research
(Table 5.1) appear to be sufficiently distinct from THC that they are not
currently considered controlled substances by definition (F. Sapienza,
DEA, personal communication, 1998). No new cannabinoids other than

*Technically, the CSA and the regulations use the term “tetrahydrocannabinols.”
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THC have yet been clinically tested in the United States, so scheduling
experience is limited. The unscheduled status of some cannabinoids might
change as research progresses. Results of early clinical research could lead
a manufacturer to proceed with or lead the FDA to require abuse liability
testing. Depending on the results of such studies, DHHS might or might
not recommend scheduling de novo to DEA, which makes the final deci-
sion case by case.

Will newly discovered cannabinoids be subject to scheduling? That is
a complex question that has no simple answer. The answer depends en-
tirely on each new cannabinoid—whether it is found in the plant, its
chemical and pharmacological relationship to THC, and its potential for
abuse. Novel cannabinoids with strong similarity to THC are likely to be
scheduled at some point before marketing, whereas those with weak simi-
larity might not be. The manufacturer’s submission to FDA, which con-
tains its own studies and its request for a particular schedule, can also
shape the outcome. Cannabinoids found in the plant are automatically in
Schedule I until the manufacturer requests and provides justification for
rescheduling. The CSA does permit DEA to reschedule a substance (move
it to a different schedule) and to deschedule a substance (remove it from
control under the CSA) according to the scheduling criteria (see Appen-
dix F) and the process outlined above.

The possibility of scheduling is a major determinant of whether a
manufacturer proceeds with drug development.33  In general, pharma-
ceutical firms perceive scheduling to be a deterrent because it limits their
ability to achieve market share for the following reasons: restricted access,

TABLE 5.1 Cannabinoids and Related
Compounds Commonly Used in Research

Agonists
THC
WIN 55,212-2
CP-55940
HU-210
Anandamide (natural ligand)
2-Arachidonylglycerol (natural ligand)

Antagonists
SR 141716A
SR 144528

SOURCES: Felder and Glass (1998)26 and Mechoulam et al.
(1998).36
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physician disinclination to prescribe scheduled substances, stigma, the ad-
ditional expense for abuse liability studies, and expensive delays in reach-
ing the market due to federal and state scheduling processes.33  Empirical
evidence to support that widely held perception is difficult to find, but at
least one large survey of physicians found them to have moderate con-
cerns about prescribing opioids because of actual or perceived pressure
from regulatory agencies, such as DEA.57  On the basis of a legal analysis
and widespread complaints from researchers and pharmaceutical execu-
tives, the Institute of Medicine (IOM, 1995)33  recommended changes in
the CSA to eliminate the act’s barriers to undertaking clinical research
and development of controlled substances; this position was supported in
a later report on marijuana.40

DEVELOPMENT AND MARKETING OF MARINOL

The following material is based on the published literature (where cited),
workshops sponsored by the IOM, and an interview with Robert Dudley,
senior vice president of Unimed Pharmaceuticals, Inc., the manufac-
turer of Marinol and the holder of the NDA. Unimed markets Marinol
jointly with Roxane Laboratories, Inc.

Marinol (dronabinol) is the only cannabinoid with approval for
marketing in the United States.* The following description covers its
development, regulatory history, pharmacokinetics, adverse effects, abuse
liability, and market growth. The experience with Marinol can serve as a
possible bellwether for the regulatory and commercial fate of new can-
nabinoids being considered for development.

Development and Regulatory History

Marinol is manufactured as a capsule containing THC in sesame oil; it
is taken orally. It was approved by the FDA in 1985 for the treatment of
nausea and vomiting associated with cancer chemotherapy. In 1992, the
FDA approved marketing of dronabinol for the treatment of anorexia as-
sociated with weight loss in patients with AIDS.45  The preclinical and
clinical research on THC that culminated in the FDA’s 1985 approval was
supported primarily by the National Cancer Institute (NCI), whose re-
search support goes back to the 1970s. NCI’s contribution appears piv-
otal, considering that Unimed, the pharmaceutical company that holds

*The only cannabinoid licensed outside the United States is nabilone (Cesamet), which is
an analogue of THC available in the United Kingdom for the management of nausea and
vomiting associated with cancer chemotherapy (Pertwee, 1997).46
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the NDA, estimates its contribution to have been only about 25% of the
total research effort. The FDA’s review and approval of Marinol took
about two years after submission of the NDA, according to Unimed. To
obtain approval for Marinol’s second indication (through an efficacy
supplement), the FDA required two more relatively small Phase III stud-
ies. The studies lasted three years and cost $5 million to complete.

Physical Properties, Pharmacokinetics, and Adverse Events

Marinol is synthesized in the laboratory rather than extracted from
the plant. Its manufacture is complex and expensive because of the nu-
merous steps needed for purification. The poor solubility of Marinol in
aqueous solutions and its high first-pass metabolism in the liver account
for its poor bioavailability; only 10–20% of an oral dose reaches the sys-
temic circulation.45,60  The onset of action is slow; peak plasma concentra-
tions are not attained until two to four hours after dosing.45,56  In contrast,
inhaled marijuana is rapidly absorbed. In a study comparing THC admin-
istered orally, by inhalation, and intravenously, plasma concentration
peaked almost instantaneously after both inhalation and intravenous ad-
ministration; most participants’ peak plasma concentrations after oral ad-
ministration occurred at 60 or 90 minutes. Variation in individual re-
sponses is highest for oral THC and bioavailability is lowest.42

Marinol’s most common adverse events are associated with the central
nervous system (CNS): anxiety, confusion, depersonalization, dizziness,
euphoria, dysphoria, somnolence, and thinking abnormality.8,9,45,59  In two
recent clinical trials, CNS adverse events occurred in about one-third of
patients, but only a small percentage discontinued the drug because of
adverse effects.8,9  Lowering the dose of dronabinol can minimize side
effects, especially dysphoria (disquiet or malaise).47

Abuse Potential and Scheduling

On commercial introduction in 1985, Marinol was placed in Schedule
II. This schedule, the second most restrictive, is reserved for medically
approved substances that have “high potential for abuse” (21 U.S.C. § 812
(b) (2)). Unimed did not encounter any delays in marketing as a result of
the scheduling process because the scheduling decision was made by the
DEA before FDA’s approval for marketing. Nor did Unimed encounter
any marketing delays as a result of state scheduling laws. Unimed was
not specifically asked by the FDA to perform abuse liability studies for
the first approval, presumably because such studies had been conducted
earlier.

Unimed later petitioned the DEA to reschedule Marinol from Sched-
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ule II to Schedule III, which is reserved for medically approved substances
that have some potential for abuse (21 U.S.C. § 812 (b) (3)). To buttress its
request for rescheduling, Unimed supported an analysis of Marinol’s
abuse liability by researchers at the Haight Ashbury Free Clinic of San
Francisco, which treats many cannabis-dependent patients and people
who have HIV/AIDS. The analysis found no evidence of abuse or diver-
sion of Marinol after a literature review and surveys and interviews of
medical specialists in addiction, oncology, cancer research, and treatment
of HIV, and people in law enforcement. The authors attribute Marinol’s
low abuse potential to its slow onset of action, its dysphoric effects, and
other factors.12  On November 5, 1998, the DEA announced a proposal to
reschedule Marinol to Schedule III.17  As of this writing, no formal action
on that proposal had been taken.

The rescheduling of a drug from Schedule II to Schedule III is consid-
ered important because it lifts some of the restrictions on availability. For
example, Unimed expects a sales increase of about 15–20% as a result of
rescheduling. In its judgment and that of many other pharmaceutical com-
panies,33  scheduling limits market penetration; the more restrictive the
schedules, the greater the limitation. The reasons are that physicians and
other providers are reluctant to prescribe Schedule II drugs; patients are
deterred from seeking prescriptions because of Schedule II prohibition of
refills, as opposed to other commercially available scheduled substances;
additional restrictions are imposed by several states, such as quantity re-
strictions (for example, 30-day supply limits) and triplicate prescriptions;50

and some Schedule II drugs are excluded from hospital formularies be-
cause of onerous security and paperwork requirements under federal and
state controlled substances laws.

Market Growth and Transformation

Annual sales of Marinol are estimated at $20 million, according to
Unimed. Of Marinol’s patient population 80% use it for HIV, 10% for can-
cer chemotherapy, and about 5–10% for other reasons. The latter group is
thought to consist of Alzheimer’s patients drawn to the drug by a recently
published clinical study indicating Marinol’s promise for the treatment of
their anorexia and disturbed behavior.58  As noted earlier, Unimed cannot
promote Marinol for this unlabeled indication, but physicians are free to
prescribe it for such an indication. Unimed is conducting additional re-
search in pursuit of FDA approval of a new indication for Marinol in the
treatment of Alzheimer disease.

The 1992 approval of Marinol for the treatment of anorexia in AIDS
patients marked a major transformation in the composition of the patient
population. Marinol’s use had been restricted to oncology patients. The

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

DEVELOPMENT OF CANNABINOID DRUGS 205

oncology market for Marinol gradually receded as a result of the intro-
duction of newer medications, including such serotonin antagonists as
ondansetron, which are more effective (see chapter 4, “Nausea and Vom-
iting) and are not scheduled. Much of the recent growth of the market for
Marinol (which is about 10% per year) is attributed to its increasing use
by HIV patients being treated with combination antiretroviral therapy.
Marinol appears to have a dual effect, not only stimulating appetite but
also combating the nausea and vomiting associated with combination
therapy. Unimed is supporting a Phase II study to examine this combined
effect and, with promising results, plans to seek FDA approval for this
new indication.

Unimed has two forms of market protection for Marinol. In Decem-
ber 1992, the FDA granted Marinol seven years of exclusive marketing
under the Orphan Drug Act. The market exclusivity is related to Marinol’s
use in anorexia associated with AIDS. Because of the designated orphan
indication, the active ingredient, THC, cannot be marketed by another
manufacturer for the same indication until December 1999. Other phar-
maceutical manufacturers are not constrained from manufacturing and
marketing THC for its other indication, antiemesis for cancer chemo-
therapy, but none appears to be interested in what is, by pharmaceutical
company standards, a small market. In addition to market exclusivity,
Unimed secured in June 1998 a “use patent” for dronabinol for the treat-
ment of disturbed patients with dementia; this confers patent protection
to Unimed for this use for 20 years from the date of filing of the applica-
tion,* assuming that this indication eventually gains FDA approval.

The rate-limiting factors in the growth of the market for Marinol, ac-
cording to Unimed are the lack of physician awareness of the drug’s effi-
cacy, its adverse effects, and its restricted availability as a result of place-
ment in Schedule II. Unimed perceives only a small percentage of its
market to be lost to “competition” from marijuana itself, but there are,
admittedly, no reliable statistics on the number of people who have chosen
to treat their symptoms with illegally obtained marijuana, despite their
ability to obtain Marinol.

New Routes of Administration

It is well recognized that Marinol’s oral route of administration ham-
pers its effectiveness because of slow absorption and patients’ desire for

*A use patent—also known as a process patent—accords protection for a method of using
a composition or compound. A use patent is not considered as strong as a product patent,
which prohibits others from manufacturing, using, or selling the product for all uses, rather
than for the specific use defined in a use patent.
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more control over dosing. A drug delivered orally is first absorbed from
the stomach or small intestine and then passed through the liver, where it
undergoes some metabolism before being introduced into the circulation.
To overcome the deficiencies of oral administration, Unimed activated an
IND in 1998 as a step toward developing new formulations for Marinol.
Four new formulations—deep lung aerosol, nasal spray, nasal gel, and
sublingual preparation—are under study in Phase I clinical studies being
conducted in conjunction with Roxane Laboratories. These formulations
seek to deliver Marinol to the circulation more rapidly and directly. The
first two fall under inhalation as a route of administration. Inhalation is
considered the most promising method, owing to the rapidity of onset of
its effects and potential for better titration of the dose by the patient, but it
might also carry an increased potential for abuse. The abuse of a drug
correlates with its rapidity of onset (G. Koob, IOM workshop). Sublingual
route (under the tongue) administration also affords rapid absorption into
the circulation, in this case from the oral mucosa. Other researchers are
pursuing the delivery of THC through rectal suppositories, but this slower
route might not be acceptable to many patients. Transdermal (skin
patches) administration, which is best suited to hydrophilic drugs, is pre-
cluded by the lipophilicity of THC. Thus, the choice of routes of adminis-
tration depends heavily on the physicochemical characteristics of the drug
and on its safety, abuse liability, and tolerability.

Unimed expects the FDA to require it to conduct studies of the bio-
availability, efficacy, and possibly abuse liability of any new formulation
it seeks to market. Any formulation that expedites Marinol’s onset of ac-
tion, as suggested above, is thought to carry greater possibility of abuse.
The cost of developing each new formulation is estimated by Unimed at
$7–$10 million.

Unimed and Roxane are developing, or considering development of,
five new indications for Marinol: disturbed behavior in Alzheimer’s dis-
ease, nausea and vomiting in HIV patients who are receiving combination
therapy, spasticity in multiple sclerosis, intractable pain, and anorexia in
cancer and renal disease.

Costs of Marinol and Marijuana

During the IOM public workshops held during the course of this
study, many people commented that an important advantage of using
marijuana for medical purposes is that it is much less expensive than
Marinol. But this comparison is deceptive. While the direct costs of mari-
juana are relatively low, the indirect costs can be prohibitive. Individuals
who violate federal or state marijuana laws risk a variety of costs associ-
ated with engaging in criminal activity, ranging from increased vulner-
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ability to theft and personal injury legal fees to long prison terms. In addi-
tion, when purchasing illicit drugs there is no guarantee that the product
purchased is what the seller claims it is or that it is not contaminated.

The price of Marinol for its most commonly used indication, anorexia
in AIDS, is estimated at $200 per month. The less common indication—
nausea and vomiting with cancer chemotherapy—is not as expensive be-
cause it is not chronic. Regardless of indication, patients’ out-of-pocket
expenses tend to be much less—often minimal—because of reimburse-
ment through public or private health insurance. For indigent patients
who are uninsured, Roxane sponsors a patient assistance program to de-
fray the cost.

The street value of marijuana, according to the DEA’s most recent
figures, is about $5–$10 per bag of loose plant.16* At the California buyers’
clubs, the price is $2–$16 per gram, depending on the grade of marijuana.
The cost to a patient using marijuana depends on the number of cigarettes
smoked each day, their THC content, and the duration of use. Insurance
does not cover the cost of marijuana. In addition, it is possible for a person
to cultivate marijuana privately with little financial investment.

Thus, Marinol appears to be less expensive than marijuana for pa-
tients with health insurance or with financial assistance from Roxane. But
if the full cost of Marinol is borne out of pocket by the patient, the cost
comparison is not so unambiguous. In this case the daily cost in relation
to marijuana varies according to the number of cigarettes smoked: If the
patient smokes two or more marijuana cigarettes per day, Marinol might
be less expensive than marijuana; if the patient smokes only one mari-
juana cigarette per day, Marinol might be more expensive than marijuana,
according to an analysis submitted to the DEA by Unimed. The cost com-
parisons will depend on fluctuations in the retail price and street value of
Marinol and marijuana, respectively, and will vary if marijuana becomes
commercially available.

In summary, Marinol has been on the U.S. market since 1985. Its com-
mercial development depended heavily on research supported by the
NIH. Marinol’s market has grown to $20 million in annual sales. Further
market growth is expected but is still constrained by lack of awareness,
adverse effects, the oral route of administration, and restrictions imposed
by drug scheduling. The manufacturer is proceeding with research on
new forms of delivery to overcome the problems associated with oral ad-
ministration. The manufacturer also is proceeding with research on an
array of new indications for Marinol.

*The DEA did not provide an estimate of the weight of marijuana per bag.
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MARKET OUTLOOK FOR CANNABINOIDS

The potential therapeutic value of cannabinoids is extremely broad. It
extends well beyond antiemesis for chemotherapy and appetite stimula-
tion for AIDS, the two indications for which the FDA has approved
dronabinol (Marinol). Chapter 4 of this report assesses the possible wider
therapeutic potential of marijuana and THC in neurological disorders,
glaucoma, and analgesia—all conditions for which clinical research has
been under way to fulfill unmet patient needs. New therapeutic uses are
being explored in preclinical research. For any of these therapeutic indica-
tions, will novel cannabinoids reach the market to satisfy the medical
needs of patients?

Economic Factors in Development

The outcomes of preclinical and clinical research determine whether
a drug is sufficiently safe and effective to warrant FDA approval for
marketing. But the decisions to launch preclinical research and to proceed
to clinical trials if early results are promising are dictated largely by eco-
nomic factors. A pharmaceutical company must decide whether to invest
in what is universally regarded as a long and risky research path. For any
given drug the question is, Will there be an adequate return on invest-
ment? The investment in this case is the high cost of developing a drug.
The expectation of high financial returns on investment is what drives
drug development.44,53

Market analyses are undertaken to forecast whether a drug will reap
a substantial return on investment. The market analysis for a cannabinoid
is likely to be shaped by various factors. The average cost of developing a
cannabinoid is likely to be higher than that of developing other drugs if
its clinical indication is in the therapeutic categories of neuropharma-
ceutical or nonsteroidal antiinflammatory drug, the two therapeutic cat-
egories associated with the highest research and development costs.19  One
reason for higher costs is the need to satisfy the DEA’s regulatory require-
ments related to drug scheduling.

On the “market return” side are multiple factors. A market analysis
examines the expected returns from the possible markets for which a can-
nabinoid could be clinically pursued. The financial size of each market is
calculated mostly on the basis of the current and projected patient preva-
lence (for a given clinical indication), sales data (if available), and compe-
tition from other products. The duration of use is also factored in—a drug
needed for long-term use in a condition with an early age of onset is desir-
able from a marketing perspective. Factors that can augment or diminish
market return include patentability and other forms of market protection,
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reimbursement climate, restrictions in access due to drug scheduling,
social attitudes, adverse effect profile, and drug interactions.33,53  New
cannabinoids generally can receive product patents, giving the patent
holder 20 years of protection from others seeking to manufacture or sell
the same product. According to U.S. patent law, the product must be novel
and “nonobvious” in relation to prior patents.28

Cannabinoids under Development

From publicly available sources, the IOM was able to learn of several
cannabinoids being developed for human use (Table 5.2). With the excep-
tion of Marinol and marijuana, all are in the preclinical phase of testing
in the United States. This list might not be comprehensive, inasmuch as
other compounds could be under development, but that information is

TABLE 5.2 Cannabinoids Under Development for Human Use

Name of Stage of U.S. FDA Possible
Drug Investigator Development Pharmacology Status Indication(s)

HU-211 Pharmos Corp. Clinical NMDA None Neuroprotection
Phase II receptor (neurotrauma,
in Israel antagonist stroke,

Parkinson’s,
Alzheimer’s)

CT-3 Atlantic Preclinical Nonpsycho- None Antiinflammatory
Pharmaceuticals active analgesia

THC Unimed Roxane Clinical Cannabinoid IND (See text)
Labs Phase I receptor

agonist
Marijuana HortaPharm Clinical Cannabinoid None Multiple sclerosis

plant GW Pharma- in mixture
ceuticals Englanda

Donald Abrams, Clinical Cannabinoid IND HIV-related
M.D. Phase I mixture appetite

stimulation
Ethan Russo, Cannabinoid IND Migraine
M.D. mixture pending

aClinical trials are to proceed in the next few years under a license from the British Home
Office.10

SOURCES: Glain, 199827; Atlantic Pharmaceuticals, 19977; Striem et al., 199755; Nainggolan,
199737; Zurier et al., 199861; D. Abrams and E. Russo, personal communications, 1998; R.
Dudley, personal communication, 1998; Pharmaprojects Database, 1998.
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proprietary.* The table does not list the full complement of cannabinoids,
both agonists and antagonists, being used in research as tools to under-
stand the pharmacology of cannabinoids (for more comprehensive lists of
cannabinoids, see Felder and Glass, 199826; Mechoulam et al., 199836;
Howlett, 199530; Pertwee 199746). Nor does it list cannabinoids once con-
sidered for development but later discontinued. An 18-year survey of an-
algesics in development in 1980–1998 found that six of the nine cannab-
inoids under development for analgesia were discontinued or
undeveloped,49,† but work on most of these was halted before 1988, when
the first endogenous cannabinoid receptor was discovered (chapter 3).

Three points can be made on the basis of Table 5.2. First, virtually all
of the listed cannabinoids are being developed by small pharmaceutical
companies or by individuals. In general, that implies that their develop-
ment is considered especially risky from a commercial standpoint in that
small companies are often willing to assume greater development risks
than larger more established firms (W. Schmidt, personal communication,
1998). Without the benefit of sales revenues, small companies are able to
fund their research through financing from venture capital, stock offer-
ings, and relationships with established pharmaceutical companies.43

Second, with the exception of THC, no constituents of the marijuana
plant appear to be undergoing development by pharmaceutical compa-
nies. A number of plant compounds have been tested in experimental
models and humans. For example, the antiemetic properties and negli-
gible side effects of ∆8-THC were demonstrated in a clinical trial in
children who were undergoing cancer chemotherapy,1 but no sponsor was
interested in developing ∆8-THC for commercial purposes (R.
Mechoulam, Hebrew University, personal communication, 1998). The ab-
sence of plant cannabinoids under development implies that the specter
of automatic placement in Schedule I under the CSA is an important de-
terrent, even though rescheduling would occur before marketing.†† The
point from the earlier discussion is that automatic, as opposed to de novo,
scheduling appears to cast a pall over development of a cannabinoid
found in the plant. Another impediment is that a cannabinoid extracted

*Information about the existence of an IND is proprietary; it can be confirmed only by the
manufacturer, not the FDA.

†Discontinued: levonantradol, nabitan, nantradol, and pravadoline. Undeveloped: CP-
47497 and CP-55244.

††As a result of the FDA’s approval of an NDA, the drug would be, at a minimum, re-
scheduled in Schedule II. Depending on abuse liability data supplied by the manufacturer
and the FDA’s recommendation, the drug could be moved to a less restrictive schedule or be
descheduled.
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from the plant is not likely to fulfill the criteria for a product patent, al-
though other forms of market protection are possible. Marinol, for ex-
ample, was accorded orphan drug status and its manufacturer obtained a
use patent.

Third, cannabinoids are being developed for therapeutic applications
beyond those discussed earlier in this chapter and in chapter 4. One of the
most prominent new applications of cannabinoids is for “neuro-
protection,” the rescue of neurons from cell death associated with trauma,
ischemia, and neurological diseases.29,36 Cannabinoids are thought to be
neuroprotective—through receptor-dependent51 as well as receptor-
independent pathways; both THC, which binds to CB1 receptors, and
CBD, which does not, are potent antioxidants, effective neuroprotectants
because of their ability to reduce the toxic forms of oxygen (free radicals)
that are formed during cellular stress.29  The synthetic cannabinoid
HU-211 (dexanabinol) is an antioxidant and an antagonist of the NMDA
receptor, rather than an agonist at the cannabinoid receptor.52  Earlier
research demonstrated that HU-211 protects neurons from neurotoxicity
induced by excess concentrations of the excitatory neurotransmitter
glutamate. Excess release of glutamate, which acts by binding to the
NMDA receptor, is associated with trauma and disease.54  As an NMDA
antagonist, HU-211 blocks the damaging action of glutamate and other
endogenous neurotoxic agents.52,55  After having been studied in the
United Kingdom in Phase I clinical trials, HU-211 progressed to Phase II
clinical trials in Israel for treatment of severe closed-head trauma (Knoller
et al., 1998).35

Market Prospects

It is difficult to gauge the market prospects for new cannabinoids.
There certainly appears to be scientific interest, particularly for the dis-
covery of new cannabinoids, but whether this interest can be sustained
commercially through the arduous course of drug development is an open
question. Research and development experience is limited; only one can-
nabinoid, dronabinol, is commercially available, and most of its research
and development costs were shouldered by the federal government. Fur-
thermore, the size of dronabinol’s market (at about $20 million) is modest
by pharmaceutical company standards. None of the other cannabinoids
in development has reached clinical testing in the United States. Their
scientific, regulatory, and commercial fates are likely to be very important
in shaping future investment patterns. Experience with the drug schedul-
ing process also is likely to be watched very carefully. If the early prod-
ucts are heavily regulated in the absence of strong abuse liability, future
development might be deterred. For the present, what seems to be clear
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from the dearth of products in development and the small size of the com-
panies sponsoring them is that cannabinoid development is seen as espe-
cially risky.

One scenario is that cannabinoids will be pursued for lucrative mar-
kets that reflect large unmet medical needs. Of the therapeutic needs for
which cannabinoid receptor agonists have been tested, analgesia is by far
the largest. The annual U.S. prescription and over-the-counter analgesic
market in 1997 was $4.4 billion.49  Given the long-standing need for less
addictive, safer, easier to use, and more effective drugs for acute and
chronic pain, it would not be surprising to see cannabinoids developed to
treat some segments of the current analgesic market, if their safety and
effectiveness were clearly established in clinical trials.

In addition to cannabinoid receptor agonists, two classes of cannab-
inoid-related drugs might prove therapeutically useful: cannabinoid
antagonists and inverse agonists, compounds that bind to receptors but
produce effects opposite those of agonists. Neither would be subject to
the same scheduling concerns as cannabinoid agonists because they are
not found in marijuana and would be highly unlikely to have any abuse
potential. Another set of cannabinoid-related drugs, such as those that
affect the synthesis, uptake, or inactivation of endogenous cannabinoids
might, however, have abuse potential because they would influence the
signal strength of endogenous cannabinoids.

The development of specific cannabinoid antagonists, like SR141716A
for CB1 receptors and SR144528 for CB2 receptors, has provided a sub-
stantial impetus to understand cannabinoid actions. Those compounds
block many of the effects of THC in animals, and their testing in humans
has just begun. Cannabinoid antagonists have physiological effects on
their own, in the absence of THC. They might have important therapeutic
potential in a variety of clinical situations. For example, THC reduces
short-term memory, so it is possible that a CB1 antagonist like SR141716A
could act as a memory-enhancing agent. Similarly, for conditions in which
cannabinoids decrease immune function (presumably by binding to CB2
receptors in immune cells), a CB2 antagonist might be useful as an immune
stimulant.

Cannabinoid inverse agonists would exert effects opposite those of
THC and might thus cause appetite loss, short-term memory enhance-
ment, nausea, or anxiety. Those effects could possibly be separated by
molecular design, in which case inverse agonists might have some thera-
peutic value. One report has been published suggesting that the CB1
receptor antagonist, SR141617A,11 is an inverse agonist, and there will
likely be others.
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REGULATION OF AND MARKET OUTLOOK FOR MARIJUANA

Marijuana is not legally marketed in the United States.* No sponsor
has ever sought marketing approval from the FDA for medical use of
marijuana. One sponsor has an IND for a clinical safety study on HIV
anorexia (D. Abrams, University of California at San Francisco, personal
communication, 1998). Another has an IND pending for the treatment of
migraine headaches (E. Russo, Western Montana Clinic, personal com-
munication, 1998). Since 1970, marijuana’s manufacture and distribution
have been tightly restricted under the CSA, which places marijuana in
Schedule I, which is reserved for drugs or other substances with “a high
potential for abuse,” “no currently accepted medical use,” and “lack of
accepted safety for use . . . under medical supervision” (21 U.S.C. § 812
(b)(1)).

Marijuana has remained in Schedule I despite persistent efforts at re-
scheduling since the 1970s by advocacy groups, such as NORML. Through
petitions to the DEA, advocacy groups contend that marijuana does not
fit the legal criteria for a Schedule I substance, owing to its purported
medical uses and lack of high abuse liability.3,4,48  Another rescheduling
petition, which was filed in 1995, is being evaluated by the FDA and DEA.

Availability for Research

To use marijuana for research purposes, researchers must register
with the DEA, as well as adhere to other relevant requirements of the CSA
and other federal statutes, such as the FD&C act. The National Institute
on Drug Abuse (NIDA), one of the institutes of NIH, is the only organiza-
tion in the United States licensed by the DEA to manufacture and distrib-
ute marijuana for research purposes. NIDA performs this function under
its Drug Supply Program.† Through this program, NIDA arranges for
marijuana, to be grown and processed through contracts with two organi-
zations: the University of Mississippi and the Research Triangle Institute.
The University of Mississippi grows, harvests, and dries marijuana; and
the institute processes it into cigarettes. A researcher can obtain marijuana
free of charge from NIDA through an NIH-approved research grant to
investigate marijuana, or through a separate protocol review.39  Research
grant approvals are handled through the conventional NIH peer review

*Under the CSA, its only legal use is in research under strictly defined conditions.
†This is also the program through which several patients receive marijuana under a com-

passionate use program monitored by the FDA. For history and information on this effort,
see Randall (1993).48
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process for extramural research, a highly competitive process with a suc-
cess rate in 1997 of 32% of approved NIDA grants.41  Through the sepa-
rate protocol review, in which a researcher funds research independently
of an NIH grant, NIDA submits the researcher’s protocol to several exter-
nal reviewers who evaluate the protocol on the basis of scientific merit
and relevance to the mission of NIDA and NIH.

Through those two avenues marijuana has been supplied to several
research groups—most of those that apply. While there has been much
discussion of NIDA’s alleged failure to supply marijuana for research pur-
poses, we are unaware of recent cases in which they failed to supply mari-
juana to an investigator with an NIH-approved grant for research on mari-
juana. Donald Abrams’s difficulty in obtaining research funding and
marijuana from NIDA has been much discussed,2 but the case of a single
individual should not be presumed to be representative of the commu-
nity of marijuana researchers. Failure of investigators who apply to NIH
for marijuana research grants to receive funding is hardly exceptional: in
1998 less than 25% of all first-time investigator-initiated grant applica-
tions (known as RO1s) to the NIH were funded.38

To import marijuana under the CSA for research purposes, the proce-
dures are more complex. Under DEA regulations, marijuana can be im-
ported, provided that the researcher is registered with the DEA, has
approval for marijuana research (21 CFR § 1301.11, .13, and .18), and has a
DEA-approved permit for importation (21 CFR § 1312.11, .12, and .13),
and that the exporter in the foreign country has appropriate authorization
by the country of exportation. Importation would enable U.S. researchers
to conduct research on marijuana grown by HortaPharm, a company that
has developed unique strains of marijuana. However, no U.S. researcher
has imported HortaPharm’s marijuana because Dutch authorities have
refused to issue an export permit, despite the issuance of an import per-
mit by the DEA (D. Pate, HortaPharm, personal communication, 1998).*

HortaPharm, which is in the Netherlands, grows marijuana as a raw
material for the manufacture of pharmaceuticals. Through selective breed-
ing and controlled production, HortaPharm has developed marijuana
strains that feature single cannabinoids, such as THC or cannabidiol. The
plants contain a consistently “clean” phytochemical profile and a higher

*It might eventually be possible to import HortaPharm’s marijuana from England, where
HortaPharm is growing its marijuana strains for research use in clinical trials for multiple
sclerosis (Boseley, 1998).10 England, as the country of origin, would have to provide appro-
priate authorization for export of the strains to the United States. Permission to export for
research purposes is part of the basis for HortaPharm’s participation in this project with GW
Pharmaceuticals through a special set of licenses with the British Home Office (David Pate,
HortaPharm, personal communication, 1998).
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concentration of THC (16%) or other desired cannabinoids than seized
marijuana. Marijuana seized in the United States in 1996 had a THC con-
tent averaging about 5%.16  Consistency of THC content is desirable
because it overcomes the natural variability due to latitude, weather, and
soil conditions. Product consistency is a basic tenet of pharmacology
because it enables standardized dosing for regulatory and treatment
purposes.

The difficulties of conducting research on marijuana were noted in
the 1997 NIH report40 that recommended that NIH facilitate clinical
research by developing a centralized mechanism to promote design,
approval, and conduct of clinical trials.

Regulatory Hurdles to Market

For marijuana to be marketed legally in the United States, a sponsor
with sufficient resources would be obliged to satisfy the regulatory re-
quirements of both the FD&C act and the CSA.

Under the FD&C act, a botanical product like marijuana theoretically
might be marketed in oral form as a dietary supplement;* however, as a
practical matter, only a new drug approval is likely to satisfy the provi-
sions of the CSA, which require prescribing and distribution controls on
drugs of abuse that also have an “accepted medical use.” (The final para-
graphs of this section clarify the criteria for “accepted medical use.”)

Bringing marijuana to market as a new drug is uncharted terrain. The
route is fraught with uncertainty for at least three pharmacological rea-
sons: marijuana is a botanical product, it is smoked, and it is a drug with
abuse potential. In general, botanical products are inherently more diffi-
cult to bring to market than are single chemical entities because they are
complex mixtures of active and inactive ingredients. Concerns arise about
product consistency, potency of the active ingredients, contamination, and
stability of both active and inactive ingredients over time. These are
among the concerns that a sponsor would have to overcome to meet the
requirements for an NDA, especially those related to safety and to chem-
istry, manufacturing, and control.

A handful of botanical preparations are on the market, but none
received formal approval as a new drug by today’s standards of safety
and efficacy (FDA, Center for Drug Evaluation and Research, personal
communication, 1998). The three marketed botanical preparations are
older drugs that came to market years before safety and efficacy studies
were required by legislative amendments in 1938 and 1962, respectively.

*Inhaled products may not lawfully be marketed as dietary supplements.
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One of the botanical preparations is the prescription product digitalis.
Because it came to market before 1938, it is available today, having been
“grandfathered” under the law; but it does not necessarily meet contem-
porary standards for safety and effectiveness.20  Two other botanical
preparations, psyllium and senna, came to market between 1938 and 1962.
Drugs entering the market during that period were later required to be
evaluated by the FDA in what is known as the over-the-counter drug re-
view process,20  through which psyllium and senna were found to be gen-
erally recognized as safe and effective and so were allowed to remain on
the market as over-the-counter drugs.* Although no botanical prepara-
tions have been approved as new drugs, it is important to point out that a
number of individual plant constituents, either extracted or synthesized
de novo, have been approved (for example, taxol and morphine). But these
drug approvals were for single constituents rather than botanical prepa-
rations themselves. The FDA is developing guidance for industry to ex-
plain how botanicals are reviewed as new drugs, but the final document
might not be available before 1999.

That marijuana is smoked might pose an even greater regulatory chal-
lenge. The risks associated with smoking marijuana are described in chap-
ter 2. The FDA would have to weigh those risks with marijuana’s thera-
peutic benefits to arrive at a judgment about whether a sponsor’s NDA
for marijuana met the requirements for safety and efficacy under the
FD&C act. Marijuana delivered in a novel way that avoids smoking would
overcome some, but not all, of the regulatory concerns. Vaporization de-
vices that permit inhalation of plant cannabinoids without the carcino-
genic combustion products found in smoke are under development by
several groups; such devices would also require regulatory review by the
FDA.

The regulatory hurdles to market posed by the CSA are formidable
but not insurmountable. If marijuana received market approval as a drug
by the FDA, it would most likely be rescheduled under the CSA, as was
the case for dronabinol. That is because a new drug approval satisfies the
“accepted medical use” requirement under the CSA for manufacture and
distribution in commerce.13  But a new drug approval is not the only means
to reschedule marijuana under the CSA.14  For years advocates for re-
scheduling have argued that marijuana does enjoy “accepted medical
use,” even in the absence of a new drug approval. Although advocates
have been unsuccessful in rescheduling efforts, their actions prompted

*Over-the-counter monographs for these products have been issued as tentative final
monographs (proposed rules) but have not yet been issued in final form as final rules (FDA,
Center for Drug Evaluation and Research, personal communication, 1998).
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the DEA to specify the criteria by which it would determine whether a
substance had “accepted medical use.” In the DEA’s 1992 denial of a re-
scheduling petition, it listed these elements as constituting “accepted
medical use”: the drug’s chemistry must be known and reproducible,
there must be adequate safety studies, there must be adequate and well-
controlled studies proving efficacy, the drug must be accepted by quali-
fied experts, and the scientific evidence must be widely available.14

Assuming that all of those criteria were satisfied, marijuana could be
rescheduled—but into which schedule? The level of scheduling would be
dictated primarily by a medical and scientific recommendation to the DEA
made by the secretary of DHHS.* As noted earlier, this recommendation
is determined by the five scheduling criteria listed in the CSA. However,
scheduling in a category less restrictive than Schedule II might be prohib-
ited by international treaty obligations. The Single Convention on Nar-
cotic Drugs, a treaty ratified by the United States in 1967, restricts sched-
uling of the plant and its resin to at least Schedule II (the more restrictive
Schedule I is another option).13

Market Outlook

The market outlook for the development of marijuana as a new drug,
on the basis of the foregoing analysis, is not favorable, for a host of scien-
tific, regulatory, and commercial reasons. From a scientific point of view,
research is difficult because of the rigors of obtaining an adequate supply
of legal, standardized marijuana for study. Further scientific hurdles are
related to satisfying the exacting requirements for FDA approval of a new
drug. The hurdles are even more exacting for a botanical product because
of the inherent problems with, for example, purity and consistency. Fi-
nally, the health risks associated with smoking pose another barrier to
FDA approval unless a new smoke-free route of administration is demon-
strated to be safe. Depending on the route of administration, an addi-
tional overlay of regulatory requirements might have to be satisfied.

From a commercial point of view, uncertainties abound. The often-
cited cost of new drug development, about $200–$300 million, might not
apply, but there are probably additional costs needed to satisfy the FDA’s
requirements for a botanical product. As noted above, no botanical prod-
ucts have ever been approved as new drugs by the FDA under today’s
stringent standards for safety and efficacy. Satisfying the legal require-

*At present, there is no practical mechanism for generating such a recommendation out-
side the new drug approval process, although such a mechanism could, theoretically, be
developed.33
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ments of the CSA also will add substantially to the cost of development.
On the positive side, so much research already has been done that some
development costs will be lower. The cost of bringing dronabinol to mar-
ket, for example, was reduced dramatically as a result of clinical trials
supported with government funding. Nevertheless, it is impossible to es-
timate the cost of developing marijuana as a new drug. Estimating return
on investment is similarly difficult. A full-fledged market analysis would
be required for the indication being sought. Such an analysis would take
into account the market limitations resulting from drug scheduling re-
strictions, stigma, and patentability.

The plant does not constitute patentable subject matter under U.S.
patent law because it is unaltered from what is found in nature. So-called
products of nature are not generally patentable.28  New marijuana strains,
however, could be patentable in the United States under a product patent
or a plant patent because they are altered from what is found in nature. (A
product patent prohibits others from manufacturing, using, or selling each
strain for 20 years; a plant patent carries somewhat less protection.)
HortaPharm has not yet sought any type of patent for its marijuana strains
in the United States, but it has received approval for a plant registration in
Europe (David Watson, HortaPharm, personal communication, 1998).

In short, development of the marijuana plant is beset by substantial
scientific, regulatory, and commercial obstacles and uncertainties. The
prospects for its development as a new drug are unfavorable unless return
on investment is not a driving force. It is noteworthy that no pharmaceu-
tical firm has sought to bring it to market in the United States. The only
interest in its development appears to be in England in a small pharma-
ceutical firm (see Boseley, 199810) and in the United States among physi-
cians without formal ties to pharmaceutical firms (D. Abrams, University
of California at San Francisco, and E. Russo, Western Montana Clinic, per-
sonal communications, 1998).

CONCLUSIONS

Cannabinoids are an interesting group of compounds with potentially
far-reaching therapeutic applications. There is a surge of scientific interest
in their development as new drugs, but the road to market for any new
drug is expensive, long, risky, and studded with scientific, regulatory,
and commercial obstacles. Experience with the only approved cannab-
inoid, dronabinol, might not illuminate the pathway because of the
government’s heavy contribution to research and development, drona-
binol’s scheduling history, and its small market.

There appear to be only two novel cannabinoids actively being devel-
oped for human use, but they have yet to be tested in humans in the
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United States. Their experience is likely to be more predictive of the
marketing prospects for other cannabinoids. It is too early to forecast the
prospects for cannabinoids, other than to note that their development at
this point is considered to be especially risky, to judge by the paucity of
products in development and the small size of the pharmaceutical firms
sponsoring them.

The market outlook in the United States is distinctly unfavorable for
the marijuana plant and for cannabinoids found in the plant. Commercial
interest in bringing them to market appears nonexistent. Cannabinoids in
the plant are automatically placed in the most restrictive schedule of the
Controlled Substances Act, and this is a substantial deterrent to develop-
ment. Not only is the plant itself subject to the same scheduling strictures
as are individual plant cannabinoids, but development of marijuana also
is encumbered by a constellation of scientific, regulatory, and commercial
impediments to availability.
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APPENDIX A
Individuals and Organizations

That Spoke or Wrote to the
Institute of Medicine About

Marijuana and Medicine

Donald I. Abrams
University of California at San

Francisco

Jill Aguilera
Colorado Federation of Parents

William F. Alden
D.A.R.E. America

Roger D. Anderson
Anderson Clinical Research

M. Douglas Anglin
UCLA Drug Abuse Research

Center

Dave Baleria
Jackson County Sheriff’s Office

Joe Barker

Frank Bartosic
Minister of Universal Life

Church

Dana Beal
Cures Not Wars

J. Bellam
Center for Drug Information

Sandra S. Bennett
Northwest Center for Health and

Safety

Anna T. Boyce
California Senior Legislature

(Prop 215)

William Britt

Richard Brookhiser
National Review

Ronald Brooks
California Narcotic Officers

Association

Bonnie Broussard
L.A. Takes a Stand, Inc.
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Al Byrne
Patients Out of Time

Marvin Edward Chavez, Sr.
O.C. Patient-Doctor-Nurse

Support Group Cannabis
Co-Op

Steven Childers
Bowman Gray School of

Medicine
Wake Forest University

Barb Christensen
Prevention Partners

Gale Cincotta
National People’s Action

Carol Coburn
Prevention Partners

Chris Conrad
Author of Hemp for Health

Paul Consroe
University of Arizona

J. Richard Crout
Private Consultant

Judy Cushing
Oregon Partnership, National

Family Partnership

John De Miranda
Peninsula Health Concepts

Mahendra Dedhiya
Roxane Laboratories, Inc.

Robert Deitch
Cannabis Freedom Fund

Philip Diaz
Physicians for Prevention

Stephen L. Dilts
American Academy of Addiction

Psychiatry

Rick Doblin
MAPS and Kennedy School of

Government

Del Dolton

Barbara Douglass

Drug-Free Youth—USA

Robert Dudley
UNIMED

Victoria Duran
National Parents and Teachers

Association

David Edwards

Edward Ehman
Certified Prevention Specialist

Mahmoud ElSohly
University of Mississippi

Mouncey Ferguson

Howard L. Fields
University of California at San

Francisco

Jody Fitt

Richard W. Foltin
Columbia University
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Etienne Fontan
Cannabis Alliance of Veterans,

1st CAV

Meg Foster

Phyllis Gardner
ALZA Corporation

Charles V. Giannasio
American Academy of Addiction

Psychiatry

Dale Gieringer
California NORML, Friends of

215

Mark Gold
University of Florida Brain

Institute

Richard Gralla
OCHSNER Cancer Institute

Linda Hall
Pride, Omaha, Inc.

Margaret Haney
Columbia University

Ann Hansen
Michigan Communities in Action

for Drug-Free Youth

Jim Hardin

Terry Hensley
Drug-Free America Foundation

Kimberly Hessel
American Cancer Society and

Muscatine General Hospital

Michele Hodak
National Education Association

Leo Hollister
Harris County Psychiatric Center

Jennifer Hudson
Oregonians Against Dangerous

Drugs

Paul Isford

Becki Jelinek
Family Service/South Omaha

Counseling

Jeffery Jones
Oakland Cannabis Buyers’

Cooperative

Linda R. Wolf Jones
Therapeutic Communities of

America

Norbert E. Kaminski
Michigan State University

Robert Kampia
Marijuana Policy Project

Paul L. Kaufman
University of Wisconsin Medical

School

Andrew Kinnon

Thomas Klein
University of South Florida

College of Medicine

Audra Koerber
Orange County Patient, Doctor,

Nurse Support Group
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Ellen Komp
San Luis Obispo Citizens for

Medical Marijuana

George Koob
Scripps Research Institute

Thomas R. Kosten
American Academy of Addiction

Psychiatry

Donald Kotler
St. Luke’s-Roosevelt Hospital

Michael Krawitz
Disabled American Veterans,

American Legion

Kiyoshi Kuromiya
Critical Path AIDS Project

Karin Kyles
Connecticut Communities for

Drug-Free Youth, Inc.

Eric Larson
University of Washington

Medical Center

Linda B. Ledger
O. J. Federation for Drug-Free

Communities

Carla Lowe

Ray Lozano
C.A.D.F.Y.

Patrick Magee
Orange County Hemp Council

Robert L. Maginnis
Family Research Council

Billy R. Martin
Virginia Commonwealth

University

Mary Lynn Mathre
Patients Out of Time

Jeane McCarty
West Coast Neonatology

Todd McCormick

JoAnna McKee
Green Cross Patient Co-Op

Manon McKinnon
Empower America

George McMahon

Peter McWilliams

John Edward Mendelson
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Workshop Agendas

Workshop on Perspectives on the Medical Use of Marijuana:
Basic and Clinical Science

December 14–16, 1997
Beckman Center, Irvine, California

AGENDA

Sunday, December 14, 1997

2:00 p.m. Introduction
Constance Pechura, IOM Division Director,
Neuroscience and Behavioral Health

2:30 p.m. Public Input Session, 5 minutes per person
Moderator: Stanley Watson, Jr., IOM Study Investigator,
University of Michigan

5:30 p.m. ADJOURN
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Monday, December 15, 1997

CANNABINOID NEUROSCIENCE

8:30 a.m. Moderator: Stanley Watson, IOM Study Investigator,
University of Michigan

8:45 a.m. Neuropharmacology of Cannabinoids and Their Receptors
Steven R. Childers, Wake Forest University School of
Medicine

9:15 a.m. Precipitated Cannabinoid Withdrawal and Sensory
Processing of Painful Stimuli

J. Michael Walker, Brown University

9:45 a.m. Role of Cannabinoids in Movement
Clara Sanudo, Brown University

10:15 a.m. Tolerance and Cannabinoid-Opioid Interactions
Sandra P. Welch, Medical College of Virginia

10:45 a.m. BREAK

MEDICAL USES OF MARIJUANA:
CLINICAL DATA AND BASIC BIOLOGY

11:10 a.m. Moderator: John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

11:15 a.m. Profile of Medical Marijuana Users
John Mendelson, University of California at San Francisco

11:45 a.m. Immune Modulation by Cannabinoids
Norbert Kaminski, Michigan State University

12:15 p.m. Psychological Effects of Marijuana Use
Charles R. Schuster, Wayne State University

12:45 p.m. LUNCH
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1:45 p.m. Marijuana and Glaucoma
Paul Kaufman, University of Wisconsin

2:15 p.m. Effects of Marijuana and Cannabinoids in Neurological
Disorders

Paul Consroe, University of Arizona Health Sciences
Center

2:45 p.m. Neural Mechanisms of Cannabinoid Analgesia
Howard Fields, University of California at San Francisco

3:15 p.m. Pain Management
Michael Rowbotham, University of California at
San Francisco

3:45 p.m. Wasting Syndrome Pathogenesis and Clinical Markers
Donald Kotler, St. Luke’s-Roosevelt Hospital

4:15 p.m. Clinical Experience with Marijuana
Stephen O’Brien, East Bay AIDS Center

4:45 p.m. ADJOURN

Tuesday, December 16, 1997

MEDICAL USES OF MARIJUANA:
CLINICAL DATA AND BASIC BIOLOGY

8:30 a.m. Moderator: John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

8:45 a.m. Marijuana in AIDS Wasting: Tribulations and Trials
Donald I. Abrams, University of California at
San Francisco

9:15 a.m. Nausea and Vomiting: Underlying Mechanisms and
Upcoming Treatments

Alan D. Miller, The Rockefeller University

9:45 a.m. Postchemotherapy Nausea and Antiemetics
Richard J. Gralla, Ochsner Cancer Center
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10:15 a.m. BREAK

SUMMARY VIEWS

10:30 a.m. Marijuana Is Different from THC: A Review of Basic
Research and State Studies of Antiemesis

Richard E. Musty, University of Vermont

11:00 a.m. Medical Uses of Crude Marijuana: Medical and
Social Issues

Eric A. Voth, The International Drug Strategy Institute

11:30 a.m. General Questions
Moderator: John A. Benson, Jr., IOM Study Investigator

12:00 noon ADJOURN
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Workshop on
Acute and Chronic Effects of Marijuana Use

January 22–23, 1998
New Orleans Marriott Hotel

New Orleans, Louisiana

AGENDA

Thursday, January 22, 1998

2:00 p.m. Introduction
Constance Pechura, IOM Division Director,
Neuroscience and Behavioral Health

2:30 p.m. Public Input Session, 5 minutes per person
Moderator: Stanley Watson, Jr., IOM Study Investigator,
University of Michigan

4:30 p.m. ADJOURN

Friday, January 23, 1998

8:30 a.m. Moderator: John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

HEALTH CONSEQUENCES OF MARIJUANA USE

9:00 a.m. Health Consequences of Marijuana Use: Epidemiological
Studies

Stephen Sidney, Kaiser Permanente, Oakland, CA

9:30 a.m. Immunity, Infections, and Cannabinoids
Thomas Klein, University of South Florida

10:00 a.m. Pulmonary Effects of Smoked Marijuana
Donald Tashkin, Unversity of California at Los Angeles

10:30 a.m. BREAK
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10:45 a.m. Is Marijuana Carcinogenic?:   Epidemiological and
Biological Evidence

Panel Discussion
Stephen Sidney
Donald Tashkin

12:00 noon LUNCH

EFFECTS OF MARIJUANA ON BEHAVIOR

1:30 p.m. Marijuana: Addictive and Amotivational States,
the Scientific Evidence

John Morgan, City University of New York Medical
School

2:00 p.m. Marijuana’s Acute Behavioral Effects in Humans
Richard Foltin, Columbia University

2:30 p.m. Tolerance and Dependence Following Chronic
Administration of Oral THC or Smoked Marijuana to
Humans

Margaret Haney, Columbia University

3:00 p.m. Patterns of Continuity and Discontinuity of Marijuana Use
in Relationship to Other Drugs

Robert Pandina, Rutgers University

3:30 p.m. ADJOURN
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Workshop on Prospects for Cannabinoid Drug Development

February 23–24, 1998
National Academy of Sciences Building

Washington, D.C.

AGENDA

Monday, February 23, 1998

1:30 p.m. Introduction
Constance Pechura, IOM Division Director,
Neuroscience and Behavioral Health

2:00 p.m. Public Input Session, 5 minutes per person
Moderator: John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

5:30 p.m. ADJOURN

Tuesday, February 24, 1998

8:30 a.m. Introduction
Constance Pechura, IOM Division Director
Neuroscience and Behavioral Health

Moderator: Stanley J. Watson, Jr., IOM Study Investigator,
University of Michigan

OVERVIEWS OF PRECEDING WORKSHOPS

8:45 a.m. Acute and Chronic Effects of Marijuana
Billy R. Martin, Medical College of Virginia

9:25 a.m. Perspectives on the Medical Use of Marijuana
Eric B. Larson, University of Washington Medical School

9:55 a.m. The Neurobiology of Cannabinoid Dependence
George F. Koob, Scripps Research Institute

10:25 a.m. BREAK
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DRUG DEVELOPMENT

10:45 a.m. Regulatory Requirements Affecting Marijuana
J. Richard Crout, Crout Consulting

11:15 a.m. Marinol and the Market
Robert E. Dudley, Unimed Pharmaceuticals, Inc.

11:45 a.m. Development of Cannabis-based Therapeutics
Dave Pate, HortaPharm, B.V.

12:15 p.m. LUNCH

DRUG DELIVERY

1:30 p.m. Alternative Drug Delivery Technologies for the
Therapeutic Use of Marijuana

Phyllis I. Gardner, ALZA Corporation, Stanford University

2:00 p.m. Delivery of Analgesics via the Respiratory Track
Reid M. Rubsamen, Aradigm Corporation

2:30 p.m. Current Concepts for Delivery of THC
Mahendra G. Dedhiya, Roxanne Laboratories, Inc.

3:00 p.m. ∆∆∆∆∆9-THC-Hemisuccinate in Suppository Formulation:
An Alternative to Oral and Smoked THC

Mahmoud A. ElSohly, University of Mississippi,
ElSohly Laboratories, Inc.

3:30 p.m. Concluding Remarks
John A. Benson, Jr., IOM Study Investigator,
Oregon Health Sciences University

3:45 p.m. ADJOURN
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Scheduling Definitions

SCHEDULING DEFINITIONS ESTABLISHED BY THE
CONTROLLED SUBSTANCES ACT OF 1970

Schedule I (includes heroin, LSD, and marijuana)

(A) The drug or other substance has a high potential for abuse.
(B) The drug or other substance has no currently accepted medical

use in treatment in the United States.
(C) There is a lack of accepted safety for the use of the drug or other

substance under medical supervision.

Schedule II (includes Marinol, methadone, morphine,
methamphetamine, and cocaine)

(A) The drug or other substance has a high potential for abuse.
(B) The drug or other substance has a currently accepted medical use

in treatment in the United States or a currently accepted medical use with
severe restrictions.

(C) Abuse of the drug or other substances may lead to severe psycho-
logical or physical dependence.

Schedule III (includes anabolic steroids)

(A) The drug or other substance has a potential of abuse less than the
drugs or other substances in Schedules I and II.
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(B) The drug or other substance has a currently accepted medical use
in treatment in the United States.

(C) Abuse of the drug or other substance may lead to moderate or low
physical dependence or high psychological dependence.

Schedule IV (includes Valium and other tranquilizers)

(A) The drug or other substance has a low potential for abuse relative
to the drugs or other substances in Schedule III.

(B) The drug or other substance has a currently accepted medical use
in treatment in the United States.

(C) Abuse of the drug or other substance may lead to limited physical
dependence or psychological dependence relative to the drugs or other
substances in Schedule III.

Schedule V (includes codeine-containing analgesics)

(A) The drug or other substance has a low potential for abuse relative
to the drugs or other substances in Schedule IV.

(B) The drug or other substance has a currently accepted medical use
in treatment in the United States.

(C) Abuse of the drug or other substance may lead to limited physical
dependence or psychological dependence relative to the drugs or other
substances in Schedule IV.

SOURCES: LeCraw (1996) and 21 U.S.C. 812.
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Statement of Task

The study will assess what is currently known and not known about
the medical use of marijuana. It will include a review of the science base
regarding the mechanism of action of marijuana, an examination of the
peer-reviewed scientific literature on the efficacy of therapeutic uses of
marijuana, and the costs of using various forms of marijuana versus
approved drugs for specific medical conditions (e.g., glaucoma, multiple
sclerosis, wasting diseases, nausea, and pain).

The study will also include an evaluation of the acute and chronic
effects of marijuana on health and behavior; a consideration of the adverse
effects of marijuana use compared with approved drugs; an evaluation of
the efficacy of different delivery systems for marijuana (e.g., inhalation
vs. oral); an analysis of the data concerning marijuana as a gateway drug;
and an examination of the possible differences in the effects of marijuana
due to age and type of medical condition.

SPECIFIC ISSUES

Specific issues to be addressed fall under three broad categories: the
science base, therapeutic use, and economics.

Science Base

• Review of neuroscience related to marijuana, particularly the rel-
evance of new studies on addiction and craving.

• Review of behavioral and social science base of marijuana use, par-
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ticularly assessment of the relative risk of progression to other drugs fol-
lowing marijuana use.

• Review of the literature determining which chemical components
of crude marijuana are responsible for possible therapeutic effects and for
side effects.

Therapeutic Use

• Evaluation of any conclusions on the medical use of marijuana
drawn by other groups.

• Efficacy and side effects of various delivery systems for marijuana
compared to existing medications for glaucoma, wasting syndrome, pain,
nausea, or other symptoms.

• Differential effects of various forms of marijuana that relate to age
or type of disease.

Economics

• Costs of various forms of marijuana compared with costs of exist-
ing medications for glaucoma, wasting syndrome, pain, nausea, or other
symptoms.

• Assessment of the differences between marijuana and existing
medications in terms of access and availability.

These specific areas along with the assessments described above will
be integrated into a broad description and assessment of the available
literature relevant to the medical use of marijuana.
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APPENDIX E
Recommendations Made in

Recent Reports on the
Medical Use of Marijuana

Recommendations from five recent key reports pertaining to the
medical use of marijuana are listed below by subject. Recommendations
made on issues outside the scope of this report, such as drug law and
scheduling decisions, are not included here. The following reports were
reviewed:

• Health Council of the Netherlands, Standing Committee on Medi-
cine. 1996. Marihuana as Medicine. Rijswikj, the Netherlands: Health
Council of the Netherlands.

• Report of the Council on Scientific Affairs. 1997. Report to the Ameri-
can Medical Association House of Delegates. Subject: Medical
Marijuana.  Chicago: AMA.

• British Medical Association. 1997. Therapeutic Uses of Cannabis.
United Kingdom:  Harwood Academic Publishers.

• National Institutes of Health. 1997. Workshop on the Medical Utility
of Marijuana. Bethesda, MD: National Institutes of Health.

• World Health Organization. 1997. Cannabis: A Health Perspective and
Research Agenda.  Geneva:  WHO.

In November 1998, the British House of Lords Science and Technol-
ogy Committee published Medical Use of Cannabis, in which the commit-
tee reported its conviction that “cannabis almost certainly does have genu-
ine medical applications.” The House of Lords report was released too
late in the preparation of the present Institute of Medicine report to per-

http://www.nap.edu/6376


Marijuana and Medicine: Assessing the Science Base

Copyright National Academy of Sciences. All rights reserved.

APPENDIX E 245

mit careful analysis and is not summarized here. It is available on the
Internet at: www.parliament.uk.

GENERAL RECOMMENDATIONS

Health Council of the Netherlands

In order to assess the efficacy of marijuana and cannabinoids, the com-
mittee studied literature published during the past 25 years. Based on
those findings, the committee concluded that there was insufficient evi-
dence to justify the medical use of marijuana.

AMA House of Delegates

Adequate and well-controlled studies of smoked marijuana should
be conducted in patients who have serious conditions for which preclini-
cal, anecdotal, or controlled evidence suggests possible efficacy, includ-
ing AIDS wasting syndrome, severe acute or delayed emesis induced by
chemotherapy, multiple sclerosis, spinal cord injury, dystonia, and neu-
ropathic pain.

British Medical Association

Research on the clinical indications for medical prescription of can-
nabinoids should be undertaken. For all indications listed below (anti-
emetics, pain, epilepsy, glaucoma, asthma, immunological effects, mul-
tiple sclerosis, spinal cord injury, and other spastic disorders) further
research is required to establish suitable methods of administration, opti-
mal dosage regimens, and routes of administration. A central registry
should be kept of patients prescribed cannabinoids so that the effects can
be followed up over the long term.

National Institutes of Health

For at least some potential indications, marijuana looks promising
enough to recommend that new controlled studies be done.  The indica-
tions in which varying levels of interest were expressed are the following:
appetite stimulation and wasting, chemotherapy-induced nausea and
vomiting, neurological and movement disorders, analgesia, [and] glau-
coma. Until studies are done using scientifically acceptable clinical trial
design and subjected to appropriate statistical analysis, the question con-
cerning the therapeutic utility of marijuana will likely remain largely un-
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answered. To the extent that the NIH can facilitate the development of a
scientifically rigorous and relevant database, the NIH should do so.

World Health Organization

Therapeutic uses of cannabinoids warrant further basic pharmaco-
logical and experimental investigation and clinical research into their
effectiveness. More research is needed on the basic neuropharmacology
of THC and other cannabinoids so that better therapeutic agents can be
found.

ANALGESIA

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

Controlled evidence does not support the view that THC or smoked
marijuana offers clinically effective analgesia without causing significant
adverse events when used alone. Preclinical evidence suggests that can-
nabinoids can potentiate opioid analgesia and that cannabinoids may be
effective in animal models of neuropathic pain. Further research into the
use of cannabinoids in neuropathic pain is warranted.

British Medical Association

The prescription of nabilone, THC, and other cannabinoids should be
permitted for patients with intractable pain. Further research is needed
into the potential of cannabidiol as an analgesic in chronic, terminal, and
postoperative pain.

National Institutes of Health

Evaluation of cannabinoids in the management of neuropathic pain,
including HIV-associated neuropathy, should be undertaken.

World Health Organization

No recommendations made, although the report notes that some
newly synthesized cannabinoids are extremely potent analgesics; how-
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ever, separation of the analgesia and side effects remains to be demon-
strated.

NAUSEA AND VOMITING

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

THC and smoked marijuana are considerably less effective than cur-
rently available therapies to treat acute nausea and vomiting caused by
chemotherapy, although certain patients still do not respond adequately
to conventional therapy. Research involving THC and smoked marijuana
should focus on their possible use in treating delayed nausea and vomit-
ing and their adjunctive use in patients who respond inadequately to 5-
HT3 antagonists. The use of an inhaled substance has the potential to ben-
efit ambulatory patients who are experiencing the onset of nausea and are
thus unable to take oral medications.

British Medical Association

Further research is needed on the use of ∆8-THC as an antiemetic, the
use of cannabidiol in combination with THC, and the relative effective-
ness of cannabinoids compared with 5-HT3 antagonists. Further research
is needed in other cases, such as postoperative nausea and vomiting.

National Institutes of Health

Inhaled marijuana merits testing in controlled, double-blind, random-
ized trials for nausea and vomiting.

World Health Organization

More basic research on the central and peripheral mechanisms of the
effects of cannabinoids on gastrointestinal function may improve the abil-
ity to alleviate nausea and emesis.
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WASTING SYNDROME AND APPETITE STIMULATION

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

THC is moderately effective in the treatment of AIDS wasting, but its
long duration of action and intensity of side effects preclude routine use.
The ability of patients who smoke marijuana to titrate their dosage accord-
ing to need and the lack of highly effective, inexpensive options to treat
this debilitating disease create the conditions warranting formal clinical
trials of smoked marijuana as an appetite stimulant in patients with AIDS
wasting syndrome.

British Medical Association

Allowing the prescription of nabilone and THC for cancer chemo-
therapy and HIV/AIDS seems justified for preventing weight loss and
treating anorexia in HIV/AIDS irrespective of whether the patient is
experiencing nausea and/or vomiting.

National Institutes of Health

Areas of study for the potential appetite-stimulating properties of
marijuana include the cachexia of cancer, HIV/AIDS symptomatology,
and other wasting syndromes. Investigations should be designed to assess
long-term effects on immunology status, the rate of viral replication, and
clinical outcomes in participants as well as weight gain. In therapeutic
trials of cachexia, research should attempt to separate out the effect of
marijuana on mood versus appetite. Some questions need to be answered
in the studies: (1) Does smoking marijuana increase total energy intake in
patients with catabolic illness? (2) Does marijuana use alter energy expen-
diture? (3) Does marijuana use alter body weight and to what extent?
(4) Does marijuana use alter body composition and to what extent?

World Health Organization

No specific recommendations are made, although the report notes that
dronabinol is an effective appetite stimulant for patients with AIDS wast-
ing syndrome.
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MUSCLE SPASTICITY

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

Considerably more research is required to identify patients who may
benefit from THC or smoked marijuana and to establish whether re-
sponses are primarily subjective in nature. A therapeutic trial of smoked
marijuana or THC may be warranted in patients with spasticity who do
not derive adequate benefit from available oral medications, prior to their
considering intrathecal baclofen therapy or neuroablative procedures.

British Medical Association

A high priority should be given to carefully controlled trials of can-
nabinoids in patients with chronic spastic disorders that have not
responded to other drugs are indicated. In the meantime, there is a case
for the extension of the indications for nabilone and THC for use in chronic
spastic disorders unresponsive to standard drugs.

National Institutes of Health

No recommendations are made, although the report notes that mari-
juana or the use of other cannabinoids as human therapies might be con-
sidered for treating spasticity and nocturnal spasms complicating mul-
tiple sclerosis and spinal cord injury.

World Health Organization

The report notes that cannabinoids have not yet been proven useful in
treating multiple sclerosis, but therapeutic uses of cannabinoids are being
demonstrated by controlled studies as an antispasmodic.  Research in this
area should continue.

MOVEMENT DISORDERS

Health Council of the Netherlands

No recommendations made.
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AMA House of Delegates

Considerably more research is required to identify dystonic patients
who may benefit from THC or smoked marijuana and to establish whether
responses are primarily subjective in nature.

British Medical Association

The potential of (+)-HU-210 for neruodegenerative disorders should
be explored through further research.

National Institutes of Health

No recommendations made, although the report notes that marijuana
or the use of other cannabinoids as human therapies might be considered
for treating for some forms of dystonia.

World Health Organization

No recommendations made, although the report notes that cannab-
inoids have not yet been proven useful in the treatment of movement
disorders.

EPILEPSY

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

No recommendations made.

British Medical Association

Trials with cannabidiol (which is nonpsychoactive), used to enhance
the activity of other drugs in cases not well controlled by other anti-
convulants, are needed.

National Institutes of Health

No recommendations made, although the report notes that marijuana
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or the use of other cannabinoids as human therapies might be considered
for treating various active epilepsy states.

World Health Organization

No recommendations made, although the report notes that cannab-
inoids have not yet been proven useful in the treatment of convulsant
disorders, but therapeutic uses of cannabinoids are being demonstrated
by controlled studies as an anticonvulsant.

GLAUCOMA

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

Neither smoked marijuana nor THC is a viable approach in the treat-
ment of glaucoma, but research on their mechanism of action may be im-
portant in developing new agents that act in an additive or synergistic
manner with currently available therapies.

British Medical Association

Cannabinoids do not at present look promising for this indication,
but much further basic and clinical research is needed to develop and
investigate cannabinoids that lower intraocular pressure, preferably by
topical application (e.g., eye drops, inhalant aerosols), without producing
unacceptable systemic and central nervous system effects.

National Institutes of Health

Further studies to define the mechanism of action and to determine
the efficacy of ∆9-tetrahydrocannabinol and marijuana in the treatment of
glaucoma are justified. There does not appear to be any obvious reason to
use smoked marijuana as a primary “stand-alone” investigational therapy,
as there are many available agents for treatment, and these topical prepa-
rations seem to be potentially ideal. An approach that may be useful is to
study smoked marijuana in incomplete responders to standard therapies.
The suggested design for clinical studies is to add marijuana, oral THC, or
placebo to standard therapy under double-blind conditions: (1) Establish
dose-response and dose-duration relationships for intraocular pressure
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(IOP) and central nervous system effects. (2) Relate IOP and blood pres-
sure measurements longitudinally to evaluate potential tolerance devel-
opment to cardiovascular effects. (3) Evaluate central nervous system ef-
fects longitudinally for tolerance development.

World Health Organization

No recommendations made, although the report notes that, while
THC has long been known to reduce the increased intraocular pressure of
glaucoma, it has not been fully studied therapeutically. The report also
notes that therapeutic uses of cannabinoids are being demonstrated by
controlled studies in the treatment of glaucoma.

PHYSIOLOGICAL HARMS

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

No recommendations made.

British Medical Association

Further research is needed to establish the suitability of cannabinoids
for immunocompromised patients, such as those undergoing cancer che-
motherapy or those with HIV/AIDS.

National Institutes of Health

Risks associated with smoked marijuana must be considered not only
in terms of immediate adverse effects but also long-term effects in patients
with chronic diseases. The possibility that frequent and prolonged mari-
juana use might lead to clinically significant impairments of immune
system function is great enough that relevant studies should be part of
any marijuana medication development research.

Additional studies of long-term marijuana use are needed to deter-
mine if there are or are not important adverse pulmonary, central nervous
system, or immune system problems.
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World Health Organization

Further studies are needed on the fertility effects in cannabis users in
view of the high rate of use during the early reproductive years. Further
clinical and experimental research is required on the effects of cannabis
on respiratory function and respiratory diseases. More studies are needed
to show whether cannabis affects the risk of lung malignancies and at
what level of use that may occur. In addition, more studies are needed to
clarify the rather different results of pulmonary histopathological studies
in animals and man.

More clinical and experimental research is needed on the effects of
cannabis on immunological function. More clarity should be sought con-
cerning the molecular mechanisms responsible for immune effects, includ-
ing both cannabinoid receptor and nonreceptor events.

The possibility that chronic cannabis use has adverse effects on the
cardiovascular system should have a priority in epidemiological research.

Research on chronic and residual cannabis effects is also needed. The
pharmacokinetics of chronic cannabis use in humans are poorly described,
and this lack of knowledge restricts the ability of researchers to relate
drug concentrations in blood or other fluids and observed effects.

PSYCHOLOGICAL HARMS

Health Council of the Netherlands

No recommendations made.

AMA House of Delegates

No recommendations made.

British Medical Association

No recommendations made.

National Institutes of Health

No recommendations made.

World Health Organization

There is a need for controlled studies investigating the relationships
between cannabis use, schizophrenia, and other serious mental disorders.
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There is also a need for case-controlled studies comparing those expe-
riencing cannabis problems with people who have, and do not have,
alcohol and other psychoactive substance use problems.

There is a need for better delineation of the clinical features of can-
nabis dependence and for studies of its responsiveness to interventions
aimed at assisting users to stop.

Insufficient research has been undertaken on the “amotivational” syn-
drome which may or may not result from heavy cannabis use. It is not
clear that the syndrome exists, even though heavy cannabis use is some-
times associated with reduced motivation to succeed in school and work.
New research is needed to show whether the reduced motivation seen in
some cannabis users is due to other psychoactive substance use and
whether it precedes cannabis use.

Further development of cognitive and psychomotor tests for con-
trolled studies that are sensitive to the performance effects of cannabis
use and that reflect the complexity of specific daily functions (e.g., driv-
ing, learning, reasoning) also need additional research.

More research is needed to examine the relationship between THC
concentrations in blood and other fluids and the degree of behavioral im-
pairment produced.

SMOKED MARIJUANA AND USE OF PLANTS AS MEDICINE

Health Council of the Netherlands

The committee believes that physicians cannot accept responsibility
for a product of unknown composition that has not been subjected to qual-
ity control.

AMA House of Delegates

No specific recommendations made, but related issues are discussed
in the general recommendation and drug development sections.

British Medical Association

Prescription formulations of cannabinoids or substances acting on the
cannabinoid receptors should not include either cigarettes or herbal
preparations with unknown concentrations of cannabinoids or other
chemicals.

National Institutes of Health

Smoked marijuana should be held to standards equivalent to other
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medications for efficacy and safety considerations. There might be some
patient populations for whom the inhalation route might offer advantages
over the currently available capsule formulation. Smoking plant material
poses difficulties in standardizing testing paradigms, and components of
the smoke are hazardous, especially in the immunocompromised patient.
Therefore, the experts generally favored the development of alternative
dosage forms, including an inhaler dosage form into which a controlled
unit dose of THC could be placed and volatilized.

World Health Organization

Not discussed in the context of medical use, although many health
hazards associated with chronic marijuana smoking are noted.

DRUG DEVELOPMENT

Health Council of the Netherlands

Not discussed.

AMA House of Delegates

The National Institutes of Health should use its resources to support
the development of a smoke-free inhaled delivery system for marijuana
or THC to reduce the health hazards associated with the combustion and
inhalation of marijuana.

British Medical Association

Pharmaceutical companies should undertake basic laboratory inves-
tigations and develop novel cannabinoid analogs that may lead to new
clinical uses.

National Institutes of Health

NIH should use its resources and influence to rapidly develop a
smoke-free inhaled delivery system for marijuana or THC. A recommen-
dation was made for the development of insufflation/inhalation devices
or dosage forms capable of delivering purer THC or cannabinoids to the
lungs free of dangerous combustion byproducts.

World Health Organization

Not discussed.
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Rescheduling Criteria

DRUG ENFORCEMENT AGENCY’S
FIVE-FACTOR TEST FOR RESCHEDULING*

1. The drug’s chemistry must be known and reproducible.
The substance’s chemistry must be scientifically established to permit

it to be reproduced in dosages which can be standardized.  The listing of
the substance in a current edition of one of the official compendia, as
defined by section 201(j) of the Food, Drug, and Cosmetic Act, 21 USC
321(f), is sufficient generally to meet this requirement.

2. There must be adequate safety studies.
There must be adequate pharmacological and toxicological studies

done by all methods reasonably applicable on the basis of which it could
be fairly and responsibly concluded, by experts qualified by scientific
training and experience to evaluate the safety and effectiveness of drugs,
that the substance is safe for treating a specific, recognized disorder.

3. There must be adequate and well-controlled studies proving
efficacy.

There must be adequate, well-controlled, well-designed, well-
conducted, and well-documented studies, including clinical investiga-
tions, by experts qualified by scientific training and experience to evaluate

*Formulated in 1992 in response to a court challenge to scheduling.
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the safety and effectiveness of drugs on the basis of which it could fairly
and responsibly be concluded by such experts that the substance will have
its intended effect in treating a specific, recognized disorder.

4. The drug must be accepted by qualified experts.
The drug must have a New Drug Application (NDA) approved by

the Food and Drug Administration . . . or, a consensus of the national
community of experts, qualified by scientific training and experience to
evaluate the safety and effectiveness of drugs, accepts the safety and
effectiveness of the substance for use in treating a specific, recognized
disorder.  A material conflict of opinion among experts precludes a find-
ing of consensus.

5. The scientific evidence must be widely available.
In the absence of NDA approval, information concerning the chemis-

try, pharmacology, toxicology, and effectiveness of the substance must be
reported, published, or otherwise widely available in sufficient detail to
permit experts, qualified by scientific training and experience to evaluate
the safety and effectiveness of drugs, to fairly and responsibly conclude
the substance is safe and effective for use in treating a specific, recognized
disorder.

SOURCES:  LeCraw (1996) and 57 Federal Register 10499 (1992).
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DRUG ENFORCEMENT AGENCY’S
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1. The drug’s chemistry must be known and reproducible.
The substance’s chemistry must be scientifically established to permit

it to be reproduced in dosages which can be standardized.  The listing of
the substance in a current edition of one of the official compendia, as
defined by section 201(j) of the Food, Drug, and Cosmetic Act, 21 USC
321(f), is sufficient generally to meet this requirement.

2. There must be adequate safety studies.
There must be adequate pharmacological and toxicological studies

done by all methods reasonably applicable on the basis of which it could
be fairly and responsibly concluded, by experts qualified by scientific
training and experience to evaluate the safety and effectiveness of drugs,
that the substance is safe for treating a specific, recognized disorder.

3. There must be adequate and well-controlled studies proving
efficacy.

There must be adequate, well-controlled, well-designed, well-
conducted, and well-documented studies, including clinical investiga-
tions, by experts qualified by scientific training and experience to evaluate

*Formulated in 1992 in response to a court challenge to scheduling.
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the safety and effectiveness of drugs on the basis of which it could fairly
and responsibly be concluded by such experts that the substance will have
its intended effect in treating a specific, recognized disorder.

4. The drug must be accepted by qualified experts.
The drug must have a New Drug Application (NDA) approved by

the Food and Drug Administration . . . or, a consensus of the national
community of experts, qualified by scientific training and experience to
evaluate the safety and effectiveness of drugs, accepts the safety and
effectiveness of the substance for use in treating a specific, recognized
disorder.  A material conflict of opinion among experts precludes a find-
ing of consensus.

5. The scientific evidence must be widely available.
In the absence of NDA approval, information concerning the chemis-

try, pharmacology, toxicology, and effectiveness of the substance must be
reported, published, or otherwise widely available in sufficient detail to
permit experts, qualified by scientific training and experience to evaluate
the safety and effectiveness of drugs, to fairly and responsibly conclude
the substance is safe and effective for use in treating a specific, recognized
disorder.

SOURCES:  LeCraw (1996) and 57 Federal Register 10499 (1992).
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Index

A

Addiction, see Craving; Dependence;
Tolerance; Withdrawal symptoms

Adjunctive therapy, general, 4, 10, 145, 153,
157, 167, 172, 247

see also Pain, treatment of
Administration of drugs, see Drug delivery
Adolescents, 6, 15, 16, 90, 91, 96, 97, 98, 99,

101, 102, 104, 123, 126
Affinity, receptors, 42, 44, 46, 51

defined, 42(footnote)
African Americans, 173
Age factors, 9, 16, 22, 92-93, 94, 95, 100, 117

adolescents, 6, 15, 16, 90, 91, 96, 97, 98,
99, 101, 102, 104, 123, 126

children, 96, 97, 101, 124-125, 139, 149,
167, 210

clinical trials, 139, 142
prenatal exposure, effects of, 124-125
see also Elderly persons

Agonists, receptor, 34, 37, 38, 39, 43-47, 54,
56-57, 58, 64, 70

glaucoma, 176-177
listed, 44
market considerations, 209, 210, 212
neurological disorders, 166, 167, 168
see also SR 141716A; SR 144528

AIDS, viii, 16, 18, 21, 22, 23, 107, 115-117,
120-121, 145, 178, 252

AIDS wasting, 4, 8, 23, 154-158, 159, 177,
204-205, 207, 209, 234, 246, 248

clinical trials, 8, 156, 213, 245
defined, 154
individual patient account, 27-28
smoking of marijuana, 27-28, 156

Alaska, vii, 17
Alcohol use and abuse, 6, 88, 90, 92, 95, 96,

97, 100, 101, 117, 254
nausea and vomiting, 147

Alternative medicine, general, 19, 20, 180,
215, 216, 217-218, 254-255

Alzheimer’s disease, 173, 204, 205, 209
American Medical Association, 180, 244-

255 (passim)
Amotivational syndrome, see Motivation
Amphetamines, 21, 88, 240
Analgesia, see Pain, treatment of
Anandamide, 34, 41, 43-47, 48, 54, 194
Animal studies, 3, 35, 36-81, 88, 89, 91, 111,

120, 122-123, 125, 140, 145, 195, 199,
212, 246

movement disorders, 164-165, 167, 170
relevance of, general, 36

Anorexia, see Appetite; Wasting syndrome
Anorexia nervosa, 159
Antagonist, receptor, 34, 37, 39, 44, 55, 58, 70

market considerations, 205, 210, 211
nausea and vomiting, 151, 152-153

Antiemesis, see Vomiting
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Antigens, 59, 64, 66, 120
Anxiety, 4, 10, 36, 84, 90, 109, 127, 142, 153,

165, 168, 203
see also Dysphoria; Euphoria; Sedation

Appetite, viii, 3, 4, 10, 21, 23, 142, 144, 156-
159 (passim), 173, 205, 209, 245, 248

see also Nausea; Vomiting; Wasting
syndrome

Arachidonic acid, 46, 47, 57
Arachidonyl glycerol (2-AG), 43, 45, 46, 47,

64, 65
Arizona, vii, 1, 17, 18, 104(footnote)
Arthritis, 28-29
Attitudes

patients, 27-29, 153, 205-206
physicians, prescribing marijuana, 152, 202
risk perception, 104

B

Barbiturates, 143, 172
Basal ganglia, 48-52, 164-166, 168
B cells, 62, 64, 65, 66, 112

see also Lymphocytes, general
Benzodiazepines, 3, 70, 161, 164, 168
Blood pressure

hypertension, 48, 84, 86, 90, 121, 158, 175
hypotension, 121, 150, 151, 175

Brain, general, 3, 35, 36-37, 48-49, 69, 70, 92,
170

basal ganglia, 48-52, 164-166, 168
cannabinoid receptors, 37-65, 69-70
cerebellum, 46, 49, 50, 51, 53, 121, 122
endogenous cannabinoid system, 43-51, 70
globus pallidus, 49, 52, 53, 167
hippocampus, 45-46, 49, 53
putamen, 49, 52, 53, 166
striatum, 46, 51, 53
substantia nigra, 49, 51, 52, 53, 167, 168
thalamus, 46, 49, 51, 52, 53, 55, 165, 167, 169
see Neurons, general

British Medical Association, 180, 244-255
(passim)

Bronchi, 113-114, 115, 119
Buyers’ clubs, see Cannibis buyers’ clubs

C

Cachexia, 145, 154, 155, 158
see also AIDS wasting; Appetite; Wasting

syndrome

Caffeine, 88
California, vii, 1, 16, 17, 18, 101-102, 104,

204, 207
Canada, 150
Cancer

smoking of marijuana as cause, 5, 114,
115, 117-121, 237

treatment of, 22, 23, 142, 145, 154, 158,
159, 204-205; see also Chemotherapy

Cannabidiol (CBD), 3, 36-37, 47, 60-61, 66,
122, 166, 171-172, 214

Cannabinoids, general, vii, viii-ix, 2-4
defined, 2, 25-26, 194
defined substances, 4
standards, general, 19, 213, 216, 217
see also THC

Cannabinol, 25, 37, 64, 66, 110
see also THC

Cannibis buyers’ clubs, viii, 16, 20, 21, 22, 207
defined, 20

Cardiovascular system, 121-122, 251
see also Blood pressure

Case studies, 15, 27-29, 117, 119-120, 254
individual patient accounts, 27-29
single-patient clinical trials, 139, 162

CBD, see Cannabidiol
Cellular biology, 5, 25, 35-59, 69-70, 118-

119, 120-121
see also Genetics; Immune system;

Receptors; Signal transduction
Cerebellum, 46, 49,  50, 51, 53, 121, 122
Cesamet, see Nabilone
Chemotherapy, viii, 4, 16, 23, 144, 146-153

(passim), 177, 205, 207, 234, 245,
247, 248

Children, 96, 97, 101, 124-125, 139, 149, 167,
210

see also Adolescents
Chronic obstructive pulmonary disease,

114-115
Clinical studies, 15, 30, 34-35, 137, 206, 233-

234
glaucoma, 177, 251
movement disorders, 166, 169-170
smoking of marijuana, 9-10

Clinical trials, 7-8, 9-10, 34, 137, 141, 142-
143, 203, 209, 211, 218

age factors, 139, 142
AIDS wasting, 8, 156, 213, 245
animal studies vs, 36
epilepsy, 170-172, 173
Investigational New Drugs, 195, 196
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movement disorders, 167, 168
nausea and vomiting, 7-8, 142, 145-154,

179, 245, 247
pain, 7-8, 141-145, 179
psychological effects, 5, 10, 109, 149
recommendations, 4, 5, 7-8, 9-10, 178,

179-180, 215, 245-255 (passim)
regulatory requirements, 195, 196, 200,

202, 208, 211, 213, 218, 256-257
single-patient trials, 139, 162
spasticity, 160-164, 165, 249
standards for, 7-8, 10, 138-139, 179-180

Cocaine, 3, 20, 70, 88, 90, 95, 102, 240
Colorado, vii, 1
Codeine, 143, 241
Cognitive effects, 49, 83-84, 89, 105, 106-

107, 108, 124-125
disorientation, 4, 142, 203
memory, 35, 49, 53, 56, 84, 89, 106, 144,

173, 212
see also Psychological effects

Connecticut, 17
Controlled Substance Act, 16-17, 102, 198-

204 (passim), 210, 213-219 (passim)
scheduling, 17, 102, 194, 198-213

(passim), 216-217, 218, 240-241, 256-
257

Convulsions, see Seizures
Cost factors, 9, 16, 206-207, 243

antiemetics, 151, 152
drug development, 195, 196, 203, 206,

217-218
CP 47,497, 210
CP 55,244, 210
CP 55,940, 44, 46, 56, 201
Craving, 9, 90, 91-92
CT-3, 67, 209
Cytokines, 62, 66, 67, 112, 120, 157

 D

DEA, see Drug Enforcement
Administration

Delivery modes, see Drug delivery
Department of Health and Human

Services, 199, 200, 201, 217
see also National Institutes of Health

Dependence, 6, 9, 57-59, 70, 84, 86, 237
animal research, 35
criteria, 87
legal issues, 16

marijuana as a gateway drug, 6-7, 9, 20-
21, 98-101

predictors of, 93-98, 99, 100, 101, 126
see also Craving; Tolerance; Withdrawal

symptoms
Depression, 22, 23, 29, 84, 95, 105, 155, 159

fluoxetine, 48
see also Dysphoria

Diagnostic and Statistical Manual of Mental
Disorders, 84, 87

Diarrhea, 24, 155
District of Columbia, 17
Dizziness, 27, 121, 150, 158, 203
Dopamine, 58, 88, 92, 167, 168
Dosage factors, 137, 245, 248, 256

affinity, 42(footnote)
AIDS wasting, 156, 157, 158
caffeine, 88
cardiovascular effects, 121
CBD, 36, 60-61
cognitive effects, 107
glaucoma treatment, 176, 177, 251
immune system effects, 60-63, 64-67, 68
morphine, 37
multiple sclerosis treatment, 163
neurological disorder treatment, 166, 169
overdosing, 37, 109, 206
pain treatment, 102, 142, 143, 149
psychological effects, 84, 85, 105
psychomotor effects, 51, 53, 85
reproductive effects, 122, 125
respiratory effects, 113
THC, 88, 89, 91, 122, 142, 176, 203, 206,

215, 255
anxiety, 36, 142, 149
glaucoma treatment, 176, 177, 251
pain treatment, 102, 142, 143, 149
psychoactive doses, 85
vomiting, 147, 154

vomiting, 147, 151, 152, 154
see also Dependence; Tolerance

Dronabinol, see Marinol
Drug Awareness Warning System, 102-103
Drug delivery, 7, 9, 151, 197, 199, 217, 239,

242, 245
inhalation, 7, 9, 57, 94, 150, 154, 165, 175,

197, 203, 206, 215(footnote), 216,
242, 247, 251, 255; see Smoking,
marijuana

injection, 39, 54, 57, 66, 67, 68, 85, 88, 94,
100, 122, 150, 151, 152, 159, 174, 175,
203
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oral, 4, 9, 16, 57, 84, 89, 91, 121, 122, 142,
148-156 (passim), 163, 164, 165, 171,
174, 175, 202, 203, 205, 206, 207, 215,
242, 247, 249, 251

suppositories, 206
topical, 175, 176, 251

Drug Enforcement Administration (DEA),
137, 198-202, 203-204, 208, 213, 214,
217

Dysphoria, 5, 84, 126, 150, 159, 203
see also Anxiety; Depression

Dystonia, 166, 168, 245, 250

E

Economic factors
access and availability, general, 9, 194-

198, 206-208, 213-214
health insurance, 207
malnutrition, 154, 155
private investment, 178, 195-219
public investment, 4, 137, 178, 211, 214, 218
see also Cost factors

Efficacy, 9, 11, 14, 19, 20, 30, 54, 57, 88, 107,
108, 126, 144, 179, 217, 243, 256

defined, 4-5
regulatory requirements, 197, 212, 215
see also Clinical studies; Clinical trials

Elderly persons, 21
clinical trials, 139
psychological effects, 4, 175

Emesis, see Vomiting
Emotional factors, see Psychological effects
Endorphins (endogenous opioids), 35, 43
Epidemiological Catchment Area Program,

97
Epilepsy, 29, 170-173, 177, 245, 250-251
Euphoria, 5, 16, 83-84, 85, 87, 88, 89, 92, 108,

144, 150, 203
Eye diseases, see Glaucoma

F

Federal government, 194-202
see also Department of Health and

Human Services; Drug Enforcement
Administration; Food and Drug
Administration; Legal issues and
legislation; Public investment

Fluoxetine, 48

Food and Drug Administration, 17, 20, 137,
138, 149, 156, 194-198, 199, 200, 202-
203, 204, 205, 208, 209, 213, 215, 216,
217, 257

Food and Drug Administration
Modernization Act, 197(footnote)

Food, Drug, and Cosmetic Act, 194, 213,
215, 256

Foreign countries, see International
perspectives; specific countries

France, 69
Funding, see Public investment

G

Gamma-aminobutyric acid (GABA), 50
Gateway theory, 6-7, 9, 20-21, 98-101
Gender factors, 20, 22, 94, 95, 115, 170-171
Genetics, 5, 38, 42, 69, 118-119, 120

dependence, 94, 97-98
drug development, 19-20
gene regulation, 37, 38
reproductive system effects, 122-125
transduction, 37, 38, 40-41, 43, 57; see also

Agonists, receptor
see also Cellular biology; Receptor

binding; Receptors
Glaucoma, 9, 22, 24, 173-177, 234, 251-252

agonists, receptor, 176-177
dose effects, 176, 177, 251
intraocular pressure, 175, 176, 251-252
smoking of marijuana, 174, 175, 177, 251

Globus pallidus, 49, 52, 53, 167

H

Hallucinations, 84, 90, 106
Headaches, 151

see also Migraine headaches
Health insurance, 207
Heart, see Cardiovascular system
Herbal medicine, general, see Alternative

medicine, general
Heroin, 88, 90, 92, 95, 99, 100, 240
Hippocampus, 45-46, 49, 53
Hispanics, 94-95
Historical perspectives, 118

antiemetics, 151
legal issues, 16-18
medicinal uses of marijuana, 16-19
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research on marijuana, 33-34, 244-255
HIV, see AIDS
Hormones, 37, 48, 58-59, 66, 122, 123, 155,

157
HortaPharm, 214-215, 218
HU-210/HU-211, 44, 60, 64, 66, 67, 176, 201,

209, 211, 250
Huntington’s disease, 49, 166, 198
Hyperalgesia, 54, 56, 141
Hypertension, 48, 84, 86, 90, 121, 158, 175
Hypotension, 121, 150, 151, 175

I

Immune system, 5, 37, 42, 51, 59-68, 70, 109-
111, 112-113, 116-117, 120, 156, 158,
212, 233, 236, 245, 248, 252

antigens, 59, 64, 66, 120
cytokines, 62, 66, 67, 112, 120, 157
dose effects, 60-63, 64-67, 68
infections, 66-67, 112-113, 155, 236
inflammatory/antiinflammatory effects,

67-68, 112-113, 142, 155, 209
leukocytes, 59, 62, 64, 109-111, 120
lymphocytes, general, 59, 62, 64, 112,

118, 155
B cells, 62, 64, 65, 66, 112
T cells, 59, 62, 64-65, 66, 112

macrophages, 66, 112-113, 121
multiple sclerosis, 160
see also AIDS

Inactivation, 36, 46, 47, 48, 212
Infections, 66-67, 112-113, 155, 236

see also AIDS; Receptors
Inflammatory/antiinflammatory effects,

67-68, 112-113, 142, 155, 209
Information dissemination, see Public

information
Insurance, see Health insurance
International perspectives, 180, 244-255

exporter of marijuana for research, 214-
215, 218

marijuana laws, 103-104
seizure treatment, 171
Single Convention on Narcotic Drugs, 217
see also specific countries

Internet, viii, 16, 245
Intraocular pressure, see Glaucoma
Investigational New Drug applications

(FDA), 195, 196, 198, 206, 213
Israel, 209

L

Legal issues and legislation, 14, 16-18, 86,
126, 206-207, 215-216

Controlled Substance Act, 16-17, 102,
198-204 (passim), 210, 213-219
(passim)

scheduling, 17, 102, 194, 198-213
(passim), 216-217, 218, 240-241, 256-
257

Food and Drug Administration
Modernization Act, 197(footnote)

Food, Drug, and Cosmetic Act, 194, 213,
215, 256

foreign/international, 103-104, 217
Marijuana Tax Act, 16
National Organization for the Reform of

Marijuana Legislation, 17, 18, 200,
213

Orphan Drug Act, 198, 205, 211
patent law, 208-210
Prescription Drug User Fee Act, 195
referenda, vii, 1, 17, 18
Single Convention on Narcotic Drugs,

217
state legislation, 17, 18, 102-103, 200, 206-

207
see also Regulatory issues

Lethargy, see Motivation
Leukocytes, 59, 62, 64, 109-111, 120
Levonantradol, 44, 57, 142, 148, 149, 210
Ligands, 37, 39, 40-41, 42, 45, 53, 64, 194

see also Agonists, receptor; Antagonist,
receptor; Receptor binding

Lipophilic substances, 25, 39, 175, 206
Louisiana, 17
LSD, 240
Lungs, 5, 111-115, 117, 118, 119, 126, 236,

253
Lymphocytes, general, 59, 64, 112, 118, 155

B cells, 64, 65, 66, 112
T cells, 59, 64-65, 66, 112

M

Macrophages, 66, 112-113, 121
Malnutrition, see Appetite; Nutrition
Marijuana, general

active constituents, 36-37
defined, 2, 24-25
prevalence of use, 92-93, 137
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Marijuana and Health, 2, 33
Marijuana Tax Act, 16
Marinol (dronabinol), 16, 44, 137, 149, 156,
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	Executive Summary 
	In May 2014, Minnesota became the 22nd state to create a medical cannabis program.  Distribution of extracted cannabis products in liquid or oil form to qualified, enrolled patients began July 1, 2015. Minnesota’s medical cannabis program is distinct from those in nearly all other states as the Minnesota Department of Health’s Office of Medical Cannabis is required to study and learn from the experience of participants.  This report draws on data from enrollment, purchasing and related health information, a
	The Office of Medical Cannabis anticipates performing additional analyses of data for the first year cohort of enrolled patients, as well as initiating analyses of data from patients who enrolled in the program later.  Of particular interest are patients who enrolled after intractable pain became a qualifying condition on August 1, 2016.  A report is planned for the end of 2017 that will give a preliminary look at the experience of the first several hundred patients certified for intractable pain.  It is po
	Participation  
	Between July 1, 2015 and June 30, 2016 a total of 1660 patients enrolled in the program and 577 health care practitioners registered themselves in order to certify that patients have a medical condition that qualifies them for the program.  The most common qualifying conditions were severe and persistent muscle spasms (43%), cancer (28%), and seizures (20%).  Each of the remaining six qualifying conditions during the first year – Crohn’s Disease, Terminal illness, HIV/AIDS, Tourette Syndrome, glaucoma, and 
	The legislation that established the program specified there would be one location for purchasing medical cannabis (called Cannabis Patient Centers; CPCs) in each of the state’s eight congressional districts. Patients who enrolled in the program during the first year came from throughout the state, with the average distance from the patient’s home to the nearest CPC 29 miles (median distance=16 miles).  Some patients were a considerable distance from the nearest CPC, however, with 13% over 60 miles from the
	of patients had a registered caregiver, 17% had a registered parent or guardian, and 26% had either a registered parent/legal guardian or a registered caregiver.   
	Among the 577 health care practitioners who registered with the program 82% were physicians, 13% were advanced practice registered nurses, and 5% were physician assistants. 
	Medical Cannabis Purchasing Patterns 
	Most patients make their first medical cannabis purchase within 14 days of program approval. Subsequent purchases typically follow a roughly monthly periodicity. However, intervals between purchases are sometimes less than a month, especially during the first months of program participation as the patient experiments with small amounts of different products. And intervals between purchases are sometimes much longer than a month. Using a cutoff of six months without any medical cannabis purchases as a surrog
	Medical Cannabis Use Patterns 
	Each patient’s medical cannabis purchasing transactions during their first enrollment year (or through early March if still within their first enrollment year) were analyzed. A total of 16,238 products were purchased during 10,898 transactions, with 38% of all transactions consisting of two or more products. For analytic purposes, products were classified according to the ratio of delta-9-tetrahydrocannabinol (THC) to cannabidiol (CBD) as follows: Very High THC:CBD (100:1 or higher), High THC:CBD (>4:1 up t
	Products for enteral administration (swallowed – includes capsules and oral solutions) and products for inhalation (vaporized oil) each accounted for 45% of product purchases. Products for oromucosal administration (absorption through cheek) accounted for 9%. Nearly 50% of all purchases were Very High THC:CBD products, followed by Balanced THC:CBD (30%) and High CBD-THC (15%). Very High THC:CBD products were most commonly oil for vaporization or for oromucosal absorption, while Balanced THC:CBD and High CBD
	Examining purchasing history across all patients is very complex for reasons that include experimentation with different products over time. As a first approach to assessing routine use of products, most frequently purchased products were examined for each patient.  For 28% of patients, two or more products were purchased the same number of times.  The product types that emerged as most frequently purchased were Very High THC vaporization oil (25%), High CBD:THC enteral preparations (14%), and Balanced ente
	Benefits 
	Information on patient benefits comes from the Patient Self-Evaluations (PSE) completed by patients prior to each medical cannabis purchase and from patient and health care practitioner surveys. Results of analysis of PSE and survey data indicate perceptions of a high degree of benefit for most patients. 
	Patients responded to a survey question asking them how much benefit they believe they received from using medical cannabis on a scale from 1 (no benefit) to 7 (great deal of benefit).  Across all patients 64% indicated a benefit rating of 6 or 7 and this degree of benefit was indicated by at least half of the patients with each medical condition. A small but important proportion of patients indicated little or no benefit: 9% gave a rating of 1, 2, or 3. Benefit ratings varied somewhat by qualifying medical
	An important part of this report is the verbatim comments written by patients, and the reader is encouraged to review these comments, presented in an Appendix.  Examples of these comments include: 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 

	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.” 
	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.” 

	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.” 
	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.” 

	 “At first it helped a lot but my seizures have returned.” 
	 “At first it helped a lot but my seizures have returned.” 

	 “Spasms – only a little better.” 
	 “Spasms – only a little better.” 


	Health care practitioners were somewhat more conservative in assessment of benefit to their patients. Across all the benefit ratings by health care practitioners, 38% indicated a rating of 6 or 7 and 23% indicated little or no benefit (rating of 1, 2, or 3). Similarity in benefit assessment between health care practitioners and patients appears to vary by medical condition, with highest discrepancy among seizure patients. Descriptive comments suggest at least part of the difference is driven by perspective 
	benefits more often than the health care practitioners, who appear to focus more on objective measures such as seizure counts. 
	The symptom scores provided in the Patient Self-Evaluation data have the advantage of completeness, since they are required prior to each medical cannabis purchase. In this report a reduction of ≥30% was applied to most symptoms to indicate clinically meaningful symptom reduction. Results show patterns similar to those in the survey benefits rating, but usually somewhat smaller in size. For most symptoms between half and two-thirds of patients who achieve clinically meaningful improvement retained that degr
	Examples of proportion of patients achieving and retaining ≥30% symptom reduction include: 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency and 46% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency and 46% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid stools per day and 29% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid stools per day and 29% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in spasm frequency and 28% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in spasm frequency and 28% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among cancer patients with at least moderate levels of nausea when they started using medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among cancer patients with at least moderate levels of nausea when they started using medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among cancer patients with at least moderate levels of pain when they started using medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among cancer patients with at least moderate levels of pain when they started using medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that level of reduction and retained it, on average, for at least four months 


	Moderate to severe levels of non-disease-specific symptoms such as fatigue, anxiety, and sleep difficulties were common across all the medical conditions. And the reductions in these symptoms was often quite large. These findings support the understanding that some of the benefit perceived by patients is expressed as improved quality of life. 
	The type(s) of medical cannabis used at the time patients achieved clinically significant improvement was analyzed for each symptom assessed within each category of medical condition. Full results of these analyses are presented in an Appendix and summaries are in the Benefits chapter. 
	Adverse Side Effects 
	At this point, the safety profile of the medical cannabis products available through the Minnesota program seems quite favorable. Approximately 20-25% of enrolled patients report negative physical or mental side effects of some kind, with the majority – around 60% - reporting only one and 90% reporting three or fewer. The vast majority of adverse side effects, around 90%, are mild to moderate in severity.  An assessment of the 30 patients reporting severe side effects, meaning “interrupts usual daily activi
	Affordability and Suggestions for Improving the Program 
	Unlike traditional pharmaceuticals whose costs are often covered through insurance reimbursement, medical cannabis purchased through the Minnesota program is currently not covered by insurance and must be purchased out of pocket.  The patient survey asked for a rating of product affordability on a scale of 1 (very affordable) to 7 (very prohibitive).  More than half (51%) responded with a 6 or a 7 and 86% responded with a score of 4 or higher.   “Bring the costs down” was a frequent response when patients a
	 
	 
	1. Introduction 
	 
	In May 2014, Minnesota became the 22nd state to create a medical cannabis program.  Distribution of cannabis products to qualified, enrolled patients began July 1, 2015. Minnesota’s medical cannabis program is distinct from those in nearly all other states due to the fact that the Minnesota Department of Health’s Office of Medical Cannabis is required to study and learn from the experience of participants. Minnesota’s online registry, which integrates information from patients, certifying health care practi
	Data in this report come from several aspects of the program’s operations: 
	 Information from registration or enrollment of patients, health care practitioners, and caregivers; 
	 Information from registration or enrollment of patients, health care practitioners, and caregivers; 
	 Information from registration or enrollment of patients, health care practitioners, and caregivers; 

	 Information patients provide each time they visit a cannabis patient center for purchase of cannabis products, including information on symptom severity and side effects; 
	 Information patients provide each time they visit a cannabis patient center for purchase of cannabis products, including information on symptom severity and side effects; 

	 Details about each cannabis product purchased; and 
	 Details about each cannabis product purchased; and 

	 Information is derived from responses to periodic surveys of patients and their certifying health care practitioners. 
	 Information is derived from responses to periodic surveys of patients and their certifying health care practitioners. 


	Though there is certainly imprecision in some of the data collected by the program, this report provides important details that can be found in few other states. A notable part of the report is a set of statements regarding benefits, negative effects, and comments about the program made by patients and health care practitioners. These are redacted to protect privacy, but otherwise presented as was written on the surveys. The comments have been coded by type but the verbatim comments have a power of their ow
	The Office of Medical Cannabis anticipates performing additional analyses of data for the first year cohort of enrolled patients, as well as initiating analyses of data from patients who enrolled in the program later. Of particular interest are patients who enrolled after intractable pain became a qualifying condition on August 1, 2016. A report is planned for the end of 2017 that will give a preliminary look at the experience of the first several hundred patients certified for intractable pain. It is possi
	draw on medical record information to answer specific questions raised by analyses of data derived from the program registry.    
	2. Patients and Caregivers Registered in the First Program Year 
	DESCRIPTION OF PATIENTS ENROLLED IN THE FIRST PROGRAM YEAR 
	Qualifying Condition 
	During the first year of the Minnesota Medical Cannabis program (July 2015-June 2016), 1,660 patients were certified by registered healthcare practitioners and subsequently enrolled in the program (Figure 2.1). The healthcare practitioners certified the patients as having one or more of the following qualifying conditions: severe and persistent muscle spasms (n=713), cancer (n=468), seizures, including those characteristic of epilepsy (n=328), Crohn’s disease (n=108), terminal illness (n=94), HIV/AIDS (n=54
	Figure 2.1. Patient enrollment in the first program year. 
	Figure
	 
	Table 2.1. Patient counts by qualifying condition. 
	Condition 
	Condition 
	Condition 
	Condition 

	Count 
	Count 

	%  
	%  

	Span

	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	713 
	713 

	43% 
	43% 

	Span

	Cancer 
	Cancer 
	Cancer 

	466 
	466 

	28% 
	28% 

	Span

	Seizures 
	Seizures 
	Seizures 

	328 
	328 

	20% 
	20% 

	Span

	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	108 
	108 

	7% 
	7% 

	Span

	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	94 
	94 

	6% 
	6% 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	54 
	54 

	3% 
	3% 

	Span

	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	30 
	30 

	2% 
	2% 

	Span

	Glaucoma 
	Glaucoma 
	Glaucoma 

	24 
	24 

	1% 
	1% 

	Span

	ALS 
	ALS 
	ALS 

	22 
	22 

	1% 
	1% 

	Span


	Note: Percentages sum to more than 100 percent because among the 1660 patients enrolled during the first year, 167 (10.1%) were certified for more than one qualifying condition.  
	Figure 2.2. First year cohort patients by qualifying medical condition. 
	 
	Figure
	Note: Percentages sum to more than 100 percent because among the 1660 patients enrolled during the first year, 167 (10.1%) were certified for more than one qualifying condition.  
	Age and Gender 
	At the time of certifying that a patient has a medical condition qualifying them for the medical cannabis program, the certifying healthcare practitioner enters the patient’s date of birth. Additionally, during registration, patients are asked to report gender and race/ethnicity but are not required to do so. Table 2.2 shows the breakdown of patients by age category and gender at the time of initial program enrollment. The gender breakdown of patients in the first program year was 57% male and 43% female, w
	Table 2.2. Patient counts by age and gender. 
	  
	  
	  
	  

	0-4 
	0-4 

	5-17 
	5-17 

	18-24 
	18-24 

	25-35 
	25-35 

	36-49 
	36-49 

	50-64 
	50-64 

	65+ 
	65+ 

	Span

	Female 
	Female 
	Female 

	14 (41%) 
	14 (41%) 

	67 (46%) 
	67 (46%) 

	28 (29%) 
	28 (29%) 

	85 (33%) 
	85 (33%) 

	174 (44%) 
	174 (44%) 

	270 (49%) 
	270 (49%) 

	78 (43%) 
	78 (43%) 

	Span

	Male 
	Male 
	Male 

	20 (59%) 
	20 (59%) 

	78 (53%) 
	78 (53%) 

	66 (69%) 
	66 (69%) 

	175 (67%) 
	175 (67%) 

	218 (55%) 
	218 (55%) 

	274 (50%) 
	274 (50%) 

	105 (57%) 
	105 (57%) 

	Span

	Prefer Not to Answer 
	Prefer Not to Answer 
	Prefer Not to Answer 

	0 (0%) 
	0 (0%) 

	1 (1%) 
	1 (1%) 

	2 (2%) 
	2 (2%) 

	0 (0%) 
	0 (0%) 

	2 (1%) 
	2 (1%) 

	3 (1%) 
	3 (1%) 

	0 (0%) 
	0 (0%) 

	Span

	Total 
	Total 
	Total 

	34 (2%) 
	34 (2%) 

	146 (9%) 
	146 (9%) 

	96 (6%) 
	96 (6%) 

	260 (16%) 
	260 (16%) 

	394 (24%) 
	394 (24%) 

	547 (33%) 
	547 (33%) 

	183 (11%) 
	183 (11%) 

	Span


	Note: Percentages are calculated based on the total count of patients in each age category. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 2.3. Age and gender breakdown of first year cohort. 
	 
	Figure
	Age by Qualifying Condition 
	Breakdown of age category within each qualifying condition is shown in Table 2.3. Among the first year cohort, average age was 44.3 ± 18.9 years. Age distribution varied substantially across qualifying medical condition groups; patients certified for glaucoma or ALS tended to be older in general (average age of 60.4 ± 14.0 and 61.5 ± 9.6, respectively); patients certified for seizure disorders or Tourette syndrome generally were younger (23.4 ± 16.0 and 25.3 ± 11.7, respectively).  
	Table 2.3. Patient age by qualifying medical condition. 
	  
	  
	  
	  

	0-4 
	0-4 

	5-17 
	5-17 

	18-24 
	18-24 

	25-35 
	25-35 

	36-49 
	36-49 

	50-64 
	50-64 

	65+ 
	65+ 

	Mean Age (SD) 
	Mean Age (SD) 

	Total 
	Total 

	Span

	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	3 (0%) 
	3 (0%) 

	6 (1%) 
	6 (1%) 

	33 (5%) 
	33 (5%) 

	124 (17%) 
	124 (17%) 

	216 (30%) 
	216 (30%) 

	268 (38%) 
	268 (38%) 

	63 (9%) 
	63 (9%) 

	47.3 (14.5) 
	47.3 (14.5) 

	713 
	713 

	Span

	Cancer 
	Cancer 
	Cancer 

	3 (1%) 
	3 (1%) 

	15 (3%) 
	15 (3%) 

	11 (2%) 
	11 (2%) 

	33 (7%) 
	33 (7%) 

	83 (18%) 
	83 (18%) 

	217 (47%) 
	217 (47%) 

	104 (23%) 
	104 (23%) 

	54.6 (16.2) 
	54.6 (16.2) 

	466 
	466 

	Span

	Pain 
	Pain 
	Pain 

	1 (0%) 
	1 (0%) 

	3 (1%) 
	3 (1%) 

	8 (3%) 
	8 (3%) 

	26 (8%) 
	26 (8%) 

	65 (20%) 
	65 (20%) 

	151 (47%) 
	151 (47%) 

	66 (21%) 
	66 (21%) 

	54.3 (15.3) 
	54.3 (15.3) 

	320 
	320 

	Span


	  
	  
	  
	  

	0-4 
	0-4 

	5-17 
	5-17 

	18-24 
	18-24 

	25-35 
	25-35 

	36-49 
	36-49 

	50-64 
	50-64 

	65+ 
	65+ 

	Mean Age (SD) 
	Mean Age (SD) 

	Total 
	Total 

	Span

	Nausea/Vomiting 
	Nausea/Vomiting 
	Nausea/Vomiting 

	1 (0%) 
	1 (0%) 

	12 (4%) 
	12 (4%) 

	10 (4%) 
	10 (4%) 

	18 (7%) 
	18 (7%) 

	50 (18%) 
	50 (18%) 

	130 (48%) 
	130 (48%) 

	52 (19%) 
	52 (19%) 

	53.4 (16.5) 
	53.4 (16.5) 

	273 
	273 

	Span

	Cachexia/Wasting 
	Cachexia/Wasting 
	Cachexia/Wasting 

	1 (1%) 
	1 (1%) 

	6 (3%) 
	6 (3%) 

	5 (3%) 
	5 (3%) 

	8 (4%) 
	8 (4%) 

	16 (9%) 
	16 (9%) 

	90 (50%) 
	90 (50%) 

	54 (30%) 
	54 (30%) 

	57.9 (16.5) 
	57.9 (16.5) 

	180 
	180 

	Span

	Seizures 
	Seizures 
	Seizures 

	30 (9%) 
	30 (9%) 

	114 (35%) 
	114 (35%) 

	43 (13%) 
	43 (13%) 

	68 (21%) 
	68 (21%) 

	52 (16%) 
	52 (16%) 

	18 (6%) 
	18 (6%) 

	3 (1%) 
	3 (1%) 

	23.4 (16.0) 
	23.4 (16.0) 

	328 
	328 

	Span

	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	9 (8%) 
	9 (8%) 

	35 (32%) 
	35 (32%) 

	35 (32%) 
	35 (32%) 

	22 (20%) 
	22 (20%) 

	7 (7%) 
	7 (7%) 

	41.4 (13.8) 
	41.4 (13.8) 

	108 
	108 

	Span

	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	2 (2%) 
	2 (2%) 

	9 (10%) 
	9 (10%) 

	3 (3%) 
	3 (3%) 

	8 (9%) 
	8 (9%) 

	20 (21%) 
	20 (21%) 

	38 (40%) 
	38 (40%) 

	14 (15%) 
	14 (15%) 

	48.7 (20.1) 
	48.7 (20.1) 

	94 
	94 

	Span

	Pain 
	Pain 
	Pain 

	0 (0%) 
	0 (0%) 

	7 (11%) 
	7 (11%) 

	1 (2%) 
	1 (2%) 

	6 (9%) 
	6 (9%) 

	16 (24%) 
	16 (24%) 

	27 (41%) 
	27 (41%) 

	9 (14%) 
	9 (14%) 

	48.7 (20.1) 
	48.7 (20.1) 

	66 
	66 

	Span

	Nausea/Vomiting 
	Nausea/Vomiting 
	Nausea/Vomiting 

	1 (2%) 
	1 (2%) 

	4 (9%) 
	4 (9%) 

	2 (4%) 
	2 (4%) 

	3 (7%) 
	3 (7%) 

	9 (20%) 
	9 (20%) 

	21 (47%) 
	21 (47%) 

	5 (11%) 
	5 (11%) 

	48.7 (20.3) 
	48.7 (20.3) 

	45 
	45 

	Span

	Cachexia/Wasting 
	Cachexia/Wasting 
	Cachexia/Wasting 

	1 (3%) 
	1 (3%) 

	4 (11%) 
	4 (11%) 

	2 (5%) 
	2 (5%) 

	1 (3%) 
	1 (3%) 

	3 (8%) 
	3 (8%) 

	19 (50%) 
	19 (50%) 

	8 (21%) 
	8 (21%) 

	48.9 (20.3) 
	48.9 (20.3) 

	38 
	38 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	8 (15%) 
	8 (15%) 

	20 (37%) 
	20 (37%) 

	26 (48%) 
	26 (48%) 

	0 (0%) 
	0 (0%) 

	47.0 (9.7) 
	47.0 (9.7) 

	54 
	54 

	Span

	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	0 (0%) 
	0 (0%) 

	11 (37%) 
	11 (37%) 

	3 (10%) 
	3 (10%) 

	12 (40%) 
	12 (40%) 

	3 (10%) 
	3 (10%) 

	1 (3%) 
	1 (3%) 

	0 (0%) 
	0 (0%) 

	25.3 (11.7) 
	25.3 (11.7) 

	30 
	30 

	Span

	Glaucoma 
	Glaucoma 
	Glaucoma 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	1 (4%) 
	1 (4%) 

	0 (0%) 
	0 (0%) 

	4 (17%) 
	4 (17%) 

	11 (46%) 
	11 (46%) 

	8 (33%) 
	8 (33%) 

	60.4 (14.0) 
	60.4 (14.0) 

	24 
	24 

	Span

	ALS 
	ALS 
	ALS 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	2 (9%) 
	2 (9%) 

	12 (55%) 
	12 (55%) 

	8 (36%) 
	8 (36%) 

	61.5 (9.6) 
	61.5 (9.6) 

	22 
	22 

	Span


	 
	Race and Ethnicity 
	Table 2.4 shows patient-reported race and ethnicity. Patients were given the option to select multiple race and ethnicity categories, so the counts reflect some patients more than once. Ninety-one patients selected more than one race/ethnicity and 95 patients declined the question. Compared to 2014 Census Bureau estimates of race/ethnicity in Minnesota, the distribution of responding members of the first program year cohort is generally similar, with a slightly higher proportion of American Indians (2.7% ve
	Table 2.4. One-year cohort patient race and ethnicity compared to overall state demographics.  
	Race/Ethnicity 
	Race/Ethnicity 
	Race/Ethnicity 
	Race/Ethnicity 

	Medical Cannabis Registry 
	Medical Cannabis Registry 

	2014 Census Bureau Estimates 
	2014 Census Bureau Estimates 

	Span

	American Indian 
	American Indian 
	American Indian 

	42 (2.7%) 
	42 (2.7%) 

	1.9% 
	1.9% 

	Span

	Asian 
	Asian 
	Asian 

	27 (1.7%) 
	27 (1.7%) 

	5.0% 
	5.0% 

	Span

	Black 
	Black 
	Black 

	101 (6.5%) 
	101 (6.5%) 

	6.5% 
	6.5% 

	Span

	Hawaiian 
	Hawaiian 
	Hawaiian 

	3 (0.2%) 
	3 (0.2%) 

	0.1% 
	0.1% 

	Span

	White 
	White 
	White 

	1410 (90.1%) 
	1410 (90.1%) 

	87.5% 
	87.5% 

	Span

	Hispanic 
	Hispanic 
	Hispanic 

	37 (2.4%) 
	37 (2.4%) 

	4.9% 
	4.9% 

	Span

	Other 
	Other 
	Other 

	26 (1.7%) 
	26 (1.7%) 

	1.7% 
	1.7% 

	Span


	Race and ethnicity estimates for Minnesota can be found at the following website: http://factfinder.census.gov/faces/nav/jsf/pages/index.xhtml 
	Registered Caregivers and Parents/Legal Guardians 
	If a patient is unable to pick up their medication from a cannabis patient center or is unable to administer the medication, their certifying health care practitioner may also certify the patient’s need for a designated caregiver. This allows the enrolled patient to have a caregiver who then undergoes a background check and registers with the program. Registered caregivers can then legally obtain and possess the patient’s medical cannabis on their behalf. Additionally, parents or legal guardians of patients
	qualifying condition group of patients who have registered caregivers or parents or legal guardians registered to pick up medication on behalf of the patient. Patients certified for ALS, cancer, or terminal illness have the highest proportions of patients with registered caregivers (32%, 15% and 15%, respectively). Patient certified for seizure disorders or Tourette syndrome, who are also generally younger than the cohort at large, have the highest proportion of patients with registered parents or legal gua
	Table 2.5. Proportion of patients with registered caregivers, parents or legal guardians authorized to pick up medication, or both. 
	CONDITION 
	CONDITION 
	CONDITION 
	CONDITION 

	Number of Enrolled Patients 
	Number of Enrolled Patients 

	Patients with Registered Caregiver(s) 
	Patients with Registered Caregiver(s) 

	Patients with Registered Parent(s)/Legal Guardian(s) 
	Patients with Registered Parent(s)/Legal Guardian(s) 

	Patients with Registered Caregiver(s) or Parent(s)/Legal Guardian(s) 
	Patients with Registered Caregiver(s) or Parent(s)/Legal Guardian(s) 

	Span

	All Conditions 
	All Conditions 
	All Conditions 

	1660 
	1660 

	179 (11%) 
	179 (11%) 

	279 (17%) 
	279 (17%) 

	430 (26%) 
	430 (26%) 

	Span

	Cancer 
	Cancer 
	Cancer 

	466 
	466 

	71 (15%) 
	71 (15%) 

	23 (5%) 
	23 (5%) 

	92 (20%) 
	92 (20%) 

	Span

	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	94 
	94 

	14 (15%) 
	14 (15%) 

	10 (11%) 
	10 (11%) 

	22 (23%) 
	22 (23%) 

	Span

	Glaucoma 
	Glaucoma 
	Glaucoma 

	24 
	24 

	3 (13%) 
	3 (13%) 

	0 (0%) 
	0 (0%) 

	3 (13%) 
	3 (13%) 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	54 
	54 

	1 (2%) 
	1 (2%) 

	0 (0%) 
	0 (0%) 

	1 (2%) 
	1 (2%) 

	Span

	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	30 
	30 

	2 (7%) 
	2 (7%) 

	16 (53%) 
	16 (53%) 

	16 (53%) 
	16 (53%) 

	Span

	ALS 
	ALS 
	ALS 

	22 
	22 

	7 (32%) 
	7 (32%) 

	1 (5%) 
	1 (5%) 

	8 (36%) 
	8 (36%) 

	Span

	Seizures 
	Seizures 
	Seizures 

	328 
	328 

	32 (10%) 
	32 (10%) 

	213 (65%) 
	213 (65%) 

	225 (69%) 
	225 (69%) 

	Span

	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	713 
	713 

	72 (10%) 
	72 (10%) 

	26 (4%) 
	26 (4%) 

	96 (13%) 
	96 (13%) 

	Span

	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	108 
	108 

	6 (6%) 
	6 (6%) 

	3 (3%) 
	3 (3%) 

	8 (7%) 
	8 (7%) 

	Span


	Table 2.6. Count of registered caregivers associated with patients enrolled in the first program year, by qualifying condition. 
	Condition 
	Condition 
	Condition 
	Condition 

	Registered Caregiver Count 
	Registered Caregiver Count 

	Span

	All Conditions 
	All Conditions 
	All Conditions 

	202 
	202 

	Span

	Cancer 
	Cancer 
	Cancer 

	83 
	83 

	Span

	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	19 
	19 

	Span

	Glaucoma 
	Glaucoma 
	Glaucoma 

	4 
	4 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	1 
	1 

	Span

	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	2 
	2 

	Span

	ALS 
	ALS 
	ALS 

	7 
	7 

	Span

	Seizures 
	Seizures 
	Seizures 

	37 
	37 

	Span

	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	79 
	79 

	Span

	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	6 
	6 

	Span


	 
	Geographic Distribution and Distance to Nearest Cannabis Patient Center 
	At the time of registration, patients provide their home address for verification of Minnesota residency. Home addresses are retained in the patient’s online registry account but are not retained in the research database; in lieu of home address, patient ZIP codes and calculated distances from each address to the nearest cannabis patient center are accessible for research purposes. The general geographic distribution of patients was examined using patient-reported ZIP codes; the first three digits of ZIP co
	1 http://pe.usps.com/Archive/HTML/DMMArchive20050106/print/L002.htm 
	1 http://pe.usps.com/Archive/HTML/DMMArchive20050106/print/L002.htm 

	the major city within the region and approximate surrounding cities; these region labels are shown in Table 2.7, along with the count of patients living in the corresponding ZIP codes.  
	  
	Table 2.7. Geographic distribution of patients by ZIP code prefix.  
	Region 
	Region 
	Region 
	Region 

	ZIP Code Range 
	ZIP Code Range 

	Patient Count (%) 
	Patient Count (%) 

	Span

	St Paul 
	St Paul 
	St Paul 

	55000-55199 
	55000-55199 

	561 (34%) 
	561 (34%) 

	Span

	Minneapolis 
	Minneapolis 
	Minneapolis 

	55300-55599 
	55300-55599 

	671 (40%) 
	671 (40%) 

	Span

	Duluth 
	Duluth 
	Duluth 

	55600-55899 
	55600-55899 

	59 (4%) 
	59 (4%) 

	Span

	Rochester 
	Rochester 
	Rochester 

	55900-55999 
	55900-55999 

	104 (6%) 
	104 (6%) 

	Span

	Mankato 
	Mankato 
	Mankato 

	56000-56199 
	56000-56199 

	63 (4%) 
	63 (4%) 

	Span

	Willmar 
	Willmar 
	Willmar 

	56200-56299 
	56200-56299 

	49 (3%) 
	49 (3%) 

	Span

	St Cloud 
	St Cloud 
	St Cloud 

	56300-56399 
	56300-56399 

	80 (5%) 
	80 (5%) 

	Span

	Brainerd 
	Brainerd 
	Brainerd 

	56400-56499 
	56400-56499 

	27 (2%) 
	27 (2%) 

	Span

	Detroit Lakes 
	Detroit Lakes 
	Detroit Lakes 

	56500-56599 
	56500-56599 

	28 (2%) 
	28 (2%) 

	Span

	Bemidji 
	Bemidji 
	Bemidji 

	56600-56699 
	56600-56699 

	11 (1%) 
	11 (1%) 

	Span

	Grand Forks* 
	Grand Forks* 
	Grand Forks* 

	56700-56799 
	56700-56799 

	7 (0%) 
	7 (0%) 

	Span


	Note: The Grand Forks region, corresponding to ZIP codes with a 567 prefix, refers to a region including Grand Forks, South Dakota, as well as several ZIP codes located in Minnesota near the western border. Patients living in this region reside in Minnesota. 
	Two medical cannabis manufacturers each operate four cannabis patient centers where patients can purchase medical cannabis following consultation with pharmacy staff at the center. Minnesota law required that one cannabis patient center be open in each of Minnesota’s eight legislative districts by July 1, 2016 (one year after the program start date). Figure 2.4 shows the distribution of calculated one-way distance from each patient’s home address to the nearest cannabis patient center location as of July 1,
	  
	 
	Figure 2.4. Distribution of one-way distance from patient home to nearest cannabis patient center. 
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	From Certification to Program Approval: How Long Does it Take for Patients? 
	A sequential series of steps are followed in order to move patients from certification by a healthcare practitioner to their enrollment in Minnesota’s Medical Cannabis program. First, patients must have at least one medical condition that qualifies for the program and must have that condition certified by a registered health care practitioner (HCP).  After their medical condition is certified, patients have 90 days to submit a complete application to enroll in the program.  Patients must also submit payment
	Figure 2.5. Flow chart of enrollment events.  
	 
	Figure
	 
	To give current and prospective patients some idea of the time it takes to go from certification to program approval, records from patients in the first program year cohort (n = 1660) were analyzed at different time points: 1) time between certification to program approval, 2) time between certification to enrollment payment, and 3) time between enrollment payment and program approval.   
	Time from Certification to Program Approval 
	Just over half of all patients (54.7%) in the cohort (n = 1660) were approved/enrolled in the program within 3 days of having their condition(s) certified.  Close to 90% (1484 out of 1660 patients) were enrolled in the program within a month of being certified.   
	Time from Certification to Annual Enrollment Fee Payment 
	Records of enrollment fee payments were unavailable for patients who did not make an electronic payment; therefore, calculations of time between certification and enrollment fee payment was restricted to 1579 patients (95.1% of patients in the cohort represented) who paid the enrollment fee electronically.  Of these patients, 57.2% of them (n = 903) submitted payment within 1 day of getting their qualifying condition(s) certified by their HCP.  More than 90% of patients (n = 1452) submitted payment within o
	Time from Annual Enrollment Fee Payment and Program Approval 
	Records of enrollment fee payments were not available for all patients in the cohort; therefore, calculations of time between enrollment fee payment and program approval was restricted to 1579 patients (95.1% of patients in the cohort represented).  Of these patients, 72.7% of them (n = 1148) were approved for the program (officially enrolled in the program) within a day of submitting their annual enrollment fees.  Close to all patients (99.3%) were enrolled in the program within a month of submitting their
	From Certification to Program Approval: Conclusions 
	Just over half of all patients in the cohort were officially enrolled in the program within three days of being certified.  Within a week of certification, 70% of patients were enrolled in the program.  This suggests that the majority of patients move relatively quickly from certification to enrollment in the program.   
	When breaking down the process flow between certification and program approval, it typically took longer for patients to move from certification to paying the enrollment fee than it did from their paying the enrollment fee to getting approved.  This generally reflects the nature of the process flow going from certification to paying the enrollment fee: after patients are certified, the patient must self-initiate and complete the submission of all application materials along with payment (involves variable a
	point and – unless they are directed otherwise by OMC staff – will get approved for the program in the order their materials were received in the queue. 
	Re-Enrollment 
	The Minnesota medical cannabis program requires by statute that once a patient becomes certified as having a qualifying condition and enrolled in the program, the patient’s enrollment lasts for one year; therefore each year a patient must be re-certified as having at least one qualifying condition and must re-enroll in the program and pay an annual enrollment fee. If a patient is not re-certified as having a qualifying condition and does not re-enroll in the program by the anniversary date of the most recen
	Most patients who re-enrolled within six months of expiration did so prior to expiration (44%) or within the first month after enrollment expiration (40%). Only 3% of these patients re-enrolled beyond three months post expiration. Timing of re-enrollment for patients who initially enrolled during the first program month are shown in Table 2.8. 
	  
	Table 2.8. Timing of program re-enrollment for patients enrolled in the first program month.  
	Time Re-Enrollment Occurred  
	Time Re-Enrollment Occurred  
	Time Re-Enrollment Occurred  
	Time Re-Enrollment Occurred  

	Patient Count (%) 
	Patient Count (%) 

	Span

	Prior to Expiration 
	Prior to Expiration 
	Prior to Expiration 

	51 (44%) 
	51 (44%) 

	Span

	1st Month After Expiration 
	1st Month After Expiration 
	1st Month After Expiration 

	46 (40%) 
	46 (40%) 

	Span

	2nd Month After Expiration 
	2nd Month After Expiration 
	2nd Month After Expiration 

	0 (0%) 
	0 (0%) 

	Span

	3rd Month After Expiration 
	3rd Month After Expiration 
	3rd Month After Expiration 

	15 (13%) 
	15 (13%) 

	Span

	4th Month After Expiration 
	4th Month After Expiration 
	4th Month After Expiration 

	1 (1%) 
	1 (1%) 

	Span

	5th Month After Expiration 
	5th Month After Expiration 
	5th Month After Expiration 

	2 (2%) 
	2 (2%) 

	Span

	6th Month After Expiration 
	6th Month After Expiration 
	6th Month After Expiration 

	0 (0%) 
	0 (0%) 

	Span

	Total Count of Patients Re-enrolled Within 6 Months of Annual Expiration Date 
	Total Count of Patients Re-enrolled Within 6 Months of Annual Expiration Date 
	Total Count of Patients Re-enrolled Within 6 Months of Annual Expiration Date 

	115 
	115 

	Span


	Note: Among the 253 patients who enrolled in the program in July 2015, 115 (45%) re-enrolled within six months of expiration. Percentages are based on a total number of re-enrollments within this period (n=115).  
	At the time of enrollment expiration, a patient can allow their enrollment to lapse without any action or communication with the Office of Medical Cannabis. Currently OMC does not collect information systematically on why patients chose to either re-enroll or let their current enrollment expire. However, some insight into program discontinuation is available from a Continued Use survey, which asks patients who have not purchased medical cannabis for 60 days whether they have decided to stop the treatment, w
	At the time of enrollment expiration, a patient can allow their enrollment to lapse without any action or communication with the Office of Medical Cannabis. Currently OMC does not collect information systematically on why patients chose to either re-enroll or let their current enrollment expire. However, some insight into program discontinuation is available from a Continued Use survey, which asks patients who have not purchased medical cannabis for 60 days whether they have decided to stop the treatment, w
	“Early Results of Office of Medical Cannabis Surveys: May 2016”
	“Early Results of Office of Medical Cannabis Surveys: May 2016”

	 on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website).  

	 
	3. Health Care Practitioners Registered in the First Program Year 
	The Minnesota Medical Cannabis program outlines a set of qualifying medical conditions which make a patient eligible for enrollment in the program. By Minnesota statute, a patient must be certified by a Minnesota-licensed physician, physician assistant (PA), or advanced practice registered nurse (APRN) as having one or more of the qualifying conditions. A Minnesota practitioner with appropriate credentials must first register with the Minnesota Medical Cannabis program before they can certify patients for t
	Healthcare Practitioner Count, Age and Gender 
	From July 2015- June 2016, 577 healthcare practitioners licensed in Minnesota registered in the medical cannabis program, including 473 physicians (82%), 77 APRNs (13%) and 27 PAs (5%). Table 3.1 shows the breakdown of healthcare practitioner (HCP) type, gender and average age, based on publicly available data from the Boards of Medical Practice and Nursing. Physicians registered in the program were predominantly male (72%) and were generally older than registered APRNs and PAs, who were predominantly femal
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 3.1. Count of registered healthcare practitioners during the first program year. 
	 
	Figure
	 Table 3.1. Healthcare practitioner by type, with gender and average age. 
	HCP TYPE 
	HCP TYPE 
	HCP TYPE 
	HCP TYPE 

	N 
	N 

	% 
	% 

	MALE: N (%) 
	MALE: N (%) 

	MEAN AGE (SD) 
	MEAN AGE (SD) 

	Span

	Physician 
	Physician 
	Physician 

	473 
	473 

	82% 
	82% 

	341 (72%) 
	341 (72%) 

	50.3 (11.3) 
	50.3 (11.3) 

	Span

	APRN 
	APRN 
	APRN 

	77 
	77 

	13% 
	13% 

	9 (12%) 
	9 (12%) 

	47.0 (9.4) 
	47.0 (9.4) 

	Span

	PA 
	PA 
	PA 

	27 
	27 

	5% 
	5% 

	6 (22%) 
	6 (22%) 

	39.9 (9.5) 
	39.9 (9.5) 

	Span

	Total 
	Total 
	Total 

	577 
	577 

	100% 
	100% 

	356 (62%) 
	356 (62%) 

	49.4 (11.2) 
	49.4 (11.2) 

	Span


	Note: Age data was unavailable for 17 APRNs and three physicians. 
	More detailed representations of age distribution among registered physicians, PAs and APRNs are available in Figures 3.2-3.4. Figure 3.2 shows the age distribution in 5 year increments of physicians enrolled in the first program year; most physicians fall between ages 36-65 years (81%) with relatively even distribution of numbers across this range. Figure 3.3 shows the age distribution for APRNs; 51% of APRNs are 50 years or under. Figure 3.4 shows the age distribution for PAs registered in the program; mo
	Figure 3.2. Age distribution of physicians registered in the medical cannabis program (n=473). 
	 
	Figure
	Note: Age data was not publicly available for three physicians registered in the first program year. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 3.3. Age distribution of advanced practice registered nurses registered in the medical cannabis program (n=77). 
	 
	Figure
	Note: Age data was not publicly available for 17 APRNs registered in the first program year. 
	 Figure 3.4. Age distribution of physician assistants registered in the medical cannabis program (n=27). 
	 
	Figure
	Registered Physician Specialties and Licensures 
	The Minnesota Board of Medical Practice lists information on Minnesota-licensed physicians and physician assistants. Included is self-reported “Area of Specialty” information indicating a physician’s (or physician assistant’s) certifications from the American Board of Medical Specialties or American Osteopathic Specialty Boards. While physician assistant specialty information is infrequently provided, physicians often list certifications in more than one area of specialty. For example, physicians practicing
	  
	Table 3.2. Registered physician specialty categories. 
	Registered Physician Specialties 
	Registered Physician Specialties 
	Registered Physician Specialties 
	Registered Physician Specialties 

	N (%) 
	N (%) 

	Span

	Primary Care 
	Primary Care 
	Primary Care 

	179 (38%) 
	179 (38%) 

	Span

	Internal Medicine 
	Internal Medicine 
	Internal Medicine 

	61 (13%) 
	61 (13%) 

	Span

	Family Medicine 
	Family Medicine 
	Family Medicine 

	109 (23%) 
	109 (23%) 

	Span

	Pediatrics 
	Pediatrics 
	Pediatrics 

	8 (2%) 
	8 (2%) 

	Span

	Oncology 
	Oncology 
	Oncology 

	81 (17%) 
	81 (17%) 

	Span

	Neurology 
	Neurology 
	Neurology 

	65 (14%) 
	65 (14%) 

	Span

	Pediatric Specialty 
	Pediatric Specialty 
	Pediatric Specialty 

	29 (6%) 
	29 (6%) 

	Span

	Hospice/Palliative Medicine 
	Hospice/Palliative Medicine 
	Hospice/Palliative Medicine 

	25 (5%) 
	25 (5%) 

	Span

	Physical Medicine and Rehabilitation 
	Physical Medicine and Rehabilitation 
	Physical Medicine and Rehabilitation 

	21 (4%) 
	21 (4%) 

	Span

	Gastroenterology 
	Gastroenterology 
	Gastroenterology 

	11 (2%) 
	11 (2%) 

	Span

	Psychiatry 
	Psychiatry 
	Psychiatry 

	10 (2%) 
	10 (2%) 

	Span

	Ophthalmology 
	Ophthalmology 
	Ophthalmology 

	9 (2%) 
	9 (2%) 

	Span

	Surgery 
	Surgery 
	Surgery 

	8 (2%) 
	8 (2%) 

	Span

	Infectious Disease 
	Infectious Disease 
	Infectious Disease 

	6 (1%) 
	6 (1%) 

	Span

	Radiology/Radiation Oncology 
	Radiology/Radiation Oncology 
	Radiology/Radiation Oncology 

	5 (1%) 
	5 (1%) 

	Span

	Pain Medicine 
	Pain Medicine 
	Pain Medicine 

	5 (1%) 
	5 (1%) 

	Span

	Nephrology 
	Nephrology 
	Nephrology 

	3 (1%) 
	3 (1%) 

	Span

	Geriatric Medicine 
	Geriatric Medicine 
	Geriatric Medicine 

	3 (1%) 
	3 (1%) 

	Span

	Emergency Medicine 
	Emergency Medicine 
	Emergency Medicine 

	2 (0%) 
	2 (0%) 

	Span

	Rheumatology 
	Rheumatology 
	Rheumatology 

	2 (0%) 
	2 (0%) 

	Span


	Obstetrics and Gynecology 
	Obstetrics and Gynecology 
	Obstetrics and Gynecology 
	Obstetrics and Gynecology 

	2 (0%) 
	2 (0%) 

	Span

	Sports Medicine 
	Sports Medicine 
	Sports Medicine 

	2 (0%) 
	2 (0%) 

	Span

	Anesthesiology 
	Anesthesiology 
	Anesthesiology 

	2 (0%) 
	2 (0%) 

	Span

	Dermatology 
	Dermatology 
	Dermatology 

	1 (0%) 
	1 (0%) 

	Span

	Public Health and Preventive Medicine 
	Public Health and Preventive Medicine 
	Public Health and Preventive Medicine 

	1 (0%) 
	1 (0%) 

	Span

	Pulmonary Disease 
	Pulmonary Disease 
	Pulmonary Disease 

	1 (0%) 
	1 (0%) 

	Span

	Sleep Medicine 
	Sleep Medicine 
	Sleep Medicine 

	1 (0%) 
	1 (0%) 

	Span


	  
	Advanced Practice Registered Nurse Licensures 
	Advanced practice RNs include licensed Clinical Nurse Specialists (CNS), Certified Registered Nurse Anesthetists (CRNA), Certified Nurse-Midwives (CNM) or Certified Nurse Practitioners (CNP). Among the 77 APRNs who registered in the first program year, 75 held CNP certification, 1 held CNS certification, and 1 held both CNP and CNS certifications.  
	Summary 
	In the first year of the Minnesota Medical Cannabis program, 577 licensed healthcare practitioners registered as certifying providers with the program, predominantly physicians (82%). There were age and gender differences across the HCP types; physicians tended to be older and male; PAs and APRNs tended to be younger and female. Physician licensure information showed that physicians from a diversity of clinical practices are involved in certifying patients for the medical cannabis program, but the majority 
	4. Frequency and Duration of Medical Cannabis Purchases 
	 
	Time from Program Approval to First Medical Cannabis Purchase 
	Once a patient is approved for the medical cannabis program, the patient and/or their registered caregiver(s) or parent(s)/legal guardian(s) can visit any of the eight cannabis patient centers and purchase medical cannabis. Figure 4.1 shows the distribution of time from program approval to first medical cannabis purchase for patients enrolled during the first program year who purchased medical cannabis before December 31, 2016 (n=1528). Many patients (n=196; 13%) made a first purchase within one day of prog
	Figure 4.1. Time from patient approval to first medical cannabis purchase. 
	 
	Figure
	Time Between Purchases 
	According to Minnesota statute, patients can purchase up to a 30-day supply of medicine at a cannabis patient center. However, visits to a cannabis patient center vary from 30-day intervals for several reasons. Figure 4.2 shows the intervals between purchases for patients from the one-year cohort with at least two purchases (n=1256). Patients must purchase medical cannabis with cash and many patients report that the medicine’s cost is prohibitive; for these reasons, patients may purchase smaller quantities 
	According to Minnesota statute, patients can purchase up to a 30-day supply of medicine at a cannabis patient center. However, visits to a cannabis patient center vary from 30-day intervals for several reasons. Figure 4.2 shows the intervals between purchases for patients from the one-year cohort with at least two purchases (n=1256). Patients must purchase medical cannabis with cash and many patients report that the medicine’s cost is prohibitive; for these reasons, patients may purchase smaller quantities 
	“Early Results of Office of Medical Cannabis Surveys: May 2016”
	“Early Results of Office of Medical Cannabis Surveys: May 2016”

	 on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website) indicated a quantity of medicine intended to be a 30-day supply lasted longer than 30 days, or the patient chose to use the medicine sparingly as a cost-saving measure and therefore the supply lasted longer than anticipated. However, the median times between visits for the first consecutive six visits were close to the expected interval of one month (median time since last visit: 25, 28, 28, 28, and 28 days for the second, third, fourth, fifth and sixth visits, respectively).  

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 4.2. Time between visits for patients with two or more visits from July 2015-December 2016. 
	Note on boxplots: upper and lower hinges for each boxplot correspond to the 75th and 25th percentiles of each distribution, respectively. The upper and lower whiskers extend to the highest and lowest values that are within 1.5 x the interquartile range from the upper and lower hinges, respectively. Data beyond the whiskers, plotted as individual points, are outliers.  
	Figure
	Purchasing Activity in First Four Months of Program Participation 
	Patients beginning medical cannabis treatment often try different types of products with varying ratios of THC:CBD and routes of administration to achieve optimal symptom management; therefore patients may be more likely to make more visits to cannabis patient centers at the beginning of treatment and fewer visits in later times once the patient’s regimen had been established. As seen in Figure 4.2, frequency of visits (represented as time between consecutive visits) varies widely across patients. To compar
	purchases between days 61 and 120 or beyond day 120 were excluded to eliminate patients who had atypical purchasing activity or quit the program during this time window. Figure 4.3 shows the distribution of number of visits per patient which occurred in the first and second 60 days of program activity (n=752). During the first 60 days of program activity, median number of visits was 3 and 543 of 752 patients in this group (72%) made three or fewer purchases. During days 61-120 of program activity, median nu
	Figure 4.3. Number of visits in first 60 days and second 60 days of program activity, for patients with one or more purchases in both 60 day intervals.  
	 
	Figure
	Patients Who Stopped Purchasing Medical Cannabis 
	Since patients make an annual payment to be enrolled in the medical cannabis program, if they decide at some point during the following year to discontinue medical cannabis treatment, it is unlikely they will request to be withdrawn from the program, as there is no financial incentive to do so. Therefore, to understand discontinuation in the program, a functional definition was created based on purchasing patterns. For each patient in the one year cohort enrolled with a first purchase prior to December 31, 
	patients, 546 (82%) had a longest gap between purchases of 120 days or less; 616 (92%) had a longest gap between purchases of 180 days or less. Median longest gap for each patient is significantly longer than median time between visits for patient’s first six visits; this suggests that there may be a great deal of variability within a patient’s inter-visit times.  Early patient responses to the Continued Use survey point to factors which may impact purchasing frequency: unexpectedly low rate of product usag
	 
	Figure 4.4. Distribution of longest gap between visits per patient, July 2015-December 2016. 
	 
	Figure
	 
	Since most patients (92%) enrolled and purchasing within the first six program months who made two or more purchases by December 31, 2016 had no inter-visit gaps longer than 180 days, program discontinuation was defined for this analysis as ceasing purchasing activity for six months or longer during the period included in this analysis (July 2015-December 2016). This definition was applied to all patients enrolled in the first six program months who made at least one purchase (n=774) to find the proportion 
	a rough estimate of the proportion of patients who quit the program within 18 months after trying medical cannabis.  
	Using a six month window with no purchases as a surrogate for program discontinuation has limitations. For example, our analysis did not account for duration of enrollment and any effect it may have on purchasing patterns. However, it gives an approximation of patients who abandon medical cannabis treatment and roughly aligns with the re-enrollment rate of 45% in patients enrolled in the first program month (see “Re-Enrollment” in Chapter 2: Description of Patients and Designated Caregivers).  
	Frequency and Duration of Medical Cannabis Purchases: Conclusions 
	Most patients make their first medical cannabis purchase within 14 days of program approval. Subsequent purchases often follow a roughly monthly periodicity, with median inter-visit gap at 25 days for the gap between the first and second visit and 28 days for the next four inter-visit gaps. Additionally, patients tend to make purchases slightly more frequently in the first 60 days of program activity compared to the second 60 days of program activity (median number of visits is 3 from 0-60 days and 2 from 6
	 
	5. Medical Cannabis Use Patterns 
	Medical cannabis purchasing records were extracted from the registry in early March 2017 for patients enrolled in the 1st program year. From this data, all transactions that occurred within a patient’s first enrollment year were retained. For those patients whose first enrollment year had not yet ended at the time of data extraction, all purchasing transactions were retained.  This resulted in a dataset with the following: 
	 10,898 purchasing transactions consisting of: 
	 10,898 purchasing transactions consisting of: 
	 10,898 purchasing transactions consisting of: 

	 16,238 products within these transactions (37.9% of all purchasing transactions consisted of two or more products), which 
	 16,238 products within these transactions (37.9% of all purchasing transactions consisted of two or more products), which 

	 Represented 1529 patients (92.1% of the first program year cohort).    
	 Represented 1529 patients (92.1% of the first program year cohort).    


	For analytical purposes, all 16,238 product transactions were classified according to the ratio of delta-9-tetrahydrocannabinol (THC) to cannabidiol (CBD) found in the medical cannabis products. Products ranged from containing very high THC to CBD content to those with very high CBD to THC, as well as everything in between (products with relatively balanced amounts of THC and CBD). For definitions on THC:CBD ratio classifications, see Box 5.1. 
	Box 5.1. Definitions to classify medical cannabis products by THC:CBD ratios. 
	Box 5.1. Definitions to classify medical cannabis products by THC:CBD ratios. 
	Figure

	Product Classifications Based on THC to CBD content: 
	Product Classifications Based on THC to CBD content: 
	 Very High THC to CBD = 100:1 or higher 
	 Very High THC to CBD = 100:1 or higher 
	 Very High THC to CBD = 100:1 or higher 

	 High THC to CBD = >4:1 up to 99:1 
	 High THC to CBD = >4:1 up to 99:1 

	 Balanced = 1:1 up to 4:1 
	 Balanced = 1:1 up to 4:1 

	 High CBD to THC = ≥1:1 up to 99:1 
	 High CBD to THC = ≥1:1 up to 99:1 

	 Very High CBD to THC = 100:1 or higher 
	 Very High CBD to THC = 100:1 or higher 


	Figure

	Products purchased for enteral administration (swallowed – includes capsules and oral solutions) and inhalation (vaporized oil) represented the majority of the products purchased (90.6% of all product transactions) with significantly fewer products purchased for oromucosal absorption (oil absorbed through cheek; 9.4% of all product transactions). In fact, products for enteral administration and inhalation were roughly equally purchased by patients, respectively representing 45.2% (n = 7333) and 45.4% (n = 7
	 
	 
	 
	 
	 
	Figure 5.1. Purchasing transactions categorized by the product’s intended route of administration (out of 16,238 products dispensed). 
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	When products were classified by the ratio of THC to CBD present in the product, the following patterns emerged. Firstly, 48.2% of all product transactions were for products with very high THC amounts compared to CBD (hundreds to one). Balanced products (roughly equal amounts of THC to CBD) represented the next biggest group of products purchased, representing 31.3% of products dispensed. This was followed by high CBD to THC products which represented 15.9% of all product transactions.  See Figure 5.2.   
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 5.2. Product transactions represented by the THC to CBD ratio available in the product. 
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	Product transactions were also examined by the products’ THC:CBD ratios as a function of their routes of administration (see Figure 5.3). Of all product transactions intended for enteral administration, close to 39% of them were for products with relatively balanced THC:CBD ratios followed by products with high CBD:THC (29.9%) and very high THC:CBD products (24.8%). Product transactions for inhalation predominately had very high THC to CBD (71.4%). Lastly, close to half (48.4%) of all oromucosal product tra
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 5.3. A percentage breakdown of product transactions by the THC:CBD product ratio types as a function of route of administration. 
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	Most Frequently Purchased Product(s) 
	Examining purchasing history across all patients is very complex. For example, patients may experiment with different products as they explore what works best for them, and some may establish a pattern of using more than one product. Additionally, those using more than one product do not always purchase all of those products at each purchasing transaction. As a first approach to assessing routine use of products, we report here the product(s) most frequently purchased by each patient. Table 5.1 shows the pr
	Table 5.1 shows that roughly 72% of all patients most frequently purchased a single product that falls under 1) a specific THC:CBD ratio and 2) is intended for a particular route of administration (note the rows that have a single “X” in Table 5.1). Roughly a quarter of all patients most frequently purchased a very high THC to CBD product intended for vaporization followed by relatively similar numbers of patients most frequently purchasing a single, balanced-enteral product or a single, high CBD:THC-entera
	While the subsequent portions of this section will be devoted to stratifying routine product use by qualifying condition, the following statement should be made: the method for determining routine product use in this report (most frequently purchased) is relatively simple and, therefore, poses limitations for understanding the complexities in medication usage. Future endeavors will include a further discussion and potential refinement in methodology to better capture medical cannabis use in program particip
	Table 5.1. Product(s) most frequently purchased by each patient (out of 1529 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 1529 (n) 
	% of Patients out of 1529 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	25.4 (389) 
	25.4 (389) 

	83.2 mg / 0.4 mg 
	83.2 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	13.7 (209) 
	13.7 (209) 

	8.5 mg / 174.2 mg 
	8.5 mg / 174.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	12.6 (193) 
	12.6 (193) 

	38.8 mg / 29.7 mg 
	38.8 mg / 29.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.8 (88) 
	5.8 (88) 

	39.5 mg / 17.2 mg 
	39.5 mg / 17.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.0 (77) 
	5.0 (77) 

	70.8 mg / 0.3 mg 
	70.8 mg / 0.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	4.3 (66) 
	4.3 (66) 

	39.8 mg / 0.2 mg 
	39.8 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.0 (46) 
	3.0 (46) 

	99.2 mg / 47.5 mg 
	99.2 mg / 47.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.7 (41) 
	2.7 (41) 

	84.9 mg / 14.0 mg 
	84.9 mg / 14.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (36) 
	2.4 (36) 

	69.5 mg / 0.4 mg 
	69.5 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.2 (34) 
	2.2 (34) 

	46.3 mg / 33.0 mg 
	46.3 mg / 33.0 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.1 (32) 
	2.1 (32) 

	44.0 mg / 26.5 mg 
	44.0 mg / 26.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.4 (21) 
	1.4 (21) 

	48.0 mg / 15.0 mg 
	48.0 mg / 15.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.3 (20) 
	1.3 (20) 

	6.9 mg / 1225.3 mg 
	6.9 mg / 1225.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (19) 
	1.2 (19) 

	82.5 mg / 30.8 mg 
	82.5 mg / 30.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (18) 
	1.2 (18) 

	91.3 mg / 0.5 mg 
	91.3 mg / 0.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	1.2 (18) 
	1.2 (18) 

	2.9 mg / 121.6 mg 
	2.9 mg / 121.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (15) 
	1.0 (15) 

	46.8 mg / 0.2 mg 
	46.8 mg / 0.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.9 (14) 
	0.9 (14) 

	65.6 mg / 18.2 mg 
	65.6 mg / 18.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (11) 
	0.7 (11) 

	164.8 mg / 54.1 mg 
	164.8 mg / 54.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (10) 
	0.7 (10) 

	137.0 mg / 21.9 mg 
	137.0 mg / 21.9 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.6 (9) 
	0.6 (9) 

	838.8 mg / 211.5 mg 
	838.8 mg / 211.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.6 (9) 
	0.6 (9) 

	963.5 mg / 56.7 mg 
	963.5 mg / 56.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (8) 
	0.5 (8) 

	18.4 mg / 121.9 mg 
	18.4 mg / 121.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (7) 
	0.5 (7) 

	119.6 mg / 0.6 mg 
	119.6 mg / 0.6 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (7) 
	0.5 (7) 

	873.5 mg / 19.2 mg 
	873.5 mg / 19.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.4 (6) 
	0.4 (6) 

	37.0 mg / 105.6 mg 
	37.0 mg / 105.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	10.9 mg / 539.0 mg 
	10.9 mg / 539.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	56.8 mg / 224.2 mg 
	56.8 mg / 224.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	66.7 mg / 663.6 mg 
	66.7 mg / 663.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	205.7 mg / 8.8 mg 
	205.7 mg / 8.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	46.6 mg / 10.4 mg 
	46.6 mg / 10.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.3 (4) 
	0.3 (4) 

	63.9 mg / 45.8 mg 
	63.9 mg / 45.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (4) 
	0.3 (4) 

	32.3 mg / 78.8 mg 
	32.3 mg / 78.8 mg 

	Span


	Table 5.1 Continued. Product(s) most frequently purchased by each patient (out of 1529 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 1529 (n) 
	% of Patients out of 1529 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	110.4 mg / 125.2 mg 
	110.4 mg / 125.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	54.1 mg / 8.7 mg 
	54.1 mg / 8.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	122.7 mg / 25.1 mg 
	122.7 mg / 25.1 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	94.4 mg / 11.3 mg 
	94.4 mg / 11.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	52.2 mg / 23.4 mg 
	52.2 mg / 23.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.2 (3) 
	0.2 (3) 

	30.5 mg / 133.2 mg 
	30.5 mg / 133.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.2 (3) 
	0.2 (3) 

	31.5 mg / 134.4 mg 
	31.5 mg / 134.4 mg 

	Span


	 
	Severe and Persistent Muscle Spasm Patients 
	Of the 1529 patients represented in this analysis, 44.3% (677) of them were certified as having Severe and Persistent Muscle Spasms, including those Characteristic of Multiple Sclerosis. Table 5.2 shows the product(s) that were identified as the most frequently purchased by muscle spasm patients (indicated by “X”), as well as the percentage of patients it represents from the 677 patients included in this analysis.  
	The most frequently purchased product for the majority of patients (70.2%) was a single product with a specific THC:CBD ratio and route of administration. The most common product purchased was a very high THC:CBD-inhaled product (32.3% of all patients) followed by a balanced-enteral and balanced-inhaled product (16.7% and 7.2%, respectively). For patients who purchased multiple products most frequently an equal number of times, the most common combination purchased was for a very high THC:CBD-inhaled produc
	Table 5.2. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 677 (n) 
	% of Patients out of 677 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	32.3 (219) 
	32.3 (219) 

	95.2 mg / 0.4 mg 
	95.2 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	16.7 (113) 
	16.7 (113) 

	37.8 mg / 31.4 mg 
	37.8 mg / 31.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	7.2 (49) 
	7.2 (49) 

	34.1 mg / 16.9 mg 
	34.1 mg / 16.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.3 (36) 
	5.3 (36) 

	69.0 mg / 0.3 mg 
	69.0 mg / 0.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.3 (29) 
	4.3 (29) 

	115.7 mg / 64.8 mg 
	115.7 mg / 64.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.0 (27) 
	4.0 (27) 

	89.2 mg / 15.0 mg 
	89.2 mg / 15.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.8 (19) 
	2.8 (19) 

	9.9 mg / 190.1 mg 
	9.9 mg / 190.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.8 (19) 
	2.8 (19) 

	41.0 mg / 0.2 mg 
	41.0 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (16) 
	2.4 (16) 

	46.3 mg / 27.9 mg 
	46.3 mg / 27.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (13) 
	1.9 (13) 

	72.9 mg / 0.4 mg 
	72.9 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.9 (13) 
	1.9 (13) 

	19.7 mg / 14.2 mg 
	19.7 mg / 14.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.5 (10) 
	1.5 (10) 

	57.0 mg / 18.4 mg 
	57.0 mg / 18.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (7) 
	1.0 (7) 

	167.3 mg / 24.2 mg 
	167.3 mg / 24.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (7) 
	1.0 (7) 

	67.2 mg / 18.3 mg 
	67.2 mg / 18.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (7) 
	1.0 (7) 

	60.0 mg / 23.8 mg 
	60.0 mg / 23.8 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.9 (6) 
	0.9 (6) 

	219.9 mg / 77.3 mg 
	219.9 mg / 77.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (5) 
	0.7 (5) 

	16.8 mg / 102.8 mg 
	16.8 mg / 102.8 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (5) 
	0.7 (5) 

	1449.9 mg / 370.4 mg 
	1449.9 mg / 370.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (5) 
	0.7 (5) 

	150.9 mg / 8.9 mg 
	150.9 mg / 8.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.6 (4) 
	0.6 (4) 

	111.8 mg / 0.6 mg 
	111.8 mg / 0.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.4 (3) 
	0.4 (3) 

	54.9 mg / 0.2 mg 
	54.9 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.4 (3) 
	0.4 (3) 

	50.7 mg / 121.2 mg 
	50.7 mg / 121.2 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	170.3 mg / 4.5 mg 
	170.3 mg / 4.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	56.3 mg / 90.6 mg 
	56.3 mg / 90.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	30.3 mg / 80.0 mg 
	30.3 mg / 80.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	184.2 mg / 7.9 mg 
	184.2 mg / 7.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	39.7 mg / 15.1 mg 
	39.7 mg / 15.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	38.1 mg / 89.9 mg 
	38.1 mg / 89.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	193.1 mg / 1.0 mg 
	193.1 mg / 1.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	107.6 mg / 14.2 mg 
	107.6 mg / 14.2 mg 

	Span


	Table 5.2 Continued. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 677 (n) 
	% of Patients out of 677 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	166.7 mg / 15.7 mg 
	166.7 mg / 15.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	1.0 mg / 182.6 mg 
	1.0 mg / 182.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	131.4 mg / 18.2 mg 
	131.4 mg / 18.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	10.1 mg / 205.5 mg 
	10.1 mg / 205.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	80.7 mg / 24.3 mg 
	80.7 mg / 24.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	37.4 mg / 37.4 mg 
	37.4 mg / 37.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	12.8 mg / 153.4 mg 
	12.8 mg / 153.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	16.2 mg / 40.0 mg 
	16.2 mg / 40.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	153.9 mg / 919.7 mg 
	153.9 mg / 919.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	33.9 mg / 644.0 mg 
	33.9 mg / 644.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	88.5 mg / 99.2 mg 
	88.5 mg / 99.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	59.0 mg / 41.0 mg 
	59.0 mg / 41.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	34.2 mg / 67.2 mg 
	34.2 mg / 67.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	39.7 mg / 146.9 mg 
	39.7 mg / 146.9 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	65.8 mg / 8.0 mg 
	65.8 mg / 8.0 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	106.1 mg / 201.4 mg 
	106.1 mg / 201.4 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	111.3 mg / 6.1 mg 
	111.3 mg / 6.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	113.8 mg / 47.7 mg 
	113.8 mg / 47.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	118.8 mg / 36.9 mg 
	118.8 mg / 36.9 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	146.1 mg / 18.2 mg 
	146.1 mg / 18.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	42.3 mg / 113.4 mg 
	42.3 mg / 113.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	107.4 mg / 108.7 mg 
	107.4 mg / 108.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	138.5 mg / 43.4 mg 
	138.5 mg / 43.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	86.4 mg / 44.6 mg 
	86.4 mg / 44.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	76.5 mg / 32.6 mg 
	76.5 mg / 32.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	81.1 mg / 51.2 mg 
	81.1 mg / 51.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	34.7 mg / 302.1 mg 
	34.7 mg / 302.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	91.7 mg / 742.3 mg 
	91.7 mg / 742.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	314.3 mg / 25.7 mg 
	314.3 mg / 25.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	232.5 mg / 127.7 mg 
	232.5 mg / 127.7 mg 

	Span


	Table 5.2 Continued. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 677 (n) 
	% of Patients out of 677 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	117.1 mg / 112.0 mg 
	117.1 mg / 112.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	88.3 mg / 47.9 mg 
	88.3 mg / 47.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	44.7 mg / 117.0 mg 
	44.7 mg / 117.0 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	121.6 mg / 31.4 mg 
	121.6 mg / 31.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	70.4 mg / 111.2 mg 
	70.4 mg / 111.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	53.1 mg / 129.1 mg 
	53.1 mg / 129.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	138.2 mg / 21.4 mg 
	138.2 mg / 21.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	258.3 mg / 98.3 mg 
	258.3 mg / 98.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	692.0 mg / 248.8 mg 
	692.0 mg / 248.8 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	86.0 mg / 6117.0 mg 
	86.0 mg / 6117.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	135.6 mg / 10.6 mg 
	135.6 mg / 10.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	65.8 mg / 69.9 mg 
	65.8 mg / 69.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	139.1 mg / 304.6 mg 
	139.1 mg / 304.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	303.9 mg / 27.8 mg 
	303.9 mg / 27.8 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	189.7 mg / 130.6 mg 
	189.7 mg / 130.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	161.6 mg / 848.6 mg 
	161.6 mg / 848.6 mg 

	Span


	Cancer Patients 
	Of the 1529 patients represented in this analysis, 26.6% (406) of them were certified for Cancer. Table 5.3 shows the product(s) that were identified as the most frequently purchased by cancer patients (indicated by “X”), as well as the percentage of patients it represents from the 406 patients included in this analysis.  
	The majority of patients (61.6%) most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly purchased products were a very high THC:CBD-inhaled product (23.9% of all patients) followed by a balanced-enteral and very high THC:CBD-oromucosal product (10.3% and 9.6%, respectively). For patients who purchased multiple products most frequently an equal number of times, the most common combination purchased was for a very high THC:CBD product – one for ente
	Table 5.3. Product(s) most frequently purchased by each cancer patient (out of 406 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 406 (n) 
	% of Patients out of 406 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	23.9 (97) 
	23.9 (97) 

	81.4 mg / 0.4 mg 
	81.4 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	10.3 (42) 
	10.3 (42) 

	46.4 mg / 28.4 mg 
	46.4 mg / 28.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	9.6 (39) 
	9.6 (39) 

	37.3 mg / 0.2 mg 
	37.3 mg / 0.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.9 (24) 
	5.9 (24) 

	108.0 mg / 0.5 mg 
	108.0 mg / 0.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.4 (22) 
	5.4 (22) 

	62.9 mg / 0.4 mg 
	62.9 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.7 (15) 
	3.7 (15) 

	69.2 mg / 22.6 mg 
	69.2 mg / 22.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	3.2 (13) 
	3.2 (13) 

	87.0 mg / 0.4 mg 
	87.0 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.0 (12) 
	3.0 (12) 

	37.7 mg / 21.9 mg 
	37.7 mg / 21.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.7 (11) 
	2.7 (11) 

	58.5 mg / 54.2 mg 
	58.5 mg / 54.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.7 (11) 
	2.7 (11) 

	70.6 mg / 17.3 mg 
	70.6 mg / 17.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.5 (10) 
	2.5 (10) 

	9.6 mg / 239.3 mg 
	9.6 mg / 239.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.2 (9) 
	2.2 (9) 

	45.5 mg / 0.2 mg 
	45.5 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.2 (9) 
	2.2 (9) 

	111.8 mg / 39.0 mg 
	111.8 mg / 39.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.7 (7) 
	1.7 (7) 

	68.7 mg / 13.7 mg 
	68.7 mg / 13.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.7 (7) 
	1.7 (7) 

	82.8 mg / 22.8 mg 
	82.8 mg / 22.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.5 (6) 
	1.5 (6) 

	3.8 mg / 666.5 mg 
	3.8 mg / 666.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.5 (6) 
	1.5 (6) 

	47.6 mg / 9.5 mg 
	47.6 mg / 9.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (5) 
	1.2 (5) 

	90.3 mg / 0.5 mg 
	90.3 mg / 0.5 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (4) 
	1.0 (4) 

	28.6 mg / 5.4 mg 
	28.6 mg / 5.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (4) 
	1.0 (4) 

	102.0 mg / 25.3 mg 
	102.0 mg / 25.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	72.7 mg / 48.6 mg 
	72.7 mg / 48.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	51.2 mg / 7.2 mg 
	51.2 mg / 7.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	64.4 mg / 11.3 mg 
	64.4 mg / 11.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	54.1 mg / 8.7 mg 
	54.1 mg / 8.7 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	94.4 mg / 11.3 mg 
	94.4 mg / 11.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	24.2 mg / 92.5 mg 
	24.2 mg / 92.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	80.9 mg / 13.3 mg 
	80.9 mg / 13.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	3812.7 mg / 224.3 mg 
	3812.7 mg / 224.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	20.1 mg / 200.4 mg 
	20.1 mg / 200.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	43.0 mg / 97.6 mg 
	43.0 mg / 97.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	227.9 mg / 10.4 mg 
	227.9 mg / 10.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	48.8 mg / 14.5 mg 
	48.8 mg / 14.5 mg 

	Span


	Table 5.3 Continued. Product(s) most frequently purchased by each cancer patient (out of 406 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 406 (n) 
	% of Patients out of 406 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.2 (1) 
	0.2 (1) 

	3.4 mg / 64.8 mg 
	3.4 mg / 64.8 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	33.1 mg / 150.1 mg 
	33.1 mg / 150.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	18.7 mg / 8.8 mg 
	18.7 mg / 8.8 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	181.3 mg / 35.6 mg 
	181.3 mg / 35.6 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	282.1 mg / 525.9 mg 
	282.1 mg / 525.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	47.6 mg / 150.2 mg 
	47.6 mg / 150.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	97.9 mg / 31.4 mg 
	97.9 mg / 31.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.2 (1) 
	0.2 (1) 

	60.8 mg / 117.1 mg 
	60.8 mg / 117.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.2 (1) 
	0.2 (1) 

	32.7 mg / 135.4 mg 
	32.7 mg / 135.4 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	106.1 mg / 201.4 mg 
	106.1 mg / 201.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	13.0 mg / 49.5 mg 
	13.0 mg / 49.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	185.0 mg / 20.5 mg 
	185.0 mg / 20.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	94.5 mg / 24.7 mg 
	94.5 mg / 24.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	125.6 mg / 50.4 mg 
	125.6 mg / 50.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	232.5 mg / 127.7 mg 
	232.5 mg / 127.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	427.4 mg / 64.7 mg 
	427.4 mg / 64.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	692.0 mg / 248.8 mg 
	692.0 mg / 248.8 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	278.3 mg / 302.9 mg 
	278.3 mg / 302.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	135.4 mg / 296.4 mg 
	135.4 mg / 296.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	184.5 mg / 237.7 mg 
	184.5 mg / 237.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	128.8 mg / 16.4 mg 
	128.8 mg / 16.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.2 (1) 
	0.2 (1) 

	154.6 mg / 139.8 mg 
	154.6 mg / 139.8 mg 

	Span


	 
	Seizure Patients 
	Of the 1529 patients represented in this analysis, 19.8% (303) of them were certified for Seizures, including those Characteristic of Epilepsy. Table 5.4 shows the product(s) that were identified as the most frequently purchased by seizure patients (indicated by “X”), as well as the percentage of patients it represents from the 303 patients included in this analysis.  
	89.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a high CBD:THC-enteral product (59.7% of all patients) followed by a very high THC:CBD-inhaled product and high CBD:THC-oromucosal product (7.9% and 5.0%, respectively).    
	Table 5.4. Product(s) most frequently purchased by each seizure patient (out of 303), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 303 (n) 
	% of Patients out of 303 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	59.7 (181) 
	59.7 (181) 

	8.3 mg / 170.6 mg 
	8.3 mg / 170.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	7.9 (24) 
	7.9 (24) 

	75.2 mg / 0.4 mg 
	75.2 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	5.0 (15) 
	5.0 (15) 

	2.7 mg / 130.4 mg 
	2.7 mg / 130.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.6 (14) 
	4.6 (14) 

	31.1 mg / 24.8 mg 
	31.1 mg / 24.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.3 (13) 
	4.3 (13) 

	7.9 mg / 1394.4 mg 
	7.9 mg / 1394.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.6 (11) 
	3.6 (11) 

	36.3 mg / 14.7 mg 
	36.3 mg / 14.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.0 (6) 
	2.0 (6) 

	96.7 mg / 43.3 mg 
	96.7 mg / 43.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.7 (5) 
	1.7 (5) 

	10.9 mg / 539.0 mg 
	10.9 mg / 539.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.3 (4) 
	1.3 (4) 

	7.8 mg / 0.0 mg 
	7.8 mg / 0.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.3 (4) 
	1.3 (4) 

	72.7 mg / 815.1 mg 
	72.7 mg / 815.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (2) 
	0.7 (2) 

	46.5 mg / 16.6 mg 
	46.5 mg / 16.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (2) 
	0.7 (2) 

	22.1 mg / 64.1 mg 
	22.1 mg / 64.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (2) 
	0.7 (2) 

	56.7 mg / 46.0 mg 
	56.7 mg / 46.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (2) 
	0.7 (2) 

	151.4 mg / 27.6 mg 
	151.4 mg / 27.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.7 (2) 
	0.7 (2) 

	32.7 mg / 89.4 mg 
	32.7 mg / 89.4 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	278.3 mg / 302.9 mg 
	278.3 mg / 302.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	63.2 mg / 130.4 mg 
	63.2 mg / 130.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	55.3 mg / 3.2 mg 
	55.3 mg / 3.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	36.1 mg / 9.7 mg 
	36.1 mg / 9.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	64.3 mg / 17.7 mg 
	64.3 mg / 17.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	10.1 mg / 205.5 mg 
	10.1 mg / 205.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	10.0 mg / 100.0 mg 
	10.0 mg / 100.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	16.5 mg / 492.9 mg 
	16.5 mg / 492.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	75.2 mg / 723.6 mg 
	75.2 mg / 723.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	33.9 mg / 644.0 mg 
	33.9 mg / 644.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	19.0 mg / 217.9 mg 
	19.0 mg / 217.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	204.3 mg / 7.3 mg 
	204.3 mg / 7.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	88.5 mg / 99.2 mg 
	88.5 mg / 99.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	170.0 mg / 10.0 mg 
	170.0 mg / 10.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	18.0 mg / 0.1 mg 
	18.0 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	39.7 mg / 146.9 mg 
	39.7 mg / 146.9 mg 

	Span


	Crohn’s Disease Patients 
	Of the 1529 patients represented in this analysis, 6.7% (103) of them were certified for Crohn’s Disease. Table 5.5 shows the product(s) that were identified as the most frequently purchased by Crohn’s patients (indicated by “X”), as well as the percentage of patients it represents from the 103 patients included in this analysis.  
	71.8% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a very high THC:CBD-inhaled product (28.2% of all patients) followed by a balanced-enteral and balanced-inhaled product (16.5% and 8.7%, respectively). For patients who purchased multiple products most frequently an equal number of times, the most common combination identified was for a balanced-enteral product and a very high THC:CBD-inhaled product, a
	Table 5.5. Product(s) most frequently purchased by each Crohn’s Disease patient (out of 103 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 103 (n) 
	% of Patients out of 103 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	28.2 (29) 
	28.2 (29) 

	70.0 mg / 0.4 mg 
	70.0 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	16.5 (17) 
	16.5 (17) 

	31.9 mg / 31.5 mg 
	31.9 mg / 31.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	8.7 (9) 
	8.7 (9) 

	28.5 mg / 12.5 mg 
	28.5 mg / 12.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.8 (6) 
	5.8 (6) 

	15.6 mg / 297.4 mg 
	15.6 mg / 297.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.9 (5) 
	4.9 (5) 

	68.9 mg / 16.9 mg 
	68.9 mg / 16.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	3.9 (4) 
	3.9 (4) 

	35.8 mg / 0.2 mg 
	35.8 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.9 (3) 
	2.9 (3) 

	153.8 mg / 9.0 mg 
	153.8 mg / 9.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.9 (3) 
	2.9 (3) 

	81.9 mg / 0.6 mg 
	81.9 mg / 0.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	15.3 mg / 0.0 mg 
	15.3 mg / 0.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	21.3 mg / 14.5 mg 
	21.3 mg / 14.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	1.9 (2) 
	1.9 (2) 

	4.4 mg / 83.7 mg 
	4.4 mg / 83.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	27.8 mg / 13.2 mg 
	27.8 mg / 13.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	42.5 mg / 27.9 mg 
	42.5 mg / 27.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	68.5 mg / 7.3 mg 
	68.5 mg / 7.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	31.2 mg / 15.1 mg 
	31.2 mg / 15.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	48.9 mg / 65.8 mg 
	48.9 mg / 65.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	65.3 mg / 0.4 mg 
	65.3 mg / 0.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	64.6 mg / 3.3 mg 
	64.6 mg / 3.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	80.0 mg / 25.8 mg 
	80.0 mg / 25.8 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	146.1 mg / 18.2 mg 
	146.1 mg / 18.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	27.5 mg / 57.5 mg 
	27.5 mg / 57.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	57.0 mg / 11.6 mg 
	57.0 mg / 11.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	137.5 mg / 87.5 mg 
	137.5 mg / 87.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	112.1 mg / 35.9 mg 
	112.1 mg / 35.9 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	112.6 mg / 47.1 mg 
	112.6 mg / 47.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	97.8 mg / 109.5 mg 
	97.8 mg / 109.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	258.3 mg / 98.3 mg 
	258.3 mg / 98.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	86.0 mg / 6117.0 mg 
	86.0 mg / 6117.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	299.4 mg / 152.0 mg 
	299.4 mg / 152.0 mg 

	Span


	 
	Terminal Illness Patients 
	Of the 1529 patients represented in this analysis, 5.4% (82) of them were certified for Terminal Illness. Table 5.6 shows the product(s) that were identified as the most frequently purchased by terminal illness patients (indicated by “X”), as well as the percentage of patients it represents from the 82 patients included in this analysis.  
	68.3% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a very high THC:CBD-inhaled product (26.8% of all patients) followed by a balanced-enteral and balanced-oromucosal product (both respectively accounting for 8.5% of all patients). For patients who purchased multiple products most frequently an equal number of times, the most common combination identified was for a very high THC:CBD product – one for ent
	Table 5.6. Product(s) most frequently purchased by each terminal illness patient (out of 82 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 82 (n) 
	% of Patients out of 82 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	26.8 (22) 
	26.8 (22) 

	62.7 mg / 0.4 mg 
	62.7 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	8.5 (7) 
	8.5 (7) 

	18.9 mg / 18.9 mg 
	18.9 mg / 18.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	8.5 (7) 
	8.5 (7) 

	24.5 mg / 20.0 mg 
	24.5 mg / 20.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	7.3 (6) 
	7.3 (6) 

	36.5 mg / 0.1 mg 
	36.5 mg / 0.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6.1 (5) 
	6.1 (5) 

	17.2 mg / 0.0 mg 
	17.2 mg / 0.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6.1 (5) 
	6.1 (5) 

	9.8 mg / 188.2 mg 
	9.8 mg / 188.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	3.7 (3) 
	3.7 (3) 

	46.1 mg / 0.1 mg 
	46.1 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.7 (3) 
	3.7 (3) 

	47.5 mg / 28.2 mg 
	47.5 mg / 28.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	3812.7 mg / 224.3 mg 
	3812.7 mg / 224.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	57.5 mg / 0.4 mg 
	57.5 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	43.0 mg / 2.9 mg 
	43.0 mg / 2.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	123.3 mg / 0.5 mg 
	123.3 mg / 0.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	104.5 mg / 25.7 mg 
	104.5 mg / 25.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	5.2 mg / 925.0 mg 
	5.2 mg / 925.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	36.4 mg / 9.1 mg 
	36.4 mg / 9.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	10.0 mg / 5.0 mg 
	10.0 mg / 5.0 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	37.5 mg / 8.1 mg 
	37.5 mg / 8.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	30.6 mg / 293.4 mg 
	30.6 mg / 293.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	23.9 mg / 8.8 mg 
	23.9 mg / 8.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	1.2 (1) 
	1.2 (1) 

	60.8 mg / 117.1 mg 
	60.8 mg / 117.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	108.5 mg / 11.1 mg 
	108.5 mg / 11.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	66.0 mg / 20.3 mg 
	66.0 mg / 20.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	79.6 mg / 0.4 mg 
	79.6 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	98.0 mg / 17.9 mg 
	98.0 mg / 17.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	692.0 mg / 248.8 mg 
	692.0 mg / 248.8 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	135.4 mg / 296.4 mg 
	135.4 mg / 296.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	128.8 mg / 16.4 mg 
	128.8 mg / 16.4 mg 

	Span


	 
	HIV/AIDS Patients 
	Of the 1529 patients represented in this analysis, 3.2% (49) of them were certified for Human Immunodeficiency Virus and/or Acquired Immune Deficiency Syndrome (HIV/AIDS). Table 5.7 shows the product(s) that were identified as the most frequently purchased by HIV/AIDS patients (indicated by “X”), as well as the percentage of patients it represents from the 49 patients included in this analysis.  
	75.5% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a very high THC:CBD-inhaled product (51.0% of all patients) followed by a balanced-enteral product (12.2% of patients). For patients who purchased multiple products most frequently an equal number of times, the most common combination identified was for two inhaled products – one of a very high THC:CBD ratio and the other a balanced THC:CBD ratio (accou
	Table 5.7. Product(s) most frequently purchased by each HIV/AIDS patient (out of 49 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	% of Patients out of 49 (n) 
	% of Patients out of 49 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	51.0 (25) 
	51.0 (25) 

	93.4 mg / 0.6 mg 
	93.4 mg / 0.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	12.2 (6) 
	12.2 (6) 

	45.4 mg / 35.9 mg 
	45.4 mg / 35.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	10.2 (5) 
	10.2 (5) 

	76.8 mg / 13.7 mg 
	76.8 mg / 13.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6.1 (3) 
	6.1 (3) 

	13.4 mg / 0.1 mg 
	13.4 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	6.1 (3) 
	6.1 (3) 

	30.0 mg / 18.7 mg 
	30.0 mg / 18.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.1 (2) 
	4.1 (2) 

	61.3 mg / 16.1 mg 
	61.3 mg / 16.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	20.0 mg / 15.0 mg 
	20.0 mg / 15.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	38.4 mg / 0.1 mg 
	38.4 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	70.0 mg / 40.0 mg 
	70.0 mg / 40.0 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	53.3 mg / 20.1 mg 
	53.3 mg / 20.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	135.0 mg / 5.3 mg 
	135.0 mg / 5.3 mg 

	Span


	 
	Tourette Syndrome Patients 
	Of the 1529 patients represented in this analysis, 1.9% (29) of them were certified for Tourette Syndrome. Table 5.8 shows the product(s) that were identified as the most frequently purchased by Tourette Syndrome patients (indicated by “X”), as well as the percentage of patients it represents from the 29 patients included in this analysis.  
	93.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a balanced-enteral product (20.7% of all patients) followed by a very high THC:CBD-inhaled product and a very high THC:CBD-oromucosal product (respectively at 20.7% and 13.8% of all patients).  
	Table 5.8. Product(s) most frequently purchased by each Tourette Syndrome patient (out of 29 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 29 (n) 
	% of Patients out of 29 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	20.7 (6) 
	20.7 (6) 

	37.4 mg / 20.3 mg 
	37.4 mg / 20.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	20.7 (6) 
	20.7 (6) 

	78.4 mg / 0.3 mg 
	78.4 mg / 0.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	13.8 (4) 
	13.8 (4) 

	52.0 mg / 0.2 mg 
	52.0 mg / 0.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	10.3 (3) 
	10.3 (3) 

	21.2 mg / 0.1 mg 
	21.2 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	10.3 (3) 
	10.3 (3) 

	51.8 mg / 20.1 mg 
	51.8 mg / 20.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6.9 (2) 
	6.9 (2) 

	33.4 mg / 633.7 mg 
	33.4 mg / 633.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.4 (1) 
	3.4 (1) 

	85.0 mg / 30.3 mg 
	85.0 mg / 30.3 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	3.4 (1) 
	3.4 (1) 

	178.6 mg / 10.0 mg 
	178.6 mg / 10.0 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.4 (1) 
	3.4 (1) 

	5812.5 mg / 93.0 mg 
	5812.5 mg / 93.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.4 (1) 
	3.4 (1) 

	13.4 mg / 2378.6 mg 
	13.4 mg / 2378.6 mg 
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	24.2 mg / 24.2 mg 
	24.2 mg / 24.2 mg 
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	Glaucoma Patients 
	Of the 1529 patients represented in this analysis, 1.5% (23) of them were certified for Glaucoma. Table 5.9 shows the product(s) that were identified as the most frequently purchased by glaucoma patients (indicated by “X”), as well as the percentage of patients it represents from the 23 patients included in this analysis.  
	56.5% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a very high THC:CBD-inhaled product (21.7% of all patients) followed by a very high THC:CBD-enteral product and a balanced-enteral product (respectively at 17.4% and 13.0% of all patients). 
	Table 5.9. Product(s) most frequently purchased by each glaucoma patient (out of 23 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	% of Patients out of 23 (n) 
	% of Patients out of 23 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
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	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	21.7 (5) 
	21.7 (5) 

	60.1 mg / 0.4 mg 
	60.1 mg / 0.4 mg 
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	17.4 (4) 
	17.4 (4) 

	54.5 mg / 0.3 mg 
	54.5 mg / 0.3 mg 
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	13.0 (3) 
	13.0 (3) 

	7.1 mg / 3.2 mg 
	7.1 mg / 3.2 mg 
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	8.7 (2) 
	8.7 (2) 

	111.8 mg / 21.9 mg 
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	99.2 mg / 22.6 mg 
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	4.3 (1) 
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	255.0 mg / 195.8 mg 
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	71.1 mg / 31.3 mg 
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	4.3 (1) 
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	61.7 mg / 0.3 mg 
	61.7 mg / 0.3 mg 
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	4.3 (1) 
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	32.0 mg / 8.0 mg 
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	115.9 mg / 31.6 mg 
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	40.0 mg / 10.0 mg 
	40.0 mg / 10.0 mg 
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	ALS Patients 
	Of the 1529 patients represented in this analysis, 1.4% (21) of them were certified for Amyotrophic Lateral Sclerosis (ALS). Table 5.10 shows the product(s) that were identified as the most frequently purchased by ALS patients (indicated by “X”), as well as the percentage of patients it represents from the 21 patients included in this analysis.  
	57.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used product was a very high THC:CBD-inhaled product (14.3% of all patients). 
	Table 5.10. Product(s) most frequently purchased by each ALS patient (out of 21 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	% of Patients out of 21 (n) 
	% of Patients out of 21 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
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	44.8 mg / 0.3 mg 
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	Medical Cannabis Use Patterns: Conclusions 
	To establish medication use patterns in program participants, a total of 16,238 product transactions were analyzed from 1529 patients in the 1st program year cohort. When product transactions were examined by each product’s intended route of administration and THC:CBD content, the following patterns emerged. Firstly, roughly 90% of all products were purchased for enteral administration (through mouth via capsules or oral solutions) and inhalation (vaporized oil). Secondly, approximately 50% of all product t
	For this report, the most frequently purchased product(s) were identified for each patient as one method for understanding routine purchasing patterns. 72.5% of all patients most frequently purchased one type of product, with the most frequently purchased single product being a very high THC:CBD-inhaled product followed by a high CBD:THC-enteral and balanced-enteral product. For specific differences in the most frequently purchased products among qualifying conditions, the reader is encouraged to refer back
	 
	6. Benefits 
	Summary 
	Information on patient benefits comes from the Patient Self-Evaluation (PSE) completed by patients prior to each medical cannabis purchase and from patient and health care practitioner surveys.  Results of analysis of PSE and survey data indicate perceptions of a high degree of benefit for most patients. 
	Patients responded to a survey question asking them how much benefit they believe they received from using medical cannabis on a scale from 1 (no benefit) to 7 (great deal of benefit).  Across all patients 64% indicated a benefit rating of 6 or 7 and this degree of benefit was indicated by at least half of the patients with each medical condition (see Table 6.1). A small but important proportion of patients indicated little or no benefit: 9% gave a rating of 1, 2, or 3. When patients were asked what the mos
	An important part of this report is the verbatim comments written by patients, and the reader is encouraged to review these comments in Appendix A: Patient-Reported Benefits from Surveys.  Examples of these comments include: 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 

	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.” 
	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.” 

	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.” 
	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.” 

	 “At first it helped a lot but my seizures have returned.” 
	 “At first it helped a lot but my seizures have returned.” 

	 “Spasms – only a little better.” 
	 “Spasms – only a little better.” 


	 
	Table 6.1. Patient-perceived benefit (n=792). 
	  
	  
	  
	  

	No Response 
	No Response 

	1 
	1 

	2 or 3 
	2 or 3 

	4 or 5 
	4 or 5 

	6 or 7 
	6 or 7 

	Span

	All Patients 
	All Patients 
	All Patients 

	4% 
	4% 

	4% 
	4% 

	5% 
	5% 

	23% 
	23% 

	64% 
	64% 

	Span

	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	2% 
	2% 

	3% 
	3% 

	3% 
	3% 

	22% 
	22% 

	69% 
	69% 

	Span

	Cancer 
	Cancer 
	Cancer 

	5% 
	5% 

	5% 
	5% 

	6% 
	6% 

	21% 
	21% 

	64% 
	64% 

	Span

	Seizures 
	Seizures 
	Seizures 

	5% 
	5% 

	5% 
	5% 

	9% 
	9% 

	29% 
	29% 

	51% 
	51% 

	Span

	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	0% 
	0% 

	2% 
	2% 

	5% 
	5% 

	22% 
	22% 

	71% 
	71% 

	Span

	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	11% 
	11% 

	3% 
	3% 

	3% 
	3% 

	13% 
	13% 

	71% 
	71% 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	4% 
	4% 

	0% 
	0% 

	8% 
	8% 

	8% 
	8% 

	79% 
	79% 

	Span

	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	6% 
	6% 

	0% 
	0% 

	0% 
	0% 

	25% 
	25% 

	69% 
	69% 

	Span

	Glaucoma 
	Glaucoma 
	Glaucoma 

	23% 
	23% 

	8% 
	8% 

	0% 
	0% 

	0% 
	0% 

	69% 
	69% 

	Span

	ALS 
	ALS 
	ALS 

	9% 
	9% 

	9% 
	9% 

	0% 
	0% 

	18% 
	18% 

	64% 
	64% 

	Span


	Patient responses about degree of benefit experienced: 1=no benefit; 7=great deal of benefit. 
	 
	Health care practitioners were somewhat more conservative in assessment of benefit to their patients. Across all the benefit ratings by health care practitioners, 38% indicated a rating of 6 or 7 and 23% indicated little or no benefit (rating of 1, 2, or 3). Similarity in benefit assessment between health care practitioners and patients appears to vary by medical condition, with highest discrepancy among seizure patients. Descriptive comments suggest at least part of the difference is driven by perspective 
	The symptom scores provided in the Patient Self-Evaluation data have the advantage of completeness, since they are required prior to each medical cannabis purchase. In this report a reduction of ≥30% was applied to most symptoms to indicate clinically meaningful symptom reduction. In the text of the report, we present results for the more conservative of the two methods used to calculate ≥30% symptom reduction. However, Appendix D: Symptom Results 
	from the Patient Self-Evaluation shows results for both methods (details can be found in this chapter). Results show patterns similar to those in the survey benefits rating, but usually somewhat smaller in size. For example, among patients with muscle spasms, weekly muscle spasm frequency was reduced ≥30% within the first four months of medical cannabis use in 48% of patients (see Table 6.2). Importantly, in the four months after first achieving this degree of spasm reduction, more than half the patients re
	Examples of proportion of patients achieving and retaining ≥30% symptom reduction include: 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency and 46% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency and 46% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid stools per day and 29% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid stools per day and 29% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in spasm frequency and 28% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in spasm frequency and 28% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among cancer patients with at least moderate levels of nausea when they started using medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among cancer patients with at least moderate levels of nausea when they started using medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among cancer patients with at least moderate levels of pain when they started using medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among cancer patients with at least moderate levels of pain when they started using medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that level of reduction and retained it, on average, for at least four months 


	Moderate to severe levels of non-disease-specific symptoms such as fatigue, anxiety, and sleep difficulties were common across all the medical conditions.  And the reductions in these symptoms was often quite large. These findings support the understanding that some of the benefit perceived by patients is expressed as improved quality of life. 
	The type(s) of medical cannabis used at the time patients achieved clinically meaningful improvement was analyzed for each symptom assessed within each category of medical condition.  Full results of those analyses are in Appendix D: Symptom Results from the Patient Self-Evaluation and summaries are presented in this chapter. In most cases, a few combinations 
	of product types were purchased more frequently than others when analyzing data by patient condition
	Table 6.2 Symptom improvement for selected symptoms. Note: for spasticity, pain, appetite, nausea, and vomiting the analysis was conducted on patients with moderate to severe symptoms at baseline.  
	  
	  
	  
	  

	% of Patients who Achieved Threshold Symptom Improvement (≥30% Improvement Unless Otherwise Noted) 
	% of Patients who Achieved Threshold Symptom Improvement (≥30% Improvement Unless Otherwise Noted) 

	% of All Patients that Both Achieved Threshold Symptom Improvement and Retained that Degree of Improvement for at Least 4 Months 
	% of All Patients that Both Achieved Threshold Symptom Improvement and Retained that Degree of Improvement for at Least 4 Months 

	Span

	MUSCLE SPASMS 
	MUSCLE SPASMS 
	MUSCLE SPASMS 

	  
	  

	  
	  

	Span

	  
	  
	  

	Weekly spasm frequency (n = 629) 
	Weekly spasm frequency (n = 629) 

	48% 
	48% 

	28% 
	28% 

	Span

	  
	  
	  

	Spasticity (n = 618) 
	Spasticity (n = 618) 

	36% 
	36% 

	17% 
	17% 

	Span

	  
	  
	  

	Pain (n = 640) 
	Pain (n = 640) 

	34% 
	34% 

	17% 
	17% 

	Span

	CANCER 
	CANCER 
	CANCER 

	  
	  

	  
	  

	Span

	  
	  
	  

	Pain (n = 356) 
	Pain (n = 356) 

	29% 
	29% 

	12% 
	12% 

	Span

	  
	  
	  

	Appetite (n = 321) 
	Appetite (n = 321) 

	39% 
	39% 

	22% 
	22% 

	Span

	  
	  
	  

	Nausea (n = 283) 
	Nausea (n = 283) 

	38% 
	38% 

	23% 
	23% 

	Span

	  
	  
	  

	Vomiting (n = 168) 
	Vomiting (n = 168) 

	48% 
	48% 

	27% 
	27% 

	Span

	SEIZURES 
	SEIZURES 
	SEIZURES 

	  
	  

	  
	  

	Span

	  
	  
	  

	Weekly seizure frequency (n = 262) 
	Weekly seizure frequency (n = 262) 

	68% 
	68% 

	49% 
	49% 

	Span

	CROHN'S DISEASE 
	CROHN'S DISEASE 
	CROHN'S DISEASE 

	  
	  

	  
	  

	Span

	  
	  
	  

	# Liquid stools/day (n = 41) 
	# Liquid stools/day (n = 41) 

	51% 
	51% 

	29% 
	29% 

	Span

	  
	  
	  

	Abdominal pain (details in text; n = 73) 
	Abdominal pain (details in text; n = 73) 

	53% 
	53% 

	19% 
	19% 

	Span

	  
	  
	  

	General well-being (details in text; n = 15) 
	General well-being (details in text; n = 15) 

	47% 
	47% 

	13% 
	13% 

	Span

	  
	  
	  

	Measures Combined (details in text; n = 102) 
	Measures Combined (details in text; n = 102) 

	51% 
	51% 

	22% 
	22% 

	Span

	  
	  
	  

	Weight (≥ 3 pound gain; n = 102) 
	Weight (≥ 3 pound gain; n = 102) 

	21% 
	21% 

	12% 
	12% 

	Span

	TERMINAL ILLNESS 
	TERMINAL ILLNESS 
	TERMINAL ILLNESS 

	  
	  

	  
	  

	Span

	  
	  
	  

	Pain (n = 72) 
	Pain (n = 72) 

	19% 
	19% 

	10% 
	10% 

	Span

	  
	  
	  

	Appetite (n = 64) 
	Appetite (n = 64) 

	38% 
	38% 

	17% 
	17% 

	Span

	  
	  
	  

	Nausea (n = 56) 
	Nausea (n = 56) 

	45% 
	45% 

	29% 
	29% 

	Span

	  
	  
	  

	Vomiting (n = 35) 
	Vomiting (n = 35) 

	57% 
	57% 

	29% 
	29% 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	  
	  

	  
	  

	Span

	  
	  
	  

	Pain (n = 45) 
	Pain (n = 45) 

	40% 
	40% 

	20% 
	20% 

	Span

	  
	  
	  

	Appetite (n = 39) 
	Appetite (n = 39) 

	49% 
	49% 

	31% 
	31% 

	Span

	  
	  
	  

	Weight (≥ 3 pound gain; n = 48) 
	Weight (≥ 3 pound gain; n = 48) 

	15% 
	15% 

	6% 
	6% 

	Span

	TOURETTE SYNDROME 
	TOURETTE SYNDROME 
	TOURETTE SYNDROME 
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	Weekly tic frequency (n = 28) 
	Weekly tic frequency (n = 28) 

	61% 
	61% 

	46% 
	46% 

	Span

	GLAUCOMA (see text) 
	GLAUCOMA (see text) 
	GLAUCOMA (see text) 

	  
	  

	  
	  

	Span

	ALS 
	ALS 
	ALS 

	  
	  

	  
	  

	Span

	  
	  
	  

	Weekly spasm frequency (n = 18) 
	Weekly spasm frequency (n = 18) 

	33% 
	33% 

	22% 
	22% 

	Span

	  
	  
	  

	Spasticity (n = 15) 
	Spasticity (n = 15) 

	20% 
	20% 

	20% 
	20% 

	Span

	  
	  
	  

	Pain (n = 17) 
	Pain (n = 17) 

	47% 
	47% 

	12% 
	12% 

	Span


	 
	Benefits Reported on Surveys 
	In addition to collecting data on severity of symptoms related to each patient’s qualifying condition or conditions before each medical cannabis purchase, the Office of Medical Cannabis sought to gain a qualitative understanding of patient-reported benefits and harms of program participation. Utilizing expertise within the Minnesota Department of Health, the Office of Medical Cannabis developed a Patient Experience survey, which captures information on benefits and harms of program participation.  A paralle
	Survey Methodology and Data Preparation 
	The surveys are provided through an online platform with a hard copy alternative. The Patient Experience survey is sent three months after the patient’s first medical cannabis purchase, six months after the first purchase and every six months thereafter. Healthcare practitioner surveys are sent six months after the patient’s first purchase and every six months thereafter. Surveys are accessible through the patient or healthcare practitioner’s registry page and through introductory emails containing unique l
	Initially, patient and healthcare practitioners (HCPs) were sent one survey three months after the patient’s first purchase, without recurrence. This schedule was revised to include recurring surveys roughly every six months to provide patients and their HCPs an opportunity to report ongoing progress or changes to the patient’s condition; however the HCP survey sent three months after the first purchase was eliminated based on feedback that three months may not allow enough time for the provider to see thei
	Patients and their certifying HCPs were asked to report the “most important benefit” and “most important negative effect” related to medical cannabis treatment. Survey responses from patients and health care practitioners on perceived benefits and perceived negative effects 
	were reported in free-text format; each response was individually reviewed and classified into a category of benefit or negative effects. Reported benefits typically included either direct improvement of symptoms related to the patient’s qualifying condition or more general improvements in health or quality of life, referred to in this report as global health benefits.  Additionally, many responses included more than one type of benefit; in these cases, the first reported benefit was presumed to be the most
	Patient Experience Survey Results 
	Patient Experience Survey Response Rate 
	Of 1491 patients who were approved and made their first medical cannabis purchase in the first year of the program (July 1, 2015- June 30, 2016), 792 patients (53%) submitted a survey three months after making the first purchase. As of December 31, 2016, 90 patients (5%) were known to be deceased since enrolling in the program. These patients were included in this report, as in some cases caregivers or relatives and HCPs completed surveys, reflecting on the patient’s experience for the period of time the pa
	Table 6.3. Patient survey response rates by age group.  
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	Table 6.4. Patient total counts and patient response rates by qualifying medical condition. 
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	Table 6.5. Patient survey response rates by race and ethnicity. 
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	Patient response rates varied across age group, qualifying condition and race and ethnicity (Tables 6.3-6.5). Elderly patients (ages 65 and over) had the lowest response rate (41%); patients certified for cancer and terminal illness also had low response rates relative to other certified condition groups (41% and 48%, respectively). In general, racial and ethnic minorities were under-represented in survey responses.  
	Patient Perceptions of Benefits from Medical Cannabis 
	The Patient Experience and HCP surveys both ask respondents to report how much benefit they believe the patient received from using medical cannabis, on a scale from 1 (no benefit) to 7 (a great deal of benefit). Figures 6.1-6.10 show the distribution of benefit scores on this scale, as reported by patients, for all patients and by patients with each qualifying condition.  
	The percentages in Figures 6.1-6.10 are based on the total number of patient responses in each condition group and not the number of complete benefit scores for each group (33 patients submitted surveys without completing the benefit score question, but were included in the denominators). 
	ALL QUALIFYING CONDITIONS 
	Figure 6.1 below shows all patient responses about degree of benefit experienced. Among patient respondents, 43% report the highest degree of benefit from medical cannabis: “a great deal of benefit” or a score of 7 on a scale from 1-7. 
	Figure 6.1. Patient-Perceived Benefit: All Conditions (N=792). 
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	 SEVERE AND PERSISTENT MUSCLE SPASMS 
	Figure 6.2 shows responses from patients certified for severe and persistent muscle spasms regarding degree of benefit experienced. Among respondents, 47% report a score of 7 on a scale from 1-7. 
	Figure 6.2. Patient-Perceived Benefit: Muscle Spasms (N=373) 
	Figure
	CANCER 
	Figure 6.3 shows responses from patients certified for cancer regarding degree of benefit experienced. Among respondents, 41% report a score of 7 on a scale from 1-7. 
	Figure 6.3. Patient-Perceived Benefit: Cancer (N=157) 
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	SEIZURES 
	Figure 6.4 shows responses from patients certified for seizure disorders regarding degree of benefit experienced. Among respondents, 34% report a score of 7 on a scale from 1-7. 
	Figure 6.4. Patient-Perceived Benefit: Seizures (N=182) 
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	CROHN’S DISEASE 
	Figure 6.5 shows responses from patients certified for Crohn’s disease regarding degree of benefit experienced. Among respondents, 47% report a score of 7 on a scale from 1-7. 
	Figure 6.5. Patient-Perceived Benefit: Crohn’s Disease (N=55) 
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	TERMINAL ILLNESS 
	Figure 6.6 shows responses from patients certified for terminal illness regarding degree of benefit experienced. Among respondents, 53% report a score of 7 on a scale from 1-7. 
	Figure 6.6. Patient-Perceived Benefit: Terminal Illness (N=38) 
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	HIV/AIDS 
	Figure 6.7 shows responses from patients certified for HIV/AIDS regarding degree of benefit experienced. Among respondents, 63% report a score of 7 on a scale from 1-7. 
	Figure 6.7. Patient-Perceived Benefit: HIV/AIDS (N=24) 
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	TOURETTE SYNDROME 
	Figure 6.8 shows responses from patients certified for Tourette syndrome regarding degree of benefit experienced. Among respondents, 38% report a score of 7 on a scale from 1-7. 
	Figure 6.8. Patient-Perceived Benefit: Tourette Syndrome (N=16) 
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	GLAUCOMA 
	Figure 6.9 shows responses from patients certified for glaucoma regarding degree of benefit experienced. Among respondents, 62% report a score of 7 on a scale from 1-7. 
	Figure 6.9. Patient-Perceived Benefit: Glaucoma (N=13) 
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	ALS 
	Figure 6.10 shows responses from patients certified for ALS regarding degree of benefit experienced. Among respondents, 36% report a score of 7 on a scale from 1-7. 
	Figure 6.10. Patient-Perceived Benefit: ALS (N=11) 
	 
	Figure
	 
	Patient Perceptions of Types of Benefits from Medical Cannabis Treatment 
	In both the Patient Experience and HCP surveys, patients and their certifying HCPs had an opportunity to describe the most significant benefit to the patient that was associated with medical cannabis treatment. Each response was reviewed and classified as symptom improvement (based on qualifying condition), or global health benefit, which included all health benefits not specifically related to the relief of symptoms directly associated with the patient’s qualifying medical condition(s). Note that not all c
	 “Almost all muscle spasms and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.”  
	 “Almost all muscle spasms and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.”  
	 “Almost all muscle spasms and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.”  

	 “A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me – stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount”  
	 “A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me – stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount”  

	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.”  
	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.”  

	 “Has eased my muscle spasms and cramping. Has helped my visual issues. Has helped me to maintain healthy weight. Have been able to sleep much better and have cut other pain prescriptions way back. Seems to take pain away enough that I have been more active and am able to function on household tasks to a somewhat normal level. My brain seems to be working better as well ie. concentration/focusing and remembering.”  
	 “Has eased my muscle spasms and cramping. Has helped my visual issues. Has helped me to maintain healthy weight. Have been able to sleep much better and have cut other pain prescriptions way back. Seems to take pain away enough that I have been more active and am able to function on household tasks to a somewhat normal level. My brain seems to be working better as well ie. concentration/focusing and remembering.”  

	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.”  
	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.”  

	    “Within 1 week of use, my tics disappeared and have stayed gone even with occasional use. This has never happened previously in my life, so it is very effective.”  
	    “Within 1 week of use, my tics disappeared and have stayed gone even with occasional use. This has never happened previously in my life, so it is very effective.”  

	 “At first it helped a lot but my seizures have returned.”  
	 “At first it helped a lot but my seizures have returned.”  

	 “Spasms – only a little better.”  
	 “Spasms – only a little better.”  


	 
	Symptom Improvement from Medical Cannabis Treatment 
	Table 6.6 summarizes the reported “most important benefits” which could be considered improvement of a symptom related to the patient’s qualifying condition from reports of patients, categorized by the benefit score reported by the patient. For patients with severe muscle spasms, reports of spasm reduction or pain reduction were considered symptom improvement. For patients with cancer (regardless of whether their condition was associated with severe/chronic pain, nausea or severe vomiting, cachexia or sever
	severe wasting, or a combination), reduction in pain, nausea and/or vomiting and weight gain and/or appetite improvement were considered symptom improvement. For patients certified for HIV/AIDS, reduction in pain, nausea and/or vomiting, and weight gain and/or appetite improvement were considered symptom improvement. In patients with Tourette syndrome, reduced tics or specific mention of reduced Tourette symptoms were considered symptom improvement. In patients certified for glaucoma, reduction in intraocul
	Among patients with severe and persistent muscle spasms, 26% reported pain reduction and another 25% reported spasm reduction as the most important benefit. Among seizure patients, 51% reported seizure reduction (either in frequency or severity). Among cancer patients, 26% reported pain reduction as the primary benefit; 25% reported weight gain, appetite improvement, or reduced nausea or vomiting. Among Crohn’s disease respondents, 25% reported reduced pain, 16% reported reduced severity or frequency of gas
	Table 6.6. Distribution of Symptom Improvement by Condition: Patient Surveys 
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	Patient Perceptions of Global Health Benefits from Medical Cannabis 
	Many patients responded to the question regarding “most important benefit” by describing benefits not specifically related to the symptoms of their qualifying conditions. These responses were reviewed and classified into categories of “global health benefits”- broader benefits which impact the patient’s overall health. Global health benefits reported by patients included improvement in quality of life, improvement in sleep (whether or not explicitly tied to reduction in symptoms related to qualifying condit
	Table 6.7 shows the number of responses by type of global health benefit, along with the associated benefit score reported by the patient.  Overall, 6% of patient respondents reported 
	improved sleep as the most important benefit from medical cannabis; 4% reported improved quality of life, 4% reported reduced usage of other medication, 3% reported reduced anxiety, and 2% reported improved alertness or cognitive function. 
	Table 6.7. Distribution of Global Health Benefits Condition: Patient Surveys 
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	Health Care Practitioner Survey Results 
	HCP Survey Response Rate 
	As a result of changing the survey schedule during the first program year, the healthcare providers of 774 patients who were enrolled and made a first medical cannabis purchase in the first medical cannabis purchase in the first six months of the program (July 1 – December 31, 2015) received a survey three months after the patient’s first purchase; the remaining 717 could therefore not be included in the reporting below. The subset of Patient Experience survey responses that corresponds to this group of HCP
	Table 6.8. Healthcare Practitioner and Patient Experience survey response rates by age group.  
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	Table 6.9. Patient total counts and HCP/patient response rates by qualifying medical condition. 
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	Table 6.10. Patient total counts and HCP/patient response rates by race and ethnicity.  
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	 Response rates for the Patient Experience and HCP surveys varied widely across age group, qualifying condition and race and ethnicity (Tables 6.8-6.10). Patient response rate was lowest among the oldest age group (65+; 51%) and HCP response rate was generally lower for older age groups. Among HCP responses, certifiers of patients with HIV/AIDS and Crohn’s disease had the highest response rates (46% and 43%, respectively). Among patient responses, patients certified for severe and persistent muscle spasms, 
	Healthcare Practitioner Perceptions of Benefit 
	The Patient Experience and HCP surveys both ask respondents to report how much benefit they believe the patient received from using medical cannabis, on a scale from 1 (no benefit) to 7 (a great deal of benefit). Figures 6.11-6.20 show the distribution of benefit scores on this scale, as reported by HCPs, for all patients and by patients with each qualifying condition.  
	A note on how proportions were calculated: the total number of HCP responses is reflected in Figures 6.11-6.20; this includes 45 HCP responses with either no response or a “0” option selected for the benefit scale, which indicates that the HCP did not have enough information about the patient to answer the question of benefit.)  
	Note that results from patient surveys (Figures 6.1-6.10) and health care practitioner surveys (Figures 6.11-6.20) do not pertain to identical groups of patients.  That is, some patients have 
	only a patient survey completed, some have only a HCP survey completed, some have neither completed, and some (n=126) have a completed survey from both the patient and their certifying HCP.  For this reason, comparison of results from patient and HCP surveys must be approached with caution, except for the last group, where there is a completed survey from both the patient and the HCP.  Further on in this section (Table 6.13 and Figures 6.21-6.28) comparisons for that last group are presented.  In general, r
	ALL QUALIFYING CONDITIONS 
	Figure 6.11 shows all HCP responses about degree of benefit experienced. Benefit ratings were provided on 206 of the 251 submitted surveys.  Among the 251 surveys, 32 (13%) reported no benefit and 51 (20%) reported the highest degree of benefit (score of 7); 150 (60%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.11. HCP-Perceived Benefit: All Conditions (N=251) 
	 
	Figure
	 
	  
	SEVERE AND PERSISTENT MUSCLE SPASMS 
	Figure 6.12 shows HCP benefit score responses for patients certified for severe and persistent muscle spasms. Benefit ratings were provided on 91 of the submitted surveys.  Among the 91 responses, 4 reported no benefit and 34 reported the highest degree of benefit (score of 7); 76 (84%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.12. HCP-Perceived Benefit: Severe and Persistent Muscle Spasms (N=98) 
	 
	Figure
	  
	  
	CANCER 
	Figure 6.13 shows HCP benefit score responses for patients certified for cancer. Benefit ratings were provided on 41 of the submitted surveys.  Among the 41 responses, 5 reported no benefit and 8 reported the highest degree of benefit (score of 7); 32 (78%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.13. HCP-Perceived Benefit: Cancer (N=51) 
	 
	Figure
	  
	  
	SEIZURES 
	Figure 6.14 shows HCP benefit score responses for patients certified for seizures. Benefit ratings were provided on 50 of submitted surveys.  Among the 50 responses, 20 reported no benefit and 6 reported the highest degree of benefit (score of 7); 21 (42%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.14. HCP-Perceived Benefit: Seizures (N=64) 
	 
	Figure
	 
	  
	CROHN’S DISEASE 
	Figure 6.15 shows HCP benefit score responses for patients certified for Crohn’s disease. Benefit ratings were provided on 15 of the completed surveys.  Among the 15 responses, 3 reported no benefit and 2 reported the highest degree of benefit (score of 7); 11 (73%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.15. HCP-Perceived Benefit: Crohn’s Disease (N=25) 
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	TERMINAL ILLNESS 
	Figure 6.16 shows HCP benefit score responses for patients certified for terminal illness. Benefit ratings were provided on 11 of the completed surveys.  Among the 11 responses, 3 reported no benefit and 2 reported the highest degree of benefit (score of 7); 8 (73%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.16. HCP-Perceived Benefit: Terminal Illness (N=12) 
	 
	Figure
	  
	  
	HIV/AIDS 
	Figure 6.17 shows HCP benefit score responses for patients certified for HIV/AIDS. Benefit ratings were provided on 8 of the 12 completed surveys.  Among the 8 responses, none reported no benefit and two reported the highest degree of benefit (score of 7); all eight reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.17. HCP-Perceived Benefit: HIV/AIDS (N=12) 
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	TOURETTE SYNDROME 
	Figure 6.18 shows HCP benefit score responses for patients certified for Tourette syndrome. Benefit ratings were provided on all four of the completed surveys.  Among the 4 responses, none reported no benefit and one reported the highest degree of benefit (score of 7); all four reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.18. HCP-Perceived Benefit: Tourette Syndrome (N=4) 
	 
	Figure
	 
	  
	GLAUCOMA 
	Figure 6.19 shows HCP benefit score responses for patients certified for glaucoma. Benefit ratings were provided on all three of the completed surveys.  Among the 3 responses, one reported no benefit and none reported the highest degree of benefit (score of 7); only one reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.19. HCP-Perceived Benefit: Glaucoma (N=3) 
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	ALS 
	Figure 6.20 shows HCP benefit score responses for patients certified for ALS. Benefit ratings were provided on 3 of the 5 completed surveys. Among the 3 responses, none reported no benefit and none reported the highest degree of benefit (score of 7); all three reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.20. HCP-Perceived Benefit: ALS (N=5) 
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	HCP Perceptions of Symptom Improvement from Medical Cannabis Treatment 
	Similar to the format in the Patient Experience survey, the HCP surveys asks certifying HCPs to describe the most significant benefit to the patient that is associated with medical cannabis treatment. Each response was reviewed and classified into broad categories of symptom improvement or global health benefits, as described in an earlier section. A full report of all benefit comments from HCPs can be found in Appendix B: Healthcare Practitioner-Reported Benefits from Surveys. Table 6 summarizes the report
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	Additional Clinical Observations 
	Healthcare practitioners were asked to provide any additional clinical observations or insights on the impact of medical cannabis treatment on the patient’s condition, and were specifically prompted to report any observations on drug interactions. A third of the 114 observations describe a decrease in the patients’ other medications- mainly opioids and benzodiazepines. The survey healthcare practitioners will complete for patients certified for intractable pain will ask specifically about this issue. There 
	Patient Versus HCP Perceptions of Benefit from Medical Cannabis 
	Among survey respondents, there were 126 patients who submitted a survey for whom their certifying health care practitioner also completed a survey. Comparison of benefit scores reported by the patient to benefit scores reported by the healthcare practitioner are shown in Table 6.13, grouping scores of 1 or 2 in a category representing no or little benefit; scores of 3, 4, or 5 were grouped into a category representing mild or moderate benefit and scores of 6 or 7 were placed in a category representing stro
	Table 6.13. Distribution of patient-reported benefits and HCP-reported benefits for patients with both patient and HCP surveys completed (n=126). 
	 
	 
	 
	 

	TH
	Span
	HCP-Perceived Benefit 

	Span

	TR
	TD
	Span
	Patient-Perceived Benefit 

	TD
	Span
	No/Little Benefit (1-2) 

	TD
	Span
	Mild/Moderate Benefit  (3-5) 

	TD
	Span
	Strong Benefit (6-7) 

	Span

	TR
	TD
	Span
	No/Little Benefit (1-2) 

	TD
	Span
	4 (3%) 

	TD
	Span
	1 (1%) 

	TD
	Span
	2 (2%) 

	Span

	TR
	TD
	Span
	Mild/Moderate Benefit (3-5) 

	7 (6%) 
	7 (6%) 

	19 (15%) 
	19 (15%) 

	10 (8%) 
	10 (8%) 

	Span

	TR
	TD
	Span
	Strong Benefit (6-7) 

	TD
	Span
	2 (2%) 

	TD
	Span
	23 (18%) 

	TD
	Span
	58 (46%) 

	Span


	  
	  
	Severe and Persistent Muscle Spasms 
	Figure 6.21 shows benefit scores reported by patients and their certifying HCPs for muscle spasms patients for whom both scores were available (n=57). Comparison of proportions of patients and HCPs reporting each benefit score shows fairly good agreement: 46% of patients and 39% of HCPs report scores of 6 or 7; 5% of patients and 0% HCPs report no benefit. 
	Figure 6.21. Muscle Spasms (N=57): Perceived Benefit 
	 
	Figure
	  
	  
	Cancer 
	Figure 6.22 shows benefit scores reported by patients and their certifying HCPs for cancer patients for whom both scores were available (n=22). Comparison of proportions of patients and HCPs reporting each benefit score shows differences in effect size but general agreement that patients experienced some benefit. Among this group, 68% of patients and 27% of HCPs report scores of 6 or 7; 0% patients and 0% HCPs report scores of 1 or 2. 
	Figure 6.22. Cancer (N=22): Perceived Benefit 
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	Seizures 
	Figure 6.23 shows benefit scores reported by patients and their certifying HCPs for seizure patients for whom both scores were available (n=29). Comparison of proportions of patients and HCPs reporting each benefit score shows that generally patients report higher degrees of benefit than HCPs: 38% of patients versus 17% of HCPs report scores of 6 or 7; 3% of patients versus 24% HCPs report no benefit. 
	Figure 6.23. Seizures (N=29): Perceived Benefit 
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	Crohn’s Disease 
	Figure 6.24 shows benefit scores reported by patients and their certifying HCPs for Crohn’s disease patients for whom both scores were available (n=9). Comparison of proportions of patients and HCPs reporting each benefit score shows general agreement about degree of benefit experienced: 89% of patients and 78% of HCPs report scores of 6 or 7; 11% of both patients and HCPs report scores of 1. 
	Figure 6.24. Crohn’s Disease (N=9): Perceived Benefit 
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	Terminal Illness 
	No patients with terminal illness had both an HCP-submitted survey and patient-submitted survey. 
	  
	HIV/AIDS 
	Figure 6.25 shows benefit scores reported by patients and their certifying HCPs for HIV/AIDS patients for whom both scores were available (n=5). Comparison of proportions of patients and HCPs reporting each benefit score shows general agreement about degree of benefit experienced: 100% of patients and 80% of HCPs report scores of 6 or 7. 
	Figure 6.25. HIV/AIDS (N=5): Perceived Benefit 
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	Tourette Syndrome 
	Figure 6.26 shows benefit scores reported by patients and their certifying HCPs for Tourette syndrome patients for whom both scores were available (n=3). Comparison of proportions of patients and HCPs reporting each benefit score shows general agreement about degree of benefit experienced: 67% of patients and 67% of HCPs report scores of 6 or 7. 
	Figure 6.26. Tourette Syndrome (N=3): Perceived Benefit 
	 
	Figure
	 
	  
	Glaucoma 
	Figure 6.27 shows the benefit scores reported for one glaucoma patient who completed a survey (reported benefit score of 7) and whose HCP also completed a survey (reported benefit score of 3).   
	Figure 6.27. Glaucoma (N=1): Perceived Benefit 
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	ALS 
	Figure 6.28 shows benefit scores reported by patients and their certifying HCPs for ALS patients for whom both scores were available (n=3). Comparison of proportions of patients and HCPs reporting each benefit score shows general agreement about degree of benefit experienced: 100% of patients and 67% of HCPs report scores of 6 or 7. 
	Figure 6.28. ALS (N=3): Perceived Benefit 
	 
	Figure
	 Benefits Reported on Surveys: Conclusions 
	Of 1491 patients making a purchase in the first program year, 53% completed a survey three months after the first purchase. Among respondents, 43% reported experiencing the highest degree of benefit from medical cannabis and 87% reported at least a moderate degree of benefit (score of 4 or greater on a 1 to 7 scale). Patients reported the types of benefits experienced, which were predominantly (64%) various types of symptom improvement; many patients (25%) also reported global health benefits as the most im
	For patients making a purchase in the first six months of the program (n=774), 32% of HCP surveys were submitted. Overall, HCP reports of benefit were more conservative than those of patients, but 20% reported that the patient experienced the highest degree of benefit from medical cannabis and 60% reported at least a moderate degree of benefit. Among patients purchasing in the first six program months, 126 patients had both patient and HCP surveys completed and comparison of benefit scores indicated general
	Benefits Reported on the Patient Self-Evaluation 
	The Patient Self-Evaluation (PSE) contains questions that allow the Office of Medical Cannabis (OMC) to look for improvements in symptoms over time. Patients are required to complete a PSE prior to each medical cannabis purchase (including before their first medical cannabis purchase). This allows for capture of the patients’ symptoms at baseline – prior to taking any medical cannabis, as well as prior to each subsequent medical cannabis purchase. Hence, symptom change over time can be analyzed during the p
	All patients received a standard set of 8 symptom measures on the PSE. In addition, some patients received additional symptom questions depending on their qualifying medical condition(s). These two sets of symptom measures will be subsequently discussed below. Data from the PSE were extracted from patients who enrolled during the first program year (enrolled between July 1, 2015 and June 30, 2016; 1660 patients enrolled during this time period). 
	Standard 8 Symptom Measures 
	The standard 8 symptom measures that all patients received are answered on a 0-10 numerical rating scale (NRS), with 0 indicating absence of the symptom to 10 indicating that the symptom is as bad as the patient can imagine (see Box 6.1). Therefore, higher scores on these measures indicate poorer management of these symptoms. Patients are asked to rate symptom severity over the past 24 hours. 
	Box 6.1. Listing of the Standard 8 symptom measures that all patients answer, including the responses options available to patients. 
	 
	Standard 8 Symptom Measures: 
	Standard 8 Symptom Measures: 
	Anxiety  Fatigue Lack of Appetite Nausea Depression  Pain Disturbed Sleep Vomiting 
	Response Options (0 – 10 NRS):              0    1    2    3    4    5    6    7    8    9    10 Symptom                                                        Symptom as  not                                                                   bad as one  present                                                           can image 
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	To understand whether patients derived any symptom benefits during their participation in the program, the following three questions were explored for each Standard 8 symptom measure: 
	QUESTION 1  Of those patients who experienced moderate to severe symptoms at baseline (score of 4 or higher at baseline), what percentage of them experienced at least a 30% improvement in symptoms within four months of their first medical cannabis purchase? The threshold of ≥30% reduction on a 0-10 point scale was chosen because this threshold has been documented in clinical trials to represent clinically meaningful change – especially for pain reduction and spasticity reduction. Examples of ≥30% change inc
	QUESTION 2 If a patient achieved at least a 30% improvement on symptoms within 4 months of their first medical cannabis purchase (determined in Question 1), what percentage of them will, on average, still maintain that level of improvement in the four months following that initial 30% symptom improvement? [Four-month follow-up period] 
	QUESTION 3 What medical cannabis products were purchased just prior to the patient’s initial report of symptom improvement (first time patient indicated ≥30% improvement on the PSE)?  What was the average daily intake of delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) for these product types? 
	 
	To address Question 1 the following procedure was adopted for each standard 8 measure: all patients who scored 4 or higher at baseline were identified as those experiencing moderate to severe symptoms, and all standard 8 responses that were submitted within 4 months of their first medical cannabis purchase were retained.  From this dataset, each patient’s standard 8 responses were compared to their baseline response over time. The first instance a patient achieved at least a 30% symptom improvement was reco
	Calculating the percentage of patients who achieved ≥30% symptom improvement within 4 months of their first medical cannabis purchase (Question 1) was done in two ways. In one method, the number of patients who achieved ≥30% symptom improvement within 4 months was divided by the total number of patients that ever made a first purchase (patients with baseline PSE data). In the other method, the number of patients achieving ≥30% symptom improvement within 4 months was divided by patients who had submitted add
	the former method includes all patients who made a first purchase (all patients with a baseline PSE submission), while the latter method effectively restricts the dominator to those patients who submitted additional PSE symptom data following their baseline submission and within 4 months of their first purchase. Therefore, the former method allows for a more conservative estimation of symptom benefit. In the text of this report, we present results using the former, more conservative estimate of benefit. Tho
	Since Question 1 examines symptom improvement within 4 months of their first medical cannabis purchase, patients who had not been enrolled in the program for at least 4 months since their first medical cannabis purchase were not included in the analysis. When PSE data were extracted in late December 2016, 1512 patients from the first year cohort (91.1% of the 1st year cohort) had been enrolled for at least 4 months since their first medical cannabis purchase—results on the standard 8 symptom measures are re
	Question 2 was addressed by observing all symptom responses in the four months following the time point when the patient first achieved ≥30% symptom improvement. For each patient, all symptom responses identified during those follow-up four months were averaged together. Patients who, on average, still maintained at least a 30% symptom improvement from baseline were identified as those showing persistence in their symptom benefits. 
	For Question 3, products that were purchased just prior to each patient’s initial ≥30% symptom improvement were identified and categorized by their THC/CBD ratio and intended route of administration (ROA). See Box 6.2 for definitions of these categories. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Box 6.2. Categories to describe medical cannabis products purchased by patients. 
	Medical Cannabis Products Categorized by THC:CBD Content Ratio: 
	Medical Cannabis Products Categorized by THC:CBD Content Ratio: 
	 Very High THC to CBD = 100:1 or higher 
	 Very High THC to CBD = 100:1 or higher 
	 Very High THC to CBD = 100:1 or higher 

	 High THC to CBD = >4:1 up to 99:1 
	 High THC to CBD = >4:1 up to 99:1 

	 Balanced = 1:1 up to 4:1 
	 Balanced = 1:1 up to 4:1 

	 High CBD to THC = ≥1:1 up to 99:1 
	 High CBD to THC = ≥1:1 up to 99:1 

	 Very High CBD to THC = 100:1 or higher 
	 Very High CBD to THC = 100:1 or higher 


	 Product Routes of Administration (ROA): 
	 Enteral: for absorption through the gastrointestinal tract (includes capsules and oral solutions to swallow). 
	 Enteral: for absorption through the gastrointestinal tract (includes capsules and oral solutions to swallow). 
	 Enteral: for absorption through the gastrointestinal tract (includes capsules and oral solutions to swallow). 

	 Inhalation: for absorption through the lungs (includes products for vaporization) 
	 Inhalation: for absorption through the lungs (includes products for vaporization) 

	 Oromucosal: for absorption through the oral mucosa (includes sublingual sprays and tinctures to hold in the mouth) 
	 Oromucosal: for absorption through the oral mucosa (includes sublingual sprays and tinctures to hold in the mouth) 


	 
	Figure

	 
	Overall Results on Standard 8 Symptom Measures 
	Data on the Standard 8 symptom measures were first analyzed across all patients regardless of their qualifying condition(s) and are displayed in Table 6.14 (n = 1512). The third and fourth column respectively display the number and percentage of patients (out of 1512 patients) experiencing moderate to severe symptoms at baseline (baseline response ≥ 4) on a given Standard 8 measure. With the exception of vomiting, the responses from patients indicated a high degree of burden on all symptom measures at basel
	The fifth column in Table 6.14 shows the percentage and number of patients (out of those reporting at moderate to severe levels at baseline) who had achieved at least a 30% symptom improvement at any time within 4 months of their first medical cannabis purchase. Anywhere from 36% to 60% of patients reported achieving at least a 30% improvement in symptoms within 4 months of their first medical cannabis purchase. Improvements in pain and fatigue were the least likely to reach ≥30% improvement in patients (re
	The number of patients who had symptom data in the 4-month period following their initial ≥30% symptom improvement are listed in the sixth column in Table 6.14. All symptom responses during this time period were averaged together within each patient. The seventh column shows the percentage and number of patients who had achieved ≥30% symptom improvement that had – on average – maintained at least that level of improvement in the 4-
	month follow-up period. Roughly a half to two-thirds of the patients who achieved at least 30% symptom improvement had maintained it in the following 4 months. Lastly, the right-most column shows the percentage of all patients who both achieved and maintained at least a 30% symptom improvement in the 4-month follow-up period. For the majority of all symptoms, roughly a third of all patients experiencing moderate to severe symptoms will both achieve and maintain at least a 30% improvement in symptoms for at 
	For a more detailed look on overall results from the eight standard symptom measures, please refer to Appendix D: Symptom Results from the Patient Self-Evaluation. This Appendix shows the following for each Standard 8 measure: 1) a figure showing the distribution of patient responses at baseline, 2) a figure showing the cumulative percentage of patients achieving at least 30% symptom improvement at 2 weeks, 1 month, 2 months, 3 months, and 4 months (the denominator is different between the orange and blue b
	Table 6.14. Overall standard 8 symptom results. 
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	Results on Standard 8 Symptom Measures Stratified by Qualifying Condition 
	Data on the Standard 8 symptom measures were also analyzed separately by qualifying condition. Results are presented in Table 6.15 below. The first column indicates the qualifying condition and the total number of patients who had been enrolled in the program for at least 4 months since their first medical cannabis purchase. For some conditions, results are further broken down by condition subcategories (i.e., breakdown cancer patients based on whether their certifying condition was accompanied by pain, nau
	The fifth column in Table 6.15 indicates the percentage and number of patients (out of those reporting at moderate to severe levels at baseline) that had achieved at least a 30% symptom improvement at any time within 4 months of their first medical cannabis purchase. The number of patients who had symptom data in the 4-month period following their initial ≥30% symptom improvement are listed in the sixth column in Table 6.15. All symptom responses submitted during this time period were averaged together with
	Results generally show a high degree of burden for these eight symptoms at baseline. The instances where symptom severity is noticeably lower tend to be as expected; for example, nausea and vomiting in patients with Tourette syndrome and in patients with glaucoma. Among baseline responses to the eight symptom measures, those with the highest proportion rated as moderate to severe (score ≥4) include fatigue, disturbed sleep, pain, and anxiety. For each of the medical conditions, a substantial proportion of p
	 
	Table 6.15. Standard 8 symptom results stratified by qualifying condition.  
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	Table 6.15 Continued. Standard 8 symptom measures. 
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	Table 6.15 Continued. Standard 8 symptom measures. 
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	Appendix D: Symptom Results from the Patient Self-Evaluation shows the following for each Standard 8 measure stratified by qualifying medical condition: 1) a figure showing the distribution of patient responses at baseline, 2) a figure showing the cumulative percentage of patients achieving at least 30% symptom improvement at 2 weeks, 1 month, 2 months, 3 months, and 4 months (the denominator is different between the orange and blue bars; orange bars include all moderate to severe scoring patients at baseli
	Medical cannabis products that were purchased just prior to the initial 30% symptom improvement are discussed only briefly in this section (Question 3), and the reader is encouraged to see Appendix D: Symptom Results from the Patient Self-Evaluation for the full table of results. Here, only a few results regarding medical cannabis purchases are discussed as examples—some in relation to improvements on a particular Standard 8 measure, and others in relation to a particular condition-specific symptom measure.
	Table 6.16 below shows the most common medical cannabis products that were purchased by cancer patients just prior to achieving the initial 30% reduction in nausea symptoms. The second column from the right indicates the number of patients who purchased specific products just prior to that initial symptom reduction (products purchased indicated by “X”s). The table also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-supplied produ
	Table 6.16. Top 5 medical cannabis product(s) purchased by cancer patients just prior to achieving the initial 30% reduction in the Standard 8 nausea measure.  
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	Table 6.17 below shows the most common medical cannabis products that were purchased by terminal illness patients just prior to achieving the initial 30% reduction in nausea symptoms. The most frequently purchased products were a combination of both Very High THC:CBD products for oral administration and vaporization (n = 3), followed by Balanced THC:CBD products for inhalation only (n = 3). See Appendix D: Symptom Results from the Patient Self-Evaluation for full results. 
	Table 6.17. Top 7 medical cannabis product(s) purchased by terminal illness patients just prior to achieving the initial 30% reduction in the Standard 8 nausea measure.  
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	Table 6.18 below shows the most common medical cannabis products purchased by HIV/AIDS patients just prior to their initial 30% reduction in pain symptoms. Balanced THC:CBD products were purchased most frequently (n = 6), followed by Very High THC:CBD products for inhalation (n = 3). See Appendix D: Symptom Results from the Patient Self-Evaluation for full results. 
	Table 6.18. Top 4 medical cannabis product(s) purchased by HIV/AIDS patients just prior to achieving the initial 30% reduction in the Standard 8 pain measure.  
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	Condition-Specific Symptom Measures 
	In addition to the Standard 8 measures, some patients received additional symptom questions on the PSE to more adequately address condition-specific symptoms. These include, among others, questions on seizure frequency for seizure patients, questions on spasm frequency for muscle spasm and ALS patients, and Crohn’s activity in Crohn’s patients. While patients received the same response options on the Standard 8 measures (respond from 1-10 on a 
	numerical rating scale), response options for condition-specific measures varied and will be described in this section. All condition-specific measures were investigated within the same framework as the Standard 8 measures: 1) what percentage of patients achieved symptom improvement within the four months since their first medical cannabis purchase compared to their baseline responses, 2) what percentage of those achieving symptom improvement showed general persistence in the 4-month follow-up period, and 3
	The first column in Table 6.19 lists each condition that received additional symptom questions beyond the Standard 8. The second column briefly indicates the nature of these additional condition-specific symptom measures, with the number of patients included in the analysis at baseline indicated in the third column (baseline, meaning patients who provided data and met criteria on these measures at the beginning of the program – prior to purchasing any medical cannabis). The fourth column indicates the perce
	Table 6.19. Condition-Specific Measures.  
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	Severe and Persistent Muscle Spasms 
	Patients with muscle spasms were given two questions to assess the severity of their muscle spasms. First, patients were given the option to respond to the number of muscle spasms they experienced the day before or the number of muscle spasms they experienced within the last week. These allowed for the calculation of weekly spasm frequency. Secondly, patients were asked to rate the severity of their muscle spasms on a 0-10 numerical rating scale (NRS), with 0 indicating absence of spasms to 10 indicating sp
	Weekly spasm frequency was reduced by ≥30% in nearly half (48.0%) of the muscle spasm patients. Among patients who achieved ≥30% reduction, 58% (27.6% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	Severity of muscle spasticity was reduced by ≥30% for 36.4% of the patients with moderate to severe muscle spasticity at baseline. Among patients who achieved ≥30% reduction, 47% (17.2% of patients included in analysis at baseline) retained that level of improvement over the next four months.  
	Table 6.20 below shows the top 5 medical cannabis product types that were purchased by muscle spasm patients just prior to achieving ≥30% weekly spasm reduction for the first time, including the number of patients who purchased those specific product types (second column from right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-derived product information and pharmacist-entered calculations of how long the purchased sup
	Table 6.20. Top 5 medical cannabis product types purchased by muscle spasm patients just prior to achieving ≥30% reduction in weekly spasms. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column from right). 
	 
	Figure
	Cancer: Nausea and Vomiting 
	Patients certified for cancer accompanied by severe and persistent nausea or vomiting were asked to assess the severity of chemotherapy-induced nausea and vomiting on a 0-10 numerical rating scale. Patients who experienced chemotherapy-induced nausea and vomiting at moderate to severe levels at baseline (score of 4 or higher) were included in the analysis in Table 6.19, with symptom improvement being defined as achieving at least a 30% improvement in symptoms (30% decrease on the 0-10 nausea/vomiting NRS) c
	Severity of chemotherapy-induced nausea was reduced by ≥30% for 37.4% of the patients with moderate to severe chemotherapy-induced nausea at baseline. Among the patients who achieved ≥30% reduction, 35% (12.9% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	Severity of chemotherapy-induced vomiting was reduced by ≥30% for 41.6% of the patients with moderate to severe chemotherapy-induced vomiting at baseline. Among the patients who achieved ≥30% reduction, 56% (23.4% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	 
	Cancer: Cachexia and Severe Wasting 
	Body weights were analyzed for patients certified for cancer accompanied by cachexia and/or severe wasting. Symptom improvement was defined as achieving at least a 3% increase in body weight compared to baseline weight. 
	An increase of at least 3% in body weight was reported by 13.6% of patients. Among the patients who achieved ≥3% increase in body weight, 45% (6.1% of patients included in analysis at baseline) retained that increase over the next four months. 
	 
	Seizures 
	Patients with seizures were given two questions to assess the severity of their seizures. First, patients were given the option to respond to the number of seizures they experienced the day before or the number of seizures they experienced within the last week. These allowed for the calculation of weekly spasm frequency. Table 6.19 shows results from the weekly seizure frequency measure, with symptom improvement defined as achieving at least a 30% improvement in symptoms (30% decrease in weekly seizure freq
	Weekly seizure frequency was reduced by ≥30% in 68.3% of the seizure patients. Among patients who achieved ≥30% reduction, 71% (48.5% of patients included in analysis at baseline) retained that level of improvement over the next four months.  
	Table 6.21 below shows the top 5 medical cannabis product types that were purchased by seizure patients just prior to achieving ≥30% symptom improvement for the first time, including the number of patients who purchased those specific product types (second column from right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-derived product information and pharmacist-entered calculations of how long the purchased supply woul
	Table 6.21. Top 5 medical cannabis product types purchased by seizure patients just prior to achieving ≥30% reduction in weekly seizures. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column from right). 
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	Crohn’s Disease 
	Three questions from the Harvey-Bradshaw Index (HBI), which measures Crohn’s disease activity, were included on the PSE for Crohn’s disease patients. These three questions addressed the following: 1) the number of liquid or soft stools experienced yesterday, 2) general well-being yesterday (response options: “Very well”, “Slightly below par”, “Poor”, “Very poor”, “Terrible”), and 3) abdominal pain yesterday (response options: “None”, “Mild”, “Moderate”, “Severe”). Responses to these three questions were sum
	Patients who indicated they experienced five or more liquid/soft stools at baseline were included in the analysis, with symptom improvement defined as achieving at least a 30% reduction in liquid/soft stools. Patients who indicated their general well-being was “Very Poor” or “Terrible” at baseline were included in the well-being analysis, with symptom improvement defined as feeling “Slightly Below Par” or “Very Well”. Patients who indicated they experienced “Moderate” or “Severe” abdominal pains were includ
	Number of liquid/soft stools per day decreased by ≥30% for 51.2% of patients with at least five liquid/soft stools per day at baseline. Among patients who achieved ≥30% reduction, 57% (29.3% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	Severity of abdominal pain improved for 53.4% of patients with moderate or severe abdominal pain at baseline. Among patients who reported an improvement in abdominal pain, 36% (19.2% of patients included in analysis at baseline) retained that improvement over the next four months. 
	General well-being improved for 46.7% of patients who described their baseline well-being as “Very Poor” or “Terrible” at baseline. Among patients who reported an improvement in general well-being, 29% (13.3% of patients included in analysis at baseline) retained that improvement over the next four months. 
	On the combined Crohn’s activity measure (number of liquid/soft stools, abdominal pain, general well-being), 51.0% of Crohn’s Disease patients achieved ≥30% improvement. Among 
	patients who achieved ≥30% reduction, 42% (21.6% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	An increase of at least 3% in body weight was reported by 20.6% of patients. Among the patients who achieved ≥3% increase in body weight, 57% (11.8% of patients included in analysis at baseline) retained that increase over the next four months. 
	 
	Terminal Illness 
	Body weight measures on the PSE were analyzed in patients certified for terminal illness: accompanied by cachexia or severe wasting. Symptom improvement was defined as a 3% increase in body weight from their baseline body weight. 
	An increase of at least 3% in body weight was reported by 20.7% of patients. Among the patients who achieved ≥3% increase in body weight, 50% (10.3% of patients included in analysis at baseline) retained that increase over the next four months. 
	 
	HIV/AIDS 
	Body weight measures on the PSE were analyzed in HIV/AIDS patients. Similar to all body weight measures of improvement discussed previously, symptom improvement was defined as a 3% increase in body weight compared to their baseline body weight. 
	An increase of at least 3% in body weight was reported by 14.6% of patients. Among the patients who achieved ≥3% increase in body weight, 43% (6.3% of patients included in analysis at baseline) retained that increase over the next four months. 
	 
	Tourette Syndrome 
	Patients with Tourette Syndrome were given two questions to assess the severity of their tics. First, patients were given the option to respond to the number of tics they experienced the day before or the number of tics they experienced within the last week. These allowed for the calculation of weekly tic frequency. For Table 6.19, weekly tic frequency was analyzed in all patients, with symptom improvement defined as a 30% improvement in symptoms (30% decrease in weekly tics compared to baseline). 
	Weekly tic frequency was reduced by ≥30% in 60.7% of the Tourette Syndrome patients. Among patients who achieved ≥30% reduction, 76% (46.4% of patients included in analysis at baseline) retained that level of improvement over the next four months.  
	Table 6.22 below shows the top 4 medical cannabis product types that were purchased by Tourette patients just prior to achieving ≥30% symptom improvement for the first time, including the number of patients who purchased those specific product types (second column from right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-derived product information and pharmacist-entered calculations of how long the purchased supply wou
	Table 6.22. Top 4 medical cannabis product types purchased by Tourette patients just prior to achieving ≥30% reduction in weekly tics. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column from right). 
	 
	Figure
	 
	 Glaucoma 
	Intraocular pressure results were collected on the PSE from Glaucoma patients and are presented in Table 6.23 for each of the 21 patients included in this analysis.  At the first PSE (prior to first medical cannabis purchase) patients were asked to provide the date and results of the most recent intraocular pressure test. On subsequent PSEs patients were asked to provide the date and results of any intraocular pressure test done since submission of the last PSE.   
	Results for seven of the 21 patients (33%) suggest a decrease in intraocular pressure after initiation of medical cannabis: patients #4, 8, 9, 14, 16, 17, and 19. One of those seven did not show a decrease at 5 months, but did show a decrease at 9 months.  Four of them had measurement results after the date of the result that indicated a decrease: patients #4, 16, 17, and 19.  Of those four, three have results indicating persistence of reduction over several months.  The fourth (#19) had a reduction in mont
	Table 6.23. Intraocular pressure test results (left eye/right eye) from glaucoma patients (n = 21). Test results are noted by the month they occurred prior to or after the patients’ first medical cannabis purchase (“First Visit”). 
	Figure
	ALS 
	Patients with ALS were given two questions to assess the severity of their muscle spasms. First, patients were given the option to respond to the number of spasms they experienced the day before or the number of spasms they experienced within the last week. These allowed for the calculation of weekly spasm frequency. Table 6.19 presents results on weekly spasm frequency and spasm severity (0-10 NRS). For the spasticity scale measure, patients who experienced moderate to severe spasms at baseline (scored 4 o
	Weekly spasm frequency was reduced by ≥30% in 33.3% of the ALS patients. Among patients who achieved ≥30% reduction, 67% (22.2% of patients included in analysis at baseline) retained that level of improvement over the next four months.  
	Severity of muscle spasticity was reduced by ≥30% for 20.0% of the ALS patients with moderate to severe muscle spasticity at baseline. Among the three patients who achieved ≥30% reduction, all three retained that level of improvement over the next four months (20.0% of patients included in analysis at baseline). 
	Table 6.24 below shows the top 5 medical cannabis product types that were purchased by ALS patients just prior to achieving ≥30% weekly spasm reduction for the first time, including the number of patients who purchased those specific product types (second column from right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-derived product information and pharmacist-entered calculations of how long the purchased supply would
	Table 6.24. Top 5 medical cannabis product types purchased by ALS patients just prior to achieving ≥30% reduction in weekly spasms. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column from right). 
	 
	Figure
	 
	Benefits Reported on the Patient Self-Evaluation: Conclusions 
	Similar to survey results, the PSE also demonstrated improvements on symptoms in medical cannabis patients. Patients enrolling in the program initially report a high degree of symptom burden with anywhere from roughly 40-60% of patients reporting symptom improvements within the 4 month period following their first medical cannabis purchase. If patients experienced improvements in symptoms, roughly half to three-quarters of them maintained those levels of improvement in the 4-month period following their ini
	There are some limitations on the PSE to consider when interpreting results. Firstly, there is no symptom data on patients who decide over time not to purchase medical cannabis any longer (or for extended periods of time). As discussed earlier, patients must complete a PSE prior to each medical cannabis purchase. If a patient stops purchasing medical cannabis, there will be a parallel pause in symptom data to understand whether there may have been a lack of symptom improvements to halt purchases. This is th
	7. Adverse Side Effects 
	Summary 
	This chapter provides insight into the frequency and severity of adverse (negative) side effects through three sources of information: the Patient Self-Evaluation completed by the patient prior to each medical cannabis purchase, patient and health care practitioner surveys, and adverse event reports to the two medical cannabis manufacturers. 
	The three information sources tell a similar story. Around 20-25% of enrolled patients report negative physical or mental side effects of some kind, with the majority – around 60% - reporting only one and 90% reporting 3 or fewer unique side effects. The vast majority of adverse side effects, around 90%, are mild to moderate in severity.  An assessment of the 30 patients reporting severe side effects, meaning “interrupts usual daily activities,” found no apparent pattern in patient age, medical condition, o
	Some limitations of the data should be mentioned. For example, when the patient completes a Patient Self-Evaluation and has it reviewed in consultation with pharmacist staff, the completeness and accuracy of reported side effects (on the Patient Self-Evaluation) ultimately depend on the attention and good communication of the patient. Perhaps a more significant risk for under-reporting through Patient Self-Evaluation data is the situation when a patient has an intolerable side effect and decides to make no 
	Though the limitations mentioned in the paragraph above no doubt undercount the frequency of physical and mental side effects to some degree, their impact does not seem likely to 
	significantly change the main conclusions of the analyses reported in this section: at this point, the safety profile of the medical cannabis products available through the Minnesota program seems quite favorable. 
	 Adverse Side Effects Reported on the Patient Self-Evaluation 
	Patients have the opportunity to report adverse side effects they attribute to medical cannabis on the Patient Self-Evaluation (PSE). Patients must complete a PSE prior to each medical cannabis purchasing transaction. Therefore, the administration of the PSE is timed so that patients can reflect on their experience with the medication they purchased previously and report those experiences on the following patient self-evaluation. A pharmacist at one of the eight medical cannabis dispensaries can then review
	Box 7.1. Definitions on severity provided to patients for adverse side effect reporting. 
	Box 7.1. Definitions on severity provided to patients for adverse side effect reporting. 
	Figure

	Adverse side effects were examined within the 1st program year cohort (n = 1660). Patients who had made at least their first medical cannabis purchase were identified, and from these patients, all PSEs that were submitted within the four months following their first medical cannabis purchase were included in a dataset. This led to a total of 1502 patients (90.5% of the cohort) being represented. For the following analyses, each side effect was counted once for a given patient if it was reported multiple tim
	Adverse Side Effect Severity: Definitions 
	Adverse Side Effect Severity: Definitions 
	Mild: Symptoms do not interfere with daily activities Moderate: Symptoms may interfere with daily activities Severe: Symptoms interrupt usual daily activities 
	Figure

	Of the 1502 patients, 18.1% (n = 272) reported any adverse side effects within the four month period following their first medical cannabis purchase. Of those 272 patients reporting any adverse side effects, the majority reported only one (n = 164, 60.3%), with approximately 90% of them reporting three or fewer different, adverse side effects (Figure 7.1). 
	Figure 7.1. Distribution of patient counts by number of different, adverse side effects reported (out of 272 patients). 
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	Figure 7.2 shows the percentage of patients reporting specific adverse side effects (Table 7.1 below lists adverse side effects that were reported by less than 2% of all patients). Of all side effects reported, dry mouth and drowsiness/somnolence/sedation were the most commonly reported side effects among patients. Overall, the frequency distribution of unique side effects mirrors typical clinical trial data on side effects from cannabis/cannabinoid use (see “
	Figure 7.2 shows the percentage of patients reporting specific adverse side effects (Table 7.1 below lists adverse side effects that were reported by less than 2% of all patients). Of all side effects reported, dry mouth and drowsiness/somnolence/sedation were the most commonly reported side effects among patients. Overall, the frequency distribution of unique side effects mirrors typical clinical trial data on side effects from cannabis/cannabinoid use (see “
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions

	” on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website). 

	Figure 7.2. The most commonly reported adverse side effects represented by the percentage of patients reporting them (out of 272 patients). 
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	Table 7.1. Adverse side effects that were reported by less than 2% of patients (out of 272 patients). 
	Table
	TR
	TD
	Span
	Side Effect 

	TD
	Span
	% of Patients (n) 

	 
	 

	TD
	Span
	Side Effect 

	TD
	Span
	% of Patients (n) 

	Span

	Asthenia (muscle weakness) 
	Asthenia (muscle weakness) 
	Asthenia (muscle weakness) 

	1.8% (5) 
	1.8% (5) 

	 
	 

	Change in quality of seizures 
	Change in quality of seizures 

	0.4% (1) 
	0.4% (1) 

	Span

	Chest pain 
	Chest pain 
	Chest pain 

	1.8% (5) 
	1.8% (5) 

	 
	 

	Chest colds 
	Chest colds 

	0.4% (1) 
	0.4% (1) 

	Span

	Confusion 
	Confusion 
	Confusion 

	1.8% (5) 
	1.8% (5) 

	 
	 

	Cognitive change 
	Cognitive change 

	0.4% (1) 
	0.4% (1) 

	Span

	Disorientation 
	Disorientation 
	Disorientation 

	1.5% (4) 
	1.5% (4) 

	 
	 

	Cramping with bowel movement 
	Cramping with bowel movement 

	0.4% (1) 
	0.4% (1) 
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	Eye redness 
	Eye redness 
	Eye redness 

	1.5% (4) 
	1.5% (4) 

	 
	 

	Dysphoria (intense feeling of unease or unpleasantness) 
	Dysphoria (intense feeling of unease or unpleasantness) 

	0.4% (1) 
	0.4% (1) 

	Span

	Lethargy 
	Lethargy 
	Lethargy 

	1.5% (4) 
	1.5% (4) 

	 
	 

	Exacerbation of lymphedema 
	Exacerbation of lymphedema 

	0.4% (1) 
	0.4% (1) 

	Span

	Blurred Vision 
	Blurred Vision 
	Blurred Vision 

	1.1% (3) 
	1.1% (3) 

	 
	 

	Eye muscle twitching 
	Eye muscle twitching 

	0.4% (1) 
	0.4% (1) 

	Span

	Decreased muscle coordination/balance 
	Decreased muscle coordination/balance 
	Decreased muscle coordination/balance 

	1.1% (3) 
	1.1% (3) 

	 
	 

	Hives 
	Hives 

	0.4% (1) 
	0.4% (1) 

	Span

	Increased agitation 
	Increased agitation 
	Increased agitation 

	1.1% (3) 
	1.1% (3) 

	 
	 

	Hyperactive bowel sounds 
	Hyperactive bowel sounds 

	0.4% (1) 
	0.4% (1) 

	Span

	Numbness 
	Numbness 
	Numbness 

	1.1% (3) 
	1.1% (3) 

	 
	 

	Hypomania 
	Hypomania 

	0.4% (1) 
	0.4% (1) 

	Span

	Panic attack 
	Panic attack 
	Panic attack 

	1.1% (3) 
	1.1% (3) 

	 
	 

	Increase in mucus secretions 
	Increase in mucus secretions 

	0.4% (1) 
	0.4% (1) 

	Span

	Personality/mood change 
	Personality/mood change 
	Personality/mood change 

	1.1% (3) 
	1.1% (3) 

	 
	 

	Increased aggression 
	Increased aggression 

	0.4% (1) 
	0.4% (1) 

	Span

	Tinnitus (ringing perception in the ears) 
	Tinnitus (ringing perception in the ears) 
	Tinnitus (ringing perception in the ears) 

	1.1% (3) 
	1.1% (3) 

	 
	 

	Increased urine output 
	Increased urine output 

	0.4% (1) 
	0.4% (1) 
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	"Stoned" feeling 
	"Stoned" feeling 
	"Stoned" feeling 

	0.7% (2) 
	0.7% (2) 

	 
	 

	Increased yelling 
	Increased yelling 

	0.4% (1) 
	0.4% (1) 

	Span

	Body stiffness 
	Body stiffness 
	Body stiffness 

	0.7% (2) 
	0.7% (2) 

	 
	 

	Mouth irritation/burning 
	Mouth irritation/burning 

	0.4% (1) 
	0.4% (1) 

	Span

	Coughing/lung irritation 
	Coughing/lung irritation 
	Coughing/lung irritation 

	0.7% (2) 
	0.7% (2) 

	 
	 

	Rash on face 
	Rash on face 

	0.4% (1) 
	0.4% (1) 

	Span

	Decreased appetite 
	Decreased appetite 
	Decreased appetite 

	0.7% (2) 
	0.7% (2) 

	 
	 

	Repressed immune system 
	Repressed immune system 

	0.4% (1) 
	0.4% (1) 

	Span

	Dry eyes 
	Dry eyes 
	Dry eyes 

	0.7% (2) 
	0.7% (2) 

	 
	 

	Sleep disturbance 
	Sleep disturbance 

	0.4% (1) 
	0.4% (1) 

	Span

	Feeling cold 
	Feeling cold 
	Feeling cold 

	0.7% (2) 
	0.7% (2) 

	 
	 

	Sneezing 
	Sneezing 

	0.4% (1) 
	0.4% (1) 

	Span

	Increased seizures 
	Increased seizures 
	Increased seizures 

	0.7% (2) 
	0.7% (2) 

	 
	 

	Thrush 
	Thrush 

	0.4% (1) 
	0.4% (1) 

	Span

	Tremors 
	Tremors 
	Tremors 

	0.7% (2) 
	0.7% (2) 

	 
	 

	Urinary retention 
	Urinary retention 

	0.4% (1) 
	0.4% (1) 

	Span

	"Wired" feeling 
	"Wired" feeling 
	"Wired" feeling 

	0.4% (1) 
	0.4% (1) 

	 
	 

	Vomiting 
	Vomiting 

	0.4% (1) 
	0.4% (1) 

	Span

	Bloating 
	Bloating 
	Bloating 

	0.4% (1) 
	0.4% (1) 

	 
	 

	Worsening acne 
	Worsening acne 

	0.4% (1) 
	0.4% (1) 

	Span

	Burping 
	Burping 
	Burping 

	0.4% (1) 
	0.4% (1) 
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	The 272 patients reporting any adverse side effects submitted a combined total of 478 side effect responses within 4 months of their first medical cannabis purchase. When aggregating all side effect responses across patients, only 9.2% (44) of all responses were reported as severe (see Figure 7.3). 
	Figure 7.3. Percentage of all reported, adverse side effect responses categorized by severity. 
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	Severe Adverse Side Effects 
	All adverse side effect responses that were categorized as severe are further broken down by the percent of patients categorizing them as such—please see Table 7.2 below.   
	  
	Table 7.2. Table shows the number of patients reporting the listed side effects along with the percentage of those respondents who indicated that the side effect was severe. 
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	Span

	Dry mouth 
	Dry mouth 
	Dry mouth 

	59 
	59 

	6.8% (4) 
	6.8% (4) 

	Span

	Drowsiness/somnolence/sedation 
	Drowsiness/somnolence/sedation 
	Drowsiness/somnolence/sedation 

	58 
	58 

	5.2% (3) 
	5.2% (3) 

	Span

	Fatigue 
	Fatigue 
	Fatigue 

	53 
	53 

	3.8% (2) 
	3.8% (2) 

	Span

	Mental clouding/"foggy brain" 
	Mental clouding/"foggy brain" 
	Mental clouding/"foggy brain" 

	26 
	26 

	7.7% (2) 
	7.7% (2) 

	Span

	Headache 
	Headache 
	Headache 

	23 
	23 

	4.3% (1) 
	4.3% (1) 

	Span

	Dizziness 
	Dizziness 
	Dizziness 

	22 
	22 

	9.1% (2) 
	9.1% (2) 

	Span

	Lightheadedness 
	Lightheadedness 
	Lightheadedness 

	20 
	20 

	0% (0) 
	0% (0) 

	Span

	Nausea 
	Nausea 
	Nausea 

	18 
	18 

	11.1% (2) 
	11.1% (2) 

	Span

	Anxiety 
	Anxiety 
	Anxiety 

	16 
	16 

	12.5% (2) 
	12.5% (2) 

	Span

	Abdominal/epigastric pain 
	Abdominal/epigastric pain 
	Abdominal/epigastric pain 

	12 
	12 

	8.3% (1) 
	8.3% (1) 

	Span

	Diarrhea 
	Diarrhea 
	Diarrhea 

	12 
	12 

	16.7% (2) 
	16.7% (2) 

	Span

	Insomnia 
	Insomnia 
	Insomnia 

	12 
	12 

	8.3% (1) 
	8.3% (1) 

	Span

	Euphoria (intense feeling of well-being or pleasure) 
	Euphoria (intense feeling of well-being or pleasure) 
	Euphoria (intense feeling of well-being or pleasure) 

	11 
	11 

	9.1% (1) 
	9.1% (1) 

	Span

	Difficulty concentrating 
	Difficulty concentrating 
	Difficulty concentrating 

	10 
	10 

	20% (2) 
	20% (2) 

	Span

	Impaired memory 
	Impaired memory 
	Impaired memory 

	10 
	10 

	10% (1) 
	10% (1) 

	Span

	Constipation 
	Constipation 
	Constipation 

	7 
	7 

	14.3% (1) 
	14.3% (1) 

	Span

	Tachycardia (rapid heart rate) 
	Tachycardia (rapid heart rate) 
	Tachycardia (rapid heart rate) 

	7 
	7 

	28.6% (2) 
	28.6% (2) 

	Span

	Paranoia 
	Paranoia 
	Paranoia 

	6 
	6 

	16.7% (1) 
	16.7% (1) 

	Span

	Sore throat 
	Sore throat 
	Sore throat 

	6 
	6 

	0% (0) 
	0% (0) 

	Span

	Asthenia (muscle weakness) 
	Asthenia (muscle weakness) 
	Asthenia (muscle weakness) 

	5 
	5 

	60% (3) 
	60% (3) 

	Span

	Chest pain 
	Chest pain 
	Chest pain 

	5 
	5 

	20% (1) 
	20% (1) 

	Span

	Confusion 
	Confusion 
	Confusion 

	5 
	5 

	0% (0) 
	0% (0) 

	Span

	Disorientation 
	Disorientation 
	Disorientation 

	4 
	4 

	0% (0) 
	0% (0) 

	Span

	Eye redness 
	Eye redness 
	Eye redness 

	4 
	4 

	0% (0) 
	0% (0) 

	Span

	Lethargy 
	Lethargy 
	Lethargy 

	4 
	4 

	50% (2) 
	50% (2) 

	Span

	Blurred Vision 
	Blurred Vision 
	Blurred Vision 

	3 
	3 

	0% (0) 
	0% (0) 

	Span

	Decreased muscle coordination/balance 
	Decreased muscle coordination/balance 
	Decreased muscle coordination/balance 

	3 
	3 

	33.3% (1) 
	33.3% (1) 

	Span

	Increased agitation 
	Increased agitation 
	Increased agitation 

	3 
	3 

	0% (0) 
	0% (0) 

	Span

	Numbness 
	Numbness 
	Numbness 

	3 
	3 

	33.3% (1) 
	33.3% (1) 

	Span

	Panic attack 
	Panic attack 
	Panic attack 

	3 
	3 

	33.3% (1) 
	33.3% (1) 

	Span

	Personality/mood change 
	Personality/mood change 
	Personality/mood change 

	3 
	3 

	0% (0) 
	0% (0) 

	Span

	Tinnitus (ringing perception in the ears) 
	Tinnitus (ringing perception in the ears) 
	Tinnitus (ringing perception in the ears) 

	3 
	3 

	0% (0) 
	0% (0) 

	Span

	"Stoned" feeling 
	"Stoned" feeling 
	"Stoned" feeling 

	2 
	2 

	50% (1) 
	50% (1) 

	Span

	Body stiffness 
	Body stiffness 
	Body stiffness 

	2 
	2 

	0% (0) 
	0% (0) 

	Span


	  
	Table 7.2 Continued. Table shows the number of patients reporting the listed side effects along with the percentage of those respondents who indicated that the side effect was severe. 
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	Span
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	Span

	Coughing/lung irritation 
	Coughing/lung irritation 
	Coughing/lung irritation 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	Decreased appetite 
	Decreased appetite 
	Decreased appetite 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	Dry eyes 
	Dry eyes 
	Dry eyes 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	Feeling cold 
	Feeling cold 
	Feeling cold 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	Increased seizures 
	Increased seizures 
	Increased seizures 

	2 
	2 

	50% (1) 
	50% (1) 

	Span

	Tremors 
	Tremors 
	Tremors 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	"Wired" feeling 
	"Wired" feeling 
	"Wired" feeling 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Bloating 
	Bloating 
	Bloating 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Burping 
	Burping 
	Burping 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Change in quality of seizures 
	Change in quality of seizures 
	Change in quality of seizures 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Chest colds 
	Chest colds 
	Chest colds 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Cognitive change 
	Cognitive change 
	Cognitive change 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Cramping with bowel movement 
	Cramping with bowel movement 
	Cramping with bowel movement 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Dysphoria (intense feeling of unease or unpleasantness) 
	Dysphoria (intense feeling of unease or unpleasantness) 
	Dysphoria (intense feeling of unease or unpleasantness) 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Exacerbation of lymphedema 
	Exacerbation of lymphedema 
	Exacerbation of lymphedema 

	1 
	1 

	10% (1) 
	10% (1) 

	Span

	Eye muscle twitching 
	Eye muscle twitching 
	Eye muscle twitching 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Hives 
	Hives 
	Hives 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Hyperactive bowel sounds 
	Hyperactive bowel sounds 
	Hyperactive bowel sounds 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Hypomania 
	Hypomania 
	Hypomania 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Increase in mucus secretions 
	Increase in mucus secretions 
	Increase in mucus secretions 

	1 
	1 

	100% (1) 
	100% (1) 

	Span

	Increased aggression 
	Increased aggression 
	Increased aggression 

	1 
	1 

	100% (1) 
	100% (1) 

	Span

	Increased urine output 
	Increased urine output 
	Increased urine output 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Increased yelling 
	Increased yelling 
	Increased yelling 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Mouth irritation/burning 
	Mouth irritation/burning 
	Mouth irritation/burning 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Rash on face 
	Rash on face 
	Rash on face 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Repressed immune system 
	Repressed immune system 
	Repressed immune system 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Sleep disturbance 
	Sleep disturbance 
	Sleep disturbance 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Sneezing 
	Sneezing 
	Sneezing 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Thrush 
	Thrush 
	Thrush 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Urinary retention 
	Urinary retention 
	Urinary retention 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Vomiting 
	Vomiting 
	Vomiting 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Worsening acne 
	Worsening acne 
	Worsening acne 

	1 
	1 

	0% (0) 
	0% (0) 

	Span


	 
	 
	The 44 severe side effect responses (9.2% of total side effect responses) were attributed to 30 patients (11.0% of patients reporting any side effects). Patients experiencing severe side effects represent a wide range of ages, including children and elderly patients; 14 patients were male and 16 patients were female. Their age, gender, and certifying conditions generally matched the whole first year cohort. Half of patients reporting severe side effects were taking a form of balanced THC:CBD product (n=15);
	PSE-Reported Adverse Side Effects: Conclusions 
	Less than a quarter of patients from the cohort (~18%) reported adverse side effects within the first 4 months since purchasing their first medical cannabis products. Roughly 90% of those that do report any side effects report 3 or fewer unique side effects during that time period. Results also suggest that relatively few patients experience severe, adverse side effects, with less than 10% of all responses (attributed to 30 patients) being categorized as severe.
	Table 7.3. Patients reporting “severe” side effects: patient age, gender, and condition, product types purchased at most recent visit, and type of side effect reported. 
	Age 
	Age 
	Age 
	Age 

	Gender 
	Gender 

	Condition(s) 
	Condition(s) 

	Very High THC Product(s) 
	Very High THC Product(s) 

	High THC Product(s) 
	High THC Product(s) 

	High CBD Product(s) 
	High CBD Product(s) 

	1:1 THC:CBD Product(s) 
	1:1 THC:CBD Product(s) 

	Severe Side Effect Reported 
	Severe Side Effect Reported 

	Span

	55 
	55 
	55 

	M 
	M 

	HIV/AIDS 
	HIV/AIDS 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	Chest pain 
	Chest pain 

	Span

	67 
	67 
	67 

	F 
	F 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	Inhaled 
	Inhaled 

	- 
	- 

	Enteral 
	Enteral 

	Enteral, Inhaled 
	Enteral, Inhaled 

	Dry mouth 
	Dry mouth 

	Span

	28 
	28 
	28 

	F 
	F 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral, Inhaled 
	Enteral, Inhaled 
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	Adverse Side Effects Reported on Surveys 
	Patient-Reported Negative Effects of Medical Cannabis 
	For overall patient response rate to the survey three months after first purchase and comparison of responders and non-responders see the section with survey results in the Benefits chapter above. 
	The Patient Experience survey asks respondents to report the degree, or severity, of any negative effects they believe the patient received from using medical cannabis, on a scale from 1 (no negative effects) to 7 (a great deal of negative effects). The survey then asked the respondent to describe, in their own words, the most significant negative effect. Table 7.4 shows the distribution of negative effects by severity score within three broad categories: physical side effects (including dry mouth, fatigue,
	Of 792 completed patient surveys, 744 responses (94%) included a negative effects score and 441 (56%) included a response regarding most important negative effect, including comments stating “no negative effect.” Of 744 negative effect scale responses, 452 (61%) reported a score of 1, or “no negative effect.” This includes 13 patients who, though they entered a score of 1, entered a narrative description of physical or mental side effects. A total of 195 responses (25% of all patient responses) reported phy
	Of 792 completed patient surveys, 744 responses (94%) included a negative effects score and 441 (56%) included a response regarding most important negative effect, including comments stating “no negative effect.” Of 744 negative effect scale responses, 452 (61%) reported a score of 1, or “no negative effect.” This includes 13 patients who, though they entered a score of 1, entered a narrative description of physical or mental side effects. A total of 195 responses (25% of all patient responses) reported phy
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions

	” on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website). Reports of the most severe negative effects were as follows: scores of 7 (great deal of negative effects) were associated with reports of allergic reaction (n=1), pain (n=1), severe diarrhea (n=1), change in mood/behavior (n=1) and decreased awareness of surroundings (n=1). Scores of 6 were associated with reported physical side effects of dizziness or related symptoms (n=3), severe diarrhea (n=1), stomach pain (n=1), burning sensation with sublingual product (n=1), sleeping problems (n=1) and wo

	product “made me sick” and pain related to vaping (n=1 each). Scores of 5 which reported mental negative effects included reports of paranoia (n=2), inability to concentrate (n=1), and increased anxiety (n=1).   
	Apart from physical or mental negative effects, some patients reported issues related to program access, including distance to the nearest cannabis patient center (n=13). Other negative effects (not included in Table 7.4) were reported including issues related to the program design (n=9), negative attitudes of others toward the patient’s use of medical cannabis (n=17) and fear of legal or employment-related consequences related to program participation (n=5). Finally, 16 reports of negative effects were rel
	Table 7.4. Summary of most significant negative effects experienced by the patient, per patient reports. 
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	Physical Side Effects 
	Physical Side Effects 
	Physical Side Effects 

	10 (1%) 
	10 (1%) 

	57 (7%) 
	57 (7%) 

	15 (2%) 
	15 (2%) 

	26 (3%) 
	26 (3%) 

	10 (1%) 
	10 (1%) 

	9 (1%) 
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	3 (0%) 
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	Mental Side Effects 
	Mental Side Effects 
	Mental Side Effects 

	3 (0%) 
	3 (0%) 

	18 (2%) 
	18 (2%) 
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	4 (1%) 
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	1 (0%) 
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	61 (8%) 
	61 (8%) 
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	Access-Related Issues 
	Access-Related Issues 
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	4 (1%) 
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	Note: Results are broken down by negative effect scale scores. Percentages are calculated based on the total number of patient survey responses received (n=792).  
	 
	HCP-Reported Negative Effects from Medical Cannabis 
	Like the Patient Experience survey, the HCP survey asks respondents to report the degree, or severity, of any negative effects they believe the patient received from using medical cannabis, on a scale from 1 (no negative effects) to 7 (a great deal of negative effects). Table 7.5 shows the distribution of negative effects by severity score within three broad categories: physical side effects (including dry mouth, fatigue, headache, dizziness, blurred vision); mental side effects (including mental clouding, 
	Of 251 total HCP survey responses, 200 responses (80%) included a negative effects score and 107 responses (43%) included a description of any negative effect(s). Of 200 negative effect scale responses, 128 (64%) reported a score of 1, or “no negative effect.” This includes 6 HCP 
	reports which entered a narrative description of physical or mental side effects. There were 33 HCP reports (13% of all HCP survey responses) of physical or mental negative effects resulting from medical cannabis treatment. As seen in the patient survey results, these generally mirrored side effects described in clinical trials (see “
	reports which entered a narrative description of physical or mental side effects. There were 33 HCP reports (13% of all HCP survey responses) of physical or mental negative effects resulting from medical cannabis treatment. As seen in the patient survey results, these generally mirrored side effects described in clinical trials (see “
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions

	” on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website). Healthcare providers describing negative effects with high scores reported the following: a score of 7 was associated with a report of “abdominal discomfort”; dizziness (n=1) and sedation (n=1) were reported with scores of 6; finally, constipation, lethargy and worsened seizure activity (n=1) and a report of “too strong per patient” (n=1) were associated with a score of 5.  Four HCP responses reported access-related issues as a negative effect. Additionally, 25 HCP reports (10% of all HCP survey 

	A full listing of all negative effect comments from HCPs can be found in Appendix F: Healthcare Practitioner-Reported Negative Effects from Surveys. 
	 
	Table 7.5. Summary of most significant negative effects experienced by the patient, per HCP reports. 
	Table
	TR
	TH
	Span
	Negative Effects By Score  (1-7 Scale) 

	TH
	Span
	1  (No Negative Effects)  

	TH
	Span
	2     

	TH
	Span
	3     

	TH
	Span
	4     

	TH
	Span
	5     

	TH
	Span
	6     

	TH
	Span
	7  (Great Deal of Negative Effects)  

	TH
	Span
	Total 

	Span

	TR
	TD
	Span
	Physical Side Effects 

	TD
	Span
	4 (2%) 

	TD
	Span
	5 (2%) 

	TD
	Span
	6 (2%) 

	TD
	Span
	2 (1%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	20 (8%) 

	Span

	TR
	TD
	Span
	Mental Side Effects 

	TD
	Span
	2 (1%) 

	TD
	Span
	6 (2%) 

	TD
	Span
	3 (1%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	- 

	TD
	Span
	1 (0%) 

	TD
	Span
	- 

	TD
	Span
	13 (5%) 

	Span

	TR
	TD
	Span
	Access Issues 

	TD
	Span
	1 (0%) 

	TD
	Span
	2 (1%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	- 

	TD
	Span
	- 

	TD
	Span
	- 

	TD
	Span
	- 

	TD
	Span
	4 (2%) 

	Span


	Note: Results are broken down by negative effect scale scores. Percentages in each cell are based on the total number of HCP survey responses (n=251).  
	 
	Adverse Side Effects Reported on Surveys: Conclusions 
	Based on data from surveys completed by patients and their certifying healthcare practitioners three months after the patient’s first medical cannabis purchase, 25% of patient respondents report physical or mental side effects related to medical cannabis use. A minority of healthcare provider responders (13%) report physical or mental side effects. Both groups describe negative effects related to medical cannabis use including the cost of products and issues related to 
	accessing medicine. Most patients and HCPs reporting physical or mental side effects report low degrees of severity (negative effect scale scores of 1-3). 
	 
	Adverse Event Reporting to Manufacturers 
	There is potential for enrolled patients, their family and caregivers, and health care practitioners to be concerned about an adverse event potentially caused by medical cannabis and to want to register their concern quickly. Both manufacturers have processes in place to receive these messages by telephone and by email. They collect and document information related to the incident and report it to the Office of Medical Cannabis. In nature and severity these reports have been similar to the adverse events re
	Patients, their registered caregivers, and certifying health care practitioners have a duty as program participants to report serious adverse events.  Called “serious adverse incidents” in the program’s rules (4770.4002), these are essentially occurrences that lead to hospitalization or are life-threatening events. As of the date of this report, no reported adverse events have met the definition of “serious adverse incident.”  
	 
	8. Affordability and Suggestions for Improving the Program 
	Patient Perceptions of Affordability 
	Unlike traditional pharmaceuticals whose costs are often covered through insurance reimbursement, medical cannabis must be purchased solely out of pocket. The Patient Experience survey asked patients to rate the cost of the medication on a scale from 1, or very affordable, to 7, or very prohibitive. Responses to this question are displayed in Figure 8.1.  Of 792 respondents, 683 (86%) reported that they found medical cannabis to be at least somewhat unaffordable (score of 4 or greater).  
	 
	Figure 8.1. Patient Perceptions of Product Affordability 
	 
	Figure
	 
	  
	Patient Perceptions of Online Registry 
	Patients were asked how easy or difficult the online registry system, through which the Minnesota Medical Cannabis program is administered, is to use. Patients were asked to rate usability on a scale from 1, or very difficult to use, to 7, or very easy or intuitive to use. Responses were generally positive (Figure 2), with 51% of patients reporting high scores of usability (6 or 7).  
	Figure 8.2. Online Registry Ease of Use 
	 
	Figure
	Patient reports on the ease of use of the Medical Cannabis Registry online system (1=very difficult to use; 4=neither difficult nor easy to use; 7=very easy/intuitive to use). Note: percentages are based on total number of patient responses; 49 patients did not complete this question and are not represented in the figure. 
	 
	  
	Patient Perceptions of Office of Medical Cannabis Call Center 
	Patients were asked to rate the helpfulness of the Office of Medical Cannabis Call Center (also known at the Support Center), which provides support for patients, caregivers and providers in navigating the registration and enrollment process as well as assisting with other program-related inquiries. The Patient Experience survey asked patients to rate the helpfulness of the call center on a scale from 1, or not very helpful, to 7, or very helpful. Over half of all patient responses reported high scores of h
	Figure 8.3. Call Center Helpfulness 
	 
	Figure
	Patient reports on the helpfulness of the Office of Medical Cannabis Patient Support Center (1=not very helpful; 4=somewhat helpful; 7=very helpful). Note: percentages are based on total number of patient responses; 241 patients did not complete this question (several indicated no experience with the call center) and are not represented in the figure. 
	 
	  
	Patient Perceptions of Office of Medical Cannabis Website 
	Patients were asked to state their level of agreement with the statement: “The Office of Medical Cannabis website provides me with the information I need to understand and participate in the program.” Among all patient respondents, 49% agreed and 28% strongly agreed that the website met their needs for information; however 10% expressed that they did not feel the website met their needs for program participation (Figure 8.4) and 12% did not respond to the survey question.  
	Figure 8.4. “The website provides the information I need to understand and participate in the program” 
	 
	Figure
	 
	Patient Suggestions 
	Patients were asked to provide feedback on the program; all responses submitted from the first year cohort are tabulated in Appendix G: Patient Suggestions for Improving the Program from Surveys. Many patients used this space to elaborate on the program’s impact on their lives; others suggested changes to the program’s administration or reported concerns related to product cost or access to cannabis patient centers.  
	 
	Suggestions and Information Requests from Healthcare Practitioners 
	Healthcare practitioners were asked to provide suggestions for improving the program, and were also asked if any additional information from the program would be useful to them. The full tabulation of comments is available in Appendix H: Healthcare Practitioner Suggestions for Improving the Program and Requests for Additional Information from Surveys. Many comments reported in these sections of the survey mirrored those reported as clinical observations; there were 39 additional comments relating to afforda
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	Appendix A: Patient-Reported Benefits from Surveys 
	Note: Word choice and spellings have been retained as written by respondent to avoid inadvertent mischaracterization of intent. Brackets have been used to explain words redacted to prevent individual identification or for other reasons. Benefits are broken down by qualifying condition and by benefit score rating. 
	 
	 
	Severe and Persistent Muscle Spasms 
	1: No Benefit  
	 no benefits 
	 no benefits 
	 no benefits 

	 none yet 
	 none yet 


	 
	2  
	 Did not help control my son's seizures but we at least never seen any negative side effects of the medication 
	 Did not help control my son's seizures but we at least never seen any negative side effects of the medication 
	 Did not help control my son's seizures but we at least never seen any negative side effects of the medication 

	 Don't recognize sublingual drops Helps relaxing 
	 Don't recognize sublingual drops Helps relaxing 

	 Improved sleep 
	 Improved sleep 

	 physical movement 
	 physical movement 

	 The "Patient Discontinuation Survey" didn't have a place to comment when choosing "won't buy again", so I want to be sure someone got this. What I get from the medical market in other states works much better for pain relief and spasm reduction, in both flower and concentrate. I think it's because the critically important terpenes (more important than THC/CBD) are removed in the processing at [MANUFACTURER] and not added back, like they are in other places. Without better processing (more expensive) or gi
	 The "Patient Discontinuation Survey" didn't have a place to comment when choosing "won't buy again", so I want to be sure someone got this. What I get from the medical market in other states works much better for pain relief and spasm reduction, in both flower and concentrate. I think it's because the critically important terpenes (more important than THC/CBD) are removed in the processing at [MANUFACTURER] and not added back, like they are in other places. Without better processing (more expensive) or gi


	3  
	 Less overall pain 
	 Less overall pain 
	 Less overall pain 

	 Mood may have been better slightly. Still not good, but better. 
	 Mood may have been better slightly. Still not good, but better. 

	 More confidence in public 
	 More confidence in public 

	 Less tremors 
	 Less tremors 

	 no nausea, It helped with spasms 
	 no nausea, It helped with spasms 

	 reduced pain and spasm 
	 reduced pain and spasm 

	 Reduced tremors slightly 
	 Reduced tremors slightly 
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	 upper spinal relief 
	 upper spinal relief 
	 upper spinal relief 

	 1. Pain reduction 
	 1. Pain reduction 


	2. Sleep 
	 Being able to buy my medicine legally and not being considered a criminal from law enforcement for using a plant as medicine! 
	 Being able to buy my medicine legally and not being considered a criminal from law enforcement for using a plant as medicine! 
	 Being able to buy my medicine legally and not being considered a criminal from law enforcement for using a plant as medicine! 


	 
	 Better sleep 
	 Better sleep 
	 Better sleep 

	 Better sleep some nights, some days I am able to be more active and I have a viable option for pain relieve. 
	 Better sleep some nights, some days I am able to be more active and I have a viable option for pain relieve. 

	 Calming my anxiety, sleeping a full night, waking feeling well rested 
	 Calming my anxiety, sleeping a full night, waking feeling well rested 

	 Decrease in spasticity and pain. 
	 Decrease in spasticity and pain. 

	 Has controlled arthritis and fibromyalgia. 
	 Has controlled arthritis and fibromyalgia. 

	 Helping relieve my muscle spasums 
	 Helping relieve my muscle spasums 

	 I  get more sleep. 
	 I  get more sleep. 

	 I am feeling better. 
	 I am feeling better. 

	 It has reduced my muscle spasms, and is helping with nerve pain, and seems to have reduced the number of migraines I get. 
	 It has reduced my muscle spasms, and is helping with nerve pain, and seems to have reduced the number of migraines I get. 

	 Less nausea 
	 Less nausea 

	 Less symptoms 
	 Less symptoms 

	 Moderate relief from muscle spasms/cramps 
	 Moderate relief from muscle spasms/cramps 

	 My spasticity has improved some with the medical cannabis, but I still experience at least three or four times a week, severe pain, cramping and spasticity in my hamstrings. 
	 My spasticity has improved some with the medical cannabis, but I still experience at least three or four times a week, severe pain, cramping and spasticity in my hamstrings. 

	 nausea / pain / spasims 
	 nausea / pain / spasims 

	 nausea is slowing down. 
	 nausea is slowing down. 

	 Nerve pain. I can actually ride in a car again without crying. 
	 Nerve pain. I can actually ride in a car again without crying. 

	 pain relief 
	 pain relief 

	 Pain relief 
	 Pain relief 

	 Reduction in pain. 
	 Reduction in pain. 

	 Relaxation which reduces nerve pain 
	 Relaxation which reduces nerve pain 

	 Relaxing of muscles in legs - better walking distance, less pain, more active 
	 Relaxing of muscles in legs - better walking distance, less pain, more active 

	 Remediation of muscle spasm symptoms 
	 Remediation of muscle spasm symptoms 

	 Rest 
	 Rest 

	 Sleep better. 
	 Sleep better. 

	 spasticity reduction 
	 spasticity reduction 

	 Spouse and PT think  I am less stiff 
	 Spouse and PT think  I am less stiff 


	 
	5  
	 one benefit of taking medical canabis for my condition symptoms is the effectiveness how it ease the pain of my spasticity. 
	 one benefit of taking medical canabis for my condition symptoms is the effectiveness how it ease the pain of my spasticity. 
	 one benefit of taking medical canabis for my condition symptoms is the effectiveness how it ease the pain of my spasticity. 

	 better appetite, less nausea less pain less anxiety 
	 better appetite, less nausea less pain less anxiety 

	 Better sleep Less anxioux 
	 Better sleep Less anxioux 


	Very little need for vicodin 
	 Better sleep, less spasms, less spasticity 
	 Better sleep, less spasms, less spasticity 
	 Better sleep, less spasms, less spasticity 

	 cears 
	 cears 

	 decrease in auras,muscle spasms and pain. 
	 decrease in auras,muscle spasms and pain. 

	 decreased muscle spasms and pain, decreased abdominal discomfort, better mood, less anxiety 
	 decreased muscle spasms and pain, decreased abdominal discomfort, better mood, less anxiety 


	 
	 Eliminating muscle spasms, relaxed muscles, relief of pain, increased improvement of sleep 
	 Eliminating muscle spasms, relaxed muscles, relief of pain, increased improvement of sleep 
	 Eliminating muscle spasms, relaxed muscles, relief of pain, increased improvement of sleep 

	 Helps my sleep 
	 Helps my sleep 

	 I can Manage my pain and muscle spasms to keep the pain at a tolerabe level. 
	 I can Manage my pain and muscle spasms to keep the pain at a tolerabe level. 

	 I don't feel much pain, and not as severe as it always was before. 
	 I don't feel much pain, and not as severe as it always was before. 

	 I hope to greatly reduce the persistent pan in my lower extremities from my toes to mid thighs. 
	 I hope to greatly reduce the persistent pan in my lower extremities from my toes to mid thighs. 

	 I no longer get, AT ALL almost, or greatly reduced on the small occasion that I do, migraines and/or small seizures.  (And there are so many other benefits!!) 
	 I no longer get, AT ALL almost, or greatly reduced on the small occasion that I do, migraines and/or small seizures.  (And there are so many other benefits!!) 

	 I use it for sleep and at the beginning of the day always. It has been very helpful in me getting restful sleep and also helpful in having help with pain relief during the day without the awful side effects of opiods (excessive drowsiness and constipation) 
	 I use it for sleep and at the beginning of the day always. It has been very helpful in me getting restful sleep and also helpful in having help with pain relief during the day without the awful side effects of opiods (excessive drowsiness and constipation) 

	 improved nausea improved anxiety 
	 improved nausea improved anxiety 


	spasms- only a little better 
	 Improved nausea, improved appetite,  less pain, less spasms,  relaxed spasms. 
	 Improved nausea, improved appetite,  less pain, less spasms,  relaxed spasms. 
	 Improved nausea, improved appetite,  less pain, less spasms,  relaxed spasms. 

	 Increased help with muscle spasms and inflammation in lower back. Also lower back chronic pain. 
	 Increased help with muscle spasms and inflammation in lower back. Also lower back chronic pain. 

	 Increased sleep time - was between 2 - 3 hours a day, now 3 - 4 hours a day. Pain from knee nerve damage has been lowered to very manageable now. 
	 Increased sleep time - was between 2 - 3 hours a day, now 3 - 4 hours a day. Pain from knee nerve damage has been lowered to very manageable now. 

	 It has decreased my spasms, lessens some pain, and helps me sleep better. 
	 It has decreased my spasms, lessens some pain, and helps me sleep better. 

	 It has improved things a little, but because of the cost, not sure it's worth it. 
	 It has improved things a little, but because of the cost, not sure it's worth it. 

	 It has reduced my numbness and spasms 
	 It has reduced my numbness and spasms 

	 knowing that it's legal and I don't have to worry about anything 
	 knowing that it's legal and I don't have to worry about anything 

	 lack of chronic pain. Lack of twitches. 
	 lack of chronic pain. Lack of twitches. 

	 Less aching in my joints and less all over body pain. It has also helped my anxiety. 
	 Less aching in my joints and less all over body pain. It has also helped my anxiety. 

	 Less pain and discomfort. 
	 Less pain and discomfort. 

	 Less spasms 
	 Less spasms 

	 limits my muscle spasms 
	 limits my muscle spasms 

	 little less depressed. 
	 little less depressed. 

	 lowered my pain so I could be up more during day , helped with anxiety from having pain for so long as well 
	 lowered my pain so I could be up more during day , helped with anxiety from having pain for so long as well 

	 muscle spasm pain was greatly reduced. 
	 muscle spasm pain was greatly reduced. 

	 Muscles relax a great deal so I am in less pain so I can sleep and move around easier. 
	 Muscles relax a great deal so I am in less pain so I can sleep and move around easier. 

	 My most important benefit has been discovering that my severe pain can be modified with the use of medical cannabis. 
	 My most important benefit has been discovering that my severe pain can be modified with the use of medical cannabis. 

	 Pain management Appetite 
	 Pain management Appetite 

	 pain reduction 
	 pain reduction 

	 pain relief 
	 pain relief 

	 Pain relief and relaxation. 
	 Pain relief and relaxation. 


	 
	 pain relief, muscle relaxer 
	 pain relief, muscle relaxer 
	 pain relief, muscle relaxer 
	 pain relief, muscle relaxer 

	 Relaxation of Muscle spasms... 
	 Relaxation of Muscle spasms... 

	 Relief of muscle spasms 
	 Relief of muscle spasms 

	 Relieves pressure. Engages  senses Allows for easier sleep 
	 Relieves pressure. Engages  senses Allows for easier sleep 

	 Restful and relaxed sleep. 
	 Restful and relaxed sleep. 

	 Sleep 
	 Sleep 

	 Slowed my spasms. 
	 Slowed my spasms. 

	 The back spasms are better. 
	 The back spasms are better. 

	 Vape seemed to help the pain. Liquid not so much. 
	 Vape seemed to help the pain. Liquid not so much. 



	6  
	 The same dose each and every time consistent delivery 
	 The same dose each and every time consistent delivery 
	 The same dose each and every time consistent delivery 
	 The same dose each and every time consistent delivery 

	 A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me - stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount. 
	 A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me - stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount. 

	 Able to eat. In less pain. Don't need my depression meds any more. 
	 Able to eat. In less pain. Don't need my depression meds any more. 

	 Almost immediate pain relief from vaping and help settling my leg spasms. 
	 Almost immediate pain relief from vaping and help settling my leg spasms. 

	 An increase in  appetite, and decrease of muscle spasms 
	 An increase in  appetite, and decrease of muscle spasms 

	 Appitite 
	 Appitite 

	 Calms the restless leg down quite a bit 
	 Calms the restless leg down quite a bit 

	 Decrease in severity of spasms Decrease in duration of spasms Notable decrease in pain 
	 Decrease in severity of spasms Decrease in duration of spasms Notable decrease in pain 



	More so than other pain med and anti spasmodic meds 
	 decreased intensity of muscle spasms 
	 decreased intensity of muscle spasms 
	 decreased intensity of muscle spasms 
	 decreased intensity of muscle spasms 

	 dramatic decline in seizures 
	 dramatic decline in seizures 

	 Elder of symptoms 
	 Elder of symptoms 

	 Fewer spasms and less pain when standing and less pain when walking 
	 Fewer spasms and less pain when standing and less pain when walking 

	 First I have to say I replaced a decade of narcotics with only medical cannabis with no relapse. I had a failed back surgery and severe sciatic pain and back pain daily. I also suffer from a rare blood disorder called Acute Porphyria's. its nearly impossible to treat however i have found some relief in that as well with this medication. I found the products still to be weak compared to other staes. Also the selection is so very limited. Not to mention the price is three time higher then industry standard.
	 First I have to say I replaced a decade of narcotics with only medical cannabis with no relapse. I had a failed back surgery and severe sciatic pain and back pain daily. I also suffer from a rare blood disorder called Acute Porphyria's. its nearly impossible to treat however i have found some relief in that as well with this medication. I found the products still to be weak compared to other staes. Also the selection is so very limited. Not to mention the price is three time higher then industry standard.



	I have had great improvements in pain, which has also allowed me to be much more active with my family. My muscle spasms although are still there I find most days the medication helps considerably, however my issues are serious and sometimes noting helps at times. I also suffer from severe anxiety attacks and have seen less of those as well. over all not only myself but my family sees positive change and I feel healthier, happier and feel currently this is making a huge positive impact on my life. 
	 
	 Freedom from pain in the evenings and sleep 
	 Freedom from pain in the evenings and sleep 
	 Freedom from pain in the evenings and sleep 

	 Has allowed me to move forward in life 
	 Has allowed me to move forward in life 

	 Have slept better than I have in 14 years! Due to not worrying all night if I was going to have a seizure in the morning 
	 Have slept better than I have in 14 years! Due to not worrying all night if I was going to have a seizure in the morning 

	 helps calm the spasms in my eye lids due to blepheraspasm 
	 helps calm the spasms in my eye lids due to blepheraspasm 

	 Helps to lower stress, my muscle spasms have been pretty much nulled! My stomach issues having been like before, cramps have been minimized, just feel quite a bit better! 
	 Helps to lower stress, my muscle spasms have been pretty much nulled! My stomach issues having been like before, cramps have been minimized, just feel quite a bit better! 

	 Helps with anxiety (better mood). Back, did help some! The pain is still there, caused of disks and ceribre needs operated on the back. But I do like the vapor medical cannabis 
	 Helps with anxiety (better mood). Back, did help some! The pain is still there, caused of disks and ceribre needs operated on the back. But I do like the vapor medical cannabis 

	 helps with leg spasms greatly. 
	 helps with leg spasms greatly. 

	 I am having less falling and in addition I have had a reduction in my OxyContin from three 40 MG tablets per day to three 20 MG tablets per day.  That is half. 
	 I am having less falling and in addition I have had a reduction in my OxyContin from three 40 MG tablets per day to three 20 MG tablets per day.  That is half. 

	 I experience very little nausea when taking the medicine 
	 I experience very little nausea when taking the medicine 

	 I have been able to cut out the pain pills and am down to one muscle relaxer per day. I am not as tired as much. I can't believe how much better I feel 
	 I have been able to cut out the pain pills and am down to one muscle relaxer per day. I am not as tired as much. I can't believe how much better I feel 

	 I have been able to delay needing shots for my blephrospasm 
	 I have been able to delay needing shots for my blephrospasm 

	 I have been able to get a good nights rest using the [HIGH THC] pill. I have also gained clarity and energy from taking 1 [HIGH CBD PRODUCT] 2 times daily. 
	 I have been able to get a good nights rest using the [HIGH THC] pill. I have also gained clarity and energy from taking 1 [HIGH CBD PRODUCT] 2 times daily. 

	 I'm less in pain 
	 I'm less in pain 


	I don't have spasm in my back and legs that much. I'm less moody 
	 It calms the spasms and the vapor gives relief right away. 
	 It calms the spasms and the vapor gives relief right away. 
	 It calms the spasms and the vapor gives relief right away. 

	 It has decreased the pain level and increased stamina to exercise 
	 It has decreased the pain level and increased stamina to exercise 

	 It has helped with my bladder issues and leg weakness greatly. 
	 It has helped with my bladder issues and leg weakness greatly. 

	 It helps my spasms and helps me to "not pay attention" to the pain as much. 
	 It helps my spasms and helps me to "not pay attention" to the pain as much. 

	 It helps with pain the most then it helps with my muscle spasms and helps me sleep at night do to the burning of my legs 
	 It helps with pain the most then it helps with my muscle spasms and helps me sleep at night do to the burning of my legs 

	 legal access to medication 
	 legal access to medication 

	 Less pain and calmer 
	 Less pain and calmer 

	 Less pain, easier sleep 
	 Less pain, easier sleep 

	 less sharp back pain 
	 less sharp back pain 

	 Less spasms and nausea. 
	 Less spasms and nausea. 

	 less stiffness in the muscles, joints, bones 
	 less stiffness in the muscles, joints, bones 

	 lessening spasms and muscle pain 
	 lessening spasms and muscle pain 

	 loosens muscles 
	 loosens muscles 

	 Medical cannabis is one of only a few treatments to help control symptoms of my neurological disorder 
	 Medical cannabis is one of only a few treatments to help control symptoms of my neurological disorder 

	 Might save my life 
	 Might save my life 

	 More comfortable and not as much guarding position of shoulders . 
	 More comfortable and not as much guarding position of shoulders . 

	 more urinary control 
	 more urinary control 

	 Muscle spasm/ pain reduction 
	 Muscle spasm/ pain reduction 


	 
	 My spasm's are less frequent, pain I have in my back is tolerable, relaxes me. 
	 My spasm's are less frequent, pain I have in my back is tolerable, relaxes me. 
	 My spasm's are less frequent, pain I have in my back is tolerable, relaxes me. 

	 My stomach (core) feels more normal (calm) and my bowel movements are less often - have more form - not as much liquid & gas. 
	 My stomach (core) feels more normal (calm) and my bowel movements are less often - have more form - not as much liquid & gas. 

	 nausea control 
	 nausea control 

	 Nausea has improved Appetite 
	 Nausea has improved Appetite 

	 no spasms at all 
	 no spasms at all 

	 Overall decrease in pain sensitivity 
	 Overall decrease in pain sensitivity 

	 Pain 
	 Pain 

	 PAIN CONTROL 
	 PAIN CONTROL 

	 pain managment 
	 pain managment 

	 Pain reducton More mobility 
	 Pain reducton More mobility 

	 Pain relief 
	 Pain relief 

	 Pain relief is the biggest benefit. Also less cramping. 
	 Pain relief is the biggest benefit. Also less cramping. 

	 pain relief anxiety relief 
	 pain relief anxiety relief 

	 Pain relief, 
	 Pain relief, 

	 Peace of mind. 
	 Peace of mind. 


	Worry is like PTSD. I only make arrangements I can back out of in case I have a flare. Anticipation of a new flare is always on my mind. I don't know how long a flare is going to last or how bad it will be. In the middle of a flare, I didn't have any form of relief so I'd panic because of severity of symptoms and no treatment. 
	Now, I still have MS PTSD because I've had problems for so long, but I know I have 
	>something< that will help the problem. Though a flare may last a while, I know I'll be able to break through the mental barrier of panic because I have a treatment that works. It's very comforting after years of only suffering. 
	 Reduced pain. Able to eat. And spasm are less 
	 Reduced pain. Able to eat. And spasm are less 
	 Reduced pain. Able to eat. And spasm are less 

	 reduces muscle spasms 
	 reduces muscle spasms 

	 Reducing tone and spasticity 
	 Reducing tone and spasticity 

	 reduction in pain and muscle spasms as well as at least a 50% reduction of monthly use of prescription pain medications. 
	 reduction in pain and muscle spasms as well as at least a 50% reduction of monthly use of prescription pain medications. 

	 Reduction of pain due to muscle spasms and less side effects compared to other medications 
	 Reduction of pain due to muscle spasms and less side effects compared to other medications 

	 Relaxes my muscles 
	 Relaxes my muscles 

	 Relief from painful spasticity 
	 Relief from painful spasticity 

	 relieve anxiety sleep better 
	 relieve anxiety sleep better 

	 Relieve the pain of Charlie horses in my legs. Tremors from MS less noticeable. 
	 Relieve the pain of Charlie horses in my legs. Tremors from MS less noticeable. 

	 Relieves pain, helps me relax, helps me sleep. I fee more comfortable and have more energy. 
	 Relieves pain, helps me relax, helps me sleep. I fee more comfortable and have more energy. 

	 Rigidity is so much better! 
	 Rigidity is so much better! 


	 
	 sleepimg 
	 sleepimg 
	 sleepimg 
	 sleepimg 

	 Sleeping/spasms 
	 Sleeping/spasms 

	 Spasm relief and that leads ultimately to pain management. 
	 Spasm relief and that leads ultimately to pain management. 

	 spasms decreased sleep improved greatly pain relief 
	 spasms decreased sleep improved greatly pain relief 



	less Xanax and opiates used 
	 Stopped  my seizures, convulsions and shaking . 
	 Stopped  my seizures, convulsions and shaking . 
	 Stopped  my seizures, convulsions and shaking . 
	 Stopped  my seizures, convulsions and shaking . 

	 The pain I feel in my lower half of my body cease to exist while taking medical marijuana. With that being said, it's difficult to take it during my work hours, because it makes me feel less attentive So, I'm between a rock and a hard place. NO pain or pain. 
	 The pain I feel in my lower half of my body cease to exist while taking medical marijuana. With that being said, it's difficult to take it during my work hours, because it makes me feel less attentive So, I'm between a rock and a hard place. NO pain or pain. 

	 The Spasms are less frequent as they were before. 
	 The Spasms are less frequent as they were before. 

	 Using Medical Cannabis PRN for anxiety & irritability has replaced the need for PRN Ativan use completely. 
	 Using Medical Cannabis PRN for anxiety & irritability has replaced the need for PRN Ativan use completely. 



	7: Great Deal of Benefit   
	 Very few side effects, actually feel a lot better getting off the narcotics, Vicodin, methadone, and Valium . Did not have an appetite and did not want to leave the house before, I feel so much better it's like a miracle ..... 
	 Very few side effects, actually feel a lot better getting off the narcotics, Vicodin, methadone, and Valium . Did not have an appetite and did not want to leave the house before, I feel so much better it's like a miracle ..... 
	 Very few side effects, actually feel a lot better getting off the narcotics, Vicodin, methadone, and Valium . Did not have an appetite and did not want to leave the house before, I feel so much better it's like a miracle ..... 
	 Very few side effects, actually feel a lot better getting off the narcotics, Vicodin, methadone, and Valium . Did not have an appetite and did not want to leave the house before, I feel so much better it's like a miracle ..... 

	 1.  Spasm and pain reduction. 
	 1.  Spasm and pain reduction. 



	2. I have stopped all pain meds and off two spasm meds. This is amazing for me. I've been on the spasm meds for over 10 years, now, when I feel tightness or a spasm starting, I take a small amount of high CBD cannabis and the spasm does not develop. It's been a life saver for me. 
	 1. Being able to take my medicine legally, avoiding problems being evicted for use of cannabis. 
	 1. Being able to take my medicine legally, avoiding problems being evicted for use of cannabis. 
	 1. Being able to take my medicine legally, avoiding problems being evicted for use of cannabis. 
	 1. Being able to take my medicine legally, avoiding problems being evicted for use of cannabis. 


	2. Assistance with nausea 
	2. Assistance with nausea 

	3. Help with muscle spasms - I have been able to work out in Physical therapy more intensely than before helping to reduce pain. 
	3. Help with muscle spasms - I have been able to work out in Physical therapy more intensely than before helping to reduce pain. 

	4. Reduction of narcotic pain medication. 
	4. Reduction of narcotic pain medication. 
	 1. Helps control Back Pain and Muscle Spasms without narcotic fears. 
	 1. Helps control Back Pain and Muscle Spasms without narcotic fears. 
	 1. Helps control Back Pain and Muscle Spasms without narcotic fears. 




	2. Relaxing and Sleep 
	2. Relaxing and Sleep 

	3. Appetite 
	3. Appetite 
	 1. large decrease in pain 
	 1. large decrease in pain 
	 1. large decrease in pain 




	2. large decrease in back spasms 
	2. large decrease in back spasms 

	3. my depression isn't as bad 
	3. my depression isn't as bad 

	4. my panic-anxiety attacks have decreased and I am not anxious all the time 
	4. my panic-anxiety attacks have decreased and I am not anxious all the time 

	5. my foot drop is 95% better 
	5. my foot drop is 95% better 

	6. I have been able to decease my pill medications by FIVE! 
	6. I have been able to decease my pill medications by FIVE! 
	 Ability to relax with decreased pain 
	 Ability to relax with decreased pain 
	 Ability to relax with decreased pain 

	 Able to stop taking all pain meds and stay off. Helps all of my symptoms to be better. Unfortunately too expensive to buy what I need to stay off pain pills and have better 
	 Able to stop taking all pain meds and stay off. Helps all of my symptoms to be better. Unfortunately too expensive to buy what I need to stay off pain pills and have better 





	 
	quality of life. Need plant form, then medicine will cost less and last longer. I do not like smoking, vaping oils into my body. 
	 
	If mn law had followed other states and not been stupid about this law people could get certified properly with insurance, and have access to Affordable medical cannabis. 
	Instead many, many people are not benefiting or using program because of all the hoops you have put into place. 
	 
	In 2016 I should be able to google doctors that are certifying for medical cannabis and make sure they take my insurance. Instead I had to take almost a year to find a clinic that certifies and takes insurance. 
	The way it is now is better than nothing at all but the way it is now is like dangling a bone for your dog that he just can't ever get a full bite of. 
	 Access to a good consistent medication that helps multiple problems. 
	 Access to a good consistent medication that helps multiple problems. 
	 Access to a good consistent medication that helps multiple problems. 

	 After 29 years I no longer have migrane headaces everyday. 
	 After 29 years I no longer have migrane headaces everyday. 

	 Almost all muscle spasms and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also. 
	 Almost all muscle spasms and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also. 

	 Although there is no proof that I directly benefited,i took a large dose of the oral suspension and was able to enjoy the holidays like a normal Peron for the first time in a long while. Pain hasn't returned as long as I continue to medicate with medicinal grade Cannabis. 
	 Although there is no proof that I directly benefited,i took a large dose of the oral suspension and was able to enjoy the holidays like a normal Peron for the first time in a long while. Pain hasn't returned as long as I continue to medicate with medicinal grade Cannabis. 

	 anti inflammatory 
	 anti inflammatory 

	 Appetite stimulation 
	 Appetite stimulation 

	 Back seizures gone arthritis gone 
	 Back seizures gone arthritis gone 

	 Being able to cope with my daily pain, and reducing the amount of other medications I 
	 Being able to cope with my daily pain, and reducing the amount of other medications I 


	am prescribed is very importa to me. 
	 being able to sleep without waking up in spasm 
	 being able to sleep without waking up in spasm 
	 being able to sleep without waking up in spasm 

	 Being able to treat my epilepsy with cannabis oil and not having to worry about breaking the law. I have been seizure free ever since I began using cannabis oil. 
	 Being able to treat my epilepsy with cannabis oil and not having to worry about breaking the law. I have been seizure free ever since I began using cannabis oil. 

	 Besides helping with my back issues, my general pain and soreness have been less, as well. Also, helps me just be in a better mood and think a little more clearly. 
	 Besides helping with my back issues, my general pain and soreness have been less, as well. Also, helps me just be in a better mood and think a little more clearly. 

	 Better quality of life, greatly reduced pain, greatly reduced spasms and exacerbations, less stiffness able to sleep through the night. 
	 Better quality of life, greatly reduced pain, greatly reduced spasms and exacerbations, less stiffness able to sleep through the night. 

	 Better sleep, appetite, pain reduction and scene of well being. 
	 Better sleep, appetite, pain reduction and scene of well being. 

	 Calming of my musles n joints from spasms Also helping with food intake 
	 Calming of my musles n joints from spasms Also helping with food intake 

	 calming of my spasms 
	 calming of my spasms 

	 calmness 
	 calmness 

	 calms my inner nerves & musle pain & bad spasms &hand tremors & sleep 
	 calms my inner nerves & musle pain & bad spasms &hand tremors & sleep 

	 Cannabis has helped my crohns in nearly every way. There's no way I can choose just one benefit that's the most important to me. The highlights of my experience have 
	 Cannabis has helped my crohns in nearly every way. There's no way I can choose just one benefit that's the most important to me. The highlights of my experience have 


	 
	been; no more abdominal pain, a 15 weight gain(I was underweight beforehand) and a reduction in my inflammation. 
	Thanks to cannabis crohns no longer controls my life. 
	 Cannabis has helped with keeping the chrons calm. I made it through the holidays with no flare ups. 
	 Cannabis has helped with keeping the chrons calm. I made it through the holidays with no flare ups. 
	 Cannabis has helped with keeping the chrons calm. I made it through the holidays with no flare ups. 

	 Clearer head since I have been using this program instead of pain pills. 
	 Clearer head since I have been using this program instead of pain pills. 

	 comfort, pain relief, hope. 
	 comfort, pain relief, hope. 

	 Cured my nonstop UTI 
	 Cured my nonstop UTI 

	 Decrease in muscle spasms and increase in appetite with a reduction in my discomfort and pain. 
	 Decrease in muscle spasms and increase in appetite with a reduction in my discomfort and pain. 

	 Don't have to take as many pain pills 
	 Don't have to take as many pain pills 

	 Ease of pain and consequently tension and the ability to be more active. 
	 Ease of pain and consequently tension and the ability to be more active. 

	 Even though I have increased in number of muscle spasms each day due to my MS, when I take my meds both the pain and the spasms subside for a number of hours. My physical therapy sessions are more beneficial as well because I can actually bend my legs easier. 
	 Even though I have increased in number of muscle spasms each day due to my MS, when I take my meds both the pain and the spasms subside for a number of hours. My physical therapy sessions are more beneficial as well because I can actually bend my legs easier. 

	 Far less muscle spasms. A little less pain associated with muscle spasms. 
	 Far less muscle spasms. A little less pain associated with muscle spasms. 

	 fewer muscle spasms in my neck. less pain than before I started the program. 
	 fewer muscle spasms in my neck. less pain than before I started the program. 

	 freedom to be excepted and relieve from mussel spasams 
	 freedom to be excepted and relieve from mussel spasams 

	 Functionality. I am able to withstand more hours with out pain and muscle spasms. They are still there, but greatly reduced. 
	 Functionality. I am able to withstand more hours with out pain and muscle spasms. They are still there, but greatly reduced. 

	 Geneal improvement in quality of life 
	 Geneal improvement in quality of life 

	 Getting off all my narcotic pain medications, no more muscle relaxers, or sleeping pills. 
	 Getting off all my narcotic pain medications, no more muscle relaxers, or sleeping pills. 

	 getting off pain meds 
	 getting off pain meds 

	 Going from disabled to working again.. Having my life back. Being able to leave my house again. 
	 Going from disabled to working again.. Having my life back. Being able to leave my house again. 

	 got ripped off for 450 dollars at [MANUFACTURER], they lied to me before i made my purchase, the oil was not consistant - hardly effictive, bad consulting they should be shut down along with their grower. [MANUFACTURER] was ok, better quality, can't afford the prices i am poor and in pain. 
	 got ripped off for 450 dollars at [MANUFACTURER], they lied to me before i made my purchase, the oil was not consistant - hardly effictive, bad consulting they should be shut down along with their grower. [MANUFACTURER] was ok, better quality, can't afford the prices i am poor and in pain. 

	 Greater mobility and less inflammation. 
	 Greater mobility and less inflammation. 

	 Helped reduce swelling in my ankle a great deal, among other benefits 
	 Helped reduce swelling in my ankle a great deal, among other benefits 

	 helps reduce the pain associated with spasticity  in me legs, 
	 helps reduce the pain associated with spasticity  in me legs, 

	 Helps with my issues... 
	 Helps with my issues... 

	 I am able to sleep at night. 
	 I am able to sleep at night. 

	 I am in significantly less pain. I can function throughout the day so much better than I could before the cannabis program. It is like night and day. 
	 I am in significantly less pain. I can function throughout the day so much better than I could before the cannabis program. It is like night and day. 


	I have less dizziness from vertigo with the cannabis I have better mobility of my neck 
	 I am not on any narcotic pain meds anymore, and I am not having to reposition myself every 15 to 30 min, and am sleeping for longer periods at night. 
	 I am not on any narcotic pain meds anymore, and I am not having to reposition myself every 15 to 30 min, and am sleeping for longer periods at night. 
	 I am not on any narcotic pain meds anymore, and I am not having to reposition myself every 15 to 30 min, and am sleeping for longer periods at night. 


	 
	 I am registered under the condition of Tourette's Syndrome. I used to experience a great deal of muscle spasms and tics. Since stating the program I have had many comments from friends and family saying that they have hardly noticed any tics in the previous few months. 
	 I am registered under the condition of Tourette's Syndrome. I used to experience a great deal of muscle spasms and tics. Since stating the program I have had many comments from friends and family saying that they have hardly noticed any tics in the previous few months. 
	 I am registered under the condition of Tourette's Syndrome. I used to experience a great deal of muscle spasms and tics. Since stating the program I have had many comments from friends and family saying that they have hardly noticed any tics in the previous few months. 

	 I could walk better. 
	 I could walk better. 

	 I feel less stress resulting in fewer muscle spasms. I can sleep sometimes at night without using the Ambien which I have needed for over 15yrs. It allows me to have a better perspective of any given situation because I am not feeling stressed out or as if I were a criminal. I have been able to discontinue my opioid pain medicine that I took for over four years after my accident. I can remain calm in many situations that used to upset me emotionally. I can enjoy my grandchildren and family so much more no
	 I feel less stress resulting in fewer muscle spasms. I can sleep sometimes at night without using the Ambien which I have needed for over 15yrs. It allows me to have a better perspective of any given situation because I am not feeling stressed out or as if I were a criminal. I have been able to discontinue my opioid pain medicine that I took for over four years after my accident. I can remain calm in many situations that used to upset me emotionally. I can enjoy my grandchildren and family so much more no

	 I have a great deal of relief from my muscle spasms. I get the relief without the anxiety I experience from cannabis I get off the street.I believe the medications work better than the stuff on the street. 
	 I have a great deal of relief from my muscle spasms. I get the relief without the anxiety I experience from cannabis I get off the street.I believe the medications work better than the stuff on the street. 

	 I have been able to manage my chronic migraine headaches much better. I have been able to decrease my use of abortive medications. 
	 I have been able to manage my chronic migraine headaches much better. I have been able to decrease my use of abortive medications. 

	 I have been able to reduce my Parkinson's meds by about 70%. I sleep much better. I am less depressed. 
	 I have been able to reduce my Parkinson's meds by about 70%. I sleep much better. I am less depressed. 

	 I have less pain in my body & less migraines 
	 I have less pain in my body & less migraines 

	 I have periods of the day where i experience little to no pain. 
	 I have periods of the day where i experience little to no pain. 

	 I have stopped taking two narcotic pain and one skeletal muscle relaxer RX’s. And the VERY painful spasms are much more tolerable. 
	 I have stopped taking two narcotic pain and one skeletal muscle relaxer RX’s. And the VERY painful spasms are much more tolerable. 

	 I take less or smaller doses of other prescription meds. I sleep better at night with less pain. 
	 I take less or smaller doses of other prescription meds. I sleep better at night with less pain. 


	I move more freely 
	 I was quickly able to get off both Valium and Ambien Both were heavy duty drugs that I was dependent on, not because I wanted to take them, but had to. I was so glad to get off them and feel somewhat normal. 
	 I was quickly able to get off both Valium and Ambien Both were heavy duty drugs that I was dependent on, not because I wanted to take them, but had to. I was so glad to get off them and feel somewhat normal. 
	 I was quickly able to get off both Valium and Ambien Both were heavy duty drugs that I was dependent on, not because I wanted to take them, but had to. I was so glad to get off them and feel somewhat normal. 

	 I'm not kicking my wife while I'm asleep. The leg is still restless but not as bad as before. And I don't have as much pressure/dullness in the back of my neck/head area. 
	 I'm not kicking my wife while I'm asleep. The leg is still restless but not as bad as before. And I don't have as much pressure/dullness in the back of my neck/head area. 

	 Increased muscle coordination Increased attentiveness Increased cognitive function Increased mobility 
	 Increased muscle coordination Increased attentiveness Increased cognitive function Increased mobility 


	Increased positive moods Decreased spasm severity Decreased seizures 
	 It controls my mind grains and headaches caused by my condition. 
	 It controls my mind grains and headaches caused by my condition. 
	 It controls my mind grains and headaches caused by my condition. 

	 It has allowed me to reduce the number of medications I take; both type and quantity. 
	 It has allowed me to reduce the number of medications I take; both type and quantity. 

	 It has caused a marked decrease in my essential tremor, severe muscle spasms in my osteoporosis riden degenerative disc disease. Lower degree of pain and less in 
	 It has caused a marked decrease in my essential tremor, severe muscle spasms in my osteoporosis riden degenerative disc disease. Lower degree of pain and less in 


	 
	frequency. I also have severe GI IBS and pancreatic issues, involving tumors that cause painful abdominal muscle spasms. The two pancreatic tumors are inoperable, and I need to have them scanned annually for any sign of malignancy . I also feel it helps a patients attitude and sense of hope. I know that's not a medical concern, but it's a great side effect, "Hope"!!! Thank You!!! 
	 It has cut down my back spasms at least 50% or more and since I've been on medical program for Minnesota I haven't fallen over once which team is a great deal 
	 It has cut down my back spasms at least 50% or more and since I've been on medical program for Minnesota I haven't fallen over once which team is a great deal 
	 It has cut down my back spasms at least 50% or more and since I've been on medical program for Minnesota I haven't fallen over once which team is a great deal 

	 It has evened out my muscle spasms and made things both possible amd more comfortable.It has slowed down the Dystonia storms. 
	 It has evened out my muscle spasms and made things both possible amd more comfortable.It has slowed down the Dystonia storms. 

	 It has helped my sleep thru the night and a lot less spasms 
	 It has helped my sleep thru the night and a lot less spasms 

	 it has made my quality of life better to make it short and sweet 
	 it has made my quality of life better to make it short and sweet 

	 It has reduced my muscle spasms by 90%. It helps me sleep at night. For example, it helps control my spasms so they don't wake up and I have less pain. The amazing thing it's also a nerve blocker like neurontin or gabapentin. Here's another amazing fact. It helps control my autonomic dysreflexia. Out of every benefit this has undoubtedly given me my quality of life back. At night, if you understand autonomic dysreflexia, my blood pressure would shoot up too 150 or 180 before bedtime. This is dangerous as 
	 It has reduced my muscle spasms by 90%. It helps me sleep at night. For example, it helps control my spasms so they don't wake up and I have less pain. The amazing thing it's also a nerve blocker like neurontin or gabapentin. Here's another amazing fact. It helps control my autonomic dysreflexia. Out of every benefit this has undoubtedly given me my quality of life back. At night, if you understand autonomic dysreflexia, my blood pressure would shoot up too 150 or 180 before bedtime. This is dangerous as 

	 It has replaced all opioid medications and allows me to function and participate in family and social activities again. 
	 It has replaced all opioid medications and allows me to function and participate in family and social activities again. 

	 it helps with my spasms to be less as well as not as painful 
	 it helps with my spasms to be less as well as not as painful 

	 It reduces the number of attacks and severity of the leg cramps at night. 
	 It reduces the number of attacks and severity of the leg cramps at night. 

	 it relaxes my muscles in my body to help lower pain and allowing me to keep the narcotic medication down to the bare minimum. With out the program I would be unable to stay functioning because the narcotics make me tired and worn out and want to do nothing. With the use of Medical Marijuana and keeping the Narcotics down allows me to keep my day to a functioning day no matter how slow I may be, but I am not worn out because I can use the vaporizers to help the muscles so much. That in return makes me feel
	 it relaxes my muscles in my body to help lower pain and allowing me to keep the narcotic medication down to the bare minimum. With out the program I would be unable to stay functioning because the narcotics make me tired and worn out and want to do nothing. With the use of Medical Marijuana and keeping the Narcotics down allows me to keep my day to a functioning day no matter how slow I may be, but I am not worn out because I can use the vaporizers to help the muscles so much. That in return makes me feel

	 It works on too many levels. I can eat better and I usually get nausea and it works great for that. My arthritis is much better. I am still dealing with the side effects of radiation my cancer Dr. says. I guess with no stomach and most intestines gone I don't usually eat as well or feel good (healthy) enough to even get up and go to my office. 
	 It works on too many levels. I can eat better and I usually get nausea and it works great for that. My arthritis is much better. I am still dealing with the side effects of radiation my cancer Dr. says. I guess with no stomach and most intestines gone I don't usually eat as well or feel good (healthy) enough to even get up and go to my office. 


	 
	▪ I can afford to but have added the stock market to my ways to make additional money. I can puff and some days with in hours I may go to the office. 
	▪ I can afford to but have added the stock market to my ways to make additional money. I can puff and some days with in hours I may go to the office. 
	▪ I can afford to but have added the stock market to my ways to make additional money. I can puff and some days with in hours I may go to the office. 
	 it works quickly to relieve muscle spasms,,helps control pain during physical work, controls pain to a certain extent,helps give you opportunity to quality of life. 
	 it works quickly to relieve muscle spasms,,helps control pain during physical work, controls pain to a certain extent,helps give you opportunity to quality of life. 
	 it works quickly to relieve muscle spasms,,helps control pain during physical work, controls pain to a certain extent,helps give you opportunity to quality of life. 

	 [PATIENT]’s mobility has increased. 
	 [PATIENT]’s mobility has increased. 

	 some pain relief 
	 some pain relief 

	 Less lower back pain, increased apatite. 
	 Less lower back pain, increased apatite. 

	 Less muscle aches and better sleep. 
	 Less muscle aches and better sleep. 

	 Less muscle spasm's = body not being as fatigued allowing me to perform my physical therapy better. 
	 Less muscle spasm's = body not being as fatigued allowing me to perform my physical therapy better. 

	 Less muscle spasms!! 
	 Less muscle spasms!! 

	 less mussel spasms and pain 
	 less mussel spasms and pain 

	 less nerv pain 
	 less nerv pain 

	 Less pain and inflammation in legs and ankles. Didn't feel so wore out at the end of the day. Was able to relax and sit for long periods with less stiffness and joint pain. Overall I had less pain 
	 Less pain and inflammation in legs and ankles. Didn't feel so wore out at the end of the day. Was able to relax and sit for long periods with less stiffness and joint pain. Overall I had less pain 

	 Less Pain 
	 Less Pain 





	Less sleep issues More hunger' Less mood swings 
	All around better feeling of life 
	 less petit mal seizures , better sleep at night and , reduced muscle spasms 
	 less petit mal seizures , better sleep at night and , reduced muscle spasms 
	 less petit mal seizures , better sleep at night and , reduced muscle spasms 
	 less petit mal seizures , better sleep at night and , reduced muscle spasms 

	 less seizures 
	 less seizures 

	 Less spasms helps me relax. 
	 Less spasms helps me relax. 

	 Many fewer spasms. I went from several per hour every day to several per day. Much improvement! I also have less anxiety. My confidence has increased from feeling more relaxed. 
	 Many fewer spasms. I went from several per hour every day to several per day. Much improvement! I also have less anxiety. My confidence has increased from feeling more relaxed. 

	 Much less pain, in my bowel and neurapathy pain. I can tell almost immediately if I forget to take the medication.  Within one or two hours, the pain in the gut/bowel area is back. I never realized how terrible I have felt until after I started to feel better. I have had bowel pain as long as I can remember (pre-school) and I thought everyone felt like that.  It is all I ever knew and it was getting worse each year. 
	 Much less pain, in my bowel and neurapathy pain. I can tell almost immediately if I forget to take the medication.  Within one or two hours, the pain in the gut/bowel area is back. I never realized how terrible I have felt until after I started to feel better. I have had bowel pain as long as I can remember (pre-school) and I thought everyone felt like that.  It is all I ever knew and it was getting worse each year. 

	 much less weakness/pain easier sleeping 
	 much less weakness/pain easier sleeping 



	not as many spasms in the morning 
	 Muscle spasms stopped completely. I was able to walk much better and sleep better at night. 
	 Muscle spasms stopped completely. I was able to walk much better and sleep better at night. 
	 Muscle spasms stopped completely. I was able to walk much better and sleep better at night. 
	 Muscle spasms stopped completely. I was able to walk much better and sleep better at night. 

	 Muscle spasms, burning, pain, level of thing's would be a couple less for sure, but depending on affordability, and the level of it like I was doing great making real strides, I lost like a lot of weight and my body sores from other medicine went away a lot on my skin by using the cannibas, and I just had a fall recently that just is not normal but happens, an set me way back again now so or my numbers are effected cuz that just 
	 Muscle spasms, burning, pain, level of thing's would be a couple less for sure, but depending on affordability, and the level of it like I was doing great making real strides, I lost like a lot of weight and my body sores from other medicine went away a lot on my skin by using the cannibas, and I just had a fall recently that just is not normal but happens, an set me way back again now so or my numbers are effected cuz that just 



	 
	happened... Takes time especially nerve pain, when a feather hurt's a nerve just a touch, and scar tissue rapping on them hurt's alot as it did me again now among other thing's! But the medicine help's me in my ailment struggles. 
	 My horrible chronic spasms have greatly diminished. 
	 My horrible chronic spasms have greatly diminished. 
	 My horrible chronic spasms have greatly diminished. 

	 My insomnia is so much better,my muscle spasms have calmed down some,I have an appetite now,my muscle pain has lowered quite a bit to the point I can get some things down around the house,I was walking with a cane but I am no longer at this point...I believe my balance over all is better at this moment in time. 
	 My insomnia is so much better,my muscle spasms have calmed down some,I have an appetite now,my muscle pain has lowered quite a bit to the point I can get some things down around the house,I was walking with a cane but I am no longer at this point...I believe my balance over all is better at this moment in time. 

	 My muscle spasms are getting easier to cope with on a daily basis 
	 My muscle spasms are getting easier to cope with on a daily basis 

	 My muscle spasms have decreased and my nausea and general pain decreased 
	 My muscle spasms have decreased and my nausea and general pain decreased 

	 My muscles were spasm all day long , what this medicine is doing is helping them to relax more , at first I was scared because the spasms were so tight around my bone , when it relaxed more the bone started to hurt and pulse ate . After that went I new what was happening . I keep at a steady pace and the muscles are reacting good to it . I am so grateful for this medicine , and can't believe I was on the opposite side of this medicine . It truly is like a miracle !!!! 
	 My muscles were spasm all day long , what this medicine is doing is helping them to relax more , at first I was scared because the spasms were so tight around my bone , when it relaxed more the bone started to hurt and pulse ate . After that went I new what was happening . I keep at a steady pace and the muscles are reacting good to it . I am so grateful for this medicine , and can't believe I was on the opposite side of this medicine . It truly is like a miracle !!!! 

	 My severe spasms of my neck, spine, legs, feet, arms, and hands become very mild, and almost absent when medicated with Cannibis treatment! 
	 My severe spasms of my neck, spine, legs, feet, arms, and hands become very mild, and almost absent when medicated with Cannibis treatment! 

	 Nausea, pain in my back 
	 Nausea, pain in my back 

	 No crohns disease flare ups since starting treatment 
	 No crohns disease flare ups since starting treatment 

	 No longer need Botox to control spasms in thighs 
	 No longer need Botox to control spasms in thighs 

	 No more street weed 
	 No more street weed 

	 no spazims and sleeping well 
	 no spazims and sleeping well 

	 Off topic from my qualifying condition, my root disease is Mast Cell Disease that stemmed from Childhood Leukemia. I have always had a low WBC, and now I am in the normal WBC range, with my WBC having DOUBLED!!! Since the start of using MC regularly from [MANUFACTURER]. I use the 50/50 THC-CBD ratio. 
	 Off topic from my qualifying condition, my root disease is Mast Cell Disease that stemmed from Childhood Leukemia. I have always had a low WBC, and now I am in the normal WBC range, with my WBC having DOUBLED!!! Since the start of using MC regularly from [MANUFACTURER]. I use the 50/50 THC-CBD ratio. 


	THIS IS A HUGE IMPACT and I am nothing that my Mast Cell Disease is becoming more c alm, which is leading to less pain, reactions, inflammation and muscle spasms. 
	 One of the benefits that I did get it from medical cannabis is the ability to get up and walk take a shower take a drive and have an ability to cope with extreme muscle spasm and back pain daily and work with these problems and medical cannabis help me deal with all that not just a bunch of painkillers and other medications that I can't spell medical cannabis help me through my injury. 
	 One of the benefits that I did get it from medical cannabis is the ability to get up and walk take a shower take a drive and have an ability to cope with extreme muscle spasm and back pain daily and work with these problems and medical cannabis help me deal with all that not just a bunch of painkillers and other medications that I can't spell medical cannabis help me through my injury. 
	 One of the benefits that I did get it from medical cannabis is the ability to get up and walk take a shower take a drive and have an ability to cope with extreme muscle spasm and back pain daily and work with these problems and medical cannabis help me deal with all that not just a bunch of painkillers and other medications that I can't spell medical cannabis help me through my injury. 

	 Only usage of the oil helped! But it's much too expensive. 
	 Only usage of the oil helped! But it's much too expensive. 

	 Pain & Muscle Spasms 
	 Pain & Muscle Spasms 

	 Pain control 
	 Pain control 

	 pain control and relaxing of muscle spasms while allowing me to be coherent and continue to work. 
	 pain control and relaxing of muscle spasms while allowing me to be coherent and continue to work. 

	 Pain goes away 
	 Pain goes away 

	 Pain is more manageable 
	 Pain is more manageable 


	 
	Anxiety is way down (PTSD) 
	 pain relief 
	 pain relief 
	 pain relief 

	 Pain relief 
	 Pain relief 

	 pain relief 
	 pain relief 

	 sleep completely through the night not as moody because im in pain 
	 sleep completely through the night not as moody because im in pain 

	 pain relief and nausea relief 
	 pain relief and nausea relief 

	 Pain relief has been a major benefit as I am able to control pain from my back spasms very well with medical cannabis. Not having to take opiods is great!! 
	 Pain relief has been a major benefit as I am able to control pain from my back spasms very well with medical cannabis. Not having to take opiods is great!! 

	 Pain relief nausea relief 
	 Pain relief nausea relief 

	 Pain relief, increased mood/motivation, less time in bed, more time enjoying life not focused on pain 
	 Pain relief, increased mood/motivation, less time in bed, more time enjoying life not focused on pain 

	 Pain relief. 
	 Pain relief. 

	 pain spasms 
	 pain spasms 

	 Reduced pain and anxiety 
	 Reduced pain and anxiety 

	 Reduced pain from muscle spasms, reduced headaches. 
	 Reduced pain from muscle spasms, reduced headaches. 

	 Reduced seizures and spasms feel more normal on cannabis. 
	 Reduced seizures and spasms feel more normal on cannabis. 

	 Reduction in spams 
	 Reduction in spams 

	 reduction in spasms reduction in pain 
	 reduction in spasms reduction in pain 


	reduction in ""jibberish"" due to pain and spasms 
	better sleep less anxiety 
	reduction of harmful pharmaceutical medications (side affects) 
	 reduction of interocular eye pressure; also reduction in muscle cramps and chronic pain 
	 reduction of interocular eye pressure; also reduction in muscle cramps and chronic pain 
	 reduction of interocular eye pressure; also reduction in muscle cramps and chronic pain 

	 Reduction of spasms 
	 Reduction of spasms 

	 Reduction or outright elimination of my intractable pain. 
	 Reduction or outright elimination of my intractable pain. 

	 Relaxation 
	 Relaxation 

	 Relaxes me at the end of the day . Makes my pain go away. 
	 Relaxes me at the end of the day . Makes my pain go away. 

	 Relaxes me I don't have as many tremers and the pain is better than before. 
	 Relaxes me I don't have as many tremers and the pain is better than before. 

	 Relief from muscle spasms 
	 Relief from muscle spasms 

	 Relief from my symtoms 
	 Relief from my symtoms 

	 Relief of muscle spasms with no side effects 
	 Relief of muscle spasms with no side effects 

	 relief of severe pain 
	 relief of severe pain 

	 RELIEF using an all natural method ... Cannabis is a holistic formula of balancing your condition and very-very little side effects compared to the Rx monopoly. If it works, keep in simple, keep it green. ¿¿¿ 
	 RELIEF using an all natural method ... Cannabis is a holistic formula of balancing your condition and very-very little side effects compared to the Rx monopoly. If it works, keep in simple, keep it green. ¿¿¿ 

	 Relieves muscle spasms 
	 Relieves muscle spasms 

	 Seizures are less intense 
	 Seizures are less intense 

	 Send starting medical cannabis my quality of life has increased dramatically. My my pain has subsided almost completely my energy level has taken a 360 turn for the better. I am a young woman and my late mid thirties and I would wake up every day feeling like I 
	 Send starting medical cannabis my quality of life has increased dramatically. My my pain has subsided almost completely my energy level has taken a 360 turn for the better. I am a young woman and my late mid thirties and I would wake up every day feeling like I 


	 
	was 90 years old. I would spend most my days in bed with no energy and the pain kept me from venturing out and enjoying my young children. Medical cannabis has also stimulated my appetite as well as help my anxiety and depression. I previously self medicating the street marijuana and even knowing the price difference and the cheaper I am able to get it from the streets I will never go back. I am also a cigarette smoker and the medical cannabis has reduced money smoking regular cigarettes in which in turn ha
	 Significantly decreased the pain/cramping in my lower legs and feet 
	 Significantly decreased the pain/cramping in my lower legs and feet 
	 Significantly decreased the pain/cramping in my lower legs and feet 

	 sleeep, calmness 
	 sleeep, calmness 

	 Sleep well. Reduces pain 
	 Sleep well. Reduces pain 

	 Sleeping has improved!  Mental health has improved! Pain control is optimal 
	 Sleeping has improved!  Mental health has improved! Pain control is optimal 

	 spasm control 
	 spasm control 

	 spasm relief 
	 spasm relief 

	 spasm/pain lessed, reduced 
	 spasm/pain lessed, reduced 

	 SPASMS AND NECK PAIN 
	 SPASMS AND NECK PAIN 

	 Starting to be able to slowly cut out other medicatons, noticing that I'm feeling healthier from the cannabis cause that's all natural and I haven't had as many attacks and when a attak does one on ice noticed just a a couple of hits and the attack is under control. 
	 Starting to be able to slowly cut out other medicatons, noticing that I'm feeling healthier from the cannabis cause that's all natural and I haven't had as many attacks and when a attak does one on ice noticed just a a couple of hits and the attack is under control. 

	 the ability to control my pain management without the groggy feeling I get when I use pain medication. 
	 the ability to control my pain management without the groggy feeling I get when I use pain medication. 

	 the ability to move around more with out  having spasms and pain 
	 the ability to move around more with out  having spasms and pain 

	 The ability to stop or juristically decrease my lower back spams at any point in the day. 
	 The ability to stop or juristically decrease my lower back spams at any point in the day. 

	 The cancer-fighting effects from the cannabis oil. 
	 The cancer-fighting effects from the cannabis oil. 

	 The medical cannabis has given me much more flexibility and an increased range of motion in my movement.. 
	 The medical cannabis has given me much more flexibility and an increased range of motion in my movement.. 

	 The most important benefit to me is that this program has got my life moving again!! I cannot believe the favorite things I can now do thanks to the Minnesota Medical Cannabis Program, also the new things I can try, and still stay comfortable. Because of this program, I am getting so much time away from my Facio Scapulo Humeral Muscular Dystrophy, used to take away from me!! I can do more to care for myself, my home, my dog, my husband. I can get out and about, I can eat better, there are just so many ben
	 The most important benefit to me is that this program has got my life moving again!! I cannot believe the favorite things I can now do thanks to the Minnesota Medical Cannabis Program, also the new things I can try, and still stay comfortable. Because of this program, I am getting so much time away from my Facio Scapulo Humeral Muscular Dystrophy, used to take away from me!! I can do more to care for myself, my home, my dog, my husband. I can get out and about, I can eat better, there are just so many ben

	 the pain relief and it helps sleep 
	 the pain relief and it helps sleep 

	 The pain relief is great and my spasms are less and less 
	 The pain relief is great and my spasms are less and less 

	 The reduced muscle spasms in my legs has made it possible to take more steps than I thought would be possible again. 
	 The reduced muscle spasms in my legs has made it possible to take more steps than I thought would be possible again. 

	 The relief from pain 
	 The relief from pain 


	The feeling of well being 
	 
	 the Vape oil allows me to go to work without vomiting. also the pills help with inflammation and pain 
	 the Vape oil allows me to go to work without vomiting. also the pills help with inflammation and pain 
	 the Vape oil allows me to go to work without vomiting. also the pills help with inflammation and pain 
	 the Vape oil allows me to go to work without vomiting. also the pills help with inflammation and pain 

	 This is typed by his spouse. [PATIENT] has a TBI (traumatic brain injury). He says that it has had a major beneficial effect on his quality of life. One of the unexpected side effects has been a clarity of thought. He use to get confused doing some small tasks and some how it helps him to think clearer. He has been exceedingly more motivated and accomplishing more. 
	 This is typed by his spouse. [PATIENT] has a TBI (traumatic brain injury). He says that it has had a major beneficial effect on his quality of life. One of the unexpected side effects has been a clarity of thought. He use to get confused doing some small tasks and some how it helps him to think clearer. He has been exceedingly more motivated and accomplishing more. 

	 This treatment has significantly reduced the frequency and intensity of cervical muscle spasms and the associated severe headaches. 
	 This treatment has significantly reduced the frequency and intensity of cervical muscle spasms and the associated severe headaches. 

	 To be able to do things that I haven't been able to do for years because of pain and immobility. 
	 To be able to do things that I haven't been able to do for years because of pain and immobility. 

	 Vomiting control, tremor relief, ability to eat, went off antidepressants, can sleep. 
	 Vomiting control, tremor relief, ability to eat, went off antidepressants, can sleep. 

	 walking better 
	 walking better 

	 We have seen a girl go from not interacting, to interacting. No appetite to appetite. Balance also seems better. 
	 We have seen a girl go from not interacting, to interacting. No appetite to appetite. Balance also seems better. 

	 When I use medication I can move. Without it I am in too much pain to move or engage with the world. 
	 When I use medication I can move. Without it I am in too much pain to move or engage with the world. 

	 Within 1 week of use, my tics disappeared and have stayed gone even with occasional use. This has never happened previously in my life, so it is very effective. 
	 Within 1 week of use, my tics disappeared and have stayed gone even with occasional use. This has never happened previously in my life, so it is very effective. 

	 Yes, It benefits me every day and my quality of life has greatly improved as a result, for the first time in my life i am neither under or over medicated. 
	 Yes, It benefits me every day and my quality of life has greatly improved as a result, for the first time in my life i am neither under or over medicated. 

	 Reduced spasticity, reduced pain, improved Sleep, improved depression and anxiety. 
	 Reduced spasticity, reduced pain, improved Sleep, improved depression and anxiety. 



	Cancer 
	1: No Benefit  
	 Didn't like it and didn't use it 
	 Didn't like it and didn't use it 
	 Didn't like it and didn't use it 
	 Didn't like it and didn't use it 

	 None 
	 None 



	 
	2  
	 Increase appetite 
	 Increase appetite 
	 Increase appetite 
	 Increase appetite 

	 Some relaxation 
	 Some relaxation 

	 the first thing I discovered was the importance of taking time. second thing was taking things for granted! 
	 the first thing I discovered was the importance of taking time. second thing was taking things for granted! 



	4  
	 Appetite 
	 Appetite 
	 Appetite 
	 Appetite 

	 dull pain, sleep 
	 dull pain, sleep 

	 eating more, 
	 eating more, 

	 Facilitated my sleep 
	 Facilitated my sleep 

	 helped with the nausea 
	 helped with the nausea 

	 helps with pain 
	 helps with pain 

	 Helps with sleep. Helps with pain. 
	 Helps with sleep. Helps with pain. 



	 
	 I am feeling better. 
	 I am feeling better. 
	 I am feeling better. 
	 I am feeling better. 

	 learning 
	 learning 

	 relaxation in the midst of pain, better appetite, some alleviation of pain. 
	 relaxation in the midst of pain, better appetite, some alleviation of pain. 

	 Relief from pain 
	 Relief from pain 

	 relief of stress pain relief 
	 relief of stress pain relief 

	 This survey was sent to [PATIENT], who died on [DATE]. 
	 This survey was sent to [PATIENT], who died on [DATE]. 



	5  
	 better sleep, less pain and fatigue, not as anxious, continued to have a appetite. 
	 better sleep, less pain and fatigue, not as anxious, continued to have a appetite. 
	 better sleep, less pain and fatigue, not as anxious, continued to have a appetite. 
	 better sleep, less pain and fatigue, not as anxious, continued to have a appetite. 

	 [PATIENT] is dead. But it kept his potential nausea very low and help with any potential pain. 
	 [PATIENT] is dead. But it kept his potential nausea very low and help with any potential pain. 

	 Evening pain is eased with Cannabis before bed. 
	 Evening pain is eased with Cannabis before bed. 

	 Helping w/ pain management, sleep, reducing nausea 
	 Helping w/ pain management, sleep, reducing nausea 

	 It helped with my nausea. 
	 It helped with my nausea. 

	 Keeping my appetite up and removing nausea symptoms. 
	 Keeping my appetite up and removing nausea symptoms. 

	 Little benefit to my cancer pain but a surprising improvement of at least 75% in my chronic arthritis pain. 
	 Little benefit to my cancer pain but a surprising improvement of at least 75% in my chronic arthritis pain. 

	 loosened up 
	 loosened up 

	 One benefit was it helped with my nausea and vomiting but not as well as I would have hoped. I had to puff on the vape pen consistantly to relieve me of the nauseated feeling instead of the 1 to 2 puff recommended dose. 
	 One benefit was it helped with my nausea and vomiting but not as well as I would have hoped. I had to puff on the vape pen consistantly to relieve me of the nauseated feeling instead of the 1 to 2 puff recommended dose. 

	 Pain 
	 Pain 

	 Pain and nausea control 
	 Pain and nausea control 

	 pain management 
	 pain management 

	 Pain relief 
	 Pain relief 

	 Seems to have helped the neuropathy symptoms and also gives me an all over sense of well being - also helps with the nausea symptoms after chemo treatments. 
	 Seems to have helped the neuropathy symptoms and also gives me an all over sense of well being - also helps with the nausea symptoms after chemo treatments. 

	 Seems to slow down pain rolls and eye strain. 
	 Seems to slow down pain rolls and eye strain. 

	 Sleep aid 
	 Sleep aid 
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	 ability to eat 
	 ability to eat 
	 ability to eat 
	 ability to eat 

	 An increase in  appetite, and decrease of muscle spasms 
	 An increase in  appetite, and decrease of muscle spasms 

	 appetite enhancement 
	 appetite enhancement 

	 Appetite, more relaxed 
	 Appetite, more relaxed 

	 Appitite 
	 Appitite 

	 Decrease in pain and imflammation 
	 Decrease in pain and imflammation 

	 help with pain 
	 help with pain 

	 I'm comfortable and able to eat and sleep 
	 I'm comfortable and able to eat and sleep 

	 Improved appetite, somewhat less pain 
	 Improved appetite, somewhat less pain 

	 improved pain load mood and sleep 
	 improved pain load mood and sleep 

	 It has helped manage pain and anxiety. 
	 It has helped manage pain and anxiety. 



	 
	 leg cramps and nausea 
	 leg cramps and nausea 
	 leg cramps and nausea 
	 leg cramps and nausea 

	 Less jabbing pain in feet from Neuropathy - better sleep 
	 Less jabbing pain in feet from Neuropathy - better sleep 

	 less narcotic pain medicine much  better  pain  control fewer breakout pain incidences 
	 less narcotic pain medicine much  better  pain  control fewer breakout pain incidences 

	 Less pain, calmer about the situation 
	 Less pain, calmer about the situation 

	 Less spasms and nausea. 
	 Less spasms and nausea. 

	 Might save my life 
	 Might save my life 

	 My stomach (core) feels more normal (calm) and my bowel movements are less often - have more form - not as much liquid & gas. 
	 My stomach (core) feels more normal (calm) and my bowel movements are less often - have more form - not as much liquid & gas. 

	 nausea control 
	 nausea control 

	 Not feeling the pain in bones/muscles and good feelings for a terminal illness 
	 Not feeling the pain in bones/muscles and good feelings for a terminal illness 

	 Pain control 
	 Pain control 

	 Pain Management 
	 Pain Management 

	 pain reduction, better sleep, increased appetite 
	 pain reduction, better sleep, increased appetite 

	 pain relief and help with sleep 
	 pain relief and help with sleep 

	 Really helps with pain from cancer treatments as well as resulting anxiety from multiple surgeries and permanent scars, etc. 
	 Really helps with pain from cancer treatments as well as resulting anxiety from multiple surgeries and permanent scars, etc. 

	 Reduction of Nausea and pain, and increase in appetite. 
	 Reduction of Nausea and pain, and increase in appetite. 

	 reduction of side effects or neg. effective of other forms of treatment I have been on. 
	 reduction of side effects or neg. effective of other forms of treatment I have been on. 

	 relieve anxiety sleep better 
	 relieve anxiety sleep better 

	 Sleep and being able to eat, and reduced nausea 
	 Sleep and being able to eat, and reduced nausea 

	 Spasm relief and that leads ultimately to pain management. 
	 Spasm relief and that leads ultimately to pain management. 

	 Stomach cramps gone Anxiety relief 
	 Stomach cramps gone Anxiety relief 



	Nausea relief 
	Sleep 
	7: Great Deal of Benefit   
	 Because of the THC, I feel like getting up and doing things. Prior to having the cannabis, I just laid on the couch. I felt like I was just waiting to die. 2. I do not use the percoset.  I do not want to have to take pain pills. Period. To many people are getting addicted to these things. 3. I do not get the dry mouth or canker soars since I hardly use the anti nausea drugs. 
	 Because of the THC, I feel like getting up and doing things. Prior to having the cannabis, I just laid on the couch. I felt like I was just waiting to die. 2. I do not use the percoset.  I do not want to have to take pain pills. Period. To many people are getting addicted to these things. 3. I do not get the dry mouth or canker soars since I hardly use the anti nausea drugs. 
	 Because of the THC, I feel like getting up and doing things. Prior to having the cannabis, I just laid on the couch. I felt like I was just waiting to die. 2. I do not use the percoset.  I do not want to have to take pain pills. Period. To many people are getting addicted to these things. 3. I do not get the dry mouth or canker soars since I hardly use the anti nausea drugs. 
	 Because of the THC, I feel like getting up and doing things. Prior to having the cannabis, I just laid on the couch. I felt like I was just waiting to die. 2. I do not use the percoset.  I do not want to have to take pain pills. Period. To many people are getting addicted to these things. 3. I do not get the dry mouth or canker soars since I hardly use the anti nausea drugs. 

	 Ability to create appetite and relieve pain 
	 Ability to create appetite and relieve pain 

	 ABLE TO EAT AND MAINTAIN MY WEIGHT PLUS MY NAUSEA HAS DECREASE TREMENDOUSLY . 
	 ABLE TO EAT AND MAINTAIN MY WEIGHT PLUS MY NAUSEA HAS DECREASE TREMENDOUSLY . 

	 able to eat food. helps keep nausea down. 
	 able to eat food. helps keep nausea down. 

	 Appetite, was loosing weight fast! Didnt have one! Now got it back! And gained 20 pounds! From this. 
	 Appetite, was loosing weight fast! Didnt have one! Now got it back! And gained 20 pounds! From this. 

	 Appetite. During chemo weeks I can barely eat and the THC helps a lot. 
	 Appetite. During chemo weeks I can barely eat and the THC helps a lot. 

	 Being able to start weaning myself from opiates I've been on for ten years. 
	 Being able to start weaning myself from opiates I've been on for ten years. 



	 
	 controlling nausea 
	 controlling nausea 
	 controlling nausea 

	 Controlling nausea 
	 Controlling nausea 

	 Coping with nausea, being able to eat and maintain weight 
	 Coping with nausea, being able to eat and maintain weight 

	 [PATIENT] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work - we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it. 
	 [PATIENT] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work - we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it. 

	 Eating 
	 Eating 

	 general overall feeling of well-being...pain relief 
	 general overall feeling of well-being...pain relief 

	 Getting appetite back, and attitude adjustment. 
	 Getting appetite back, and attitude adjustment. 

	 Greater mobility and less inflammation. 
	 Greater mobility and less inflammation. 

	 Help with sleeping 
	 Help with sleeping 

	 Helped ease pain. Calmness and appetite. Have no appetite on chemo without it 
	 Helped ease pain. Calmness and appetite. Have no appetite on chemo without it 

	 helped with nausea 
	 helped with nausea 

	 I am able to sleep pain free for 7 to 8 hours a night 
	 I am able to sleep pain free for 7 to 8 hours a night 

	 I have not had issues with nausea at night and my PSA counts are going down. 
	 I have not had issues with nausea at night and my PSA counts are going down. 

	 I used cannabis to treat my constant nausea during chemotherapy. This option seemed to be a very effective option after I was unable to take pills orally. Later on during treatment I used the medical cannabis to see for myself how it would treat the pain I was in. I wouldn't say medical cannabis a great painkiller, however the cannabis seemed to break my focus on the pain better than the oxycodone alone. I really feel that my quality of life was better using the cannabis. 
	 I used cannabis to treat my constant nausea during chemotherapy. This option seemed to be a very effective option after I was unable to take pills orally. Later on during treatment I used the medical cannabis to see for myself how it would treat the pain I was in. I wouldn't say medical cannabis a great painkiller, however the cannabis seemed to break my focus on the pain better than the oxycodone alone. I really feel that my quality of life was better using the cannabis. 

	 I was able to discontinue the use of multiple dangerous drugs. 
	 I was able to discontinue the use of multiple dangerous drugs. 

	 I was able to get off all my anti nausea medication which allowed me to 
	 I was able to get off all my anti nausea medication which allowed me to 


	Get off all the anti constipation medication. Prior to being in the cannabis program I had no appetite and had lost 35 lbs I have been able to put back on 15 lbs. My quality of life after chemotherapy treatments turned around substantial. An added bonus was the pain relief from a chronic back pain, it has helped significantly with my pain management. 
	 Improved quality of sleep. 
	 Improved quality of sleep. 
	 Improved quality of sleep. 

	 Increased appetite and motivation. 
	 Increased appetite and motivation. 

	 Instead of sleeping all day [PATIENT] was social and wanting to be with family and friends. 
	 Instead of sleeping all day [PATIENT] was social and wanting to be with family and friends. 

	 It helps a lot with my pain level. Since I started this program I have not needed to increase my opioid medication to control my pain. I many times use the vaporizer in place of oxcycodone for breakthrough pain. When my anxiety is very hi I use the vaporizer. It has made a very positive difference in my quality of life at this point. 
	 It helps a lot with my pain level. Since I started this program I have not needed to increase my opioid medication to control my pain. I many times use the vaporizer in place of oxcycodone for breakthrough pain. When my anxiety is very hi I use the vaporizer. It has made a very positive difference in my quality of life at this point. 

	 less bowel urgency, less pain, less anxiety 
	 less bowel urgency, less pain, less anxiety 

	 Makes me eat/ help me sleep relax pain is not as bad 
	 Makes me eat/ help me sleep relax pain is not as bad 


	 
	 Medical cannabis has almost completely relieved my pain and naseau associated with my cancer and the effects of treating my cancer with chemo (I have chemo every three weeks for the rest of my life due to metastatic colon cancer). 
	 Medical cannabis has almost completely relieved my pain and naseau associated with my cancer and the effects of treating my cancer with chemo (I have chemo every three weeks for the rest of my life due to metastatic colon cancer). 
	 Medical cannabis has almost completely relieved my pain and naseau associated with my cancer and the effects of treating my cancer with chemo (I have chemo every three weeks for the rest of my life due to metastatic colon cancer). 

	 Mitigation of nausea and sleeping assistance. 
	 Mitigation of nausea and sleeping assistance. 

	 My inflammation from chemo and radiation completely went away! My pain and suffering has really decreased because of this oil it is a miracle!!! 
	 My inflammation from chemo and radiation completely went away! My pain and suffering has really decreased because of this oil it is a miracle!!! 

	 my nausea after chemo is gone in less than a minute after one inhalation from my vaporizer 
	 my nausea after chemo is gone in less than a minute after one inhalation from my vaporizer 

	 nasua control makes me hungry wit my condition helps with the lulls in life 
	 nasua control makes me hungry wit my condition helps with the lulls in life 

	 Nausea and Pain 
	 Nausea and Pain 

	 Pain and sleeping 
	 Pain and sleeping 

	 Pain control while still allowing me to live. I can not handle opiates. 
	 Pain control while still allowing me to live. I can not handle opiates. 

	 Pain control Appetite 
	 Pain control Appetite 


	Anxiety reduction 
	 Pain reduced: 70% - 80%, Better sleep 
	 Pain reduced: 70% - 80%, Better sleep 
	 Pain reduced: 70% - 80%, Better sleep 

	 pain relief 
	 pain relief 

	 Pain relief 
	 Pain relief 

	 Pain relief 
	 Pain relief 

	 Pain relief Sleep Nausea 
	 Pain relief Sleep Nausea 

	 reduced vomiting. 
	 reduced vomiting. 

	 Reduction in pain, muscle tension, and anxiety. Sleep has also improved. 
	 Reduction in pain, muscle tension, and anxiety. Sleep has also improved. 

	 Relaxing, peaceful sleep and wake up relaxed... less anxiety.. 
	 Relaxing, peaceful sleep and wake up relaxed... less anxiety.. 

	 relief from Nausia, gave me appetite 
	 relief from Nausia, gave me appetite 

	 Relief of breakthrough pain 
	 Relief of breakthrough pain 

	 Relief of nausea increased appetite relief of anxiety better sleep 
	 Relief of nausea increased appetite relief of anxiety better sleep 

	 Relief of pain Ability to Sleep 
	 Relief of pain Ability to Sleep 


	Restoration of Appetite 
	Gaining of strength Increased Mobility Restoration of concentration 
	 Relief of the nausea that I have all day with the chemo drug I am on. 
	 Relief of the nausea that I have all day with the chemo drug I am on. 
	 Relief of the nausea that I have all day with the chemo drug I am on. 

	 Relieves anxiety and nausea 
	 Relieves anxiety and nausea 

	 Relieves anxiety, depression and pain and is a natural solution as opposed to a man made pill. 
	 Relieves anxiety, depression and pain and is a natural solution as opposed to a man made pill. 


	 
	 since I've started using the oil my brain cancer has maintained its size, it isn't getting any bigger and it isn't getting any smaller. 
	 since I've started using the oil my brain cancer has maintained its size, it isn't getting any bigger and it isn't getting any smaller. 
	 since I've started using the oil my brain cancer has maintained its size, it isn't getting any bigger and it isn't getting any smaller. 
	 since I've started using the oil my brain cancer has maintained its size, it isn't getting any bigger and it isn't getting any smaller. 

	 Sleep aid.  Anxiety decrease. 
	 Sleep aid.  Anxiety decrease. 

	 The cancer-fighting effects from the cannabis oil. 
	 The cancer-fighting effects from the cannabis oil. 

	 the cannabis takes away the upset stomach feeling instantly. it also is a great sleep aid. it helps me with my apatite and takes away the pain. and i don't have to worry about addiction. 
	 the cannabis takes away the upset stomach feeling instantly. it also is a great sleep aid. it helps me with my apatite and takes away the pain. and i don't have to worry about addiction. 

	 With my cancer diagnoses and treatment, I've found relief 
	 With my cancer diagnoses and treatment, I've found relief 



	while taking the cannabis!!! I get relief from pain, relief from nausea, relief from insomnia. 
	 Without the medical cannabis I am not able to eat at all. With the cannabis I have been able to maintain a healthy weight and get the nutrition I need during my treaatment. 
	 Without the medical cannabis I am not able to eat at all. With the cannabis I have been able to maintain a healthy weight and get the nutrition I need during my treaatment. 
	 Without the medical cannabis I am not able to eat at all. With the cannabis I have been able to maintain a healthy weight and get the nutrition I need during my treaatment. 
	 Without the medical cannabis I am not able to eat at all. With the cannabis I have been able to maintain a healthy weight and get the nutrition I need during my treaatment. 

	 I died 
	 I died 



	Seizures 
	1: No Benefit  
	 At first thought seemed to be more aware but not we are off it he is still more aware 
	 At first thought seemed to be more aware but not we are off it he is still more aware 
	 At first thought seemed to be more aware but not we are off it he is still more aware 
	 At first thought seemed to be more aware but not we are off it he is still more aware 

	 None - lives in a group home and group home can not store or administer or risk lose 
	 None - lives in a group home and group home can not store or administer or risk lose 



	fed. funding 
	 Nothing really 
	 Nothing really 
	 Nothing really 
	 Nothing really 

	 Other health issues occurred and I stopped the cannabis before the dose was at a high enough level to do anything. So we are not a fair representation of effectiveness of cannabis for seizure control 
	 Other health issues occurred and I stopped the cannabis before the dose was at a high enough level to do anything. So we are not a fair representation of effectiveness of cannabis for seizure control 



	 
	2  
	 "possible" slight decrease in seizure activity 
	 "possible" slight decrease in seizure activity 
	 "possible" slight decrease in seizure activity 
	 "possible" slight decrease in seizure activity 

	 Being able to legally get marijuana in MN. 
	 Being able to legally get marijuana in MN. 

	 I believe it has reduced seizures. It's difficult to fully know without my epilepsy dr. not involved. 
	 I believe it has reduced seizures. It's difficult to fully know without my epilepsy dr. not involved. 



	I've tried approximately 13 different seizure medications over the past decade, non of which has helped a great deal. 
	I'm trying to follow the process that the Dr. used for other medication. Take a small amount look for side effects and or change to the seizures. If side effects try to lower the amount. 
	If no side effects try to find an amount that works. I'm trying to do this on my own but a Dr. is needed. 
	It's not clear if it's working or not, so keep that in mind when looking at my answers to the questions. 
	 I was experiencing relief from stress and anxiety the first two months but I am no longer 
	 I was experiencing relief from stress and anxiety the first two months but I am no longer 
	 I was experiencing relief from stress and anxiety the first two months but I am no longer 
	 I was experiencing relief from stress and anxiety the first two months but I am no longer 

	 more present cognitively 
	 more present cognitively 



	-Also, being able to try it and stop wondering if it was going to help. 
	 slight seizure reduction, but too many side effects 
	 slight seizure reduction, but too many side effects 
	 slight seizure reduction, but too many side effects 
	 slight seizure reduction, but too many side effects 



	 
	 Speech Development 
	 Speech Development 
	 Speech Development 
	 Speech Development 
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	 Decrease the amount of seizures and seizure meds 
	 Decrease the amount of seizures and seizure meds 
	 Decrease the amount of seizures and seizure meds 
	 Decrease the amount of seizures and seizure meds 

	 fewer seizures 
	 fewer seizures 

	 knowing we have had the option to try medical cannabis when other treatments have failed 
	 knowing we have had the option to try medical cannabis when other treatments have failed 

	 [PATIENT] was having clonic seizures. All muscle tone would leave body and she would drop.  She no longer has those seizures 
	 [PATIENT] was having clonic seizures. All muscle tone would leave body and she would drop.  She no longer has those seizures 

	 More aware of my surroundings; thinking more clearly. 
	 More aware of my surroundings; thinking more clearly. 

	 Reduction of seizures 
	 Reduction of seizures 
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	 A slight decrease in seizures, though still not enough control. Also, improved cognitive skills. 
	 A slight decrease in seizures, though still not enough control. Also, improved cognitive skills. 
	 A slight decrease in seizures, though still not enough control. Also, improved cognitive skills. 
	 A slight decrease in seizures, though still not enough control. Also, improved cognitive skills. 

	 Breathing thru seizures more? 
	 Breathing thru seizures more? 

	 comfort, has a tethered spine seems to feel less irritability. 
	 comfort, has a tethered spine seems to feel less irritability. 

	 Congitive thinking. More alert. 
	 Congitive thinking. More alert. 

	 Helps with diaphragmatic flutters 
	 Helps with diaphragmatic flutters 

	 I have less seizures 
	 I have less seizures 

	 It may have lessened seizure activity. 
	 It may have lessened seizure activity. 

	 Less muscle twitching and sleeping better.. 
	 Less muscle twitching and sleeping better.. 

	 less seizure activity 
	 less seizure activity 

	 lessening of pain 
	 lessening of pain 

	 Limiting seizures 
	 Limiting seizures 

	 Local 
	 Local 

	 My daughter is the patient and I have seen more cognitive improvements on CBD oil. 
	 My daughter is the patient and I have seen more cognitive improvements on CBD oil. 

	 seeing [PATIENT]’s seizures reduce overall. 
	 seeing [PATIENT]’s seizures reduce overall. 

	 seizure reduction 
	 seizure reduction 

	 Seizures respond quicker to emergency med 
	 Seizures respond quicker to emergency med 

	 Thinks clearer talks more 
	 Thinks clearer talks more 
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	 Anxeity/Depression 
	 Anxeity/Depression 
	 Anxeity/Depression 
	 Anxeity/Depression 

	 Calmed my muscles and seemed to help my seizure 
	 Calmed my muscles and seemed to help my seizure 



	Also helped me sleep all night, not waking up 5-6 times a night 
	 cears 
	 cears 
	 cears 
	 cears 

	 Controlling his seizures as well as I'm probing cognitive functioning! 
	 Controlling his seizures as well as I'm probing cognitive functioning! 

	 decrease in auras,muscle spasms and pain. 
	 decrease in auras,muscle spasms and pain. 

	 decrease in seizures 
	 decrease in seizures 

	 decreased seizures 
	 decreased seizures 



	 
	 Developmental Growth: Using hands more, fine and gross motor skill improvement within the first couple weeks! More verbal, smiles more, babbles and talks more, reaches for toys more, overall has enhanced his quality of life in a very short time. 
	 Developmental Growth: Using hands more, fine and gross motor skill improvement within the first couple weeks! More verbal, smiles more, babbles and talks more, reaches for toys more, overall has enhanced his quality of life in a very short time. 
	 Developmental Growth: Using hands more, fine and gross motor skill improvement within the first couple weeks! More verbal, smiles more, babbles and talks more, reaches for toys more, overall has enhanced his quality of life in a very short time. 
	 Developmental Growth: Using hands more, fine and gross motor skill improvement within the first couple weeks! More verbal, smiles more, babbles and talks more, reaches for toys more, overall has enhanced his quality of life in a very short time. 

	 Fewer seizures, more cognitively aware/focused/alert, improved sleep 
	 Fewer seizures, more cognitively aware/focused/alert, improved sleep 

	 He seems so much happier since we've switched to the [HIGH CBD PRODUCT]. 
	 He seems so much happier since we've switched to the [HIGH CBD PRODUCT]. 

	 I know for a fact that this med is helping me 
	 I know for a fact that this med is helping me 

	 Less aching in my joints and less all over body pain. It has also helped my anxiety. 
	 Less aching in my joints and less all over body pain. It has also helped my anxiety. 

	 Less Seizures (Four patient reports) 
	 Less Seizures (Four patient reports) 

	 less seizures, more mental clarity, overall improved wellness 
	 less seizures, more mental clarity, overall improved wellness 

	 limits my muscle spasms 
	 limits my muscle spasms 

	 Medical cannabis has been amazing for my son. No harmful side effects or lifelong medical problems form taking it. Such as Risperdal, ect. I would however remove the MCT from all cannabis products. It is not a good thing for people with stomach or neurological issues. Which is usually why a person would need this or desire relief from dealing with these issues.  MCT is for people with none of those problems. 
	 Medical cannabis has been amazing for my son. No harmful side effects or lifelong medical problems form taking it. Such as Risperdal, ect. I would however remove the MCT from all cannabis products. It is not a good thing for people with stomach or neurological issues. Which is usually why a person would need this or desire relief from dealing with these issues.  MCT is for people with none of those problems. 

	 Mood 
	 Mood 

	 More alert or aware 
	 More alert or aware 

	 My daughter went for the full month of September with NO seizures when she first started on cannabis. October and November were not so good. This past month we tried a different formula to see if we can get better control. Still more adjustments are needed. 
	 My daughter went for the full month of September with NO seizures when she first started on cannabis. October and November were not so good. This past month we tried a different formula to see if we can get better control. Still more adjustments are needed. 

	 Pain and seizure relief.  Finally off oxycodone after 1.5 years 
	 Pain and seizure relief.  Finally off oxycodone after 1.5 years 

	 reduction in seizures with no side effects and no mood problems 
	 reduction in seizures with no side effects and no mood problems 

	 reduction of seizures 
	 reduction of seizures 

	 Reduction of seizures. 
	 Reduction of seizures. 

	 [PATIENT]'s spasms and twitching have significantly decreased 
	 [PATIENT]'s spasms and twitching have significantly decreased 

	 Seizures are more under control even when other med levels are low. 
	 Seizures are more under control even when other med levels are low. 

	 The first 2 days, very sleepy. After that the first week, her small seizures were gone, the second week her mobility increased and her verbal language increased. 3rd week, she got her cycle, so everything went out the window with that. 4th week she got a cold. We had dosage changes but did not see the 2 week awesome things again. 
	 The first 2 days, very sleepy. After that the first week, her small seizures were gone, the second week her mobility increased and her verbal language increased. 3rd week, she got her cycle, so everything went out the window with that. 4th week she got a cold. We had dosage changes but did not see the 2 week awesome things again. 

	 [PATIENT] more alert and vocal than ever before 
	 [PATIENT] more alert and vocal than ever before 
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	 Better cognition and less seizures 
	 Better cognition and less seizures 
	 Better cognition and less seizures 
	 Better cognition and less seizures 

	 Decrease in seizures overall, especially tonic-clonic seizures, & few rescue meds. 
	 Decrease in seizures overall, especially tonic-clonic seizures, & few rescue meds. 

	 Decreased seizure activity 
	 Decreased seizure activity 

	 dramatic decline in seizures 
	 dramatic decline in seizures 

	 Feel better.  More energy. 
	 Feel better.  More energy. 

	 Fewer seizures 
	 Fewer seizures 

	 fewer startle seizures 
	 fewer startle seizures 



	 
	 Have slept better than I have in 14 years! Due to not worrying all night if I was going to have a seizure in the morning 
	 Have slept better than I have in 14 years! Due to not worrying all night if I was going to have a seizure in the morning 
	 Have slept better than I have in 14 years! Due to not worrying all night if I was going to have a seizure in the morning 
	 Have slept better than I have in 14 years! Due to not worrying all night if I was going to have a seizure in the morning 

	 Helps eliminate or reduce certain side effects from the other epileptic medication. 
	 Helps eliminate or reduce certain side effects from the other epileptic medication. 

	 [PATIENT] began babbling and made new sounds! His synapses seemed to be firing faster. 
	 [PATIENT] began babbling and made new sounds! His synapses seemed to be firing faster. 

	 Increased alertness, increased development, less seizures, 
	 Increased alertness, increased development, less seizures, 

	 Large decrease seizures. Caregivers have not had to rescue him since beginning medication. 
	 Large decrease seizures. Caregivers have not had to rescue him since beginning medication. 

	 Less convulsions, dizziness, auras, confusion during everyday moments which are signs of possibly losing consciousness, or are very problematic to function at work. 
	 Less convulsions, dizziness, auras, confusion during everyday moments which are signs of possibly losing consciousness, or are very problematic to function at work. 

	 Less seizures 
	 Less seizures 

	 less seizures, 
	 less seizures, 

	 managing pain 
	 managing pain 

	 Marked reduction in frequency of seizures, their duration and severity 
	 Marked reduction in frequency of seizures, their duration and severity 

	 My postictal state after a seizure went from 4-5 days down to 1-2 days. 
	 My postictal state after a seizure went from 4-5 days down to 1-2 days. 

	 Reduced seizures (Two patient reports) 
	 Reduced seizures (Two patient reports) 

	 Reduction of number of intractable seizures plus reduction of length of seizures and a quicker recovery time from seizures. 
	 Reduction of number of intractable seizures plus reduction of length of seizures and a quicker recovery time from seizures. 

	 Reduction of seizures quality and quantity 
	 Reduction of seizures quality and quantity 

	 responsiveness. core strength. 
	 responsiveness. core strength. 

	 Sara is much more alert and cognitively connected in her conversation. Less severe siezures 
	 Sara is much more alert and cognitively connected in her conversation. Less severe siezures 

	 Seizure control 
	 Seizure control 

	 Seizure reduction was the main goal, and we have seen seizure reduction. In addition, [PATIENT] has a better quality of life. We are taking him off all other pharmaceuticals. He is eating better, sleeping better and is a happier child. 
	 Seizure reduction was the main goal, and we have seen seizure reduction. In addition, [PATIENT] has a better quality of life. We are taking him off all other pharmaceuticals. He is eating better, sleeping better and is a happier child. 

	 Seizures are weaker and less 
	 Seizures are weaker and less 

	 seizures have decreased 
	 seizures have decreased 

	 Seizures have decreased in amount and intensity. 
	 Seizures have decreased in amount and intensity. 

	 seizures have reduced in frequency and there are no negative side-effects to the medication 
	 seizures have reduced in frequency and there are no negative side-effects to the medication 

	 Stopped  my seizures, convulsions and shaking . 
	 Stopped  my seizures, convulsions and shaking . 

	 The seizures are stopping and the dizzyness is going away. [PATIENT] is more controllable and is able to control himself better as well. He's still autistic  
	 The seizures are stopping and the dizzyness is going away. [PATIENT] is more controllable and is able to control himself better as well. He's still autistic  



	7: Great Deal of Benefit   
	 75% reduction in seizures 
	 75% reduction in seizures 
	 75% reduction in seizures 
	 75% reduction in seizures 

	 95% reduction in uncontrolled seizures 
	 95% reduction in uncontrolled seizures 

	 98% seizure reduction, elimination of persistent headaches, and we were able to wean 75% of child's benzodiazepines, meaning that her Quality of Life has significantly improved, as have all of her abilities. 
	 98% seizure reduction, elimination of persistent headaches, and we were able to wean 75% of child's benzodiazepines, meaning that her Quality of Life has significantly improved, as have all of her abilities. 



	 
	 Being able to treat my epilepsy with cannabis oil and not having to worry about breaking the law. I have been seizure free ever since I began using cannabis oil. 
	 Being able to treat my epilepsy with cannabis oil and not having to worry about breaking the law. I have been seizure free ever since I began using cannabis oil. 
	 Being able to treat my epilepsy with cannabis oil and not having to worry about breaking the law. I have been seizure free ever since I began using cannabis oil. 

	 Better cognition Better focus Less anxiety Better mood 
	 Better cognition Better focus Less anxiety Better mood 

	 Better sleeping, less muscle cramping, less periods of seizure-like activity. 
	 Better sleeping, less muscle cramping, less periods of seizure-like activity. 

	 Control of seizures, FINALLY!!! :) = Quality of life for my little boy!!! 
	 Control of seizures, FINALLY!!! :) = Quality of life for my little boy!!! 

	 Decreased # of seizures. 
	 Decreased # of seizures. 

	 [PATIENT] is still on anti seizue meds, but he has not had any seizures from forgetting to take them (Keppra) on several occaisions...normally he would have. 
	 [PATIENT] is still on anti seizue meds, but he has not had any seizures from forgetting to take them (Keppra) on several occaisions...normally he would have. 

	 [PATIENT] has been seizure free since Sept 21, 2015!!! 
	 [PATIENT] has been seizure free since Sept 21, 2015!!! 

	 Epilepsy, helping me stay seizure free, and also helps anxiety, calm down 
	 Epilepsy, helping me stay seizure free, and also helps anxiety, calm down 

	 Fewer Seizures Better Calmer Communicating Ability 
	 Fewer Seizures Better Calmer Communicating Ability 

	 Grand mal seizure free 
	 Grand mal seizure free 


	Sleep duration has dramatically increased 
	Better quality of life (only one side effect compared to the horrendous side effects from the pharmaceutical medications he was on) 
	 Having no more seizures is the biggest reason. 
	 Having no more seizures is the biggest reason. 
	 Having no more seizures is the biggest reason. 

	 his ability to come off some of his other meds and be more "present", calm, and content. 
	 his ability to come off some of his other meds and be more "present", calm, and content. 

	 I am in significantly less pain. I can function throughout the day so much better than I could before the cannabis program. It is like night and day. 
	 I am in significantly less pain. I can function throughout the day so much better than I could before the cannabis program. It is like night and day. 


	I have less dizziness from vertigo with the cannabis I have better mobility of my neck 
	 I am not having any seizures at all 
	 I am not having any seizures at all 
	 I am not having any seizures at all 

	 I feel more alive, less depressed, outgoing, functional, pain relief from my headaches and eye twitches, also just overall life has improved since this has come available to me. 
	 I feel more alive, less depressed, outgoing, functional, pain relief from my headaches and eye twitches, also just overall life has improved since this has come available to me. 

	 I started out on a normal dose of antiseizure meds and was still experiencing seizures that lasted over 3 minutes in duration. I then increased my antiseizure meds to the maximum recommended dose however I still was having seizures lasting over 3 minutes. I had my last seizure 4 days after starting the cbd cannabis medicine. It lasted less than 1 minute. I can happily say that I am over 4 months seizure free. 
	 I started out on a normal dose of antiseizure meds and was still experiencing seizures that lasted over 3 minutes in duration. I then increased my antiseizure meds to the maximum recommended dose however I still was having seizures lasting over 3 minutes. I had my last seizure 4 days after starting the cbd cannabis medicine. It lasted less than 1 minute. I can happily say that I am over 4 months seizure free. 

	 Increased focus, ability to calm self more easily, able to be present in the moment, engaging more with others, better sleep, increased verbalization. ( averaging 5-10 words each day, prior to CBD oil >3) better digestion 
	 Increased focus, ability to calm self more easily, able to be present in the moment, engaging more with others, better sleep, increased verbalization. ( averaging 5-10 words each day, prior to CBD oil >3) better digestion 

	 Increased muscle coordination Increased attentiveness Increased cognitive function Increased mobility 
	 Increased muscle coordination Increased attentiveness Increased cognitive function Increased mobility 


	Increased positive moods Decreased spasm severity 
	 
	Decreased seizures 
	 It has greatly helped with the seizures and quality of life has improved very much.The quality of life has improved so much that much more is possible that was not before,such as community outings without extreme behavior outbursts. 
	 It has greatly helped with the seizures and quality of life has improved very much.The quality of life has improved so much that much more is possible that was not before,such as community outings without extreme behavior outbursts. 
	 It has greatly helped with the seizures and quality of life has improved very much.The quality of life has improved so much that much more is possible that was not before,such as community outings without extreme behavior outbursts. 

	 Ive only had a seizure when I increased the cannabis and that's normal. otherwise, I haven't had any seizures randomly in my sleep or out running since ive started the cannabis 
	 Ive only had a seizure when I increased the cannabis and that's normal. otherwise, I haven't had any seizures randomly in my sleep or out running since ive started the cannabis 

	 Less frequency of seizures. 20/day to 2-5/day 
	 Less frequency of seizures. 20/day to 2-5/day 

	 less head acks less anxiety 
	 less head acks less anxiety 

	 less petit mal seizures , better sleep at night and , reduced muscle spasms 
	 less petit mal seizures , better sleep at night and , reduced muscle spasms 

	 less seizures 
	 less seizures 

	 less seizures 
	 less seizures 

	 More alert.  Less myoclonic seizures. 
	 More alert.  Less myoclonic seizures. 

	 More seizure control and more energy 
	 More seizure control and more energy 

	 My daughter has had an over 95% reduction in seizures and gotten off many harmful medicines since starting the Medical Cannabis program. 
	 My daughter has had an over 95% reduction in seizures and gotten off many harmful medicines since starting the Medical Cannabis program. 

	 No grand mal seizures 
	 No grand mal seizures 

	 No seizures since beginning treatment. Sleep is continuous and more restful. 
	 No seizures since beginning treatment. Sleep is continuous and more restful. 

	 No seizures since I started taking the [HIGH CBD] Medical Marijuana formula!!!! It's amazing!!! :-) 
	 No seizures since I started taking the [HIGH CBD] Medical Marijuana formula!!!! It's amazing!!! :-) 

	 One month without seizures!!! 
	 One month without seizures!!! 

	 Only usage of the oil helped! But it's much too expensive. 
	 Only usage of the oil helped! But it's much too expensive. 

	 Pain reduction and now able to sleep 6-7 hours per night vs 2 before using medicinal marijuna. 
	 Pain reduction and now able to sleep 6-7 hours per night vs 2 before using medicinal marijuna. 

	 Pain relief has been a major benefit as I am able to control pain from my back spasms very well with medical cannabis. Not having to take opiods is great!! 
	 Pain relief has been a major benefit as I am able to control pain from my back spasms very well with medical cannabis. Not having to take opiods is great!! 

	 Quality of life 
	 Quality of life 

	 QUALITY OF LIFE & WAY LESS SEIZURES!!!!! 90% LESS!!!!!!!!!!!!! 
	 QUALITY OF LIFE & WAY LESS SEIZURES!!!!! 90% LESS!!!!!!!!!!!!! 

	 Reduced seizure activity & sense of "neurological calm" on good days; also mental clarity and sharpness 
	 Reduced seizure activity & sense of "neurological calm" on good days; also mental clarity and sharpness 

	 Reduced seizure frequency, anxiety reduced, less partial seizures, mood booster 
	 Reduced seizure frequency, anxiety reduced, less partial seizures, mood booster 

	 reduction in seizure frequency for my son 
	 reduction in seizure frequency for my son 

	 reduction in seizures 
	 reduction in seizures 

	 reduction of seizures 
	 reduction of seizures 

	 Seizure control. [PATIENT] (4 yr. old) was having 5-10 seizures a week before Medical Cannabis. She is down to a 7 week period seizure free- and if she has one it is every couple of weeks and very small. 
	 Seizure control. [PATIENT] (4 yr. old) was having 5-10 seizures a week before Medical Cannabis. She is down to a 7 week period seizure free- and if she has one it is every couple of weeks and very small. 

	 Seizure controll is my greatest benifit but it also helps with the migrains from lits of broken skull. 
	 Seizure controll is my greatest benifit but it also helps with the migrains from lits of broken skull. 

	 seizure free 
	 seizure free 

	 Seizures and anxiety, depression, and better sleep better 
	 Seizures and anxiety, depression, and better sleep better 


	 
	 Seizures anxiety depression bi-polar 
	 Seizures anxiety depression bi-polar 
	 Seizures anxiety depression bi-polar 
	 Seizures anxiety depression bi-polar 

	 Seizures are less intense 
	 Seizures are less intense 

	 -Stopped shaking hands (side effect from epilepsy meds). 
	 -Stopped shaking hands (side effect from epilepsy meds). 



	-FEWER SEIZURES. ***If this was more affordable I am very confident they would stop all together because I would be able to use more. 
	-Helps w/nausea (side effect from epilepsy meds). 
	-Reduces an 
	 the ability to control my pain management without the groggy feeling I get when I use pain medication. 
	 the ability to control my pain management without the groggy feeling I get when I use pain medication. 
	 the ability to control my pain management without the groggy feeling I get when I use pain medication. 
	 the ability to control my pain management without the groggy feeling I get when I use pain medication. 

	 The decrease in the number of daily seizures 
	 The decrease in the number of daily seizures 

	 The treatment stops my seizure for being so frequent it helps my eating and gives me great relief thank you for finding something that really helps me thank you all for supporting other epileptic patients 
	 The treatment stops my seizure for being so frequent it helps my eating and gives me great relief thank you for finding something that really helps me thank you all for supporting other epileptic patients 

	 This is typed by his spouse. [PATIENT] has a TBI (traumatic brain injury). He says that it has had a major beneficial effect on his quality of life. One of the unexpected side effects has been a clarity of thought. He use to get confused doing some small tasks and some how it helps him to think clearer. He has been exceedingly more motivated and accomplishing more. 
	 This is typed by his spouse. [PATIENT] has a TBI (traumatic brain injury). He says that it has had a major beneficial effect on his quality of life. One of the unexpected side effects has been a clarity of thought. He use to get confused doing some small tasks and some how it helps him to think clearer. He has been exceedingly more motivated and accomplishing more. 

	 We have seen a great deal of improvement on our daughters ability to focus and attend to tasks. if this improvement is due to a reduction in subclinical seizures or other factors is yet to be seen. We will have a follow up EEG in a few months to see if we are getting subclinical seizure control. 
	 We have seen a great deal of improvement on our daughters ability to focus and attend to tasks. if this improvement is due to a reduction in subclinical seizures or other factors is yet to be seen. We will have a follow up EEG in a few months to see if we are getting subclinical seizure control. 

	 We haven't noticed any new seizures. 
	 We haven't noticed any new seizures. 

	 [PATIENT] is no longer on cannabis - sorry 
	 [PATIENT] is no longer on cannabis - sorry 



	Crohn’s Disease 
	3  
	 It helps me with sleep 
	 It helps me with sleep 
	 It helps me with sleep 
	 It helps me with sleep 



	4  
	 Helping calm my intestines. 
	 Helping calm my intestines. 
	 Helping calm my intestines. 
	 Helping calm my intestines. 

	 rest and more solid stools 
	 rest and more solid stools 

	 slightly improved mood, moderate pain relief 
	 slightly improved mood, moderate pain relief 
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	 1.Decrease in Anxiety 
	 1.Decrease in Anxiety 
	 1.Decrease in Anxiety 
	 1.Decrease in Anxiety 


	2. Increase in Appetite 
	2. Increase in Appetite 

	3. Decrease in Pain 
	3. Decrease in Pain 

	4. Decrease in Nausea 
	4. Decrease in Nausea 
	 A recent blood test showed C Reactive Protein at 2.2, in Nov 2015 it was greater then 
	 A recent blood test showed C Reactive Protein at 2.2, in Nov 2015 it was greater then 
	 A recent blood test showed C Reactive Protein at 2.2, in Nov 2015 it was greater then 





	20. Also helps with anxiety. 
	 less bowel pain and bowel movement pain 
	 less bowel pain and bowel movement pain 
	 less bowel pain and bowel movement pain 
	 less bowel pain and bowel movement pain 



	 
	 Medical cannabis has allowed me to sleep well at night. I was up 3-4x/night- now I sleep through the night. This allows me to feel significantly better during the day. less fatigue and less arthritic pain and so I've been able to significantly cut back on opiate pain meds. 
	 Medical cannabis has allowed me to sleep well at night. I was up 3-4x/night- now I sleep through the night. This allows me to feel significantly better during the day. less fatigue and less arthritic pain and so I've been able to significantly cut back on opiate pain meds. 
	 Medical cannabis has allowed me to sleep well at night. I was up 3-4x/night- now I sleep through the night. This allows me to feel significantly better during the day. less fatigue and less arthritic pain and so I've been able to significantly cut back on opiate pain meds. 
	 Medical cannabis has allowed me to sleep well at night. I was up 3-4x/night- now I sleep through the night. This allows me to feel significantly better during the day. less fatigue and less arthritic pain and so I've been able to significantly cut back on opiate pain meds. 

	 Pain Management 
	 Pain Management 

	 Pain relief. 
	 Pain relief. 

	 Sleeping better , allowing for more energy. Lower anxiety. 
	 Sleeping better , allowing for more energy. Lower anxiety. 

	 The cannabis has allow me to maintain my weight more effectively. Pain relief from cramping would also be a benefit. 
	 The cannabis has allow me to maintain my weight more effectively. Pain relief from cramping would also be a benefit. 



	6  
	 A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me - stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount. 
	 A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me - stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount. 
	 A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me - stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount. 
	 A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me - stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount. 

	 Being able to sleep. 
	 Being able to sleep. 

	 Decrease in pain, reduced symptoms, completely able to avoid having to use narcotics for pain relief 
	 Decrease in pain, reduced symptoms, completely able to avoid having to use narcotics for pain relief 

	 decreased anxiety, decreased pain 
	 decreased anxiety, decreased pain 

	 Helps to lower stress, my muscle spasms have been pretty much nulled! My stomach issues having been like before, cramps have been minimized, just feel quite a bit better! 
	 Helps to lower stress, my muscle spasms have been pretty much nulled! My stomach issues having been like before, cramps have been minimized, just feel quite a bit better! 

	 I have gained an amount of weight that I have not been able to in the past. I have been very pleased with this result. 
	 I have gained an amount of weight that I have not been able to in the past. I have been very pleased with this result. 

	 Increased stool firmness 
	 Increased stool firmness 

	 My stomach (core) feels more normal (calm) and my bowel movements are less often - have more form - not as much liquid & gas. 
	 My stomach (core) feels more normal (calm) and my bowel movements are less often - have more form - not as much liquid & gas. 

	 nausea control 
	 nausea control 

	 Pain relief in low back 
	 Pain relief in low back 

	 Pain relief is the biggest benefit. Also less cramping. 
	 Pain relief is the biggest benefit. Also less cramping. 

	 pain/appetite management 
	 pain/appetite management 

	 Reduction in the use of pain medications 
	 Reduction in the use of pain medications 



	 
	7: Great Deal of Benefit   
	 abdominal pain relief 
	 abdominal pain relief 
	 abdominal pain relief 
	 abdominal pain relief 

	 Better Health 
	 Better Health 

	 Can digest better so im not scared to eat goving me more energy allowing me to accomplish more in a day sleep better at night joint pain relief cramping relief clears up mental foggieness less agitation eases anxiety 
	 Can digest better so im not scared to eat goving me more energy allowing me to accomplish more in a day sleep better at night joint pain relief cramping relief clears up mental foggieness less agitation eases anxiety 

	 Cannabis has helped with keeping the chrons calm. I made it through the holidays with no flare ups. 
	 Cannabis has helped with keeping the chrons calm. I made it through the holidays with no flare ups. 

	 Helped reduce swelling in my ankle a great deal, among other benefits 
	 Helped reduce swelling in my ankle a great deal, among other benefits 



	 
	 Helps in overall feeling much better, reduces abdominal cramping tremendously, helps w/ nausea. I also use the medication after my Remicade treatments as usually after those treatments I don't feel well. I use the cannabis and it's almost instant relief. The medical cannabis over all makes me feel much better than when not using the medication. 
	 Helps in overall feeling much better, reduces abdominal cramping tremendously, helps w/ nausea. I also use the medication after my Remicade treatments as usually after those treatments I don't feel well. I use the cannabis and it's almost instant relief. The medical cannabis over all makes me feel much better than when not using the medication. 
	 Helps in overall feeling much better, reduces abdominal cramping tremendously, helps w/ nausea. I also use the medication after my Remicade treatments as usually after those treatments I don't feel well. I use the cannabis and it's almost instant relief. The medical cannabis over all makes me feel much better than when not using the medication. 
	 Helps in overall feeling much better, reduces abdominal cramping tremendously, helps w/ nausea. I also use the medication after my Remicade treatments as usually after those treatments I don't feel well. I use the cannabis and it's almost instant relief. The medical cannabis over all makes me feel much better than when not using the medication. 

	 I am in significantly less pain. I can function throughout the day so much better than I could before the cannabis program. It is like night and day. 
	 I am in significantly less pain. I can function throughout the day so much better than I could before the cannabis program. It is like night and day. 



	I have less dizziness from vertigo with the cannabis I have better mobility of my neck 
	 I have gone from having diarrhea daily, to having it once a month. That's a huge quality of life improvement for me. 
	 I have gone from having diarrhea daily, to having it once a month. That's a huge quality of life improvement for me. 
	 I have gone from having diarrhea daily, to having it once a month. That's a huge quality of life improvement for me. 
	 I have gone from having diarrhea daily, to having it once a month. That's a huge quality of life improvement for me. 

	 It stops vomiting almost as quickly as IV drugs for nausea 
	 It stops vomiting almost as quickly as IV drugs for nausea 

	 Just a general improvement of quality of life with the symptoms of my Crohn's disease. I have extremely benefited from cannabis. 
	 Just a general improvement of quality of life with the symptoms of my Crohn's disease. I have extremely benefited from cannabis. 

	 Less nausea 
	 Less nausea 

	 Lessens the amount of stools per day. Increases my appetite so that I can maintain my weight. Allows me to digest my food slower increasing the amount of nutrition absorbed. 
	 Lessens the amount of stools per day. Increases my appetite so that I can maintain my weight. Allows me to digest my food slower increasing the amount of nutrition absorbed. 

	 My overall inflammation has dropped significantly thanks to medical cannabis. this has resulted in me having to drop my daily amount of background (Lantus) insulin throughout the day by 10 units. with my diabetes, I am less insulin resistant and probably use 15 units less per day on top of the 10 units less per day from my Lantus. I also have been sleeping much better and am have been able to completely remove opiates from my life which is a huge accomplishment for me. 
	 My overall inflammation has dropped significantly thanks to medical cannabis. this has resulted in me having to drop my daily amount of background (Lantus) insulin throughout the day by 10 units. with my diabetes, I am less insulin resistant and probably use 15 units less per day on top of the 10 units less per day from my Lantus. I also have been sleeping much better and am have been able to completely remove opiates from my life which is a huge accomplishment for me. 

	 No crohns disease flare ups since starting treatment 
	 No crohns disease flare ups since starting treatment 

	 Not having to live with daily pain since starting treatment!!!!!! :-) 
	 Not having to live with daily pain since starting treatment!!!!!! :-) 

	 pain killers have been eliminated from my routine because pain has been reduced 
	 pain killers have been eliminated from my routine because pain has been reduced 

	 Pain relief 
	 Pain relief 

	 Pain relief 
	 Pain relief 

	 reduced diarrhea - reduced stomach pain, gas and bloating 
	 reduced diarrhea - reduced stomach pain, gas and bloating 

	 Re-established my ability to partake in physical activity. 
	 Re-established my ability to partake in physical activity. 

	 Relief from pain and nausea.  Help with sleeping. 
	 Relief from pain and nausea.  Help with sleeping. 

	 Suppression of most of my Crohn's symptoms with very few side effects 
	 Suppression of most of my Crohn's symptoms with very few side effects 

	 That the pain was pretty much non-existent. 
	 That the pain was pretty much non-existent. 

	 The medicine has helped me not feel as sick all the time. 
	 The medicine has helped me not feel as sick all the time. 

	 the Vape oil allows me to go to work without vomiting. also the pills help with inflammation and pain 
	 the Vape oil allows me to go to work without vomiting. also the pills help with inflammation and pain 

	 When I was on it  the quality of life it gave me back 
	 When I was on it  the quality of life it gave me back 



	Terminal Illness 
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	 helps with pain 
	 helps with pain 
	 helps with pain 
	 helps with pain 



	 
	 Helps with sleep. Helps with pain. 
	 Helps with sleep. Helps with pain. 
	 Helps with sleep. Helps with pain. 
	 Helps with sleep. Helps with pain. 

	 Nausea and vomiting 
	 Nausea and vomiting 



	5  
	 [PATIENT] is dead. But it kept his potential nausea very low and help with any potential pain. 
	 [PATIENT] is dead. But it kept his potential nausea very low and help with any potential pain. 
	 [PATIENT] is dead. But it kept his potential nausea very low and help with any potential pain. 
	 [PATIENT] is dead. But it kept his potential nausea very low and help with any potential pain. 

	 Pain relief, distraction from pain 
	 Pain relief, distraction from pain 
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	 I'm comfortable and able to eat and sleep 
	 I'm comfortable and able to eat and sleep 
	 I'm comfortable and able to eat and sleep 
	 I'm comfortable and able to eat and sleep 

	 it really helpful with my anxiety and rib pain 
	 it really helpful with my anxiety and rib pain 

	 Might save my life 
	 Might save my life 

	 Reduction of Nausea and pain, and increase in appetite. 
	 Reduction of Nausea and pain, and increase in appetite. 

	 Seizures have dissipated Somewhat calmer behavior 
	 Seizures have dissipated Somewhat calmer behavior 



	7: Great Deal of Benefit   
	 Ability to create appetite and relieve pain 
	 Ability to create appetite and relieve pain 
	 Ability to create appetite and relieve pain 
	 Ability to create appetite and relieve pain 

	 Anti nausea, it's a miracle worker for nausea. 
	 Anti nausea, it's a miracle worker for nausea. 

	 Coping with nausea, being able to eat and maintain weight 
	 Coping with nausea, being able to eat and maintain weight 

	 [PATIENT] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work - we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it. 
	 [PATIENT] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work - we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it. 

	 Eating 
	 Eating 

	 general overall feeling of well-being...pain relief 
	 general overall feeling of well-being...pain relief 

	 Getting appetite back, and attitude adjustment. 
	 Getting appetite back, and attitude adjustment. 

	 Helps a lot with pain and relaxing from stress also helps a lot with upset stomach . 
	 Helps a lot with pain and relaxing from stress also helps a lot with upset stomach . 

	 Improved quality of sleep. 
	 Improved quality of sleep. 

	 It helps a lot with my pain level. Since I started this program I have not needed to increase my opioid medication to control my pain. I many times use the vaporizer in place of oxcycodone for breakthrough pain. When my anxiety is very hi I use the vaporizer. It has made a very positive difference in my quality of life at this point. 
	 It helps a lot with my pain level. Since I started this program I have not needed to increase my opioid medication to control my pain. I many times use the vaporizer in place of oxcycodone for breakthrough pain. When my anxiety is very hi I use the vaporizer. It has made a very positive difference in my quality of life at this point. 

	 my nausea after chemo is gone in less than a minute after one inhalation from my vaporizer 
	 my nausea after chemo is gone in less than a minute after one inhalation from my vaporizer 

	 No nausea from Chemotherapy. Much more energy and appetite along with a more positive outlook on life. 
	 No nausea from Chemotherapy. Much more energy and appetite along with a more positive outlook on life. 

	 Pain relief 
	 Pain relief 

	 reduced vomiting. 
	 reduced vomiting. 

	 Relaxing, peaceful sleep and wake up relaxed... less anxiety.. 
	 Relaxing, peaceful sleep and wake up relaxed... less anxiety.. 

	 Relief from nausea 
	 Relief from nausea 



	 
	 since I've started using the oil my brain cancer has maintained its size, it isn't getting any bigger and it isn't getting any smaller. 
	 since I've started using the oil my brain cancer has maintained its size, it isn't getting any bigger and it isn't getting any smaller. 
	 since I've started using the oil my brain cancer has maintained its size, it isn't getting any bigger and it isn't getting any smaller. 
	 since I've started using the oil my brain cancer has maintained its size, it isn't getting any bigger and it isn't getting any smaller. 

	 the relief of pain. 
	 the relief of pain. 

	 We have seen a girl go from not interacting, to interacting. No appetite to appetite. Balance also seems better. 
	 We have seen a girl go from not interacting, to interacting. No appetite to appetite. Balance also seems better. 



	HIV/AIDS 
	3  
	 Eating 
	 Eating 
	 Eating 
	 Eating 

	 That the medicine does increase the ability to tolerate my intense pain, or at least takes some of the edge off. 
	 That the medicine does increase the ability to tolerate my intense pain, or at least takes some of the edge off. 
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	 Takes the edge off of the worst pain, not quite as sharp on most days. 
	 Takes the edge off of the worst pain, not quite as sharp on most days. 
	 Takes the edge off of the worst pain, not quite as sharp on most days. 
	 Takes the edge off of the worst pain, not quite as sharp on most days. 
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	 It has significantly helped reduced the physical pain related to my chronic pain, fibromyalgia, and systemic exertion intolerance disease. It has helped make my days more bearable and easy. 
	 It has significantly helped reduced the physical pain related to my chronic pain, fibromyalgia, and systemic exertion intolerance disease. It has helped make my days more bearable and easy. 
	 It has significantly helped reduced the physical pain related to my chronic pain, fibromyalgia, and systemic exertion intolerance disease. It has helped make my days more bearable and easy. 
	 It has significantly helped reduced the physical pain related to my chronic pain, fibromyalgia, and systemic exertion intolerance disease. It has helped make my days more bearable and easy. 

	 Less pain, better sleep and I experience less anxiety. 
	 Less pain, better sleep and I experience less anxiety. 

	 Pain management 
	 Pain management 



	 
	7: Great Deal of Benefit   
	 Relief that my other pain medication does not remedy. 
	 Relief that my other pain medication does not remedy. 
	 Relief that my other pain medication does not remedy. 
	 Relief that my other pain medication does not remedy. 

	 A significant reduction in after-medication nausea. There has also been relief of neuropathic pain in my extremities. 
	 A significant reduction in after-medication nausea. There has also been relief of neuropathic pain in my extremities. 

	 able to sleep at night. I have been living with Neuropathy pain since 1990 
	 able to sleep at night. I have been living with Neuropathy pain since 1990 

	 Appetite, was loosing weight fast! Didnt have one! Now got it back! And gained 20 pounds! From this. 
	 Appetite, was loosing weight fast! Didnt have one! Now got it back! And gained 20 pounds! From this. 

	 calmness 
	 calmness 

	 Cannabis has been a helpful tool in finding relief from pain and fatigue; so that I'm able to exercise and do yoga. I'm able to eat and I have gained back healthy weight. I have found cannabis to be beneficial in relieving anxiety and depression, also. Although, I think there are medicinal qualities in the whole flower that are missed in the current extractions available. 
	 Cannabis has been a helpful tool in finding relief from pain and fatigue; so that I'm able to exercise and do yoga. I'm able to eat and I have gained back healthy weight. I have found cannabis to be beneficial in relieving anxiety and depression, also. Although, I think there are medicinal qualities in the whole flower that are missed in the current extractions available. 

	 Finally putting on weight again due to underlying health reasons that he has trying to overcome for 20+ years, finally gaining fat mass back, started as a skeptic, no effect from leaf form tries 
	 Finally putting on weight again due to underlying health reasons that he has trying to overcome for 20+ years, finally gaining fat mass back, started as a skeptic, no effect from leaf form tries 

	 Help with nausea 
	 Help with nausea 

	 Immediate relief of nausea and the ability to sleep at night. 
	 Immediate relief of nausea and the ability to sleep at night. 

	 Reduction in spams 
	 Reduction in spams 

	 relaxed no anxiety stomach better neuopothybetter 
	 relaxed no anxiety stomach better neuopothybetter 

	 stress/mental stability, medication toxicity dampning (less effect on stomach), better quality sleep, longer sleeping time, pain decreased, food consumption increase. 
	 stress/mental stability, medication toxicity dampning (less effect on stomach), better quality sleep, longer sleeping time, pain decreased, food consumption increase. 



	 
	 The constant pain in my feet is really diminished and only have occasional time that I feel like I am having hot nails slammed into them 
	 The constant pain in my feet is really diminished and only have occasional time that I feel like I am having hot nails slammed into them 
	 The constant pain in my feet is really diminished and only have occasional time that I feel like I am having hot nails slammed into them 
	 The constant pain in my feet is really diminished and only have occasional time that I feel like I am having hot nails slammed into them 



	Tourette Syndrome 
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	 calmer in general 
	 calmer in general 
	 calmer in general 
	 calmer in general 



	tics have reduced some 
	doesn't get upset as easily by noise more regular BM's 
	gained some weight - more hungry 
	 The normalization of cannabis, cannabis's new legal status and increased social acceptance. 
	 The normalization of cannabis, cannabis's new legal status and increased social acceptance. 
	 The normalization of cannabis, cannabis's new legal status and increased social acceptance. 
	 The normalization of cannabis, cannabis's new legal status and increased social acceptance. 
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	 The cannabis has calmed both physical and verbal tics. It has not completely suppressed the tics. 
	 The cannabis has calmed both physical and verbal tics. It has not completely suppressed the tics. 
	 The cannabis has calmed both physical and verbal tics. It has not completely suppressed the tics. 
	 The cannabis has calmed both physical and verbal tics. It has not completely suppressed the tics. 
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	 elimination of tic behaviors 
	 elimination of tic behaviors 
	 elimination of tic behaviors 
	 elimination of tic behaviors 

	 [PATIENT] has experienced decreased anxiety and rigidity related to his autism. He is better able to focus and pay attention. His mood is more positive and he is more flexible. 
	 [PATIENT] has experienced decreased anxiety and rigidity related to his autism. He is better able to focus and pay attention. His mood is more positive and he is more flexible. 

	 My tourettes has calmed down. 
	 My tourettes has calmed down. 

	 Quiets the tourette symptoms. 
	 Quiets the tourette symptoms. 

	 Reduced ticks, better cognition, calmer in public places, Reduced stress over all. 
	 Reduced ticks, better cognition, calmer in public places, Reduced stress over all. 



	 
	7: Great Deal of Benefit   
	 [PATIENT] has greatly reduced tics and anxiety which has improved every aspect of his life. 
	 [PATIENT] has greatly reduced tics and anxiety which has improved every aspect of his life. 
	 [PATIENT] has greatly reduced tics and anxiety which has improved every aspect of his life. 
	 [PATIENT] has greatly reduced tics and anxiety which has improved every aspect of his life. 

	 less ticks, no depression, focus at work 
	 less ticks, no depression, focus at work 

	 No longer injuring herself. Such as banging head and kicking walls and etc. Does not seem to be uncomfortable. 
	 No longer injuring herself. Such as banging head and kicking walls and etc. Does not seem to be uncomfortable. 

	 Reduced motor and vocal tics tremendously. I am off 6 medications includingvmorphine. 
	 Reduced motor and vocal tics tremendously. I am off 6 medications includingvmorphine. 

	 The removal of my disability, Tourette Syndrome. And it's almost all gone, when medicated. 
	 The removal of my disability, Tourette Syndrome. And it's almost all gone, when medicated. 

	 Within 1 week of use, my tics disappeared and have stayed gone even with occasional use. This has never happened previously in my life, so it is very effective. 
	 Within 1 week of use, my tics disappeared and have stayed gone even with occasional use. This has never happened previously in my life, so it is very effective. 



	Glaucoma 
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	 Less eye pressure headaches Increased appetite 
	 Less eye pressure headaches Increased appetite 
	 Less eye pressure headaches Increased appetite 
	 Less eye pressure headaches Increased appetite 



	Less anxiety 
	 
	7: Great Deal of Benefit   
	 reduction of interocular eye pressure; also reduction in muscle cramps and chronic pain 
	 reduction of interocular eye pressure; also reduction in muscle cramps and chronic pain 
	 reduction of interocular eye pressure; also reduction in muscle cramps and chronic pain 
	 reduction of interocular eye pressure; also reduction in muscle cramps and chronic pain 

	 spasm relief 
	 spasm relief 

	 Reduced eye pressure especially during pressure attacks and quick climbs, pain relief and addresses the migraines associated with my glaucoma (brain injury related)....I also remain seizure free 
	 Reduced eye pressure especially during pressure attacks and quick climbs, pain relief and addresses the migraines associated with my glaucoma (brain injury related)....I also remain seizure free 

	 Better quality of life, greatly reduced pain, greatly reduced spasms and exacerbations, less stiffness able to sleep through the night. 
	 Better quality of life, greatly reduced pain, greatly reduced spasms and exacerbations, less stiffness able to sleep through the night. 

	 Pain and encumbered vision from Iritis Uvitis completely eliminated  -  Have been able to discontinue use of Pred Forte steroids which had terrible side effects but was prior to medical cannabis the thing drug available for managing the pain and inflammation and white cell production associted with my disease. 
	 Pain and encumbered vision from Iritis Uvitis completely eliminated  -  Have been able to discontinue use of Pred Forte steroids which had terrible side effects but was prior to medical cannabis the thing drug available for managing the pain and inflammation and white cell production associted with my disease. 

	 The reduction of symptoms of my glaucoma. Less frequent eye pain attributed from lower IOP. 
	 The reduction of symptoms of my glaucoma. Less frequent eye pain attributed from lower IOP. 

	 verification that cannabis can treat my qualifing conditions. 
	 verification that cannabis can treat my qualifing conditions. 



	 
	ALS 
	4  
	 
	5  
	 
	6  
	 
	 
	 It helps alleviate my stress. 
	 It helps alleviate my stress. 
	 It helps alleviate my stress. 


	 
	 help with sleep, anxiety and regularity 
	 help with sleep, anxiety and regularity 
	 help with sleep, anxiety and regularity 


	 
	 helps calm mind/nerves, this lowers stress which caused muscle twitching 
	 helps calm mind/nerves, this lowers stress which caused muscle twitching 
	 helps calm mind/nerves, this lowers stress which caused muscle twitching 

	 Less pain 
	 Less pain 

	 Spasticity relief 
	 Spasticity relief 


	 
	7: Great Deal of Benefit   
	 anxiety is greatly reduced 
	 anxiety is greatly reduced 
	 anxiety is greatly reduced 
	 anxiety is greatly reduced 

	 I can sleep at night, all night long. 
	 I can sleep at night, all night long. 

	 Pain control (back pain) and no leg cramps 
	 Pain control (back pain) and no leg cramps 

	 The relief from pain 
	 The relief from pain 



	The feeling of well being 
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	Executive Summary 
	In May 2014, Minnesota became the 22nd state to create a medical cannabis program.  Distribution of extracted cannabis products in liquid or oil form to qualified, enrolled patients began July 1, 2015. Minnesota’s medical cannabis program is distinct from those in nearly all other states as the Minnesota Department of Health’s Office of Medical Cannabis is required to study and learn from the experience of participants.  This report draws on data from enrollment, purchasing and related health information, a
	The Office of Medical Cannabis anticipates performing additional analyses of data for the first year cohort of enrolled patients, as well as initiating analyses of data from patients who enrolled in the program later.  Of particular interest are patients who enrolled after intractable pain became a qualifying condition on August 1, 2016.  A report is planned for the end of 2017 that will give a preliminary look at the experience of the first several hundred patients certified for intractable pain.  It is po
	Participation  
	Between July 1, 2015 and June 30, 2016 a total of 1660 patients enrolled in the program and 577 health care practitioners registered themselves in order to certify that patients have a medical condition that qualifies them for the program.  The most common qualifying conditions were severe and persistent muscle spasms (43%), cancer (28%), and seizures (20%).  Each of the remaining six qualifying conditions during the first year – Crohn’s Disease, Terminal illness, HIV/AIDS, Tourette Syndrome, glaucoma, and 
	The legislation that established the program specified there would be one location for purchasing medical cannabis (called Cannabis Patient Centers; CPCs) in each of the state’s eight congressional districts. Patients who enrolled in the program during the first year came from throughout the state, with the average distance from the patient’s home to the nearest CPC 29 miles (median distance=16 miles).  Some patients were a considerable distance from the nearest CPC, however, with 13% over 60 miles from the
	of patients had a registered caregiver, 17% had a registered parent or guardian, and 26% had either a registered parent/legal guardian or a registered caregiver.   
	Among the 577 health care practitioners who registered with the program 82% were physicians, 13% were advanced practice registered nurses, and 5% were physician assistants. 
	Medical Cannabis Purchasing Patterns 
	Most patients make their first medical cannabis purchase within 14 days of program approval. Subsequent purchases typically follow a roughly monthly periodicity. However, intervals between purchases are sometimes less than a month, especially during the first months of program participation as the patient experiments with small amounts of different products. And intervals between purchases are sometimes much longer than a month. Using a cutoff of six months without any medical cannabis purchases as a surrog
	Medical Cannabis Use Patterns 
	Each patient’s medical cannabis purchasing transactions during their first enrollment year (or through early March if still within their first enrollment year) were analyzed. A total of 16,238 products were purchased during 10,898 transactions, with 38% of all transactions consisting of two or more products. For analytic purposes, products were classified according to the ratio of delta-9-tetrahydrocannabinol (THC) to cannabidiol (CBD) as follows: Very High THC:CBD (100:1 or higher), High THC:CBD (>4:1 up t
	Products for enteral administration (swallowed – includes capsules and oral solutions) and products for inhalation (vaporized oil) each accounted for 45% of product purchases. Products for oromucosal administration (absorption through cheek) accounted for 9%. Nearly 50% of all purchases were Very High THC:CBD products, followed by Balanced THC:CBD (30%) and High CBD-THC (15%). Very High THC:CBD products were most commonly oil for vaporization or for oromucosal absorption, while Balanced THC:CBD and High CBD
	Examining purchasing history across all patients is very complex for reasons that include experimentation with different products over time. As a first approach to assessing routine use of products, most frequently purchased products were examined for each patient.  For 28% of patients, two or more products were purchased the same number of times.  The product types that emerged as most frequently purchased were Very High THC vaporization oil (25%), High CBD:THC enteral preparations (14%), and Balanced ente
	Benefits 
	Information on patient benefits comes from the Patient Self-Evaluations (PSE) completed by patients prior to each medical cannabis purchase and from patient and health care practitioner surveys. Results of analysis of PSE and survey data indicate perceptions of a high degree of benefit for most patients. 
	Patients responded to a survey question asking them how much benefit they believe they received from using medical cannabis on a scale from 1 (no benefit) to 7 (great deal of benefit).  Across all patients 64% indicated a benefit rating of 6 or 7 and this degree of benefit was indicated by at least half of the patients with each medical condition. A small but important proportion of patients indicated little or no benefit: 9% gave a rating of 1, 2, or 3. Benefit ratings varied somewhat by qualifying medical
	An important part of this report is the verbatim comments written by patients, and the reader is encouraged to review these comments, presented in an Appendix.  Examples of these comments include: 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 

	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.” 
	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.” 

	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.” 
	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.” 

	 “At first it helped a lot but my seizures have returned.” 
	 “At first it helped a lot but my seizures have returned.” 

	 “Spasms – only a little better.” 
	 “Spasms – only a little better.” 


	Health care practitioners were somewhat more conservative in assessment of benefit to their patients. Across all the benefit ratings by health care practitioners, 38% indicated a rating of 6 or 7 and 23% indicated little or no benefit (rating of 1, 2, or 3). Similarity in benefit assessment between health care practitioners and patients appears to vary by medical condition, with highest discrepancy among seizure patients. Descriptive comments suggest at least part of the difference is driven by perspective 
	benefits more often than the health care practitioners, who appear to focus more on objective measures such as seizure counts. 
	The symptom scores provided in the Patient Self-Evaluation data have the advantage of completeness, since they are required prior to each medical cannabis purchase. In this report a reduction of ≥30% was applied to most symptoms to indicate clinically meaningful symptom reduction. Results show patterns similar to those in the survey benefits rating, but usually somewhat smaller in size. For most symptoms between half and two-thirds of patients who achieve clinically meaningful improvement retained that degr
	Examples of proportion of patients achieving and retaining ≥30% symptom reduction include: 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency and 46% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency and 46% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid stools per day and 29% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid stools per day and 29% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in spasm frequency and 28% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in spasm frequency and 28% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among cancer patients with at least moderate levels of nausea when they started using medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among cancer patients with at least moderate levels of nausea when they started using medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among cancer patients with at least moderate levels of pain when they started using medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among cancer patients with at least moderate levels of pain when they started using medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that level of reduction and retained it, on average, for at least four months 


	Moderate to severe levels of non-disease-specific symptoms such as fatigue, anxiety, and sleep difficulties were common across all the medical conditions. And the reductions in these symptoms was often quite large. These findings support the understanding that some of the benefit perceived by patients is expressed as improved quality of life. 
	The type(s) of medical cannabis used at the time patients achieved clinically significant improvement was analyzed for each symptom assessed within each category of medical condition. Full results of these analyses are presented in an Appendix and summaries are in the Benefits chapter. 
	Adverse Side Effects 
	At this point, the safety profile of the medical cannabis products available through the Minnesota program seems quite favorable. Approximately 20-25% of enrolled patients report negative physical or mental side effects of some kind, with the majority – around 60% - reporting only one and 90% reporting three or fewer. The vast majority of adverse side effects, around 90%, are mild to moderate in severity.  An assessment of the 30 patients reporting severe side effects, meaning “interrupts usual daily activi
	Affordability and Suggestions for Improving the Program 
	Unlike traditional pharmaceuticals whose costs are often covered through insurance reimbursement, medical cannabis purchased through the Minnesota program is currently not covered by insurance and must be purchased out of pocket.  The patient survey asked for a rating of product affordability on a scale of 1 (very affordable) to 7 (very prohibitive).  More than half (51%) responded with a 6 or a 7 and 86% responded with a score of 4 or higher.   “Bring the costs down” was a frequent response when patients a
	 
	 
	1. Introduction 
	 
	In May 2014, Minnesota became the 22nd state to create a medical cannabis program.  Distribution of cannabis products to qualified, enrolled patients began July 1, 2015. Minnesota’s medical cannabis program is distinct from those in nearly all other states due to the fact that the Minnesota Department of Health’s Office of Medical Cannabis is required to study and learn from the experience of participants. Minnesota’s online registry, which integrates information from patients, certifying health care practi
	Data in this report come from several aspects of the program’s operations: 
	 Information from registration or enrollment of patients, health care practitioners, and caregivers; 
	 Information from registration or enrollment of patients, health care practitioners, and caregivers; 
	 Information from registration or enrollment of patients, health care practitioners, and caregivers; 

	 Information patients provide each time they visit a cannabis patient center for purchase of cannabis products, including information on symptom severity and side effects; 
	 Information patients provide each time they visit a cannabis patient center for purchase of cannabis products, including information on symptom severity and side effects; 

	 Details about each cannabis product purchased; and 
	 Details about each cannabis product purchased; and 

	 Information is derived from responses to periodic surveys of patients and their certifying health care practitioners. 
	 Information is derived from responses to periodic surveys of patients and their certifying health care practitioners. 


	Though there is certainly imprecision in some of the data collected by the program, this report provides important details that can be found in few other states. A notable part of the report is a set of statements regarding benefits, negative effects, and comments about the program made by patients and health care practitioners. These are redacted to protect privacy, but otherwise presented as was written on the surveys. The comments have been coded by type but the verbatim comments have a power of their ow
	The Office of Medical Cannabis anticipates performing additional analyses of data for the first year cohort of enrolled patients, as well as initiating analyses of data from patients who enrolled in the program later. Of particular interest are patients who enrolled after intractable pain became a qualifying condition on August 1, 2016. A report is planned for the end of 2017 that will give a preliminary look at the experience of the first several hundred patients certified for intractable pain. It is possi
	draw on medical record information to answer specific questions raised by analyses of data derived from the program registry.    
	2. Patients and Caregivers Registered in the First Program Year 
	DESCRIPTION OF PATIENTS ENROLLED IN THE FIRST PROGRAM YEAR 
	Qualifying Condition 
	During the first year of the Minnesota Medical Cannabis program (July 2015-June 2016), 1,660 patients were certified by registered healthcare practitioners and subsequently enrolled in the program (Figure 2.1). The healthcare practitioners certified the patients as having one or more of the following qualifying conditions: severe and persistent muscle spasms (n=713), cancer (n=468), seizures, including those characteristic of epilepsy (n=328), Crohn’s disease (n=108), terminal illness (n=94), HIV/AIDS (n=54
	Figure 2.1. Patient enrollment in the first program year. 
	Figure
	 
	Table 2.1. Patient counts by qualifying condition. 
	Condition 
	Condition 
	Condition 
	Condition 

	Count 
	Count 

	%  
	%  

	Span

	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	713 
	713 

	43% 
	43% 

	Span

	Cancer 
	Cancer 
	Cancer 

	466 
	466 

	28% 
	28% 

	Span

	Seizures 
	Seizures 
	Seizures 

	328 
	328 

	20% 
	20% 

	Span

	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	108 
	108 

	7% 
	7% 

	Span

	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	94 
	94 

	6% 
	6% 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	54 
	54 

	3% 
	3% 

	Span

	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	30 
	30 

	2% 
	2% 

	Span

	Glaucoma 
	Glaucoma 
	Glaucoma 

	24 
	24 

	1% 
	1% 

	Span

	ALS 
	ALS 
	ALS 

	22 
	22 

	1% 
	1% 

	Span


	Note: Percentages sum to more than 100 percent because among the 1660 patients enrolled during the first year, 167 (10.1%) were certified for more than one qualifying condition.  
	Figure 2.2. First year cohort patients by qualifying medical condition. 
	 
	Figure
	Note: Percentages sum to more than 100 percent because among the 1660 patients enrolled during the first year, 167 (10.1%) were certified for more than one qualifying condition.  
	Age and Gender 
	At the time of certifying that a patient has a medical condition qualifying them for the medical cannabis program, the certifying healthcare practitioner enters the patient’s date of birth. Additionally, during registration, patients are asked to report gender and race/ethnicity but are not required to do so. Table 2.2 shows the breakdown of patients by age category and gender at the time of initial program enrollment. The gender breakdown of patients in the first program year was 57% male and 43% female, w
	Table 2.2. Patient counts by age and gender. 
	  
	  
	  
	  

	0-4 
	0-4 

	5-17 
	5-17 

	18-24 
	18-24 

	25-35 
	25-35 

	36-49 
	36-49 

	50-64 
	50-64 

	65+ 
	65+ 

	Span

	Female 
	Female 
	Female 

	14 (41%) 
	14 (41%) 

	67 (46%) 
	67 (46%) 

	28 (29%) 
	28 (29%) 

	85 (33%) 
	85 (33%) 

	174 (44%) 
	174 (44%) 

	270 (49%) 
	270 (49%) 

	78 (43%) 
	78 (43%) 

	Span

	Male 
	Male 
	Male 

	20 (59%) 
	20 (59%) 

	78 (53%) 
	78 (53%) 

	66 (69%) 
	66 (69%) 

	175 (67%) 
	175 (67%) 

	218 (55%) 
	218 (55%) 

	274 (50%) 
	274 (50%) 

	105 (57%) 
	105 (57%) 

	Span

	Prefer Not to Answer 
	Prefer Not to Answer 
	Prefer Not to Answer 

	0 (0%) 
	0 (0%) 

	1 (1%) 
	1 (1%) 

	2 (2%) 
	2 (2%) 

	0 (0%) 
	0 (0%) 

	2 (1%) 
	2 (1%) 

	3 (1%) 
	3 (1%) 

	0 (0%) 
	0 (0%) 

	Span

	Total 
	Total 
	Total 

	34 (2%) 
	34 (2%) 

	146 (9%) 
	146 (9%) 

	96 (6%) 
	96 (6%) 

	260 (16%) 
	260 (16%) 

	394 (24%) 
	394 (24%) 

	547 (33%) 
	547 (33%) 

	183 (11%) 
	183 (11%) 

	Span


	Note: Percentages are calculated based on the total count of patients in each age category. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 2.3. Age and gender breakdown of first year cohort. 
	 
	Figure
	Age by Qualifying Condition 
	Breakdown of age category within each qualifying condition is shown in Table 2.3. Among the first year cohort, average age was 44.3 ± 18.9 years. Age distribution varied substantially across qualifying medical condition groups; patients certified for glaucoma or ALS tended to be older in general (average age of 60.4 ± 14.0 and 61.5 ± 9.6, respectively); patients certified for seizure disorders or Tourette syndrome generally were younger (23.4 ± 16.0 and 25.3 ± 11.7, respectively).  
	Table 2.3. Patient age by qualifying medical condition. 
	  
	  
	  
	  

	0-4 
	0-4 

	5-17 
	5-17 

	18-24 
	18-24 

	25-35 
	25-35 

	36-49 
	36-49 

	50-64 
	50-64 

	65+ 
	65+ 

	Mean Age (SD) 
	Mean Age (SD) 

	Total 
	Total 

	Span

	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	3 (0%) 
	3 (0%) 

	6 (1%) 
	6 (1%) 

	33 (5%) 
	33 (5%) 

	124 (17%) 
	124 (17%) 

	216 (30%) 
	216 (30%) 

	268 (38%) 
	268 (38%) 

	63 (9%) 
	63 (9%) 

	47.3 (14.5) 
	47.3 (14.5) 

	713 
	713 

	Span

	Cancer 
	Cancer 
	Cancer 

	3 (1%) 
	3 (1%) 

	15 (3%) 
	15 (3%) 

	11 (2%) 
	11 (2%) 

	33 (7%) 
	33 (7%) 

	83 (18%) 
	83 (18%) 

	217 (47%) 
	217 (47%) 

	104 (23%) 
	104 (23%) 

	54.6 (16.2) 
	54.6 (16.2) 

	466 
	466 

	Span

	Pain 
	Pain 
	Pain 

	1 (0%) 
	1 (0%) 

	3 (1%) 
	3 (1%) 

	8 (3%) 
	8 (3%) 

	26 (8%) 
	26 (8%) 

	65 (20%) 
	65 (20%) 

	151 (47%) 
	151 (47%) 

	66 (21%) 
	66 (21%) 

	54.3 (15.3) 
	54.3 (15.3) 

	320 
	320 

	Span


	  
	  
	  
	  

	0-4 
	0-4 

	5-17 
	5-17 

	18-24 
	18-24 

	25-35 
	25-35 

	36-49 
	36-49 

	50-64 
	50-64 

	65+ 
	65+ 

	Mean Age (SD) 
	Mean Age (SD) 

	Total 
	Total 

	Span

	Nausea/Vomiting 
	Nausea/Vomiting 
	Nausea/Vomiting 

	1 (0%) 
	1 (0%) 

	12 (4%) 
	12 (4%) 

	10 (4%) 
	10 (4%) 

	18 (7%) 
	18 (7%) 

	50 (18%) 
	50 (18%) 

	130 (48%) 
	130 (48%) 

	52 (19%) 
	52 (19%) 

	53.4 (16.5) 
	53.4 (16.5) 

	273 
	273 

	Span

	Cachexia/Wasting 
	Cachexia/Wasting 
	Cachexia/Wasting 

	1 (1%) 
	1 (1%) 

	6 (3%) 
	6 (3%) 

	5 (3%) 
	5 (3%) 

	8 (4%) 
	8 (4%) 

	16 (9%) 
	16 (9%) 

	90 (50%) 
	90 (50%) 

	54 (30%) 
	54 (30%) 

	57.9 (16.5) 
	57.9 (16.5) 

	180 
	180 

	Span

	Seizures 
	Seizures 
	Seizures 

	30 (9%) 
	30 (9%) 

	114 (35%) 
	114 (35%) 

	43 (13%) 
	43 (13%) 

	68 (21%) 
	68 (21%) 

	52 (16%) 
	52 (16%) 

	18 (6%) 
	18 (6%) 

	3 (1%) 
	3 (1%) 

	23.4 (16.0) 
	23.4 (16.0) 

	328 
	328 

	Span

	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	9 (8%) 
	9 (8%) 

	35 (32%) 
	35 (32%) 

	35 (32%) 
	35 (32%) 

	22 (20%) 
	22 (20%) 

	7 (7%) 
	7 (7%) 

	41.4 (13.8) 
	41.4 (13.8) 

	108 
	108 

	Span

	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	2 (2%) 
	2 (2%) 

	9 (10%) 
	9 (10%) 

	3 (3%) 
	3 (3%) 

	8 (9%) 
	8 (9%) 

	20 (21%) 
	20 (21%) 

	38 (40%) 
	38 (40%) 

	14 (15%) 
	14 (15%) 

	48.7 (20.1) 
	48.7 (20.1) 

	94 
	94 

	Span

	Pain 
	Pain 
	Pain 

	0 (0%) 
	0 (0%) 

	7 (11%) 
	7 (11%) 

	1 (2%) 
	1 (2%) 

	6 (9%) 
	6 (9%) 

	16 (24%) 
	16 (24%) 

	27 (41%) 
	27 (41%) 

	9 (14%) 
	9 (14%) 

	48.7 (20.1) 
	48.7 (20.1) 

	66 
	66 

	Span

	Nausea/Vomiting 
	Nausea/Vomiting 
	Nausea/Vomiting 

	1 (2%) 
	1 (2%) 

	4 (9%) 
	4 (9%) 

	2 (4%) 
	2 (4%) 

	3 (7%) 
	3 (7%) 

	9 (20%) 
	9 (20%) 

	21 (47%) 
	21 (47%) 

	5 (11%) 
	5 (11%) 

	48.7 (20.3) 
	48.7 (20.3) 

	45 
	45 

	Span

	Cachexia/Wasting 
	Cachexia/Wasting 
	Cachexia/Wasting 

	1 (3%) 
	1 (3%) 

	4 (11%) 
	4 (11%) 

	2 (5%) 
	2 (5%) 

	1 (3%) 
	1 (3%) 

	3 (8%) 
	3 (8%) 

	19 (50%) 
	19 (50%) 

	8 (21%) 
	8 (21%) 

	48.9 (20.3) 
	48.9 (20.3) 

	38 
	38 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	8 (15%) 
	8 (15%) 

	20 (37%) 
	20 (37%) 

	26 (48%) 
	26 (48%) 

	0 (0%) 
	0 (0%) 

	47.0 (9.7) 
	47.0 (9.7) 

	54 
	54 

	Span

	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	0 (0%) 
	0 (0%) 

	11 (37%) 
	11 (37%) 

	3 (10%) 
	3 (10%) 

	12 (40%) 
	12 (40%) 

	3 (10%) 
	3 (10%) 

	1 (3%) 
	1 (3%) 

	0 (0%) 
	0 (0%) 

	25.3 (11.7) 
	25.3 (11.7) 

	30 
	30 

	Span

	Glaucoma 
	Glaucoma 
	Glaucoma 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	1 (4%) 
	1 (4%) 

	0 (0%) 
	0 (0%) 

	4 (17%) 
	4 (17%) 

	11 (46%) 
	11 (46%) 

	8 (33%) 
	8 (33%) 

	60.4 (14.0) 
	60.4 (14.0) 

	24 
	24 

	Span

	ALS 
	ALS 
	ALS 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	0 (0%) 
	0 (0%) 

	2 (9%) 
	2 (9%) 

	12 (55%) 
	12 (55%) 

	8 (36%) 
	8 (36%) 

	61.5 (9.6) 
	61.5 (9.6) 

	22 
	22 

	Span


	 
	Race and Ethnicity 
	Table 2.4 shows patient-reported race and ethnicity. Patients were given the option to select multiple race and ethnicity categories, so the counts reflect some patients more than once. Ninety-one patients selected more than one race/ethnicity and 95 patients declined the question. Compared to 2014 Census Bureau estimates of race/ethnicity in Minnesota, the distribution of responding members of the first program year cohort is generally similar, with a slightly higher proportion of American Indians (2.7% ve
	Table 2.4. One-year cohort patient race and ethnicity compared to overall state demographics.  
	Race/Ethnicity 
	Race/Ethnicity 
	Race/Ethnicity 
	Race/Ethnicity 

	Medical Cannabis Registry 
	Medical Cannabis Registry 

	2014 Census Bureau Estimates 
	2014 Census Bureau Estimates 

	Span

	American Indian 
	American Indian 
	American Indian 

	42 (2.7%) 
	42 (2.7%) 

	1.9% 
	1.9% 

	Span

	Asian 
	Asian 
	Asian 

	27 (1.7%) 
	27 (1.7%) 

	5.0% 
	5.0% 

	Span

	Black 
	Black 
	Black 

	101 (6.5%) 
	101 (6.5%) 

	6.5% 
	6.5% 

	Span

	Hawaiian 
	Hawaiian 
	Hawaiian 

	3 (0.2%) 
	3 (0.2%) 

	0.1% 
	0.1% 

	Span

	White 
	White 
	White 

	1410 (90.1%) 
	1410 (90.1%) 

	87.5% 
	87.5% 

	Span

	Hispanic 
	Hispanic 
	Hispanic 

	37 (2.4%) 
	37 (2.4%) 

	4.9% 
	4.9% 

	Span

	Other 
	Other 
	Other 

	26 (1.7%) 
	26 (1.7%) 

	1.7% 
	1.7% 

	Span


	Race and ethnicity estimates for Minnesota can be found at the following website: http://factfinder.census.gov/faces/nav/jsf/pages/index.xhtml 
	Registered Caregivers and Parents/Legal Guardians 
	If a patient is unable to pick up their medication from a cannabis patient center or is unable to administer the medication, their certifying health care practitioner may also certify the patient’s need for a designated caregiver. This allows the enrolled patient to have a caregiver who then undergoes a background check and registers with the program. Registered caregivers can then legally obtain and possess the patient’s medical cannabis on their behalf. Additionally, parents or legal guardians of patients
	qualifying condition group of patients who have registered caregivers or parents or legal guardians registered to pick up medication on behalf of the patient. Patients certified for ALS, cancer, or terminal illness have the highest proportions of patients with registered caregivers (32%, 15% and 15%, respectively). Patient certified for seizure disorders or Tourette syndrome, who are also generally younger than the cohort at large, have the highest proportion of patients with registered parents or legal gua
	Table 2.5. Proportion of patients with registered caregivers, parents or legal guardians authorized to pick up medication, or both. 
	CONDITION 
	CONDITION 
	CONDITION 
	CONDITION 

	Number of Enrolled Patients 
	Number of Enrolled Patients 

	Patients with Registered Caregiver(s) 
	Patients with Registered Caregiver(s) 

	Patients with Registered Parent(s)/Legal Guardian(s) 
	Patients with Registered Parent(s)/Legal Guardian(s) 

	Patients with Registered Caregiver(s) or Parent(s)/Legal Guardian(s) 
	Patients with Registered Caregiver(s) or Parent(s)/Legal Guardian(s) 

	Span

	All Conditions 
	All Conditions 
	All Conditions 

	1660 
	1660 

	179 (11%) 
	179 (11%) 

	279 (17%) 
	279 (17%) 

	430 (26%) 
	430 (26%) 

	Span

	Cancer 
	Cancer 
	Cancer 

	466 
	466 

	71 (15%) 
	71 (15%) 

	23 (5%) 
	23 (5%) 

	92 (20%) 
	92 (20%) 

	Span

	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	94 
	94 

	14 (15%) 
	14 (15%) 

	10 (11%) 
	10 (11%) 

	22 (23%) 
	22 (23%) 

	Span

	Glaucoma 
	Glaucoma 
	Glaucoma 

	24 
	24 

	3 (13%) 
	3 (13%) 

	0 (0%) 
	0 (0%) 

	3 (13%) 
	3 (13%) 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	54 
	54 

	1 (2%) 
	1 (2%) 

	0 (0%) 
	0 (0%) 

	1 (2%) 
	1 (2%) 

	Span

	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	30 
	30 

	2 (7%) 
	2 (7%) 

	16 (53%) 
	16 (53%) 

	16 (53%) 
	16 (53%) 

	Span

	ALS 
	ALS 
	ALS 

	22 
	22 

	7 (32%) 
	7 (32%) 

	1 (5%) 
	1 (5%) 

	8 (36%) 
	8 (36%) 

	Span

	Seizures 
	Seizures 
	Seizures 

	328 
	328 

	32 (10%) 
	32 (10%) 

	213 (65%) 
	213 (65%) 

	225 (69%) 
	225 (69%) 

	Span

	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	713 
	713 

	72 (10%) 
	72 (10%) 

	26 (4%) 
	26 (4%) 

	96 (13%) 
	96 (13%) 

	Span

	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	108 
	108 

	6 (6%) 
	6 (6%) 

	3 (3%) 
	3 (3%) 

	8 (7%) 
	8 (7%) 

	Span


	Table 2.6. Count of registered caregivers associated with patients enrolled in the first program year, by qualifying condition. 
	Condition 
	Condition 
	Condition 
	Condition 

	Registered Caregiver Count 
	Registered Caregiver Count 

	Span

	All Conditions 
	All Conditions 
	All Conditions 

	202 
	202 

	Span

	Cancer 
	Cancer 
	Cancer 

	83 
	83 

	Span

	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	19 
	19 

	Span

	Glaucoma 
	Glaucoma 
	Glaucoma 

	4 
	4 

	Span

	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	1 
	1 

	Span

	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	2 
	2 

	Span

	ALS 
	ALS 
	ALS 

	7 
	7 

	Span

	Seizures 
	Seizures 
	Seizures 

	37 
	37 

	Span

	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	79 
	79 

	Span

	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	6 
	6 

	Span


	 
	Geographic Distribution and Distance to Nearest Cannabis Patient Center 
	At the time of registration, patients provide their home address for verification of Minnesota residency. Home addresses are retained in the patient’s online registry account but are not retained in the research database; in lieu of home address, patient ZIP codes and calculated distances from each address to the nearest cannabis patient center are accessible for research purposes. The general geographic distribution of patients was examined using patient-reported ZIP codes; the first three digits of ZIP co
	1 http://pe.usps.com/Archive/HTML/DMMArchive20050106/print/L002.htm 
	1 http://pe.usps.com/Archive/HTML/DMMArchive20050106/print/L002.htm 

	the major city within the region and approximate surrounding cities; these region labels are shown in Table 2.7, along with the count of patients living in the corresponding ZIP codes.  
	  
	Table 2.7. Geographic distribution of patients by ZIP code prefix.  
	Region 
	Region 
	Region 
	Region 

	ZIP Code Range 
	ZIP Code Range 

	Patient Count (%) 
	Patient Count (%) 

	Span

	St Paul 
	St Paul 
	St Paul 

	55000-55199 
	55000-55199 

	561 (34%) 
	561 (34%) 

	Span

	Minneapolis 
	Minneapolis 
	Minneapolis 

	55300-55599 
	55300-55599 

	671 (40%) 
	671 (40%) 

	Span

	Duluth 
	Duluth 
	Duluth 

	55600-55899 
	55600-55899 

	59 (4%) 
	59 (4%) 

	Span

	Rochester 
	Rochester 
	Rochester 

	55900-55999 
	55900-55999 

	104 (6%) 
	104 (6%) 

	Span

	Mankato 
	Mankato 
	Mankato 

	56000-56199 
	56000-56199 

	63 (4%) 
	63 (4%) 

	Span

	Willmar 
	Willmar 
	Willmar 

	56200-56299 
	56200-56299 

	49 (3%) 
	49 (3%) 

	Span

	St Cloud 
	St Cloud 
	St Cloud 

	56300-56399 
	56300-56399 

	80 (5%) 
	80 (5%) 

	Span

	Brainerd 
	Brainerd 
	Brainerd 

	56400-56499 
	56400-56499 

	27 (2%) 
	27 (2%) 

	Span

	Detroit Lakes 
	Detroit Lakes 
	Detroit Lakes 

	56500-56599 
	56500-56599 

	28 (2%) 
	28 (2%) 

	Span

	Bemidji 
	Bemidji 
	Bemidji 

	56600-56699 
	56600-56699 

	11 (1%) 
	11 (1%) 

	Span

	Grand Forks* 
	Grand Forks* 
	Grand Forks* 

	56700-56799 
	56700-56799 

	7 (0%) 
	7 (0%) 

	Span


	Note: The Grand Forks region, corresponding to ZIP codes with a 567 prefix, refers to a region including Grand Forks, South Dakota, as well as several ZIP codes located in Minnesota near the western border. Patients living in this region reside in Minnesota. 
	Two medical cannabis manufacturers each operate four cannabis patient centers where patients can purchase medical cannabis following consultation with pharmacy staff at the center. Minnesota law required that one cannabis patient center be open in each of Minnesota’s eight legislative districts by July 1, 2016 (one year after the program start date). Figure 2.4 shows the distribution of calculated one-way distance from each patient’s home address to the nearest cannabis patient center location as of July 1,
	  
	 
	Figure 2.4. Distribution of one-way distance from patient home to nearest cannabis patient center. 
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	From Certification to Program Approval: How Long Does it Take for Patients? 
	A sequential series of steps are followed in order to move patients from certification by a healthcare practitioner to their enrollment in Minnesota’s Medical Cannabis program. First, patients must have at least one medical condition that qualifies for the program and must have that condition certified by a registered health care practitioner (HCP).  After their medical condition is certified, patients have 90 days to submit a complete application to enroll in the program.  Patients must also submit payment
	Figure 2.5. Flow chart of enrollment events.  
	 
	Figure
	 
	To give current and prospective patients some idea of the time it takes to go from certification to program approval, records from patients in the first program year cohort (n = 1660) were analyzed at different time points: 1) time between certification to program approval, 2) time between certification to enrollment payment, and 3) time between enrollment payment and program approval.   
	Time from Certification to Program Approval 
	Just over half of all patients (54.7%) in the cohort (n = 1660) were approved/enrolled in the program within 3 days of having their condition(s) certified.  Close to 90% (1484 out of 1660 patients) were enrolled in the program within a month of being certified.   
	Time from Certification to Annual Enrollment Fee Payment 
	Records of enrollment fee payments were unavailable for patients who did not make an electronic payment; therefore, calculations of time between certification and enrollment fee payment was restricted to 1579 patients (95.1% of patients in the cohort represented) who paid the enrollment fee electronically.  Of these patients, 57.2% of them (n = 903) submitted payment within 1 day of getting their qualifying condition(s) certified by their HCP.  More than 90% of patients (n = 1452) submitted payment within o
	Time from Annual Enrollment Fee Payment and Program Approval 
	Records of enrollment fee payments were not available for all patients in the cohort; therefore, calculations of time between enrollment fee payment and program approval was restricted to 1579 patients (95.1% of patients in the cohort represented).  Of these patients, 72.7% of them (n = 1148) were approved for the program (officially enrolled in the program) within a day of submitting their annual enrollment fees.  Close to all patients (99.3%) were enrolled in the program within a month of submitting their
	From Certification to Program Approval: Conclusions 
	Just over half of all patients in the cohort were officially enrolled in the program within three days of being certified.  Within a week of certification, 70% of patients were enrolled in the program.  This suggests that the majority of patients move relatively quickly from certification to enrollment in the program.   
	When breaking down the process flow between certification and program approval, it typically took longer for patients to move from certification to paying the enrollment fee than it did from their paying the enrollment fee to getting approved.  This generally reflects the nature of the process flow going from certification to paying the enrollment fee: after patients are certified, the patient must self-initiate and complete the submission of all application materials along with payment (involves variable a
	point and – unless they are directed otherwise by OMC staff – will get approved for the program in the order their materials were received in the queue. 
	Re-Enrollment 
	The Minnesota medical cannabis program requires by statute that once a patient becomes certified as having a qualifying condition and enrolled in the program, the patient’s enrollment lasts for one year; therefore each year a patient must be re-certified as having at least one qualifying condition and must re-enroll in the program and pay an annual enrollment fee. If a patient is not re-certified as having a qualifying condition and does not re-enroll in the program by the anniversary date of the most recen
	Most patients who re-enrolled within six months of expiration did so prior to expiration (44%) or within the first month after enrollment expiration (40%). Only 3% of these patients re-enrolled beyond three months post expiration. Timing of re-enrollment for patients who initially enrolled during the first program month are shown in Table 2.8. 
	  
	Table 2.8. Timing of program re-enrollment for patients enrolled in the first program month.  
	Time Re-Enrollment Occurred  
	Time Re-Enrollment Occurred  
	Time Re-Enrollment Occurred  
	Time Re-Enrollment Occurred  

	Patient Count (%) 
	Patient Count (%) 

	Span

	Prior to Expiration 
	Prior to Expiration 
	Prior to Expiration 

	51 (44%) 
	51 (44%) 

	Span

	1st Month After Expiration 
	1st Month After Expiration 
	1st Month After Expiration 

	46 (40%) 
	46 (40%) 

	Span

	2nd Month After Expiration 
	2nd Month After Expiration 
	2nd Month After Expiration 

	0 (0%) 
	0 (0%) 

	Span

	3rd Month After Expiration 
	3rd Month After Expiration 
	3rd Month After Expiration 

	15 (13%) 
	15 (13%) 

	Span

	4th Month After Expiration 
	4th Month After Expiration 
	4th Month After Expiration 

	1 (1%) 
	1 (1%) 

	Span

	5th Month After Expiration 
	5th Month After Expiration 
	5th Month After Expiration 

	2 (2%) 
	2 (2%) 

	Span

	6th Month After Expiration 
	6th Month After Expiration 
	6th Month After Expiration 

	0 (0%) 
	0 (0%) 

	Span

	Total Count of Patients Re-enrolled Within 6 Months of Annual Expiration Date 
	Total Count of Patients Re-enrolled Within 6 Months of Annual Expiration Date 
	Total Count of Patients Re-enrolled Within 6 Months of Annual Expiration Date 

	115 
	115 

	Span


	Note: Among the 253 patients who enrolled in the program in July 2015, 115 (45%) re-enrolled within six months of expiration. Percentages are based on a total number of re-enrollments within this period (n=115).  
	At the time of enrollment expiration, a patient can allow their enrollment to lapse without any action or communication with the Office of Medical Cannabis. Currently OMC does not collect information systematically on why patients chose to either re-enroll or let their current enrollment expire. However, some insight into program discontinuation is available from a Continued Use survey, which asks patients who have not purchased medical cannabis for 60 days whether they have decided to stop the treatment, w
	At the time of enrollment expiration, a patient can allow their enrollment to lapse without any action or communication with the Office of Medical Cannabis. Currently OMC does not collect information systematically on why patients chose to either re-enroll or let their current enrollment expire. However, some insight into program discontinuation is available from a Continued Use survey, which asks patients who have not purchased medical cannabis for 60 days whether they have decided to stop the treatment, w
	“Early Results of Office of Medical Cannabis Surveys: May 2016”
	“Early Results of Office of Medical Cannabis Surveys: May 2016”

	 on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website).  

	 
	3. Health Care Practitioners Registered in the First Program Year 
	The Minnesota Medical Cannabis program outlines a set of qualifying medical conditions which make a patient eligible for enrollment in the program. By Minnesota statute, a patient must be certified by a Minnesota-licensed physician, physician assistant (PA), or advanced practice registered nurse (APRN) as having one or more of the qualifying conditions. A Minnesota practitioner with appropriate credentials must first register with the Minnesota Medical Cannabis program before they can certify patients for t
	Healthcare Practitioner Count, Age and Gender 
	From July 2015- June 2016, 577 healthcare practitioners licensed in Minnesota registered in the medical cannabis program, including 473 physicians (82%), 77 APRNs (13%) and 27 PAs (5%). Table 3.1 shows the breakdown of healthcare practitioner (HCP) type, gender and average age, based on publicly available data from the Boards of Medical Practice and Nursing. Physicians registered in the program were predominantly male (72%) and were generally older than registered APRNs and PAs, who were predominantly femal
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 3.1. Count of registered healthcare practitioners during the first program year. 
	 
	Figure
	 Table 3.1. Healthcare practitioner by type, with gender and average age. 
	HCP TYPE 
	HCP TYPE 
	HCP TYPE 
	HCP TYPE 

	N 
	N 

	% 
	% 

	MALE: N (%) 
	MALE: N (%) 

	MEAN AGE (SD) 
	MEAN AGE (SD) 

	Span

	Physician 
	Physician 
	Physician 

	473 
	473 

	82% 
	82% 

	341 (72%) 
	341 (72%) 

	50.3 (11.3) 
	50.3 (11.3) 

	Span

	APRN 
	APRN 
	APRN 

	77 
	77 

	13% 
	13% 

	9 (12%) 
	9 (12%) 

	47.0 (9.4) 
	47.0 (9.4) 

	Span

	PA 
	PA 
	PA 

	27 
	27 

	5% 
	5% 

	6 (22%) 
	6 (22%) 

	39.9 (9.5) 
	39.9 (9.5) 

	Span

	Total 
	Total 
	Total 

	577 
	577 

	100% 
	100% 

	356 (62%) 
	356 (62%) 

	49.4 (11.2) 
	49.4 (11.2) 

	Span


	Note: Age data was unavailable for 17 APRNs and three physicians. 
	More detailed representations of age distribution among registered physicians, PAs and APRNs are available in Figures 3.2-3.4. Figure 3.2 shows the age distribution in 5 year increments of physicians enrolled in the first program year; most physicians fall between ages 36-65 years (81%) with relatively even distribution of numbers across this range. Figure 3.3 shows the age distribution for APRNs; 51% of APRNs are 50 years or under. Figure 3.4 shows the age distribution for PAs registered in the program; mo
	Figure 3.2. Age distribution of physicians registered in the medical cannabis program (n=473). 
	 
	Figure
	Note: Age data was not publicly available for three physicians registered in the first program year. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 3.3. Age distribution of advanced practice registered nurses registered in the medical cannabis program (n=77). 
	 
	Figure
	Note: Age data was not publicly available for 17 APRNs registered in the first program year. 
	 Figure 3.4. Age distribution of physician assistants registered in the medical cannabis program (n=27). 
	 
	Figure
	Registered Physician Specialties and Licensures 
	The Minnesota Board of Medical Practice lists information on Minnesota-licensed physicians and physician assistants. Included is self-reported “Area of Specialty” information indicating a physician’s (or physician assistant’s) certifications from the American Board of Medical Specialties or American Osteopathic Specialty Boards. While physician assistant specialty information is infrequently provided, physicians often list certifications in more than one area of specialty. For example, physicians practicing
	  
	Table 3.2. Registered physician specialty categories. 
	Registered Physician Specialties 
	Registered Physician Specialties 
	Registered Physician Specialties 
	Registered Physician Specialties 

	N (%) 
	N (%) 

	Span

	Primary Care 
	Primary Care 
	Primary Care 

	179 (38%) 
	179 (38%) 

	Span

	Internal Medicine 
	Internal Medicine 
	Internal Medicine 

	61 (13%) 
	61 (13%) 

	Span

	Family Medicine 
	Family Medicine 
	Family Medicine 

	109 (23%) 
	109 (23%) 

	Span

	Pediatrics 
	Pediatrics 
	Pediatrics 

	8 (2%) 
	8 (2%) 

	Span

	Oncology 
	Oncology 
	Oncology 

	81 (17%) 
	81 (17%) 

	Span

	Neurology 
	Neurology 
	Neurology 

	65 (14%) 
	65 (14%) 

	Span

	Pediatric Specialty 
	Pediatric Specialty 
	Pediatric Specialty 

	29 (6%) 
	29 (6%) 

	Span

	Hospice/Palliative Medicine 
	Hospice/Palliative Medicine 
	Hospice/Palliative Medicine 

	25 (5%) 
	25 (5%) 

	Span

	Physical Medicine and Rehabilitation 
	Physical Medicine and Rehabilitation 
	Physical Medicine and Rehabilitation 

	21 (4%) 
	21 (4%) 

	Span

	Gastroenterology 
	Gastroenterology 
	Gastroenterology 

	11 (2%) 
	11 (2%) 

	Span

	Psychiatry 
	Psychiatry 
	Psychiatry 

	10 (2%) 
	10 (2%) 

	Span

	Ophthalmology 
	Ophthalmology 
	Ophthalmology 

	9 (2%) 
	9 (2%) 

	Span

	Surgery 
	Surgery 
	Surgery 

	8 (2%) 
	8 (2%) 

	Span

	Infectious Disease 
	Infectious Disease 
	Infectious Disease 

	6 (1%) 
	6 (1%) 

	Span

	Radiology/Radiation Oncology 
	Radiology/Radiation Oncology 
	Radiology/Radiation Oncology 

	5 (1%) 
	5 (1%) 

	Span

	Pain Medicine 
	Pain Medicine 
	Pain Medicine 

	5 (1%) 
	5 (1%) 

	Span

	Nephrology 
	Nephrology 
	Nephrology 

	3 (1%) 
	3 (1%) 

	Span

	Geriatric Medicine 
	Geriatric Medicine 
	Geriatric Medicine 

	3 (1%) 
	3 (1%) 

	Span

	Emergency Medicine 
	Emergency Medicine 
	Emergency Medicine 

	2 (0%) 
	2 (0%) 

	Span

	Rheumatology 
	Rheumatology 
	Rheumatology 

	2 (0%) 
	2 (0%) 

	Span


	Obstetrics and Gynecology 
	Obstetrics and Gynecology 
	Obstetrics and Gynecology 
	Obstetrics and Gynecology 

	2 (0%) 
	2 (0%) 

	Span

	Sports Medicine 
	Sports Medicine 
	Sports Medicine 

	2 (0%) 
	2 (0%) 

	Span

	Anesthesiology 
	Anesthesiology 
	Anesthesiology 

	2 (0%) 
	2 (0%) 

	Span

	Dermatology 
	Dermatology 
	Dermatology 

	1 (0%) 
	1 (0%) 

	Span

	Public Health and Preventive Medicine 
	Public Health and Preventive Medicine 
	Public Health and Preventive Medicine 

	1 (0%) 
	1 (0%) 

	Span

	Pulmonary Disease 
	Pulmonary Disease 
	Pulmonary Disease 

	1 (0%) 
	1 (0%) 

	Span

	Sleep Medicine 
	Sleep Medicine 
	Sleep Medicine 

	1 (0%) 
	1 (0%) 

	Span


	  
	Advanced Practice Registered Nurse Licensures 
	Advanced practice RNs include licensed Clinical Nurse Specialists (CNS), Certified Registered Nurse Anesthetists (CRNA), Certified Nurse-Midwives (CNM) or Certified Nurse Practitioners (CNP). Among the 77 APRNs who registered in the first program year, 75 held CNP certification, 1 held CNS certification, and 1 held both CNP and CNS certifications.  
	Summary 
	In the first year of the Minnesota Medical Cannabis program, 577 licensed healthcare practitioners registered as certifying providers with the program, predominantly physicians (82%). There were age and gender differences across the HCP types; physicians tended to be older and male; PAs and APRNs tended to be younger and female. Physician licensure information showed that physicians from a diversity of clinical practices are involved in certifying patients for the medical cannabis program, but the majority 
	4. Frequency and Duration of Medical Cannabis Purchases 
	 
	Time from Program Approval to First Medical Cannabis Purchase 
	Once a patient is approved for the medical cannabis program, the patient and/or their registered caregiver(s) or parent(s)/legal guardian(s) can visit any of the eight cannabis patient centers and purchase medical cannabis. Figure 4.1 shows the distribution of time from program approval to first medical cannabis purchase for patients enrolled during the first program year who purchased medical cannabis before December 31, 2016 (n=1528). Many patients (n=196; 13%) made a first purchase within one day of prog
	Figure 4.1. Time from patient approval to first medical cannabis purchase. 
	 
	Figure
	Time Between Purchases 
	According to Minnesota statute, patients can purchase up to a 30-day supply of medicine at a cannabis patient center. However, visits to a cannabis patient center vary from 30-day intervals for several reasons. Figure 4.2 shows the intervals between purchases for patients from the one-year cohort with at least two purchases (n=1256). Patients must purchase medical cannabis with cash and many patients report that the medicine’s cost is prohibitive; for these reasons, patients may purchase smaller quantities 
	According to Minnesota statute, patients can purchase up to a 30-day supply of medicine at a cannabis patient center. However, visits to a cannabis patient center vary from 30-day intervals for several reasons. Figure 4.2 shows the intervals between purchases for patients from the one-year cohort with at least two purchases (n=1256). Patients must purchase medical cannabis with cash and many patients report that the medicine’s cost is prohibitive; for these reasons, patients may purchase smaller quantities 
	“Early Results of Office of Medical Cannabis Surveys: May 2016”
	“Early Results of Office of Medical Cannabis Surveys: May 2016”

	 on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website) indicated a quantity of medicine intended to be a 30-day supply lasted longer than 30 days, or the patient chose to use the medicine sparingly as a cost-saving measure and therefore the supply lasted longer than anticipated. However, the median times between visits for the first consecutive six visits were close to the expected interval of one month (median time since last visit: 25, 28, 28, 28, and 28 days for the second, third, fourth, fifth and sixth visits, respectively).  

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 4.2. Time between visits for patients with two or more visits from July 2015-December 2016. 
	Note on boxplots: upper and lower hinges for each boxplot correspond to the 75th and 25th percentiles of each distribution, respectively. The upper and lower whiskers extend to the highest and lowest values that are within 1.5 x the interquartile range from the upper and lower hinges, respectively. Data beyond the whiskers, plotted as individual points, are outliers.  
	Figure
	Purchasing Activity in First Four Months of Program Participation 
	Patients beginning medical cannabis treatment often try different types of products with varying ratios of THC:CBD and routes of administration to achieve optimal symptom management; therefore patients may be more likely to make more visits to cannabis patient centers at the beginning of treatment and fewer visits in later times once the patient’s regimen had been established. As seen in Figure 4.2, frequency of visits (represented as time between consecutive visits) varies widely across patients. To compar
	purchases between days 61 and 120 or beyond day 120 were excluded to eliminate patients who had atypical purchasing activity or quit the program during this time window. Figure 4.3 shows the distribution of number of visits per patient which occurred in the first and second 60 days of program activity (n=752). During the first 60 days of program activity, median number of visits was 3 and 543 of 752 patients in this group (72%) made three or fewer purchases. During days 61-120 of program activity, median nu
	Figure 4.3. Number of visits in first 60 days and second 60 days of program activity, for patients with one or more purchases in both 60 day intervals.  
	 
	Figure
	Patients Who Stopped Purchasing Medical Cannabis 
	Since patients make an annual payment to be enrolled in the medical cannabis program, if they decide at some point during the following year to discontinue medical cannabis treatment, it is unlikely they will request to be withdrawn from the program, as there is no financial incentive to do so. Therefore, to understand discontinuation in the program, a functional definition was created based on purchasing patterns. For each patient in the one year cohort enrolled with a first purchase prior to December 31, 
	patients, 546 (82%) had a longest gap between purchases of 120 days or less; 616 (92%) had a longest gap between purchases of 180 days or less. Median longest gap for each patient is significantly longer than median time between visits for patient’s first six visits; this suggests that there may be a great deal of variability within a patient’s inter-visit times.  Early patient responses to the Continued Use survey point to factors which may impact purchasing frequency: unexpectedly low rate of product usag
	 
	Figure 4.4. Distribution of longest gap between visits per patient, July 2015-December 2016. 
	 
	Figure
	 
	Since most patients (92%) enrolled and purchasing within the first six program months who made two or more purchases by December 31, 2016 had no inter-visit gaps longer than 180 days, program discontinuation was defined for this analysis as ceasing purchasing activity for six months or longer during the period included in this analysis (July 2015-December 2016). This definition was applied to all patients enrolled in the first six program months who made at least one purchase (n=774) to find the proportion 
	a rough estimate of the proportion of patients who quit the program within 18 months after trying medical cannabis.  
	Using a six month window with no purchases as a surrogate for program discontinuation has limitations. For example, our analysis did not account for duration of enrollment and any effect it may have on purchasing patterns. However, it gives an approximation of patients who abandon medical cannabis treatment and roughly aligns with the re-enrollment rate of 45% in patients enrolled in the first program month (see “Re-Enrollment” in Chapter 2: Description of Patients and Designated Caregivers).  
	Frequency and Duration of Medical Cannabis Purchases: Conclusions 
	Most patients make their first medical cannabis purchase within 14 days of program approval. Subsequent purchases often follow a roughly monthly periodicity, with median inter-visit gap at 25 days for the gap between the first and second visit and 28 days for the next four inter-visit gaps. Additionally, patients tend to make purchases slightly more frequently in the first 60 days of program activity compared to the second 60 days of program activity (median number of visits is 3 from 0-60 days and 2 from 6
	 
	5. Medical Cannabis Use Patterns 
	Medical cannabis purchasing records were extracted from the registry in early March 2017 for patients enrolled in the 1st program year. From this data, all transactions that occurred within a patient’s first enrollment year were retained. For those patients whose first enrollment year had not yet ended at the time of data extraction, all purchasing transactions were retained.  This resulted in a dataset with the following: 
	 10,898 purchasing transactions consisting of: 
	 10,898 purchasing transactions consisting of: 
	 10,898 purchasing transactions consisting of: 

	 16,238 products within these transactions (37.9% of all purchasing transactions consisted of two or more products), which 
	 16,238 products within these transactions (37.9% of all purchasing transactions consisted of two or more products), which 

	 Represented 1529 patients (92.1% of the first program year cohort).    
	 Represented 1529 patients (92.1% of the first program year cohort).    


	For analytical purposes, all 16,238 product transactions were classified according to the ratio of delta-9-tetrahydrocannabinol (THC) to cannabidiol (CBD) found in the medical cannabis products. Products ranged from containing very high THC to CBD content to those with very high CBD to THC, as well as everything in between (products with relatively balanced amounts of THC and CBD). For definitions on THC:CBD ratio classifications, see Box 5.1. 
	Box 5.1. Definitions to classify medical cannabis products by THC:CBD ratios. 
	Box 5.1. Definitions to classify medical cannabis products by THC:CBD ratios. 
	Figure

	Product Classifications Based on THC to CBD content: 
	Product Classifications Based on THC to CBD content: 
	 Very High THC to CBD = 100:1 or higher 
	 Very High THC to CBD = 100:1 or higher 
	 Very High THC to CBD = 100:1 or higher 

	 High THC to CBD = >4:1 up to 99:1 
	 High THC to CBD = >4:1 up to 99:1 

	 Balanced = 1:1 up to 4:1 
	 Balanced = 1:1 up to 4:1 

	 High CBD to THC = ≥1:1 up to 99:1 
	 High CBD to THC = ≥1:1 up to 99:1 

	 Very High CBD to THC = 100:1 or higher 
	 Very High CBD to THC = 100:1 or higher 


	Figure

	Products purchased for enteral administration (swallowed – includes capsules and oral solutions) and inhalation (vaporized oil) represented the majority of the products purchased (90.6% of all product transactions) with significantly fewer products purchased for oromucosal absorption (oil absorbed through cheek; 9.4% of all product transactions). In fact, products for enteral administration and inhalation were roughly equally purchased by patients, respectively representing 45.2% (n = 7333) and 45.4% (n = 7
	 
	 
	 
	 
	 
	Figure 5.1. Purchasing transactions categorized by the product’s intended route of administration (out of 16,238 products dispensed). 
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	When products were classified by the ratio of THC to CBD present in the product, the following patterns emerged. Firstly, 48.2% of all product transactions were for products with very high THC amounts compared to CBD (hundreds to one). Balanced products (roughly equal amounts of THC to CBD) represented the next biggest group of products purchased, representing 31.3% of products dispensed. This was followed by high CBD to THC products which represented 15.9% of all product transactions.  See Figure 5.2.   
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 5.2. Product transactions represented by the THC to CBD ratio available in the product. 
	 
	Chart
	Span
	0
	0

	10
	10

	20
	20

	30
	30

	40
	40

	50
	50

	60
	60

	Very High THC toCBD
	Very High THC toCBD

	High THC to CBD
	High THC to CBD

	Balanced
	Balanced

	High CBD
	High CBD

	Very High CBD
	Very High CBD

	% of Product Transactions
	% of Product Transactions

	Product's THC:CBD Ratio
	Product's THC:CBD Ratio

	Percentage of Product Transactions (n = 16,238) by THC:CBD Ratio
	Percentage of Product Transactions (n = 16,238) by THC:CBD Ratio

	Span

	 
	Product transactions were also examined by the products’ THC:CBD ratios as a function of their routes of administration (see Figure 5.3). Of all product transactions intended for enteral administration, close to 39% of them were for products with relatively balanced THC:CBD ratios followed by products with high CBD:THC (29.9%) and very high THC:CBD products (24.8%). Product transactions for inhalation predominately had very high THC to CBD (71.4%). Lastly, close to half (48.4%) of all oromucosal product tra
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure 5.3. A percentage breakdown of product transactions by the THC:CBD product ratio types as a function of route of administration. 
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	Most Frequently Purchased Product(s) 
	Examining purchasing history across all patients is very complex. For example, patients may experiment with different products as they explore what works best for them, and some may establish a pattern of using more than one product. Additionally, those using more than one product do not always purchase all of those products at each purchasing transaction. As a first approach to assessing routine use of products, we report here the product(s) most frequently purchased by each patient. Table 5.1 shows the pr
	Table 5.1 shows that roughly 72% of all patients most frequently purchased a single product that falls under 1) a specific THC:CBD ratio and 2) is intended for a particular route of administration (note the rows that have a single “X” in Table 5.1). Roughly a quarter of all patients most frequently purchased a very high THC to CBD product intended for vaporization followed by relatively similar numbers of patients most frequently purchasing a single, balanced-enteral product or a single, high CBD:THC-entera
	While the subsequent portions of this section will be devoted to stratifying routine product use by qualifying condition, the following statement should be made: the method for determining routine product use in this report (most frequently purchased) is relatively simple and, therefore, poses limitations for understanding the complexities in medication usage. Future endeavors will include a further discussion and potential refinement in methodology to better capture medical cannabis use in program particip
	Table 5.1. Product(s) most frequently purchased by each patient (out of 1529 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 
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	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
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	39.5 mg / 17.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.0 (77) 
	5.0 (77) 

	70.8 mg / 0.3 mg 
	70.8 mg / 0.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	4.3 (66) 
	4.3 (66) 

	39.8 mg / 0.2 mg 
	39.8 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.0 (46) 
	3.0 (46) 

	99.2 mg / 47.5 mg 
	99.2 mg / 47.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.7 (41) 
	2.7 (41) 

	84.9 mg / 14.0 mg 
	84.9 mg / 14.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (36) 
	2.4 (36) 

	69.5 mg / 0.4 mg 
	69.5 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.2 (34) 
	2.2 (34) 

	46.3 mg / 33.0 mg 
	46.3 mg / 33.0 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.1 (32) 
	2.1 (32) 

	44.0 mg / 26.5 mg 
	44.0 mg / 26.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.4 (21) 
	1.4 (21) 

	48.0 mg / 15.0 mg 
	48.0 mg / 15.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.3 (20) 
	1.3 (20) 

	6.9 mg / 1225.3 mg 
	6.9 mg / 1225.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (19) 
	1.2 (19) 

	82.5 mg / 30.8 mg 
	82.5 mg / 30.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (18) 
	1.2 (18) 

	91.3 mg / 0.5 mg 
	91.3 mg / 0.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	1.2 (18) 
	1.2 (18) 

	2.9 mg / 121.6 mg 
	2.9 mg / 121.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (15) 
	1.0 (15) 

	46.8 mg / 0.2 mg 
	46.8 mg / 0.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.9 (14) 
	0.9 (14) 

	65.6 mg / 18.2 mg 
	65.6 mg / 18.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (11) 
	0.7 (11) 

	164.8 mg / 54.1 mg 
	164.8 mg / 54.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (10) 
	0.7 (10) 

	137.0 mg / 21.9 mg 
	137.0 mg / 21.9 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.6 (9) 
	0.6 (9) 

	838.8 mg / 211.5 mg 
	838.8 mg / 211.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.6 (9) 
	0.6 (9) 

	963.5 mg / 56.7 mg 
	963.5 mg / 56.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (8) 
	0.5 (8) 

	18.4 mg / 121.9 mg 
	18.4 mg / 121.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (7) 
	0.5 (7) 

	119.6 mg / 0.6 mg 
	119.6 mg / 0.6 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (7) 
	0.5 (7) 

	873.5 mg / 19.2 mg 
	873.5 mg / 19.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.4 (6) 
	0.4 (6) 

	37.0 mg / 105.6 mg 
	37.0 mg / 105.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	10.9 mg / 539.0 mg 
	10.9 mg / 539.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	56.8 mg / 224.2 mg 
	56.8 mg / 224.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	66.7 mg / 663.6 mg 
	66.7 mg / 663.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	205.7 mg / 8.8 mg 
	205.7 mg / 8.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.3 (5) 
	0.3 (5) 

	46.6 mg / 10.4 mg 
	46.6 mg / 10.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.3 (4) 
	0.3 (4) 

	63.9 mg / 45.8 mg 
	63.9 mg / 45.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (4) 
	0.3 (4) 

	32.3 mg / 78.8 mg 
	32.3 mg / 78.8 mg 

	Span


	Table 5.1 Continued. Product(s) most frequently purchased by each patient (out of 1529 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 1529 (n) 
	% of Patients out of 1529 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	110.4 mg / 125.2 mg 
	110.4 mg / 125.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	54.1 mg / 8.7 mg 
	54.1 mg / 8.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	122.7 mg / 25.1 mg 
	122.7 mg / 25.1 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	94.4 mg / 11.3 mg 
	94.4 mg / 11.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (3) 
	0.2 (3) 

	52.2 mg / 23.4 mg 
	52.2 mg / 23.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.2 (3) 
	0.2 (3) 

	30.5 mg / 133.2 mg 
	30.5 mg / 133.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.2 (3) 
	0.2 (3) 

	31.5 mg / 134.4 mg 
	31.5 mg / 134.4 mg 

	Span


	 
	Severe and Persistent Muscle Spasm Patients 
	Of the 1529 patients represented in this analysis, 44.3% (677) of them were certified as having Severe and Persistent Muscle Spasms, including those Characteristic of Multiple Sclerosis. Table 5.2 shows the product(s) that were identified as the most frequently purchased by muscle spasm patients (indicated by “X”), as well as the percentage of patients it represents from the 677 patients included in this analysis.  
	The most frequently purchased product for the majority of patients (70.2%) was a single product with a specific THC:CBD ratio and route of administration. The most common product purchased was a very high THC:CBD-inhaled product (32.3% of all patients) followed by a balanced-enteral and balanced-inhaled product (16.7% and 7.2%, respectively). For patients who purchased multiple products most frequently an equal number of times, the most common combination purchased was for a very high THC:CBD-inhaled produc
	Table 5.2. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 677 (n) 
	% of Patients out of 677 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	32.3 (219) 
	32.3 (219) 

	95.2 mg / 0.4 mg 
	95.2 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	16.7 (113) 
	16.7 (113) 

	37.8 mg / 31.4 mg 
	37.8 mg / 31.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	7.2 (49) 
	7.2 (49) 

	34.1 mg / 16.9 mg 
	34.1 mg / 16.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.3 (36) 
	5.3 (36) 

	69.0 mg / 0.3 mg 
	69.0 mg / 0.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.3 (29) 
	4.3 (29) 

	115.7 mg / 64.8 mg 
	115.7 mg / 64.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.0 (27) 
	4.0 (27) 

	89.2 mg / 15.0 mg 
	89.2 mg / 15.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.8 (19) 
	2.8 (19) 

	9.9 mg / 190.1 mg 
	9.9 mg / 190.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.8 (19) 
	2.8 (19) 

	41.0 mg / 0.2 mg 
	41.0 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (16) 
	2.4 (16) 

	46.3 mg / 27.9 mg 
	46.3 mg / 27.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (13) 
	1.9 (13) 

	72.9 mg / 0.4 mg 
	72.9 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.9 (13) 
	1.9 (13) 

	19.7 mg / 14.2 mg 
	19.7 mg / 14.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.5 (10) 
	1.5 (10) 

	57.0 mg / 18.4 mg 
	57.0 mg / 18.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (7) 
	1.0 (7) 

	167.3 mg / 24.2 mg 
	167.3 mg / 24.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (7) 
	1.0 (7) 

	67.2 mg / 18.3 mg 
	67.2 mg / 18.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (7) 
	1.0 (7) 

	60.0 mg / 23.8 mg 
	60.0 mg / 23.8 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.9 (6) 
	0.9 (6) 

	219.9 mg / 77.3 mg 
	219.9 mg / 77.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (5) 
	0.7 (5) 

	16.8 mg / 102.8 mg 
	16.8 mg / 102.8 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (5) 
	0.7 (5) 

	1449.9 mg / 370.4 mg 
	1449.9 mg / 370.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (5) 
	0.7 (5) 

	150.9 mg / 8.9 mg 
	150.9 mg / 8.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.6 (4) 
	0.6 (4) 

	111.8 mg / 0.6 mg 
	111.8 mg / 0.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.4 (3) 
	0.4 (3) 

	54.9 mg / 0.2 mg 
	54.9 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.4 (3) 
	0.4 (3) 

	50.7 mg / 121.2 mg 
	50.7 mg / 121.2 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	170.3 mg / 4.5 mg 
	170.3 mg / 4.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	56.3 mg / 90.6 mg 
	56.3 mg / 90.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	30.3 mg / 80.0 mg 
	30.3 mg / 80.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	184.2 mg / 7.9 mg 
	184.2 mg / 7.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	39.7 mg / 15.1 mg 
	39.7 mg / 15.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	38.1 mg / 89.9 mg 
	38.1 mg / 89.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	193.1 mg / 1.0 mg 
	193.1 mg / 1.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (2) 
	0.3 (2) 

	107.6 mg / 14.2 mg 
	107.6 mg / 14.2 mg 

	Span


	Table 5.2 Continued. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 677 (n) 
	% of Patients out of 677 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	166.7 mg / 15.7 mg 
	166.7 mg / 15.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	1.0 mg / 182.6 mg 
	1.0 mg / 182.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	131.4 mg / 18.2 mg 
	131.4 mg / 18.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	10.1 mg / 205.5 mg 
	10.1 mg / 205.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	80.7 mg / 24.3 mg 
	80.7 mg / 24.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	37.4 mg / 37.4 mg 
	37.4 mg / 37.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	12.8 mg / 153.4 mg 
	12.8 mg / 153.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	16.2 mg / 40.0 mg 
	16.2 mg / 40.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	153.9 mg / 919.7 mg 
	153.9 mg / 919.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	33.9 mg / 644.0 mg 
	33.9 mg / 644.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	88.5 mg / 99.2 mg 
	88.5 mg / 99.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	59.0 mg / 41.0 mg 
	59.0 mg / 41.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	34.2 mg / 67.2 mg 
	34.2 mg / 67.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	39.7 mg / 146.9 mg 
	39.7 mg / 146.9 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	65.8 mg / 8.0 mg 
	65.8 mg / 8.0 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	106.1 mg / 201.4 mg 
	106.1 mg / 201.4 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	111.3 mg / 6.1 mg 
	111.3 mg / 6.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	113.8 mg / 47.7 mg 
	113.8 mg / 47.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	118.8 mg / 36.9 mg 
	118.8 mg / 36.9 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	146.1 mg / 18.2 mg 
	146.1 mg / 18.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	42.3 mg / 113.4 mg 
	42.3 mg / 113.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	107.4 mg / 108.7 mg 
	107.4 mg / 108.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	138.5 mg / 43.4 mg 
	138.5 mg / 43.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	86.4 mg / 44.6 mg 
	86.4 mg / 44.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	76.5 mg / 32.6 mg 
	76.5 mg / 32.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	81.1 mg / 51.2 mg 
	81.1 mg / 51.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	34.7 mg / 302.1 mg 
	34.7 mg / 302.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	91.7 mg / 742.3 mg 
	91.7 mg / 742.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	314.3 mg / 25.7 mg 
	314.3 mg / 25.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	232.5 mg / 127.7 mg 
	232.5 mg / 127.7 mg 

	Span


	Table 5.2 Continued. Product(s) most frequently purchased by each muscle spasm patient (out of 677 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 677 (n) 
	% of Patients out of 677 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	117.1 mg / 112.0 mg 
	117.1 mg / 112.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	88.3 mg / 47.9 mg 
	88.3 mg / 47.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	44.7 mg / 117.0 mg 
	44.7 mg / 117.0 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	121.6 mg / 31.4 mg 
	121.6 mg / 31.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	70.4 mg / 111.2 mg 
	70.4 mg / 111.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	53.1 mg / 129.1 mg 
	53.1 mg / 129.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	138.2 mg / 21.4 mg 
	138.2 mg / 21.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	258.3 mg / 98.3 mg 
	258.3 mg / 98.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	692.0 mg / 248.8 mg 
	692.0 mg / 248.8 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	86.0 mg / 6117.0 mg 
	86.0 mg / 6117.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	135.6 mg / 10.6 mg 
	135.6 mg / 10.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	65.8 mg / 69.9 mg 
	65.8 mg / 69.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	139.1 mg / 304.6 mg 
	139.1 mg / 304.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	303.9 mg / 27.8 mg 
	303.9 mg / 27.8 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.1 (1) 
	0.1 (1) 

	189.7 mg / 130.6 mg 
	189.7 mg / 130.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.1 (1) 
	0.1 (1) 

	161.6 mg / 848.6 mg 
	161.6 mg / 848.6 mg 

	Span


	Cancer Patients 
	Of the 1529 patients represented in this analysis, 26.6% (406) of them were certified for Cancer. Table 5.3 shows the product(s) that were identified as the most frequently purchased by cancer patients (indicated by “X”), as well as the percentage of patients it represents from the 406 patients included in this analysis.  
	The majority of patients (61.6%) most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly purchased products were a very high THC:CBD-inhaled product (23.9% of all patients) followed by a balanced-enteral and very high THC:CBD-oromucosal product (10.3% and 9.6%, respectively). For patients who purchased multiple products most frequently an equal number of times, the most common combination purchased was for a very high THC:CBD product – one for ente
	Table 5.3. Product(s) most frequently purchased by each cancer patient (out of 406 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 406 (n) 
	% of Patients out of 406 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	23.9 (97) 
	23.9 (97) 

	81.4 mg / 0.4 mg 
	81.4 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	10.3 (42) 
	10.3 (42) 

	46.4 mg / 28.4 mg 
	46.4 mg / 28.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	9.6 (39) 
	9.6 (39) 

	37.3 mg / 0.2 mg 
	37.3 mg / 0.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.9 (24) 
	5.9 (24) 

	108.0 mg / 0.5 mg 
	108.0 mg / 0.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.4 (22) 
	5.4 (22) 

	62.9 mg / 0.4 mg 
	62.9 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.7 (15) 
	3.7 (15) 

	69.2 mg / 22.6 mg 
	69.2 mg / 22.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	3.2 (13) 
	3.2 (13) 

	87.0 mg / 0.4 mg 
	87.0 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.0 (12) 
	3.0 (12) 

	37.7 mg / 21.9 mg 
	37.7 mg / 21.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.7 (11) 
	2.7 (11) 

	58.5 mg / 54.2 mg 
	58.5 mg / 54.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.7 (11) 
	2.7 (11) 

	70.6 mg / 17.3 mg 
	70.6 mg / 17.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.5 (10) 
	2.5 (10) 

	9.6 mg / 239.3 mg 
	9.6 mg / 239.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.2 (9) 
	2.2 (9) 

	45.5 mg / 0.2 mg 
	45.5 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.2 (9) 
	2.2 (9) 

	111.8 mg / 39.0 mg 
	111.8 mg / 39.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.7 (7) 
	1.7 (7) 

	68.7 mg / 13.7 mg 
	68.7 mg / 13.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.7 (7) 
	1.7 (7) 

	82.8 mg / 22.8 mg 
	82.8 mg / 22.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.5 (6) 
	1.5 (6) 

	3.8 mg / 666.5 mg 
	3.8 mg / 666.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.5 (6) 
	1.5 (6) 

	47.6 mg / 9.5 mg 
	47.6 mg / 9.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (5) 
	1.2 (5) 

	90.3 mg / 0.5 mg 
	90.3 mg / 0.5 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (4) 
	1.0 (4) 

	28.6 mg / 5.4 mg 
	28.6 mg / 5.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (4) 
	1.0 (4) 

	102.0 mg / 25.3 mg 
	102.0 mg / 25.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	72.7 mg / 48.6 mg 
	72.7 mg / 48.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	51.2 mg / 7.2 mg 
	51.2 mg / 7.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	64.4 mg / 11.3 mg 
	64.4 mg / 11.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	54.1 mg / 8.7 mg 
	54.1 mg / 8.7 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	94.4 mg / 11.3 mg 
	94.4 mg / 11.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	24.2 mg / 92.5 mg 
	24.2 mg / 92.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (3) 
	0.7 (3) 

	80.9 mg / 13.3 mg 
	80.9 mg / 13.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	3812.7 mg / 224.3 mg 
	3812.7 mg / 224.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	20.1 mg / 200.4 mg 
	20.1 mg / 200.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	43.0 mg / 97.6 mg 
	43.0 mg / 97.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	227.9 mg / 10.4 mg 
	227.9 mg / 10.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.5 (2) 
	0.5 (2) 

	48.8 mg / 14.5 mg 
	48.8 mg / 14.5 mg 

	Span


	Table 5.3 Continued. Product(s) most frequently purchased by each cancer patient (out of 406 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 406 (n) 
	% of Patients out of 406 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.2 (1) 
	0.2 (1) 

	3.4 mg / 64.8 mg 
	3.4 mg / 64.8 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	33.1 mg / 150.1 mg 
	33.1 mg / 150.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	18.7 mg / 8.8 mg 
	18.7 mg / 8.8 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	181.3 mg / 35.6 mg 
	181.3 mg / 35.6 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	282.1 mg / 525.9 mg 
	282.1 mg / 525.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	47.6 mg / 150.2 mg 
	47.6 mg / 150.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	97.9 mg / 31.4 mg 
	97.9 mg / 31.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.2 (1) 
	0.2 (1) 

	60.8 mg / 117.1 mg 
	60.8 mg / 117.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.2 (1) 
	0.2 (1) 

	32.7 mg / 135.4 mg 
	32.7 mg / 135.4 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	106.1 mg / 201.4 mg 
	106.1 mg / 201.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	13.0 mg / 49.5 mg 
	13.0 mg / 49.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	185.0 mg / 20.5 mg 
	185.0 mg / 20.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	94.5 mg / 24.7 mg 
	94.5 mg / 24.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	125.6 mg / 50.4 mg 
	125.6 mg / 50.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	232.5 mg / 127.7 mg 
	232.5 mg / 127.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	427.4 mg / 64.7 mg 
	427.4 mg / 64.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	692.0 mg / 248.8 mg 
	692.0 mg / 248.8 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	278.3 mg / 302.9 mg 
	278.3 mg / 302.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	135.4 mg / 296.4 mg 
	135.4 mg / 296.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	184.5 mg / 237.7 mg 
	184.5 mg / 237.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	0.2 (1) 
	0.2 (1) 

	128.8 mg / 16.4 mg 
	128.8 mg / 16.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.2 (1) 
	0.2 (1) 

	154.6 mg / 139.8 mg 
	154.6 mg / 139.8 mg 

	Span


	 
	Seizure Patients 
	Of the 1529 patients represented in this analysis, 19.8% (303) of them were certified for Seizures, including those Characteristic of Epilepsy. Table 5.4 shows the product(s) that were identified as the most frequently purchased by seizure patients (indicated by “X”), as well as the percentage of patients it represents from the 303 patients included in this analysis.  
	89.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a high CBD:THC-enteral product (59.7% of all patients) followed by a very high THC:CBD-inhaled product and high CBD:THC-oromucosal product (7.9% and 5.0%, respectively).    
	Table 5.4. Product(s) most frequently purchased by each seizure patient (out of 303), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 303 (n) 
	% of Patients out of 303 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	59.7 (181) 
	59.7 (181) 

	8.3 mg / 170.6 mg 
	8.3 mg / 170.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	7.9 (24) 
	7.9 (24) 

	75.2 mg / 0.4 mg 
	75.2 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	5.0 (15) 
	5.0 (15) 

	2.7 mg / 130.4 mg 
	2.7 mg / 130.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.6 (14) 
	4.6 (14) 

	31.1 mg / 24.8 mg 
	31.1 mg / 24.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.3 (13) 
	4.3 (13) 

	7.9 mg / 1394.4 mg 
	7.9 mg / 1394.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.6 (11) 
	3.6 (11) 

	36.3 mg / 14.7 mg 
	36.3 mg / 14.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.0 (6) 
	2.0 (6) 

	96.7 mg / 43.3 mg 
	96.7 mg / 43.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.7 (5) 
	1.7 (5) 

	10.9 mg / 539.0 mg 
	10.9 mg / 539.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.3 (4) 
	1.3 (4) 

	7.8 mg / 0.0 mg 
	7.8 mg / 0.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.3 (4) 
	1.3 (4) 

	72.7 mg / 815.1 mg 
	72.7 mg / 815.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (2) 
	0.7 (2) 

	46.5 mg / 16.6 mg 
	46.5 mg / 16.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (2) 
	0.7 (2) 

	22.1 mg / 64.1 mg 
	22.1 mg / 64.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (2) 
	0.7 (2) 

	56.7 mg / 46.0 mg 
	56.7 mg / 46.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.7 (2) 
	0.7 (2) 

	151.4 mg / 27.6 mg 
	151.4 mg / 27.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.7 (2) 
	0.7 (2) 

	32.7 mg / 89.4 mg 
	32.7 mg / 89.4 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	278.3 mg / 302.9 mg 
	278.3 mg / 302.9 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	63.2 mg / 130.4 mg 
	63.2 mg / 130.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	55.3 mg / 3.2 mg 
	55.3 mg / 3.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	36.1 mg / 9.7 mg 
	36.1 mg / 9.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	64.3 mg / 17.7 mg 
	64.3 mg / 17.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	10.1 mg / 205.5 mg 
	10.1 mg / 205.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	10.0 mg / 100.0 mg 
	10.0 mg / 100.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	16.5 mg / 492.9 mg 
	16.5 mg / 492.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	75.2 mg / 723.6 mg 
	75.2 mg / 723.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	33.9 mg / 644.0 mg 
	33.9 mg / 644.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	19.0 mg / 217.9 mg 
	19.0 mg / 217.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	204.3 mg / 7.3 mg 
	204.3 mg / 7.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	88.5 mg / 99.2 mg 
	88.5 mg / 99.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	170.0 mg / 10.0 mg 
	170.0 mg / 10.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	0.3 (1) 
	0.3 (1) 

	18.0 mg / 0.1 mg 
	18.0 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	0.3 (1) 
	0.3 (1) 

	39.7 mg / 146.9 mg 
	39.7 mg / 146.9 mg 

	Span


	Crohn’s Disease Patients 
	Of the 1529 patients represented in this analysis, 6.7% (103) of them were certified for Crohn’s Disease. Table 5.5 shows the product(s) that were identified as the most frequently purchased by Crohn’s patients (indicated by “X”), as well as the percentage of patients it represents from the 103 patients included in this analysis.  
	71.8% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a very high THC:CBD-inhaled product (28.2% of all patients) followed by a balanced-enteral and balanced-inhaled product (16.5% and 8.7%, respectively). For patients who purchased multiple products most frequently an equal number of times, the most common combination identified was for a balanced-enteral product and a very high THC:CBD-inhaled product, a
	Table 5.5. Product(s) most frequently purchased by each Crohn’s Disease patient (out of 103 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 103 (n) 
	% of Patients out of 103 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	28.2 (29) 
	28.2 (29) 

	70.0 mg / 0.4 mg 
	70.0 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	16.5 (17) 
	16.5 (17) 

	31.9 mg / 31.5 mg 
	31.9 mg / 31.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	8.7 (9) 
	8.7 (9) 

	28.5 mg / 12.5 mg 
	28.5 mg / 12.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5.8 (6) 
	5.8 (6) 

	15.6 mg / 297.4 mg 
	15.6 mg / 297.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.9 (5) 
	4.9 (5) 

	68.9 mg / 16.9 mg 
	68.9 mg / 16.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	3.9 (4) 
	3.9 (4) 

	35.8 mg / 0.2 mg 
	35.8 mg / 0.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.9 (3) 
	2.9 (3) 

	153.8 mg / 9.0 mg 
	153.8 mg / 9.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.9 (3) 
	2.9 (3) 

	81.9 mg / 0.6 mg 
	81.9 mg / 0.6 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	15.3 mg / 0.0 mg 
	15.3 mg / 0.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	21.3 mg / 14.5 mg 
	21.3 mg / 14.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	1.9 (2) 
	1.9 (2) 

	4.4 mg / 83.7 mg 
	4.4 mg / 83.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	27.8 mg / 13.2 mg 
	27.8 mg / 13.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	42.5 mg / 27.9 mg 
	42.5 mg / 27.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.9 (2) 
	1.9 (2) 

	68.5 mg / 7.3 mg 
	68.5 mg / 7.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	31.2 mg / 15.1 mg 
	31.2 mg / 15.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	48.9 mg / 65.8 mg 
	48.9 mg / 65.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	65.3 mg / 0.4 mg 
	65.3 mg / 0.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	64.6 mg / 3.3 mg 
	64.6 mg / 3.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	80.0 mg / 25.8 mg 
	80.0 mg / 25.8 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	146.1 mg / 18.2 mg 
	146.1 mg / 18.2 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	27.5 mg / 57.5 mg 
	27.5 mg / 57.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	57.0 mg / 11.6 mg 
	57.0 mg / 11.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	137.5 mg / 87.5 mg 
	137.5 mg / 87.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	112.1 mg / 35.9 mg 
	112.1 mg / 35.9 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	112.6 mg / 47.1 mg 
	112.6 mg / 47.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	97.8 mg / 109.5 mg 
	97.8 mg / 109.5 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	258.3 mg / 98.3 mg 
	258.3 mg / 98.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	86.0 mg / 6117.0 mg 
	86.0 mg / 6117.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.0 (1) 
	1.0 (1) 

	299.4 mg / 152.0 mg 
	299.4 mg / 152.0 mg 

	Span


	 
	Terminal Illness Patients 
	Of the 1529 patients represented in this analysis, 5.4% (82) of them were certified for Terminal Illness. Table 5.6 shows the product(s) that were identified as the most frequently purchased by terminal illness patients (indicated by “X”), as well as the percentage of patients it represents from the 82 patients included in this analysis.  
	68.3% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a very high THC:CBD-inhaled product (26.8% of all patients) followed by a balanced-enteral and balanced-oromucosal product (both respectively accounting for 8.5% of all patients). For patients who purchased multiple products most frequently an equal number of times, the most common combination identified was for a very high THC:CBD product – one for ent
	Table 5.6. Product(s) most frequently purchased by each terminal illness patient (out of 82 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 82 (n) 
	% of Patients out of 82 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	26.8 (22) 
	26.8 (22) 

	62.7 mg / 0.4 mg 
	62.7 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	8.5 (7) 
	8.5 (7) 

	18.9 mg / 18.9 mg 
	18.9 mg / 18.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	8.5 (7) 
	8.5 (7) 

	24.5 mg / 20.0 mg 
	24.5 mg / 20.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	7.3 (6) 
	7.3 (6) 

	36.5 mg / 0.1 mg 
	36.5 mg / 0.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6.1 (5) 
	6.1 (5) 

	17.2 mg / 0.0 mg 
	17.2 mg / 0.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6.1 (5) 
	6.1 (5) 

	9.8 mg / 188.2 mg 
	9.8 mg / 188.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	3.7 (3) 
	3.7 (3) 

	46.1 mg / 0.1 mg 
	46.1 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.7 (3) 
	3.7 (3) 

	47.5 mg / 28.2 mg 
	47.5 mg / 28.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	3812.7 mg / 224.3 mg 
	3812.7 mg / 224.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	57.5 mg / 0.4 mg 
	57.5 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	43.0 mg / 2.9 mg 
	43.0 mg / 2.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	123.3 mg / 0.5 mg 
	123.3 mg / 0.5 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.4 (2) 
	2.4 (2) 

	104.5 mg / 25.7 mg 
	104.5 mg / 25.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	5.2 mg / 925.0 mg 
	5.2 mg / 925.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	36.4 mg / 9.1 mg 
	36.4 mg / 9.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	10.0 mg / 5.0 mg 
	10.0 mg / 5.0 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	37.5 mg / 8.1 mg 
	37.5 mg / 8.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	30.6 mg / 293.4 mg 
	30.6 mg / 293.4 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	23.9 mg / 8.8 mg 
	23.9 mg / 8.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	1.2 (1) 
	1.2 (1) 

	60.8 mg / 117.1 mg 
	60.8 mg / 117.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	108.5 mg / 11.1 mg 
	108.5 mg / 11.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	66.0 mg / 20.3 mg 
	66.0 mg / 20.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	79.6 mg / 0.4 mg 
	79.6 mg / 0.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	98.0 mg / 17.9 mg 
	98.0 mg / 17.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	692.0 mg / 248.8 mg 
	692.0 mg / 248.8 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	135.4 mg / 296.4 mg 
	135.4 mg / 296.4 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	1.2 (1) 
	1.2 (1) 

	128.8 mg / 16.4 mg 
	128.8 mg / 16.4 mg 

	Span


	 
	HIV/AIDS Patients 
	Of the 1529 patients represented in this analysis, 3.2% (49) of them were certified for Human Immunodeficiency Virus and/or Acquired Immune Deficiency Syndrome (HIV/AIDS). Table 5.7 shows the product(s) that were identified as the most frequently purchased by HIV/AIDS patients (indicated by “X”), as well as the percentage of patients it represents from the 49 patients included in this analysis.  
	75.5% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a very high THC:CBD-inhaled product (51.0% of all patients) followed by a balanced-enteral product (12.2% of patients). For patients who purchased multiple products most frequently an equal number of times, the most common combination identified was for two inhaled products – one of a very high THC:CBD ratio and the other a balanced THC:CBD ratio (accou
	Table 5.7. Product(s) most frequently purchased by each HIV/AIDS patient (out of 49 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	% of Patients out of 49 (n) 
	% of Patients out of 49 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	51.0 (25) 
	51.0 (25) 

	93.4 mg / 0.6 mg 
	93.4 mg / 0.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	12.2 (6) 
	12.2 (6) 

	45.4 mg / 35.9 mg 
	45.4 mg / 35.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	10.2 (5) 
	10.2 (5) 

	76.8 mg / 13.7 mg 
	76.8 mg / 13.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6.1 (3) 
	6.1 (3) 

	13.4 mg / 0.1 mg 
	13.4 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	6.1 (3) 
	6.1 (3) 

	30.0 mg / 18.7 mg 
	30.0 mg / 18.7 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.1 (2) 
	4.1 (2) 

	61.3 mg / 16.1 mg 
	61.3 mg / 16.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	20.0 mg / 15.0 mg 
	20.0 mg / 15.0 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	38.4 mg / 0.1 mg 
	38.4 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	70.0 mg / 40.0 mg 
	70.0 mg / 40.0 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	53.3 mg / 20.1 mg 
	53.3 mg / 20.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	2.0 (1) 
	2.0 (1) 

	135.0 mg / 5.3 mg 
	135.0 mg / 5.3 mg 

	Span


	 
	Tourette Syndrome Patients 
	Of the 1529 patients represented in this analysis, 1.9% (29) of them were certified for Tourette Syndrome. Table 5.8 shows the product(s) that were identified as the most frequently purchased by Tourette Syndrome patients (indicated by “X”), as well as the percentage of patients it represents from the 29 patients included in this analysis.  
	93.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a balanced-enteral product (20.7% of all patients) followed by a very high THC:CBD-inhaled product and a very high THC:CBD-oromucosal product (respectively at 20.7% and 13.8% of all patients).  
	Table 5.8. Product(s) most frequently purchased by each Tourette Syndrome patient (out of 29 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High CBD to THC 
	Very High CBD to THC 

	% of Patients out of 29 (n) 
	% of Patients out of 29 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	20.7 (6) 
	20.7 (6) 

	37.4 mg / 20.3 mg 
	37.4 mg / 20.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	20.7 (6) 
	20.7 (6) 

	78.4 mg / 0.3 mg 
	78.4 mg / 0.3 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	13.8 (4) 
	13.8 (4) 

	52.0 mg / 0.2 mg 
	52.0 mg / 0.2 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	10.3 (3) 
	10.3 (3) 

	21.2 mg / 0.1 mg 
	21.2 mg / 0.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	10.3 (3) 
	10.3 (3) 

	51.8 mg / 20.1 mg 
	51.8 mg / 20.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6.9 (2) 
	6.9 (2) 

	33.4 mg / 633.7 mg 
	33.4 mg / 633.7 mg 

	Span

	X 
	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.4 (1) 
	3.4 (1) 

	85.0 mg / 30.3 mg 
	85.0 mg / 30.3 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	3.4 (1) 
	3.4 (1) 

	178.6 mg / 10.0 mg 
	178.6 mg / 10.0 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.4 (1) 
	3.4 (1) 

	5812.5 mg / 93.0 mg 
	5812.5 mg / 93.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	3.4 (1) 
	3.4 (1) 

	13.4 mg / 2378.6 mg 
	13.4 mg / 2378.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	3.4 (1) 
	3.4 (1) 

	24.2 mg / 24.2 mg 
	24.2 mg / 24.2 mg 

	Span


	 
	Glaucoma Patients 
	Of the 1529 patients represented in this analysis, 1.5% (23) of them were certified for Glaucoma. Table 5.9 shows the product(s) that were identified as the most frequently purchased by glaucoma patients (indicated by “X”), as well as the percentage of patients it represents from the 23 patients included in this analysis.  
	56.5% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used products were a very high THC:CBD-inhaled product (21.7% of all patients) followed by a very high THC:CBD-enteral product and a balanced-enteral product (respectively at 17.4% and 13.0% of all patients). 
	Table 5.9. Product(s) most frequently purchased by each glaucoma patient (out of 23 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	% of Patients out of 23 (n) 
	% of Patients out of 23 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	21.7 (5) 
	21.7 (5) 

	60.1 mg / 0.4 mg 
	60.1 mg / 0.4 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	17.4 (4) 
	17.4 (4) 

	54.5 mg / 0.3 mg 
	54.5 mg / 0.3 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	13.0 (3) 
	13.0 (3) 

	7.1 mg / 3.2 mg 
	7.1 mg / 3.2 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	8.7 (2) 
	8.7 (2) 

	111.8 mg / 21.9 mg 
	111.8 mg / 21.9 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	8.7 (2) 
	8.7 (2) 

	99.2 mg / 22.6 mg 
	99.2 mg / 22.6 mg 

	Span

	X 
	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.3 (1) 
	4.3 (1) 

	255.0 mg / 195.8 mg 
	255.0 mg / 195.8 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	4.3 (1) 
	4.3 (1) 

	71.1 mg / 31.3 mg 
	71.1 mg / 31.3 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	4.3 (1) 
	4.3 (1) 

	61.7 mg / 0.3 mg 
	61.7 mg / 0.3 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	4.3 (1) 
	4.3 (1) 

	42.3 mg / 113.4 mg 
	42.3 mg / 113.4 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	4.3 (1) 
	4.3 (1) 

	32.0 mg / 8.0 mg 
	32.0 mg / 8.0 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	  
	  

	4.3 (1) 
	4.3 (1) 

	115.9 mg / 31.6 mg 
	115.9 mg / 31.6 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	4.3 (1) 
	4.3 (1) 

	40.0 mg / 10.0 mg 
	40.0 mg / 10.0 mg 

	Span


	 
	ALS Patients 
	Of the 1529 patients represented in this analysis, 1.4% (21) of them were certified for Amyotrophic Lateral Sclerosis (ALS). Table 5.10 shows the product(s) that were identified as the most frequently purchased by ALS patients (indicated by “X”), as well as the percentage of patients it represents from the 21 patients included in this analysis.  
	57.1% of all patients most frequently purchased a single product with a specific THC:CBD ratio and route of administration. Most commonly used product was a very high THC:CBD-inhaled product (14.3% of all patients). 
	Table 5.10. Product(s) most frequently purchased by each ALS patient (out of 21 patients), along with average daily THC/CBD dose (mg). 
	Enteral 
	Enteral 
	Enteral 
	Enteral 

	Inhalation 
	Inhalation 

	Oromucosal 
	Oromucosal 

	  
	  

	  
	  

	Span

	Very High THC to CBD 
	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	Very High THC to CBD 
	Very High THC to CBD 

	High THC to CBD 
	High THC to CBD 

	Balanced 
	Balanced 

	High CBD to THC 
	High CBD to THC 

	% of Patients out of 21 (n) 
	% of Patients out of 21 (n) 

	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 
	Avg Daily THC Use (mg) / Avg Daily CBD Use (mg) 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	14.3 (3) 
	14.3 (3) 

	44.8 mg / 0.3 mg 
	44.8 mg / 0.3 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	9.5 (2) 
	9.5 (2) 

	54.9 mg / 26.6 mg 
	54.9 mg / 26.6 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	9.5 (2) 
	9.5 (2) 

	16.1 mg / 7.5 mg 
	16.1 mg / 7.5 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	9.5 (2) 
	9.5 (2) 

	25.6 mg / 18.1 mg 
	25.6 mg / 18.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	9.5 (2) 
	9.5 (2) 

	29.8 mg / 0.1 mg 
	29.8 mg / 0.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	4.8 (1) 
	4.8 (1) 

	40.0 mg / 0.1 mg 
	40.0 mg / 0.1 mg 

	Span

	X 
	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.8 (1) 
	4.8 (1) 

	16.0 mg / 0.0 mg 
	16.0 mg / 0.0 mg 

	Span

	  
	  
	  

	X 
	X 

	X 
	X 

	  
	  

	X 
	X 

	X 
	X 

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.8 (1) 
	4.8 (1) 

	205.5 mg / 24.4 mg 
	205.5 mg / 24.4 mg 

	Span

	  
	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	4.8 (1) 
	4.8 (1) 

	20.8 mg / 3.9 mg 
	20.8 mg / 3.9 mg 

	Span

	  
	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	X 
	X 

	  
	  

	4.8 (1) 
	4.8 (1) 

	81.1 mg / 51.2 mg 
	81.1 mg / 51.2 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	4.8 (1) 
	4.8 (1) 

	27.1 mg / 80.1 mg 
	27.1 mg / 80.1 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	4.8 (1) 
	4.8 (1) 

	101.2 mg / 8.7 mg 
	101.2 mg / 8.7 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	4.8 (1) 
	4.8 (1) 

	26.1 mg / 220.8 mg 
	26.1 mg / 220.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	X 
	X 

	4.8 (1) 
	4.8 (1) 

	22.2 mg / 120.8 mg 
	22.2 mg / 120.8 mg 

	Span

	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	X 
	X 

	  
	  

	4.8 (1) 
	4.8 (1) 

	28.4 mg / 28.4 mg 
	28.4 mg / 28.4 mg 

	Span


	 
	Medical Cannabis Use Patterns: Conclusions 
	To establish medication use patterns in program participants, a total of 16,238 product transactions were analyzed from 1529 patients in the 1st program year cohort. When product transactions were examined by each product’s intended route of administration and THC:CBD content, the following patterns emerged. Firstly, roughly 90% of all products were purchased for enteral administration (through mouth via capsules or oral solutions) and inhalation (vaporized oil). Secondly, approximately 50% of all product t
	For this report, the most frequently purchased product(s) were identified for each patient as one method for understanding routine purchasing patterns. 72.5% of all patients most frequently purchased one type of product, with the most frequently purchased single product being a very high THC:CBD-inhaled product followed by a high CBD:THC-enteral and balanced-enteral product. For specific differences in the most frequently purchased products among qualifying conditions, the reader is encouraged to refer back
	 
	6. Benefits 
	Summary 
	Information on patient benefits comes from the Patient Self-Evaluation (PSE) completed by patients prior to each medical cannabis purchase and from patient and health care practitioner surveys.  Results of analysis of PSE and survey data indicate perceptions of a high degree of benefit for most patients. 
	Patients responded to a survey question asking them how much benefit they believe they received from using medical cannabis on a scale from 1 (no benefit) to 7 (great deal of benefit).  Across all patients 64% indicated a benefit rating of 6 or 7 and this degree of benefit was indicated by at least half of the patients with each medical condition (see Table 6.1). A small but important proportion of patients indicated little or no benefit: 9% gave a rating of 1, 2, or 3. When patients were asked what the mos
	An important part of this report is the verbatim comments written by patients, and the reader is encouraged to review these comments in Appendix A: Patient-Reported Benefits from Surveys.  Examples of these comments include: 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 
	 “Almost all muscle spasm and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.” 

	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.” 
	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.” 

	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.” 
	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.” 

	 “At first it helped a lot but my seizures have returned.” 
	 “At first it helped a lot but my seizures have returned.” 

	 “Spasms – only a little better.” 
	 “Spasms – only a little better.” 


	 
	Table 6.1. Patient-perceived benefit (n=792). 
	  
	  
	  
	  

	No Response 
	No Response 

	1 
	1 

	2 or 3 
	2 or 3 

	4 or 5 
	4 or 5 

	6 or 7 
	6 or 7 
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	All Patients 
	All Patients 
	All Patients 

	4% 
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	4% 
	4% 

	5% 
	5% 

	23% 
	23% 

	64% 
	64% 
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	Muscle Spasms 
	Muscle Spasms 
	Muscle Spasms 

	2% 
	2% 

	3% 
	3% 

	3% 
	3% 

	22% 
	22% 

	69% 
	69% 
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	Cancer 
	Cancer 
	Cancer 

	5% 
	5% 

	5% 
	5% 

	6% 
	6% 

	21% 
	21% 

	64% 
	64% 
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	Seizures 
	Seizures 
	Seizures 

	5% 
	5% 

	5% 
	5% 

	9% 
	9% 

	29% 
	29% 

	51% 
	51% 
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	Crohn's Disease 
	Crohn's Disease 
	Crohn's Disease 

	0% 
	0% 

	2% 
	2% 

	5% 
	5% 

	22% 
	22% 

	71% 
	71% 
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	Terminal Illness 
	Terminal Illness 
	Terminal Illness 

	11% 
	11% 

	3% 
	3% 

	3% 
	3% 

	13% 
	13% 

	71% 
	71% 
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	HIV/AIDS 
	HIV/AIDS 
	HIV/AIDS 

	4% 
	4% 

	0% 
	0% 

	8% 
	8% 

	8% 
	8% 

	79% 
	79% 
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	Tourette Syndrome 
	Tourette Syndrome 
	Tourette Syndrome 

	6% 
	6% 

	0% 
	0% 

	0% 
	0% 

	25% 
	25% 

	69% 
	69% 
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	Glaucoma 
	Glaucoma 
	Glaucoma 

	23% 
	23% 

	8% 
	8% 

	0% 
	0% 

	0% 
	0% 

	69% 
	69% 
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	ALS 
	ALS 
	ALS 

	9% 
	9% 

	9% 
	9% 

	0% 
	0% 

	18% 
	18% 

	64% 
	64% 
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	Patient responses about degree of benefit experienced: 1=no benefit; 7=great deal of benefit. 
	 
	Health care practitioners were somewhat more conservative in assessment of benefit to their patients. Across all the benefit ratings by health care practitioners, 38% indicated a rating of 6 or 7 and 23% indicated little or no benefit (rating of 1, 2, or 3). Similarity in benefit assessment between health care practitioners and patients appears to vary by medical condition, with highest discrepancy among seizure patients. Descriptive comments suggest at least part of the difference is driven by perspective 
	The symptom scores provided in the Patient Self-Evaluation data have the advantage of completeness, since they are required prior to each medical cannabis purchase. In this report a reduction of ≥30% was applied to most symptoms to indicate clinically meaningful symptom reduction. In the text of the report, we present results for the more conservative of the two methods used to calculate ≥30% symptom reduction. However, Appendix D: Symptom Results 
	from the Patient Self-Evaluation shows results for both methods (details can be found in this chapter). Results show patterns similar to those in the survey benefits rating, but usually somewhat smaller in size. For example, among patients with muscle spasms, weekly muscle spasm frequency was reduced ≥30% within the first four months of medical cannabis use in 48% of patients (see Table 6.2). Importantly, in the four months after first achieving this degree of spasm reduction, more than half the patients re
	Examples of proportion of patients achieving and retaining ≥30% symptom reduction include: 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among seizure patients, 68% reported ≥30% reduction in seizure frequency and 49% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency and 46% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with Tourette syndrome, 61% reported ≥30% reduction in tic frequency and 46% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid stools per day and 29% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with Crohn's disease, 51% reported ≥30% reduction in number of liquid stools per day and 29% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in spasm frequency and 28% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among patients with severe, persistent muscle spasms, 48% reported ≥30% reduction in spasm frequency and 28% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among cancer patients with at least moderate levels of nausea when they started using medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among cancer patients with at least moderate levels of nausea when they started using medical cannabis, 38% reported ≥30% reduction of nausea and 23% both achieved that level of reduction and retained it, on average, for at least four months 

	 Among cancer patients with at least moderate levels of pain when they started using medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that level of reduction and retained it, on average, for at least four months 
	 Among cancer patients with at least moderate levels of pain when they started using medical cannabis, 29% reported ≥30% reduction of pain and 12% both achieved that level of reduction and retained it, on average, for at least four months 


	Moderate to severe levels of non-disease-specific symptoms such as fatigue, anxiety, and sleep difficulties were common across all the medical conditions.  And the reductions in these symptoms was often quite large. These findings support the understanding that some of the benefit perceived by patients is expressed as improved quality of life. 
	The type(s) of medical cannabis used at the time patients achieved clinically meaningful improvement was analyzed for each symptom assessed within each category of medical condition.  Full results of those analyses are in Appendix D: Symptom Results from the Patient Self-Evaluation and summaries are presented in this chapter. In most cases, a few combinations 
	of product types were purchased more frequently than others when analyzing data by patient condition
	Table 6.2 Symptom improvement for selected symptoms. Note: for spasticity, pain, appetite, nausea, and vomiting the analysis was conducted on patients with moderate to severe symptoms at baseline.  
	  
	  
	  
	  

	% of Patients who Achieved Threshold Symptom Improvement (≥30% Improvement Unless Otherwise Noted) 
	% of Patients who Achieved Threshold Symptom Improvement (≥30% Improvement Unless Otherwise Noted) 

	% of All Patients that Both Achieved Threshold Symptom Improvement and Retained that Degree of Improvement for at Least 4 Months 
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	Weekly seizure frequency (n = 262) 
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	# Liquid stools/day (n = 41) 
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	Abdominal pain (details in text; n = 73) 
	Abdominal pain (details in text; n = 73) 
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	General well-being (details in text; n = 15) 
	General well-being (details in text; n = 15) 
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	Weekly tic frequency (n = 28) 
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	Benefits Reported on Surveys 
	In addition to collecting data on severity of symptoms related to each patient’s qualifying condition or conditions before each medical cannabis purchase, the Office of Medical Cannabis sought to gain a qualitative understanding of patient-reported benefits and harms of program participation. Utilizing expertise within the Minnesota Department of Health, the Office of Medical Cannabis developed a Patient Experience survey, which captures information on benefits and harms of program participation.  A paralle
	Survey Methodology and Data Preparation 
	The surveys are provided through an online platform with a hard copy alternative. The Patient Experience survey is sent three months after the patient’s first medical cannabis purchase, six months after the first purchase and every six months thereafter. Healthcare practitioner surveys are sent six months after the patient’s first purchase and every six months thereafter. Surveys are accessible through the patient or healthcare practitioner’s registry page and through introductory emails containing unique l
	Initially, patient and healthcare practitioners (HCPs) were sent one survey three months after the patient’s first purchase, without recurrence. This schedule was revised to include recurring surveys roughly every six months to provide patients and their HCPs an opportunity to report ongoing progress or changes to the patient’s condition; however the HCP survey sent three months after the first purchase was eliminated based on feedback that three months may not allow enough time for the provider to see thei
	Patients and their certifying HCPs were asked to report the “most important benefit” and “most important negative effect” related to medical cannabis treatment. Survey responses from patients and health care practitioners on perceived benefits and perceived negative effects 
	were reported in free-text format; each response was individually reviewed and classified into a category of benefit or negative effects. Reported benefits typically included either direct improvement of symptoms related to the patient’s qualifying condition or more general improvements in health or quality of life, referred to in this report as global health benefits.  Additionally, many responses included more than one type of benefit; in these cases, the first reported benefit was presumed to be the most
	Patient Experience Survey Results 
	Patient Experience Survey Response Rate 
	Of 1491 patients who were approved and made their first medical cannabis purchase in the first year of the program (July 1, 2015- June 30, 2016), 792 patients (53%) submitted a survey three months after making the first purchase. As of December 31, 2016, 90 patients (5%) were known to be deceased since enrolling in the program. These patients were included in this report, as in some cases caregivers or relatives and HCPs completed surveys, reflecting on the patient’s experience for the period of time the pa
	Table 6.3. Patient survey response rates by age group.  
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	Table 6.4. Patient total counts and patient response rates by qualifying medical condition. 
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	Table 6.5. Patient survey response rates by race and ethnicity. 
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	Patient response rates varied across age group, qualifying condition and race and ethnicity (Tables 6.3-6.5). Elderly patients (ages 65 and over) had the lowest response rate (41%); patients certified for cancer and terminal illness also had low response rates relative to other certified condition groups (41% and 48%, respectively). In general, racial and ethnic minorities were under-represented in survey responses.  
	Patient Perceptions of Benefits from Medical Cannabis 
	The Patient Experience and HCP surveys both ask respondents to report how much benefit they believe the patient received from using medical cannabis, on a scale from 1 (no benefit) to 7 (a great deal of benefit). Figures 6.1-6.10 show the distribution of benefit scores on this scale, as reported by patients, for all patients and by patients with each qualifying condition.  
	The percentages in Figures 6.1-6.10 are based on the total number of patient responses in each condition group and not the number of complete benefit scores for each group (33 patients submitted surveys without completing the benefit score question, but were included in the denominators). 
	ALL QUALIFYING CONDITIONS 
	Figure 6.1 below shows all patient responses about degree of benefit experienced. Among patient respondents, 43% report the highest degree of benefit from medical cannabis: “a great deal of benefit” or a score of 7 on a scale from 1-7. 
	Figure 6.1. Patient-Perceived Benefit: All Conditions (N=792). 
	 
	Figure
	 SEVERE AND PERSISTENT MUSCLE SPASMS 
	Figure 6.2 shows responses from patients certified for severe and persistent muscle spasms regarding degree of benefit experienced. Among respondents, 47% report a score of 7 on a scale from 1-7. 
	Figure 6.2. Patient-Perceived Benefit: Muscle Spasms (N=373) 
	Figure
	CANCER 
	Figure 6.3 shows responses from patients certified for cancer regarding degree of benefit experienced. Among respondents, 41% report a score of 7 on a scale from 1-7. 
	Figure 6.3. Patient-Perceived Benefit: Cancer (N=157) 
	 
	Figure
	 
	 
	  
	SEIZURES 
	Figure 6.4 shows responses from patients certified for seizure disorders regarding degree of benefit experienced. Among respondents, 34% report a score of 7 on a scale from 1-7. 
	Figure 6.4. Patient-Perceived Benefit: Seizures (N=182) 
	 
	Figure
	  
	  
	CROHN’S DISEASE 
	Figure 6.5 shows responses from patients certified for Crohn’s disease regarding degree of benefit experienced. Among respondents, 47% report a score of 7 on a scale from 1-7. 
	Figure 6.5. Patient-Perceived Benefit: Crohn’s Disease (N=55) 
	 
	Figure
	  
	  
	TERMINAL ILLNESS 
	Figure 6.6 shows responses from patients certified for terminal illness regarding degree of benefit experienced. Among respondents, 53% report a score of 7 on a scale from 1-7. 
	Figure 6.6. Patient-Perceived Benefit: Terminal Illness (N=38) 
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	HIV/AIDS 
	Figure 6.7 shows responses from patients certified for HIV/AIDS regarding degree of benefit experienced. Among respondents, 63% report a score of 7 on a scale from 1-7. 
	Figure 6.7. Patient-Perceived Benefit: HIV/AIDS (N=24) 
	 
	Figure
	  
	  
	TOURETTE SYNDROME 
	Figure 6.8 shows responses from patients certified for Tourette syndrome regarding degree of benefit experienced. Among respondents, 38% report a score of 7 on a scale from 1-7. 
	Figure 6.8. Patient-Perceived Benefit: Tourette Syndrome (N=16) 
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	GLAUCOMA 
	Figure 6.9 shows responses from patients certified for glaucoma regarding degree of benefit experienced. Among respondents, 62% report a score of 7 on a scale from 1-7. 
	Figure 6.9. Patient-Perceived Benefit: Glaucoma (N=13) 
	 
	Figure
	 
	  
	ALS 
	Figure 6.10 shows responses from patients certified for ALS regarding degree of benefit experienced. Among respondents, 36% report a score of 7 on a scale from 1-7. 
	Figure 6.10. Patient-Perceived Benefit: ALS (N=11) 
	 
	Figure
	 
	Patient Perceptions of Types of Benefits from Medical Cannabis Treatment 
	In both the Patient Experience and HCP surveys, patients and their certifying HCPs had an opportunity to describe the most significant benefit to the patient that was associated with medical cannabis treatment. Each response was reviewed and classified as symptom improvement (based on qualifying condition), or global health benefit, which included all health benefits not specifically related to the relief of symptoms directly associated with the patient’s qualifying medical condition(s). Note that not all c
	 “Almost all muscle spasms and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.”  
	 “Almost all muscle spasms and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.”  
	 “Almost all muscle spasms and pain associated with spasms are gone. I used to have constant nerve triggered pain that is minimal now. Results were almost immediate. I am sleeping way better now also.”  

	 “A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me – stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount”  
	 “A large reduction in symptoms, allowing me to participate in my daily life without a large number of limits my symptoms would place on me – stools decreased from over 8 a day to about 2 with much less blood and mucous in stools. Pain has reduced to a tolerable amount”  

	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.”  
	 “[NAME] has passed away. I am her daughter and was her care giver. She was open to trying medical cannabis and we got the liquid form. It was a saving grace. She was in a lot of pain and when prescribed medications did NOT work – we started this and it kept her calm and relaxed. I am very thankful that we were able to have this option available. It helped to make her last months more bearable and truly it would have been miserable without it.”  

	 “Has eased my muscle spasms and cramping. Has helped my visual issues. Has helped me to maintain healthy weight. Have been able to sleep much better and have cut other pain prescriptions way back. Seems to take pain away enough that I have been more active and am able to function on household tasks to a somewhat normal level. My brain seems to be working better as well ie. concentration/focusing and remembering.”  
	 “Has eased my muscle spasms and cramping. Has helped my visual issues. Has helped me to maintain healthy weight. Have been able to sleep much better and have cut other pain prescriptions way back. Seems to take pain away enough that I have been more active and am able to function on household tasks to a somewhat normal level. My brain seems to be working better as well ie. concentration/focusing and remembering.”  

	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.”  
	 “I am getting enough sleep for the first time since about 2011. My absence seizures have gone from 3-4 a day to almost 0. It also has lessened the severity of grand mal seizures. The recovery time after has gone from around 12 hours to around 4.”  

	    “Within 1 week of use, my tics disappeared and have stayed gone even with occasional use. This has never happened previously in my life, so it is very effective.”  
	    “Within 1 week of use, my tics disappeared and have stayed gone even with occasional use. This has never happened previously in my life, so it is very effective.”  

	 “At first it helped a lot but my seizures have returned.”  
	 “At first it helped a lot but my seizures have returned.”  

	 “Spasms – only a little better.”  
	 “Spasms – only a little better.”  


	 
	Symptom Improvement from Medical Cannabis Treatment 
	Table 6.6 summarizes the reported “most important benefits” which could be considered improvement of a symptom related to the patient’s qualifying condition from reports of patients, categorized by the benefit score reported by the patient. For patients with severe muscle spasms, reports of spasm reduction or pain reduction were considered symptom improvement. For patients with cancer (regardless of whether their condition was associated with severe/chronic pain, nausea or severe vomiting, cachexia or sever
	severe wasting, or a combination), reduction in pain, nausea and/or vomiting and weight gain and/or appetite improvement were considered symptom improvement. For patients certified for HIV/AIDS, reduction in pain, nausea and/or vomiting, and weight gain and/or appetite improvement were considered symptom improvement. In patients with Tourette syndrome, reduced tics or specific mention of reduced Tourette symptoms were considered symptom improvement. In patients certified for glaucoma, reduction in intraocul
	Among patients with severe and persistent muscle spasms, 26% reported pain reduction and another 25% reported spasm reduction as the most important benefit. Among seizure patients, 51% reported seizure reduction (either in frequency or severity). Among cancer patients, 26% reported pain reduction as the primary benefit; 25% reported weight gain, appetite improvement, or reduced nausea or vomiting. Among Crohn’s disease respondents, 25% reported reduced pain, 16% reported reduced severity or frequency of gas
	Table 6.6. Distribution of Symptom Improvement by Condition: Patient Surveys 
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	Patient Perceptions of Global Health Benefits from Medical Cannabis 
	Many patients responded to the question regarding “most important benefit” by describing benefits not specifically related to the symptoms of their qualifying conditions. These responses were reviewed and classified into categories of “global health benefits”- broader benefits which impact the patient’s overall health. Global health benefits reported by patients included improvement in quality of life, improvement in sleep (whether or not explicitly tied to reduction in symptoms related to qualifying condit
	Table 6.7 shows the number of responses by type of global health benefit, along with the associated benefit score reported by the patient.  Overall, 6% of patient respondents reported 
	improved sleep as the most important benefit from medical cannabis; 4% reported improved quality of life, 4% reported reduced usage of other medication, 3% reported reduced anxiety, and 2% reported improved alertness or cognitive function. 
	Table 6.7. Distribution of Global Health Benefits Condition: Patient Surveys 
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	Health Care Practitioner Survey Results 
	HCP Survey Response Rate 
	As a result of changing the survey schedule during the first program year, the healthcare providers of 774 patients who were enrolled and made a first medical cannabis purchase in the first medical cannabis purchase in the first six months of the program (July 1 – December 31, 2015) received a survey three months after the patient’s first purchase; the remaining 717 could therefore not be included in the reporting below. The subset of Patient Experience survey responses that corresponds to this group of HCP
	Table 6.8. Healthcare Practitioner and Patient Experience survey response rates by age group.  
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	Table 6.9. Patient total counts and HCP/patient response rates by qualifying medical condition. 
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	Table 6.10. Patient total counts and HCP/patient response rates by race and ethnicity.  
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	 Response rates for the Patient Experience and HCP surveys varied widely across age group, qualifying condition and race and ethnicity (Tables 6.8-6.10). Patient response rate was lowest among the oldest age group (65+; 51%) and HCP response rate was generally lower for older age groups. Among HCP responses, certifiers of patients with HIV/AIDS and Crohn’s disease had the highest response rates (46% and 43%, respectively). Among patient responses, patients certified for severe and persistent muscle spasms, 
	Healthcare Practitioner Perceptions of Benefit 
	The Patient Experience and HCP surveys both ask respondents to report how much benefit they believe the patient received from using medical cannabis, on a scale from 1 (no benefit) to 7 (a great deal of benefit). Figures 6.11-6.20 show the distribution of benefit scores on this scale, as reported by HCPs, for all patients and by patients with each qualifying condition.  
	A note on how proportions were calculated: the total number of HCP responses is reflected in Figures 6.11-6.20; this includes 45 HCP responses with either no response or a “0” option selected for the benefit scale, which indicates that the HCP did not have enough information about the patient to answer the question of benefit.)  
	Note that results from patient surveys (Figures 6.1-6.10) and health care practitioner surveys (Figures 6.11-6.20) do not pertain to identical groups of patients.  That is, some patients have 
	only a patient survey completed, some have only a HCP survey completed, some have neither completed, and some (n=126) have a completed survey from both the patient and their certifying HCP.  For this reason, comparison of results from patient and HCP surveys must be approached with caution, except for the last group, where there is a completed survey from both the patient and the HCP.  Further on in this section (Table 6.13 and Figures 6.21-6.28) comparisons for that last group are presented.  In general, r
	ALL QUALIFYING CONDITIONS 
	Figure 6.11 shows all HCP responses about degree of benefit experienced. Benefit ratings were provided on 206 of the 251 submitted surveys.  Among the 251 surveys, 32 (13%) reported no benefit and 51 (20%) reported the highest degree of benefit (score of 7); 150 (60%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.11. HCP-Perceived Benefit: All Conditions (N=251) 
	 
	Figure
	 
	  
	SEVERE AND PERSISTENT MUSCLE SPASMS 
	Figure 6.12 shows HCP benefit score responses for patients certified for severe and persistent muscle spasms. Benefit ratings were provided on 91 of the submitted surveys.  Among the 91 responses, 4 reported no benefit and 34 reported the highest degree of benefit (score of 7); 76 (84%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.12. HCP-Perceived Benefit: Severe and Persistent Muscle Spasms (N=98) 
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	CANCER 
	Figure 6.13 shows HCP benefit score responses for patients certified for cancer. Benefit ratings were provided on 41 of the submitted surveys.  Among the 41 responses, 5 reported no benefit and 8 reported the highest degree of benefit (score of 7); 32 (78%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.13. HCP-Perceived Benefit: Cancer (N=51) 
	 
	Figure
	  
	  
	SEIZURES 
	Figure 6.14 shows HCP benefit score responses for patients certified for seizures. Benefit ratings were provided on 50 of submitted surveys.  Among the 50 responses, 20 reported no benefit and 6 reported the highest degree of benefit (score of 7); 21 (42%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.14. HCP-Perceived Benefit: Seizures (N=64) 
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	CROHN’S DISEASE 
	Figure 6.15 shows HCP benefit score responses for patients certified for Crohn’s disease. Benefit ratings were provided on 15 of the completed surveys.  Among the 15 responses, 3 reported no benefit and 2 reported the highest degree of benefit (score of 7); 11 (73%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.15. HCP-Perceived Benefit: Crohn’s Disease (N=25) 
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	TERMINAL ILLNESS 
	Figure 6.16 shows HCP benefit score responses for patients certified for terminal illness. Benefit ratings were provided on 11 of the completed surveys.  Among the 11 responses, 3 reported no benefit and 2 reported the highest degree of benefit (score of 7); 8 (73%) reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.16. HCP-Perceived Benefit: Terminal Illness (N=12) 
	 
	Figure
	  
	  
	HIV/AIDS 
	Figure 6.17 shows HCP benefit score responses for patients certified for HIV/AIDS. Benefit ratings were provided on 8 of the 12 completed surveys.  Among the 8 responses, none reported no benefit and two reported the highest degree of benefit (score of 7); all eight reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.17. HCP-Perceived Benefit: HIV/AIDS (N=12) 
	 
	Figure
	 
	  
	TOURETTE SYNDROME 
	Figure 6.18 shows HCP benefit score responses for patients certified for Tourette syndrome. Benefit ratings were provided on all four of the completed surveys.  Among the 4 responses, none reported no benefit and one reported the highest degree of benefit (score of 7); all four reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.18. HCP-Perceived Benefit: Tourette Syndrome (N=4) 
	 
	Figure
	 
	  
	GLAUCOMA 
	Figure 6.19 shows HCP benefit score responses for patients certified for glaucoma. Benefit ratings were provided on all three of the completed surveys.  Among the 3 responses, one reported no benefit and none reported the highest degree of benefit (score of 7); only one reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.19. HCP-Perceived Benefit: Glaucoma (N=3) 
	 
	Figure
	 
	  
	ALS 
	Figure 6.20 shows HCP benefit score responses for patients certified for ALS. Benefit ratings were provided on 3 of the 5 completed surveys. Among the 3 responses, none reported no benefit and none reported the highest degree of benefit (score of 7); all three reported a benefit score ≥ 4 on the seven-point scale. 
	Figure 6.20. HCP-Perceived Benefit: ALS (N=5) 
	 
	Figure
	 
	  
	HCP Perceptions of Symptom Improvement from Medical Cannabis Treatment 
	Similar to the format in the Patient Experience survey, the HCP surveys asks certifying HCPs to describe the most significant benefit to the patient that is associated with medical cannabis treatment. Each response was reviewed and classified into broad categories of symptom improvement or global health benefits, as described in an earlier section. A full report of all benefit comments from HCPs can be found in Appendix B: Healthcare Practitioner-Reported Benefits from Surveys. Table 6 summarizes the report
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	 Patients represented in Patient Experience survey responses and in HCP responses were different; thus a direct comparison cannot be made between the proportions of patients and HCPs reporting any given benefit. However, it is worth noting that relatively high levels of symptom improvement benefit (most scores are above 4) are seen in both patient and HCP survey results. Among patient respondents certified for muscle spasms, 22% report spasm reduction at a high degree of benefit (scores of 6 or 7) and 18% o
	HCP Perceptions of Global Health Benefits from Medical Cannabis Treatment 
	Table 6.12 summarizes responses to the Patient Experience and HCP surveys about the most significant benefit to the patient that were not classified as improvement of symptoms related to the qualifying medical condition.  
	As with Table 6.11, the proportion of patients reporting a type of global health benefit cannot be directly compared to the proportion of HCPs reporting a type of global health benefit to the patient because each group of responders is different. However, in general a higher proportion of the patient responses report a global health benefit as the primary benefit from medical cannabis than HCP responses and generally global health benefits are reported at a relatively high degree of perceived benefit (score
	Overall, 1% of HCP respondents and 6% of patient respondents reported improved sleep as the most important benefit from medical cannabis; 3% of HCP respondents and 4% of patients reported improved quality of life; 2% of HCP reports and 3% of patient reports cited reduced usage of other medications or related side effects as the most important benefit. 
	A full report of all benefit comments from HCPs can be found in Appendix B: Healthcare Practitioner-Reported Benefits from Surveys.  
	Table 6.12 Distribution of Global Health Benefits by Condition 
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	Additional Clinical Observations 
	Healthcare practitioners were asked to provide any additional clinical observations or insights on the impact of medical cannabis treatment on the patient’s condition, and were specifically prompted to report any observations on drug interactions. A third of the 114 observations describe a decrease in the patients’ other medications- mainly opioids and benzodiazepines. The survey healthcare practitioners will complete for patients certified for intractable pain will ask specifically about this issue. There 
	Patient Versus HCP Perceptions of Benefit from Medical Cannabis 
	Among survey respondents, there were 126 patients who submitted a survey for whom their certifying health care practitioner also completed a survey. Comparison of benefit scores reported by the patient to benefit scores reported by the healthcare practitioner are shown in Table 6.13, grouping scores of 1 or 2 in a category representing no or little benefit; scores of 3, 4, or 5 were grouped into a category representing mild or moderate benefit and scores of 6 or 7 were placed in a category representing stro
	Table 6.13. Distribution of patient-reported benefits and HCP-reported benefits for patients with both patient and HCP surveys completed (n=126). 
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	Severe and Persistent Muscle Spasms 
	Figure 6.21 shows benefit scores reported by patients and their certifying HCPs for muscle spasms patients for whom both scores were available (n=57). Comparison of proportions of patients and HCPs reporting each benefit score shows fairly good agreement: 46% of patients and 39% of HCPs report scores of 6 or 7; 5% of patients and 0% HCPs report no benefit. 
	Figure 6.21. Muscle Spasms (N=57): Perceived Benefit 
	 
	Figure
	  
	  
	Cancer 
	Figure 6.22 shows benefit scores reported by patients and their certifying HCPs for cancer patients for whom both scores were available (n=22). Comparison of proportions of patients and HCPs reporting each benefit score shows differences in effect size but general agreement that patients experienced some benefit. Among this group, 68% of patients and 27% of HCPs report scores of 6 or 7; 0% patients and 0% HCPs report scores of 1 or 2. 
	Figure 6.22. Cancer (N=22): Perceived Benefit 
	 
	Figure
	  
	Seizures 
	Figure 6.23 shows benefit scores reported by patients and their certifying HCPs for seizure patients for whom both scores were available (n=29). Comparison of proportions of patients and HCPs reporting each benefit score shows that generally patients report higher degrees of benefit than HCPs: 38% of patients versus 17% of HCPs report scores of 6 or 7; 3% of patients versus 24% HCPs report no benefit. 
	Figure 6.23. Seizures (N=29): Perceived Benefit 
	 
	Figure
	  
	  
	Crohn’s Disease 
	Figure 6.24 shows benefit scores reported by patients and their certifying HCPs for Crohn’s disease patients for whom both scores were available (n=9). Comparison of proportions of patients and HCPs reporting each benefit score shows general agreement about degree of benefit experienced: 89% of patients and 78% of HCPs report scores of 6 or 7; 11% of both patients and HCPs report scores of 1. 
	Figure 6.24. Crohn’s Disease (N=9): Perceived Benefit 
	 
	Figure
	 
	Terminal Illness 
	No patients with terminal illness had both an HCP-submitted survey and patient-submitted survey. 
	  
	HIV/AIDS 
	Figure 6.25 shows benefit scores reported by patients and their certifying HCPs for HIV/AIDS patients for whom both scores were available (n=5). Comparison of proportions of patients and HCPs reporting each benefit score shows general agreement about degree of benefit experienced: 100% of patients and 80% of HCPs report scores of 6 or 7. 
	Figure 6.25. HIV/AIDS (N=5): Perceived Benefit 
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	Tourette Syndrome 
	Figure 6.26 shows benefit scores reported by patients and their certifying HCPs for Tourette syndrome patients for whom both scores were available (n=3). Comparison of proportions of patients and HCPs reporting each benefit score shows general agreement about degree of benefit experienced: 67% of patients and 67% of HCPs report scores of 6 or 7. 
	Figure 6.26. Tourette Syndrome (N=3): Perceived Benefit 
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	Glaucoma 
	Figure 6.27 shows the benefit scores reported for one glaucoma patient who completed a survey (reported benefit score of 7) and whose HCP also completed a survey (reported benefit score of 3).   
	Figure 6.27. Glaucoma (N=1): Perceived Benefit 
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	ALS 
	Figure 6.28 shows benefit scores reported by patients and their certifying HCPs for ALS patients for whom both scores were available (n=3). Comparison of proportions of patients and HCPs reporting each benefit score shows general agreement about degree of benefit experienced: 100% of patients and 67% of HCPs report scores of 6 or 7. 
	Figure 6.28. ALS (N=3): Perceived Benefit 
	 
	Figure
	 Benefits Reported on Surveys: Conclusions 
	Of 1491 patients making a purchase in the first program year, 53% completed a survey three months after the first purchase. Among respondents, 43% reported experiencing the highest degree of benefit from medical cannabis and 87% reported at least a moderate degree of benefit (score of 4 or greater on a 1 to 7 scale). Patients reported the types of benefits experienced, which were predominantly (64%) various types of symptom improvement; many patients (25%) also reported global health benefits as the most im
	For patients making a purchase in the first six months of the program (n=774), 32% of HCP surveys were submitted. Overall, HCP reports of benefit were more conservative than those of patients, but 20% reported that the patient experienced the highest degree of benefit from medical cannabis and 60% reported at least a moderate degree of benefit. Among patients purchasing in the first six program months, 126 patients had both patient and HCP surveys completed and comparison of benefit scores indicated general
	Benefits Reported on the Patient Self-Evaluation 
	The Patient Self-Evaluation (PSE) contains questions that allow the Office of Medical Cannabis (OMC) to look for improvements in symptoms over time. Patients are required to complete a PSE prior to each medical cannabis purchase (including before their first medical cannabis purchase). This allows for capture of the patients’ symptoms at baseline – prior to taking any medical cannabis, as well as prior to each subsequent medical cannabis purchase. Hence, symptom change over time can be analyzed during the p
	All patients received a standard set of 8 symptom measures on the PSE. In addition, some patients received additional symptom questions depending on their qualifying medical condition(s). These two sets of symptom measures will be subsequently discussed below. Data from the PSE were extracted from patients who enrolled during the first program year (enrolled between July 1, 2015 and June 30, 2016; 1660 patients enrolled during this time period). 
	Standard 8 Symptom Measures 
	The standard 8 symptom measures that all patients received are answered on a 0-10 numerical rating scale (NRS), with 0 indicating absence of the symptom to 10 indicating that the symptom is as bad as the patient can imagine (see Box 6.1). Therefore, higher scores on these measures indicate poorer management of these symptoms. Patients are asked to rate symptom severity over the past 24 hours. 
	Box 6.1. Listing of the Standard 8 symptom measures that all patients answer, including the responses options available to patients. 
	 
	Standard 8 Symptom Measures: 
	Standard 8 Symptom Measures: 
	Anxiety  Fatigue Lack of Appetite Nausea Depression  Pain Disturbed Sleep Vomiting 
	Response Options (0 – 10 NRS):              0    1    2    3    4    5    6    7    8    9    10 Symptom                                                        Symptom as  not                                                                   bad as one  present                                                           can image 
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	To understand whether patients derived any symptom benefits during their participation in the program, the following three questions were explored for each Standard 8 symptom measure: 
	QUESTION 1  Of those patients who experienced moderate to severe symptoms at baseline (score of 4 or higher at baseline), what percentage of them experienced at least a 30% improvement in symptoms within four months of their first medical cannabis purchase? The threshold of ≥30% reduction on a 0-10 point scale was chosen because this threshold has been documented in clinical trials to represent clinically meaningful change – especially for pain reduction and spasticity reduction. Examples of ≥30% change inc
	QUESTION 2 If a patient achieved at least a 30% improvement on symptoms within 4 months of their first medical cannabis purchase (determined in Question 1), what percentage of them will, on average, still maintain that level of improvement in the four months following that initial 30% symptom improvement? [Four-month follow-up period] 
	QUESTION 3 What medical cannabis products were purchased just prior to the patient’s initial report of symptom improvement (first time patient indicated ≥30% improvement on the PSE)?  What was the average daily intake of delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) for these product types? 
	 
	To address Question 1 the following procedure was adopted for each standard 8 measure: all patients who scored 4 or higher at baseline were identified as those experiencing moderate to severe symptoms, and all standard 8 responses that were submitted within 4 months of their first medical cannabis purchase were retained.  From this dataset, each patient’s standard 8 responses were compared to their baseline response over time. The first instance a patient achieved at least a 30% symptom improvement was reco
	Calculating the percentage of patients who achieved ≥30% symptom improvement within 4 months of their first medical cannabis purchase (Question 1) was done in two ways. In one method, the number of patients who achieved ≥30% symptom improvement within 4 months was divided by the total number of patients that ever made a first purchase (patients with baseline PSE data). In the other method, the number of patients achieving ≥30% symptom improvement within 4 months was divided by patients who had submitted add
	the former method includes all patients who made a first purchase (all patients with a baseline PSE submission), while the latter method effectively restricts the dominator to those patients who submitted additional PSE symptom data following their baseline submission and within 4 months of their first purchase. Therefore, the former method allows for a more conservative estimation of symptom benefit. In the text of this report, we present results using the former, more conservative estimate of benefit. Tho
	Since Question 1 examines symptom improvement within 4 months of their first medical cannabis purchase, patients who had not been enrolled in the program for at least 4 months since their first medical cannabis purchase were not included in the analysis. When PSE data were extracted in late December 2016, 1512 patients from the first year cohort (91.1% of the 1st year cohort) had been enrolled for at least 4 months since their first medical cannabis purchase—results on the standard 8 symptom measures are re
	Question 2 was addressed by observing all symptom responses in the four months following the time point when the patient first achieved ≥30% symptom improvement. For each patient, all symptom responses identified during those follow-up four months were averaged together. Patients who, on average, still maintained at least a 30% symptom improvement from baseline were identified as those showing persistence in their symptom benefits. 
	For Question 3, products that were purchased just prior to each patient’s initial ≥30% symptom improvement were identified and categorized by their THC/CBD ratio and intended route of administration (ROA). See Box 6.2 for definitions of these categories. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Box 6.2. Categories to describe medical cannabis products purchased by patients. 
	Medical Cannabis Products Categorized by THC:CBD Content Ratio: 
	Medical Cannabis Products Categorized by THC:CBD Content Ratio: 
	 Very High THC to CBD = 100:1 or higher 
	 Very High THC to CBD = 100:1 or higher 
	 Very High THC to CBD = 100:1 or higher 

	 High THC to CBD = >4:1 up to 99:1 
	 High THC to CBD = >4:1 up to 99:1 

	 Balanced = 1:1 up to 4:1 
	 Balanced = 1:1 up to 4:1 

	 High CBD to THC = ≥1:1 up to 99:1 
	 High CBD to THC = ≥1:1 up to 99:1 

	 Very High CBD to THC = 100:1 or higher 
	 Very High CBD to THC = 100:1 or higher 


	 Product Routes of Administration (ROA): 
	 Enteral: for absorption through the gastrointestinal tract (includes capsules and oral solutions to swallow). 
	 Enteral: for absorption through the gastrointestinal tract (includes capsules and oral solutions to swallow). 
	 Enteral: for absorption through the gastrointestinal tract (includes capsules and oral solutions to swallow). 

	 Inhalation: for absorption through the lungs (includes products for vaporization) 
	 Inhalation: for absorption through the lungs (includes products for vaporization) 

	 Oromucosal: for absorption through the oral mucosa (includes sublingual sprays and tinctures to hold in the mouth) 
	 Oromucosal: for absorption through the oral mucosa (includes sublingual sprays and tinctures to hold in the mouth) 


	 
	Figure

	 
	Overall Results on Standard 8 Symptom Measures 
	Data on the Standard 8 symptom measures were first analyzed across all patients regardless of their qualifying condition(s) and are displayed in Table 6.14 (n = 1512). The third and fourth column respectively display the number and percentage of patients (out of 1512 patients) experiencing moderate to severe symptoms at baseline (baseline response ≥ 4) on a given Standard 8 measure. With the exception of vomiting, the responses from patients indicated a high degree of burden on all symptom measures at basel
	The fifth column in Table 6.14 shows the percentage and number of patients (out of those reporting at moderate to severe levels at baseline) who had achieved at least a 30% symptom improvement at any time within 4 months of their first medical cannabis purchase. Anywhere from 36% to 60% of patients reported achieving at least a 30% improvement in symptoms within 4 months of their first medical cannabis purchase. Improvements in pain and fatigue were the least likely to reach ≥30% improvement in patients (re
	The number of patients who had symptom data in the 4-month period following their initial ≥30% symptom improvement are listed in the sixth column in Table 6.14. All symptom responses during this time period were averaged together within each patient. The seventh column shows the percentage and number of patients who had achieved ≥30% symptom improvement that had – on average – maintained at least that level of improvement in the 4-
	month follow-up period. Roughly a half to two-thirds of the patients who achieved at least 30% symptom improvement had maintained it in the following 4 months. Lastly, the right-most column shows the percentage of all patients who both achieved and maintained at least a 30% symptom improvement in the 4-month follow-up period. For the majority of all symptoms, roughly a third of all patients experiencing moderate to severe symptoms will both achieve and maintain at least a 30% improvement in symptoms for at 
	For a more detailed look on overall results from the eight standard symptom measures, please refer to Appendix D: Symptom Results from the Patient Self-Evaluation. This Appendix shows the following for each Standard 8 measure: 1) a figure showing the distribution of patient responses at baseline, 2) a figure showing the cumulative percentage of patients achieving at least 30% symptom improvement at 2 weeks, 1 month, 2 months, 3 months, and 4 months (the denominator is different between the orange and blue b
	Table 6.14. Overall standard 8 symptom results. 
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	Results on Standard 8 Symptom Measures Stratified by Qualifying Condition 
	Data on the Standard 8 symptom measures were also analyzed separately by qualifying condition. Results are presented in Table 6.15 below. The first column indicates the qualifying condition and the total number of patients who had been enrolled in the program for at least 4 months since their first medical cannabis purchase. For some conditions, results are further broken down by condition subcategories (i.e., breakdown cancer patients based on whether their certifying condition was accompanied by pain, nau
	The fifth column in Table 6.15 indicates the percentage and number of patients (out of those reporting at moderate to severe levels at baseline) that had achieved at least a 30% symptom improvement at any time within 4 months of their first medical cannabis purchase. The number of patients who had symptom data in the 4-month period following their initial ≥30% symptom improvement are listed in the sixth column in Table 6.15. All symptom responses submitted during this time period were averaged together with
	Results generally show a high degree of burden for these eight symptoms at baseline. The instances where symptom severity is noticeably lower tend to be as expected; for example, nausea and vomiting in patients with Tourette syndrome and in patients with glaucoma. Among baseline responses to the eight symptom measures, those with the highest proportion rated as moderate to severe (score ≥4) include fatigue, disturbed sleep, pain, and anxiety. For each of the medical conditions, a substantial proportion of p
	 
	Table 6.15. Standard 8 symptom results stratified by qualifying condition.  
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	Table 6.15 Continued. Standard 8 symptom measures. 
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	Table 6.15 Continued. Standard 8 symptom measures. 
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	Appendix D: Symptom Results from the Patient Self-Evaluation shows the following for each Standard 8 measure stratified by qualifying medical condition: 1) a figure showing the distribution of patient responses at baseline, 2) a figure showing the cumulative percentage of patients achieving at least 30% symptom improvement at 2 weeks, 1 month, 2 months, 3 months, and 4 months (the denominator is different between the orange and blue bars; orange bars include all moderate to severe scoring patients at baseli
	Medical cannabis products that were purchased just prior to the initial 30% symptom improvement are discussed only briefly in this section (Question 3), and the reader is encouraged to see Appendix D: Symptom Results from the Patient Self-Evaluation for the full table of results. Here, only a few results regarding medical cannabis purchases are discussed as examples—some in relation to improvements on a particular Standard 8 measure, and others in relation to a particular condition-specific symptom measure.
	Table 6.16 below shows the most common medical cannabis products that were purchased by cancer patients just prior to achieving the initial 30% reduction in nausea symptoms. The second column from the right indicates the number of patients who purchased specific products just prior to that initial symptom reduction (products purchased indicated by “X”s). The table also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-supplied produ
	Table 6.16. Top 5 medical cannabis product(s) purchased by cancer patients just prior to achieving the initial 30% reduction in the Standard 8 nausea measure.  
	 
	Figure
	 
	Table 6.17 below shows the most common medical cannabis products that were purchased by terminal illness patients just prior to achieving the initial 30% reduction in nausea symptoms. The most frequently purchased products were a combination of both Very High THC:CBD products for oral administration and vaporization (n = 3), followed by Balanced THC:CBD products for inhalation only (n = 3). See Appendix D: Symptom Results from the Patient Self-Evaluation for full results. 
	Table 6.17. Top 7 medical cannabis product(s) purchased by terminal illness patients just prior to achieving the initial 30% reduction in the Standard 8 nausea measure.  
	 
	Figure
	 
	Table 6.18 below shows the most common medical cannabis products purchased by HIV/AIDS patients just prior to their initial 30% reduction in pain symptoms. Balanced THC:CBD products were purchased most frequently (n = 6), followed by Very High THC:CBD products for inhalation (n = 3). See Appendix D: Symptom Results from the Patient Self-Evaluation for full results. 
	Table 6.18. Top 4 medical cannabis product(s) purchased by HIV/AIDS patients just prior to achieving the initial 30% reduction in the Standard 8 pain measure.  
	 
	Figure
	 
	Condition-Specific Symptom Measures 
	In addition to the Standard 8 measures, some patients received additional symptom questions on the PSE to more adequately address condition-specific symptoms. These include, among others, questions on seizure frequency for seizure patients, questions on spasm frequency for muscle spasm and ALS patients, and Crohn’s activity in Crohn’s patients. While patients received the same response options on the Standard 8 measures (respond from 1-10 on a 
	numerical rating scale), response options for condition-specific measures varied and will be described in this section. All condition-specific measures were investigated within the same framework as the Standard 8 measures: 1) what percentage of patients achieved symptom improvement within the four months since their first medical cannabis purchase compared to their baseline responses, 2) what percentage of those achieving symptom improvement showed general persistence in the 4-month follow-up period, and 3
	The first column in Table 6.19 lists each condition that received additional symptom questions beyond the Standard 8. The second column briefly indicates the nature of these additional condition-specific symptom measures, with the number of patients included in the analysis at baseline indicated in the third column (baseline, meaning patients who provided data and met criteria on these measures at the beginning of the program – prior to purchasing any medical cannabis). The fourth column indicates the perce
	Table 6.19. Condition-Specific Measures.  
	 
	Figure
	 
	Severe and Persistent Muscle Spasms 
	Patients with muscle spasms were given two questions to assess the severity of their muscle spasms. First, patients were given the option to respond to the number of muscle spasms they experienced the day before or the number of muscle spasms they experienced within the last week. These allowed for the calculation of weekly spasm frequency. Secondly, patients were asked to rate the severity of their muscle spasms on a 0-10 numerical rating scale (NRS), with 0 indicating absence of spasms to 10 indicating sp
	Weekly spasm frequency was reduced by ≥30% in nearly half (48.0%) of the muscle spasm patients. Among patients who achieved ≥30% reduction, 58% (27.6% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	Severity of muscle spasticity was reduced by ≥30% for 36.4% of the patients with moderate to severe muscle spasticity at baseline. Among patients who achieved ≥30% reduction, 47% (17.2% of patients included in analysis at baseline) retained that level of improvement over the next four months.  
	Table 6.20 below shows the top 5 medical cannabis product types that were purchased by muscle spasm patients just prior to achieving ≥30% weekly spasm reduction for the first time, including the number of patients who purchased those specific product types (second column from right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-derived product information and pharmacist-entered calculations of how long the purchased sup
	Table 6.20. Top 5 medical cannabis product types purchased by muscle spasm patients just prior to achieving ≥30% reduction in weekly spasms. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column from right). 
	 
	Figure
	Cancer: Nausea and Vomiting 
	Patients certified for cancer accompanied by severe and persistent nausea or vomiting were asked to assess the severity of chemotherapy-induced nausea and vomiting on a 0-10 numerical rating scale. Patients who experienced chemotherapy-induced nausea and vomiting at moderate to severe levels at baseline (score of 4 or higher) were included in the analysis in Table 6.19, with symptom improvement being defined as achieving at least a 30% improvement in symptoms (30% decrease on the 0-10 nausea/vomiting NRS) c
	Severity of chemotherapy-induced nausea was reduced by ≥30% for 37.4% of the patients with moderate to severe chemotherapy-induced nausea at baseline. Among the patients who achieved ≥30% reduction, 35% (12.9% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	Severity of chemotherapy-induced vomiting was reduced by ≥30% for 41.6% of the patients with moderate to severe chemotherapy-induced vomiting at baseline. Among the patients who achieved ≥30% reduction, 56% (23.4% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	 
	Cancer: Cachexia and Severe Wasting 
	Body weights were analyzed for patients certified for cancer accompanied by cachexia and/or severe wasting. Symptom improvement was defined as achieving at least a 3% increase in body weight compared to baseline weight. 
	An increase of at least 3% in body weight was reported by 13.6% of patients. Among the patients who achieved ≥3% increase in body weight, 45% (6.1% of patients included in analysis at baseline) retained that increase over the next four months. 
	 
	Seizures 
	Patients with seizures were given two questions to assess the severity of their seizures. First, patients were given the option to respond to the number of seizures they experienced the day before or the number of seizures they experienced within the last week. These allowed for the calculation of weekly spasm frequency. Table 6.19 shows results from the weekly seizure frequency measure, with symptom improvement defined as achieving at least a 30% improvement in symptoms (30% decrease in weekly seizure freq
	Weekly seizure frequency was reduced by ≥30% in 68.3% of the seizure patients. Among patients who achieved ≥30% reduction, 71% (48.5% of patients included in analysis at baseline) retained that level of improvement over the next four months.  
	Table 6.21 below shows the top 5 medical cannabis product types that were purchased by seizure patients just prior to achieving ≥30% symptom improvement for the first time, including the number of patients who purchased those specific product types (second column from right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-derived product information and pharmacist-entered calculations of how long the purchased supply woul
	Table 6.21. Top 5 medical cannabis product types purchased by seizure patients just prior to achieving ≥30% reduction in weekly seizures. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column from right). 
	 
	Figure
	Crohn’s Disease 
	Three questions from the Harvey-Bradshaw Index (HBI), which measures Crohn’s disease activity, were included on the PSE for Crohn’s disease patients. These three questions addressed the following: 1) the number of liquid or soft stools experienced yesterday, 2) general well-being yesterday (response options: “Very well”, “Slightly below par”, “Poor”, “Very poor”, “Terrible”), and 3) abdominal pain yesterday (response options: “None”, “Mild”, “Moderate”, “Severe”). Responses to these three questions were sum
	Patients who indicated they experienced five or more liquid/soft stools at baseline were included in the analysis, with symptom improvement defined as achieving at least a 30% reduction in liquid/soft stools. Patients who indicated their general well-being was “Very Poor” or “Terrible” at baseline were included in the well-being analysis, with symptom improvement defined as feeling “Slightly Below Par” or “Very Well”. Patients who indicated they experienced “Moderate” or “Severe” abdominal pains were includ
	Number of liquid/soft stools per day decreased by ≥30% for 51.2% of patients with at least five liquid/soft stools per day at baseline. Among patients who achieved ≥30% reduction, 57% (29.3% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	Severity of abdominal pain improved for 53.4% of patients with moderate or severe abdominal pain at baseline. Among patients who reported an improvement in abdominal pain, 36% (19.2% of patients included in analysis at baseline) retained that improvement over the next four months. 
	General well-being improved for 46.7% of patients who described their baseline well-being as “Very Poor” or “Terrible” at baseline. Among patients who reported an improvement in general well-being, 29% (13.3% of patients included in analysis at baseline) retained that improvement over the next four months. 
	On the combined Crohn’s activity measure (number of liquid/soft stools, abdominal pain, general well-being), 51.0% of Crohn’s Disease patients achieved ≥30% improvement. Among 
	patients who achieved ≥30% reduction, 42% (21.6% of patients included in analysis at baseline) retained that level of improvement over the next four months. 
	An increase of at least 3% in body weight was reported by 20.6% of patients. Among the patients who achieved ≥3% increase in body weight, 57% (11.8% of patients included in analysis at baseline) retained that increase over the next four months. 
	 
	Terminal Illness 
	Body weight measures on the PSE were analyzed in patients certified for terminal illness: accompanied by cachexia or severe wasting. Symptom improvement was defined as a 3% increase in body weight from their baseline body weight. 
	An increase of at least 3% in body weight was reported by 20.7% of patients. Among the patients who achieved ≥3% increase in body weight, 50% (10.3% of patients included in analysis at baseline) retained that increase over the next four months. 
	 
	HIV/AIDS 
	Body weight measures on the PSE were analyzed in HIV/AIDS patients. Similar to all body weight measures of improvement discussed previously, symptom improvement was defined as a 3% increase in body weight compared to their baseline body weight. 
	An increase of at least 3% in body weight was reported by 14.6% of patients. Among the patients who achieved ≥3% increase in body weight, 43% (6.3% of patients included in analysis at baseline) retained that increase over the next four months. 
	 
	Tourette Syndrome 
	Patients with Tourette Syndrome were given two questions to assess the severity of their tics. First, patients were given the option to respond to the number of tics they experienced the day before or the number of tics they experienced within the last week. These allowed for the calculation of weekly tic frequency. For Table 6.19, weekly tic frequency was analyzed in all patients, with symptom improvement defined as a 30% improvement in symptoms (30% decrease in weekly tics compared to baseline). 
	Weekly tic frequency was reduced by ≥30% in 60.7% of the Tourette Syndrome patients. Among patients who achieved ≥30% reduction, 76% (46.4% of patients included in analysis at baseline) retained that level of improvement over the next four months.  
	Table 6.22 below shows the top 4 medical cannabis product types that were purchased by Tourette patients just prior to achieving ≥30% symptom improvement for the first time, including the number of patients who purchased those specific product types (second column from right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-derived product information and pharmacist-entered calculations of how long the purchased supply wou
	Table 6.22. Top 4 medical cannabis product types purchased by Tourette patients just prior to achieving ≥30% reduction in weekly tics. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column from right). 
	 
	Figure
	 
	 Glaucoma 
	Intraocular pressure results were collected on the PSE from Glaucoma patients and are presented in Table 6.23 for each of the 21 patients included in this analysis.  At the first PSE (prior to first medical cannabis purchase) patients were asked to provide the date and results of the most recent intraocular pressure test. On subsequent PSEs patients were asked to provide the date and results of any intraocular pressure test done since submission of the last PSE.   
	Results for seven of the 21 patients (33%) suggest a decrease in intraocular pressure after initiation of medical cannabis: patients #4, 8, 9, 14, 16, 17, and 19. One of those seven did not show a decrease at 5 months, but did show a decrease at 9 months.  Four of them had measurement results after the date of the result that indicated a decrease: patients #4, 16, 17, and 19.  Of those four, three have results indicating persistence of reduction over several months.  The fourth (#19) had a reduction in mont
	Table 6.23. Intraocular pressure test results (left eye/right eye) from glaucoma patients (n = 21). Test results are noted by the month they occurred prior to or after the patients’ first medical cannabis purchase (“First Visit”). 
	Figure
	ALS 
	Patients with ALS were given two questions to assess the severity of their muscle spasms. First, patients were given the option to respond to the number of spasms they experienced the day before or the number of spasms they experienced within the last week. These allowed for the calculation of weekly spasm frequency. Table 6.19 presents results on weekly spasm frequency and spasm severity (0-10 NRS). For the spasticity scale measure, patients who experienced moderate to severe spasms at baseline (scored 4 o
	Weekly spasm frequency was reduced by ≥30% in 33.3% of the ALS patients. Among patients who achieved ≥30% reduction, 67% (22.2% of patients included in analysis at baseline) retained that level of improvement over the next four months.  
	Severity of muscle spasticity was reduced by ≥30% for 20.0% of the ALS patients with moderate to severe muscle spasticity at baseline. Among the three patients who achieved ≥30% reduction, all three retained that level of improvement over the next four months (20.0% of patients included in analysis at baseline). 
	Table 6.24 below shows the top 5 medical cannabis product types that were purchased by ALS patients just prior to achieving ≥30% weekly spasm reduction for the first time, including the number of patients who purchased those specific product types (second column from right). It also shows the average daily amount of THC and CBD (mg) patients consumed (right-most column), which was derived from manufacturer-derived product information and pharmacist-entered calculations of how long the purchased supply would
	Table 6.24. Top 5 medical cannabis product types purchased by ALS patients just prior to achieving ≥30% reduction in weekly spasms. Last column shows the average daily THC/CBD dose that was used by patients purchasing those product types (second column from right). 
	 
	Figure
	 
	Benefits Reported on the Patient Self-Evaluation: Conclusions 
	Similar to survey results, the PSE also demonstrated improvements on symptoms in medical cannabis patients. Patients enrolling in the program initially report a high degree of symptom burden with anywhere from roughly 40-60% of patients reporting symptom improvements within the 4 month period following their first medical cannabis purchase. If patients experienced improvements in symptoms, roughly half to three-quarters of them maintained those levels of improvement in the 4-month period following their ini
	There are some limitations on the PSE to consider when interpreting results. Firstly, there is no symptom data on patients who decide over time not to purchase medical cannabis any longer (or for extended periods of time). As discussed earlier, patients must complete a PSE prior to each medical cannabis purchase. If a patient stops purchasing medical cannabis, there will be a parallel pause in symptom data to understand whether there may have been a lack of symptom improvements to halt purchases. This is th
	7. Adverse Side Effects 
	Summary 
	This chapter provides insight into the frequency and severity of adverse (negative) side effects through three sources of information: the Patient Self-Evaluation completed by the patient prior to each medical cannabis purchase, patient and health care practitioner surveys, and adverse event reports to the two medical cannabis manufacturers. 
	The three information sources tell a similar story. Around 20-25% of enrolled patients report negative physical or mental side effects of some kind, with the majority – around 60% - reporting only one and 90% reporting 3 or fewer unique side effects. The vast majority of adverse side effects, around 90%, are mild to moderate in severity.  An assessment of the 30 patients reporting severe side effects, meaning “interrupts usual daily activities,” found no apparent pattern in patient age, medical condition, o
	Some limitations of the data should be mentioned. For example, when the patient completes a Patient Self-Evaluation and has it reviewed in consultation with pharmacist staff, the completeness and accuracy of reported side effects (on the Patient Self-Evaluation) ultimately depend on the attention and good communication of the patient. Perhaps a more significant risk for under-reporting through Patient Self-Evaluation data is the situation when a patient has an intolerable side effect and decides to make no 
	Though the limitations mentioned in the paragraph above no doubt undercount the frequency of physical and mental side effects to some degree, their impact does not seem likely to 
	significantly change the main conclusions of the analyses reported in this section: at this point, the safety profile of the medical cannabis products available through the Minnesota program seems quite favorable. 
	 Adverse Side Effects Reported on the Patient Self-Evaluation 
	Patients have the opportunity to report adverse side effects they attribute to medical cannabis on the Patient Self-Evaluation (PSE). Patients must complete a PSE prior to each medical cannabis purchasing transaction. Therefore, the administration of the PSE is timed so that patients can reflect on their experience with the medication they purchased previously and report those experiences on the following patient self-evaluation. A pharmacist at one of the eight medical cannabis dispensaries can then review
	Box 7.1. Definitions on severity provided to patients for adverse side effect reporting. 
	Box 7.1. Definitions on severity provided to patients for adverse side effect reporting. 
	Figure

	Adverse side effects were examined within the 1st program year cohort (n = 1660). Patients who had made at least their first medical cannabis purchase were identified, and from these patients, all PSEs that were submitted within the four months following their first medical cannabis purchase were included in a dataset. This led to a total of 1502 patients (90.5% of the cohort) being represented. For the following analyses, each side effect was counted once for a given patient if it was reported multiple tim
	Adverse Side Effect Severity: Definitions 
	Adverse Side Effect Severity: Definitions 
	Mild: Symptoms do not interfere with daily activities Moderate: Symptoms may interfere with daily activities Severe: Symptoms interrupt usual daily activities 
	Figure

	Of the 1502 patients, 18.1% (n = 272) reported any adverse side effects within the four month period following their first medical cannabis purchase. Of those 272 patients reporting any adverse side effects, the majority reported only one (n = 164, 60.3%), with approximately 90% of them reporting three or fewer different, adverse side effects (Figure 7.1). 
	Figure 7.1. Distribution of patient counts by number of different, adverse side effects reported (out of 272 patients). 
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	Figure 7.2 shows the percentage of patients reporting specific adverse side effects (Table 7.1 below lists adverse side effects that were reported by less than 2% of all patients). Of all side effects reported, dry mouth and drowsiness/somnolence/sedation were the most commonly reported side effects among patients. Overall, the frequency distribution of unique side effects mirrors typical clinical trial data on side effects from cannabis/cannabinoid use (see “
	Figure 7.2 shows the percentage of patients reporting specific adverse side effects (Table 7.1 below lists adverse side effects that were reported by less than 2% of all patients). Of all side effects reported, dry mouth and drowsiness/somnolence/sedation were the most commonly reported side effects among patients. Overall, the frequency distribution of unique side effects mirrors typical clinical trial data on side effects from cannabis/cannabinoid use (see “
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions

	” on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website). 

	Figure 7.2. The most commonly reported adverse side effects represented by the percentage of patients reporting them (out of 272 patients). 
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	Table 7.1. Adverse side effects that were reported by less than 2% of patients (out of 272 patients). 
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	Asthenia (muscle weakness) 
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	The 272 patients reporting any adverse side effects submitted a combined total of 478 side effect responses within 4 months of their first medical cannabis purchase. When aggregating all side effect responses across patients, only 9.2% (44) of all responses were reported as severe (see Figure 7.3). 
	Figure 7.3. Percentage of all reported, adverse side effect responses categorized by severity. 
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	Severe Adverse Side Effects 
	All adverse side effect responses that were categorized as severe are further broken down by the percent of patients categorizing them as such—please see Table 7.2 below.   
	  
	Table 7.2. Table shows the number of patients reporting the listed side effects along with the percentage of those respondents who indicated that the side effect was severe. 
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	Drowsiness/somnolence/sedation 

	58 
	58 

	5.2% (3) 
	5.2% (3) 

	Span

	Fatigue 
	Fatigue 
	Fatigue 

	53 
	53 

	3.8% (2) 
	3.8% (2) 

	Span

	Mental clouding/"foggy brain" 
	Mental clouding/"foggy brain" 
	Mental clouding/"foggy brain" 

	26 
	26 

	7.7% (2) 
	7.7% (2) 

	Span

	Headache 
	Headache 
	Headache 

	23 
	23 

	4.3% (1) 
	4.3% (1) 

	Span

	Dizziness 
	Dizziness 
	Dizziness 

	22 
	22 

	9.1% (2) 
	9.1% (2) 

	Span

	Lightheadedness 
	Lightheadedness 
	Lightheadedness 

	20 
	20 

	0% (0) 
	0% (0) 

	Span

	Nausea 
	Nausea 
	Nausea 

	18 
	18 

	11.1% (2) 
	11.1% (2) 

	Span

	Anxiety 
	Anxiety 
	Anxiety 

	16 
	16 

	12.5% (2) 
	12.5% (2) 

	Span

	Abdominal/epigastric pain 
	Abdominal/epigastric pain 
	Abdominal/epigastric pain 

	12 
	12 

	8.3% (1) 
	8.3% (1) 

	Span

	Diarrhea 
	Diarrhea 
	Diarrhea 

	12 
	12 

	16.7% (2) 
	16.7% (2) 

	Span

	Insomnia 
	Insomnia 
	Insomnia 

	12 
	12 

	8.3% (1) 
	8.3% (1) 

	Span

	Euphoria (intense feeling of well-being or pleasure) 
	Euphoria (intense feeling of well-being or pleasure) 
	Euphoria (intense feeling of well-being or pleasure) 

	11 
	11 

	9.1% (1) 
	9.1% (1) 

	Span

	Difficulty concentrating 
	Difficulty concentrating 
	Difficulty concentrating 

	10 
	10 

	20% (2) 
	20% (2) 

	Span

	Impaired memory 
	Impaired memory 
	Impaired memory 

	10 
	10 

	10% (1) 
	10% (1) 

	Span

	Constipation 
	Constipation 
	Constipation 

	7 
	7 

	14.3% (1) 
	14.3% (1) 

	Span

	Tachycardia (rapid heart rate) 
	Tachycardia (rapid heart rate) 
	Tachycardia (rapid heart rate) 

	7 
	7 

	28.6% (2) 
	28.6% (2) 

	Span

	Paranoia 
	Paranoia 
	Paranoia 

	6 
	6 

	16.7% (1) 
	16.7% (1) 

	Span

	Sore throat 
	Sore throat 
	Sore throat 

	6 
	6 

	0% (0) 
	0% (0) 

	Span

	Asthenia (muscle weakness) 
	Asthenia (muscle weakness) 
	Asthenia (muscle weakness) 

	5 
	5 

	60% (3) 
	60% (3) 

	Span

	Chest pain 
	Chest pain 
	Chest pain 

	5 
	5 

	20% (1) 
	20% (1) 

	Span

	Confusion 
	Confusion 
	Confusion 

	5 
	5 

	0% (0) 
	0% (0) 

	Span

	Disorientation 
	Disorientation 
	Disorientation 

	4 
	4 

	0% (0) 
	0% (0) 

	Span

	Eye redness 
	Eye redness 
	Eye redness 

	4 
	4 

	0% (0) 
	0% (0) 

	Span

	Lethargy 
	Lethargy 
	Lethargy 

	4 
	4 

	50% (2) 
	50% (2) 

	Span

	Blurred Vision 
	Blurred Vision 
	Blurred Vision 

	3 
	3 

	0% (0) 
	0% (0) 

	Span

	Decreased muscle coordination/balance 
	Decreased muscle coordination/balance 
	Decreased muscle coordination/balance 

	3 
	3 

	33.3% (1) 
	33.3% (1) 

	Span

	Increased agitation 
	Increased agitation 
	Increased agitation 

	3 
	3 

	0% (0) 
	0% (0) 

	Span

	Numbness 
	Numbness 
	Numbness 

	3 
	3 

	33.3% (1) 
	33.3% (1) 

	Span

	Panic attack 
	Panic attack 
	Panic attack 

	3 
	3 

	33.3% (1) 
	33.3% (1) 

	Span

	Personality/mood change 
	Personality/mood change 
	Personality/mood change 

	3 
	3 

	0% (0) 
	0% (0) 

	Span

	Tinnitus (ringing perception in the ears) 
	Tinnitus (ringing perception in the ears) 
	Tinnitus (ringing perception in the ears) 

	3 
	3 

	0% (0) 
	0% (0) 

	Span

	"Stoned" feeling 
	"Stoned" feeling 
	"Stoned" feeling 

	2 
	2 

	50% (1) 
	50% (1) 

	Span

	Body stiffness 
	Body stiffness 
	Body stiffness 

	2 
	2 

	0% (0) 
	0% (0) 

	Span


	  
	Table 7.2 Continued. Table shows the number of patients reporting the listed side effects along with the percentage of those respondents who indicated that the side effect was severe. 
	Table
	TR
	TD
	Span
	Side Effect 

	TD
	Span
	# of Patients Reporting 

	TD
	Span
	% of Patients Reporting as Severe (n) 

	Span

	Coughing/lung irritation 
	Coughing/lung irritation 
	Coughing/lung irritation 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	Decreased appetite 
	Decreased appetite 
	Decreased appetite 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	Dry eyes 
	Dry eyes 
	Dry eyes 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	Feeling cold 
	Feeling cold 
	Feeling cold 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	Increased seizures 
	Increased seizures 
	Increased seizures 

	2 
	2 

	50% (1) 
	50% (1) 

	Span

	Tremors 
	Tremors 
	Tremors 

	2 
	2 

	0% (0) 
	0% (0) 

	Span

	"Wired" feeling 
	"Wired" feeling 
	"Wired" feeling 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Bloating 
	Bloating 
	Bloating 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Burping 
	Burping 
	Burping 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Change in quality of seizures 
	Change in quality of seizures 
	Change in quality of seizures 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Chest colds 
	Chest colds 
	Chest colds 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Cognitive change 
	Cognitive change 
	Cognitive change 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Cramping with bowel movement 
	Cramping with bowel movement 
	Cramping with bowel movement 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Dysphoria (intense feeling of unease or unpleasantness) 
	Dysphoria (intense feeling of unease or unpleasantness) 
	Dysphoria (intense feeling of unease or unpleasantness) 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Exacerbation of lymphedema 
	Exacerbation of lymphedema 
	Exacerbation of lymphedema 

	1 
	1 

	10% (1) 
	10% (1) 

	Span

	Eye muscle twitching 
	Eye muscle twitching 
	Eye muscle twitching 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Hives 
	Hives 
	Hives 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Hyperactive bowel sounds 
	Hyperactive bowel sounds 
	Hyperactive bowel sounds 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Hypomania 
	Hypomania 
	Hypomania 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Increase in mucus secretions 
	Increase in mucus secretions 
	Increase in mucus secretions 

	1 
	1 

	100% (1) 
	100% (1) 

	Span

	Increased aggression 
	Increased aggression 
	Increased aggression 

	1 
	1 

	100% (1) 
	100% (1) 

	Span

	Increased urine output 
	Increased urine output 
	Increased urine output 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Increased yelling 
	Increased yelling 
	Increased yelling 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Mouth irritation/burning 
	Mouth irritation/burning 
	Mouth irritation/burning 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Rash on face 
	Rash on face 
	Rash on face 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Repressed immune system 
	Repressed immune system 
	Repressed immune system 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Sleep disturbance 
	Sleep disturbance 
	Sleep disturbance 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Sneezing 
	Sneezing 
	Sneezing 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Thrush 
	Thrush 
	Thrush 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Urinary retention 
	Urinary retention 
	Urinary retention 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Vomiting 
	Vomiting 
	Vomiting 

	1 
	1 

	0% (0) 
	0% (0) 

	Span

	Worsening acne 
	Worsening acne 
	Worsening acne 

	1 
	1 

	0% (0) 
	0% (0) 

	Span


	 
	 
	The 44 severe side effect responses (9.2% of total side effect responses) were attributed to 30 patients (11.0% of patients reporting any side effects). Patients experiencing severe side effects represent a wide range of ages, including children and elderly patients; 14 patients were male and 16 patients were female. Their age, gender, and certifying conditions generally matched the whole first year cohort. Half of patients reporting severe side effects were taking a form of balanced THC:CBD product (n=15);
	PSE-Reported Adverse Side Effects: Conclusions 
	Less than a quarter of patients from the cohort (~18%) reported adverse side effects within the first 4 months since purchasing their first medical cannabis products. Roughly 90% of those that do report any side effects report 3 or fewer unique side effects during that time period. Results also suggest that relatively few patients experience severe, adverse side effects, with less than 10% of all responses (attributed to 30 patients) being categorized as severe.
	Table 7.3. Patients reporting “severe” side effects: patient age, gender, and condition, product types purchased at most recent visit, and type of side effect reported. 
	Age 
	Age 
	Age 
	Age 

	Gender 
	Gender 

	Condition(s) 
	Condition(s) 

	Very High THC Product(s) 
	Very High THC Product(s) 

	High THC Product(s) 
	High THC Product(s) 

	High CBD Product(s) 
	High CBD Product(s) 

	1:1 THC:CBD Product(s) 
	1:1 THC:CBD Product(s) 

	Severe Side Effect Reported 
	Severe Side Effect Reported 

	Span

	55 
	55 
	55 

	M 
	M 

	HIV/AIDS 
	HIV/AIDS 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	Chest pain 
	Chest pain 

	Span

	67 
	67 
	67 

	F 
	F 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	Inhaled 
	Inhaled 

	- 
	- 

	Enteral 
	Enteral 

	Enteral, Inhaled 
	Enteral, Inhaled 

	Dry mouth 
	Dry mouth 

	Span

	28 
	28 
	28 

	F 
	F 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral, Inhaled 
	Enteral, Inhaled 

	Lethargy 
	Lethargy 

	Span

	58 
	58 
	58 

	F 
	F 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral, Inhaled 
	Enteral, Inhaled 

	Panic attack 
	Panic attack 

	Span

	32 
	32 
	32 

	M 
	M 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	Inhaled 
	Inhaled 

	- 
	- 

	- 
	- 

	Inhaled 
	Inhaled 

	Asthenia (muscle weakness)                         Lethargy                                                         Tachycardia (rapid heart rate) 
	Asthenia (muscle weakness)                         Lethargy                                                         Tachycardia (rapid heart rate) 

	Span

	TR
	Span

	TR
	Span

	32 
	32 
	32 

	M 
	M 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	Inhaled 
	Inhaled 

	- 
	- 

	- 
	- 

	Inhaled 
	Inhaled 

	"Stoned" feeling 
	"Stoned" feeling 

	Span

	38 
	38 
	38 

	M 
	M 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	Inhaled 
	Inhaled 

	- 
	- 

	- 
	- 

	Inhaled 
	Inhaled 

	Insomnia 
	Insomnia 

	Span

	52 
	52 
	52 

	F 
	F 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral, Inhaled 
	Enteral, Inhaled 

	Asthenia (muscle weakness) Drowsiness/somnolence/sedation 
	Asthenia (muscle weakness) Drowsiness/somnolence/sedation 

	Span

	TR
	Span

	61 
	61 
	61 

	F 
	F 

	Cancer 
	Cancer 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	Enteral 
	Enteral 

	Dry mouth 
	Dry mouth 

	Span

	36 
	36 
	36 

	M 
	M 

	Seizures 
	Seizures 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	- 
	- 

	Diarrhea 
	Diarrhea 

	Span

	41 
	41 
	41 

	M 
	M 

	Cancer, Terminal Illness 
	Cancer, Terminal Illness 

	- 
	- 

	Enteral, Inhaled 
	Enteral, Inhaled 

	- 
	- 

	- 
	- 

	Drowsiness/somnolence/sedation 
	Drowsiness/somnolence/sedation 

	Span

	87 
	87 
	87 

	F 
	F 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	- 
	- 

	Enteral, Oromucosal 
	Enteral, Oromucosal 

	- 
	- 

	- 
	- 

	Diarrhea 
	Diarrhea 

	Span

	31 
	31 
	31 

	M 
	M 

	Cancer 
	Cancer 

	Enteral, Inhaled 
	Enteral, Inhaled 

	- 
	- 

	- 
	- 

	- 
	- 

	Nausea 
	Nausea 

	Span

	71 
	71 
	71 

	F 
	F 

	Cancer 
	Cancer 

	Inhaled 
	Inhaled 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	Span


	Table
	TR
	Asthenia (muscle weakness)                    Exacerbation of lymphedema 
	Asthenia (muscle weakness)                    Exacerbation of lymphedema 

	Span

	26 
	26 
	26 

	F 
	F 

	Terminal Illness 
	Terminal Illness 

	Inhaled 
	Inhaled 

	- 
	- 

	- 
	- 

	Enteral, Inhaled, Oromucosal 
	Enteral, Inhaled, Oromucosal 

	Constipation                                                     Difficulty concentrating Drowsiness/somnolence/sedation                       Dry mouth                                                            Mental clouding/"foggy brain" 
	Constipation                                                     Difficulty concentrating Drowsiness/somnolence/sedation                       Dry mouth                                                            Mental clouding/"foggy brain" 

	Span

	TR
	Span

	TR
	Span

	TR
	Span

	TR
	Span

	36 
	36 
	36 

	F 
	F 

	Cancer 
	Cancer 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	Headache 
	Headache 

	Span

	33 
	33 
	33 

	M 
	M 

	Crohn's Disease 
	Crohn's Disease 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	Fatigue 
	Fatigue 

	Span

	63 
	63 
	63 

	F 
	F 

	Crohn's Disease 
	Crohn's Disease 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	Dizziness 
	Dizziness 

	Span

	82 
	82 
	82 

	M 
	M 

	Cancer 
	Cancer 

	- 
	- 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	Dizziness 
	Dizziness 

	Span

	60 
	60 
	60 

	F 
	F 

	Seizures 
	Seizures 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	- 
	- 

	Anxiety 
	Anxiety 

	Span

	32 
	32 
	32 

	M 
	M 

	Seizures 
	Seizures 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	- 
	- 

	Nausea 
	Nausea 

	Span

	48 
	48 
	48 

	M 
	M 

	Seizures 
	Seizures 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	- 
	- 

	Fatigue 
	Fatigue 

	Span

	18 
	18 
	18 

	F 
	F 

	Seizures 
	Seizures 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	- 
	- 

	Increased seizures 
	Increased seizures 

	Span

	28 
	28 
	28 

	M 
	M 

	Seizures 
	Seizures 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	- 
	- 

	Anxiety                                                              Paranoia 
	Anxiety                                                              Paranoia 

	Span

	TR
	Span

	5 
	5 
	5 

	M 
	M 

	Severe Muscle Spasms, Seizures 
	Severe Muscle Spasms, Seizures 

	- 
	- 

	- 
	- 

	Enteral 
	Enteral 

	- 
	- 

	Decreased muscle coordination/balance           Increased aggression 
	Decreased muscle coordination/balance           Increased aggression 

	Span

	TR
	Span

	10 
	10 
	10 

	F 
	F 

	Seizures 
	Seizures 

	- 
	- 

	- 
	- 

	Oromucosal 
	Oromucosal 

	- 
	- 

	Abdominal/epigastric pain                            Increase in mucus secretions 
	Abdominal/epigastric pain                            Increase in mucus secretions 

	Span

	TR
	Span

	56 
	56 
	56 

	F 
	F 

	Cancer, HIV/AIDS 
	Cancer, HIV/AIDS 

	- 
	- 

	Enteral 
	Enteral 

	- 
	- 

	- 
	- 

	Dry mouth                                                         Euphoria (intense feeling of well-being/pleasure) 
	Dry mouth                                                         Euphoria (intense feeling of well-being/pleasure) 

	Span

	TR
	Span

	21 
	21 
	21 

	M 
	M 

	Cancer 
	Cancer 

	- 
	- 

	Inhaled 
	Inhaled 

	- 
	- 

	- 
	- 

	Tachycardia (rapid heart rate) 
	Tachycardia (rapid heart rate) 

	Span

	42 
	42 
	42 

	F 
	F 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	Inhaled 
	Inhaled 

	- 
	- 

	- 
	- 

	- 
	- 

	Span

	TR
	Span


	Table
	TR
	Impaired memory                                            Difficulty concentration                                            Mental clouding/"foggy brain" 
	Impaired memory                                            Difficulty concentration                                            Mental clouding/"foggy brain" 

	Span

	45 
	45 
	45 

	F 
	F 

	Severe Muscle Spasms 
	Severe Muscle Spasms 

	Inhaled 
	Inhaled 

	- 
	- 

	- 
	- 

	- 
	- 

	Numbness 
	Numbness 

	Span


	Adverse Side Effects Reported on Surveys 
	Patient-Reported Negative Effects of Medical Cannabis 
	For overall patient response rate to the survey three months after first purchase and comparison of responders and non-responders see the section with survey results in the Benefits chapter above. 
	The Patient Experience survey asks respondents to report the degree, or severity, of any negative effects they believe the patient received from using medical cannabis, on a scale from 1 (no negative effects) to 7 (a great deal of negative effects). The survey then asked the respondent to describe, in their own words, the most significant negative effect. Table 7.4 shows the distribution of negative effects by severity score within three broad categories: physical side effects (including dry mouth, fatigue,
	Of 792 completed patient surveys, 744 responses (94%) included a negative effects score and 441 (56%) included a response regarding most important negative effect, including comments stating “no negative effect.” Of 744 negative effect scale responses, 452 (61%) reported a score of 1, or “no negative effect.” This includes 13 patients who, though they entered a score of 1, entered a narrative description of physical or mental side effects. A total of 195 responses (25% of all patient responses) reported phy
	Of 792 completed patient surveys, 744 responses (94%) included a negative effects score and 441 (56%) included a response regarding most important negative effect, including comments stating “no negative effect.” Of 744 negative effect scale responses, 452 (61%) reported a score of 1, or “no negative effect.” This includes 13 patients who, though they entered a score of 1, entered a narrative description of physical or mental side effects. A total of 195 responses (25% of all patient responses) reported phy
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions

	” on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website). Reports of the most severe negative effects were as follows: scores of 7 (great deal of negative effects) were associated with reports of allergic reaction (n=1), pain (n=1), severe diarrhea (n=1), change in mood/behavior (n=1) and decreased awareness of surroundings (n=1). Scores of 6 were associated with reported physical side effects of dizziness or related symptoms (n=3), severe diarrhea (n=1), stomach pain (n=1), burning sensation with sublingual product (n=1), sleeping problems (n=1) and wo

	product “made me sick” and pain related to vaping (n=1 each). Scores of 5 which reported mental negative effects included reports of paranoia (n=2), inability to concentrate (n=1), and increased anxiety (n=1).   
	Apart from physical or mental negative effects, some patients reported issues related to program access, including distance to the nearest cannabis patient center (n=13). Other negative effects (not included in Table 7.4) were reported including issues related to the program design (n=9), negative attitudes of others toward the patient’s use of medical cannabis (n=17) and fear of legal or employment-related consequences related to program participation (n=5). Finally, 16 reports of negative effects were rel
	Table 7.4. Summary of most significant negative effects experienced by the patient, per patient reports. 
	Table
	TR
	TD
	Span
	  

	TD
	Span
	1: No Negative Effects 

	TD
	Span
	2 

	TD
	Span
	3 

	TD
	Span
	4 

	TD
	Span
	5 

	TD
	Span
	6 

	TD
	Span
	7: Great Deal of Negative Effects 

	TD
	Span
	Total 

	Span

	Physical Side Effects 
	Physical Side Effects 
	Physical Side Effects 

	10 (1%) 
	10 (1%) 

	57 (7%) 
	57 (7%) 

	15 (2%) 
	15 (2%) 

	26 (3%) 
	26 (3%) 

	10 (1%) 
	10 (1%) 

	9 (1%) 
	9 (1%) 

	3 (0%) 
	3 (0%) 

	130 (16%) 
	130 (16%) 

	Span

	Mental Side Effects 
	Mental Side Effects 
	Mental Side Effects 

	3 (0%) 
	3 (0%) 

	18 (2%) 
	18 (2%) 

	14 (2%) 
	14 (2%) 

	19 (2%) 
	19 (2%) 

	4 (1%) 
	4 (1%) 

	1 (0%) 
	1 (0%) 

	2 (0%) 
	2 (0%) 

	61 (8%) 
	61 (8%) 

	Span

	Access-Related Issues 
	Access-Related Issues 
	Access-Related Issues 

	4 (1%) 
	4 (1%) 

	3 (1%) 
	3 (1%) 

	1 (0%) 
	1 (0%) 

	2 (0%) 
	2 (0%) 

	1 (0%) 
	1 (0%) 

	1 (0%) 
	1 (0%) 

	1 (0%) 
	1 (0%) 

	13 (2%) 
	13 (2%) 

	Span


	Note: Results are broken down by negative effect scale scores. Percentages are calculated based on the total number of patient survey responses received (n=792).  
	 
	HCP-Reported Negative Effects from Medical Cannabis 
	Like the Patient Experience survey, the HCP survey asks respondents to report the degree, or severity, of any negative effects they believe the patient received from using medical cannabis, on a scale from 1 (no negative effects) to 7 (a great deal of negative effects). Table 7.5 shows the distribution of negative effects by severity score within three broad categories: physical side effects (including dry mouth, fatigue, headache, dizziness, blurred vision); mental side effects (including mental clouding, 
	Of 251 total HCP survey responses, 200 responses (80%) included a negative effects score and 107 responses (43%) included a description of any negative effect(s). Of 200 negative effect scale responses, 128 (64%) reported a score of 1, or “no negative effect.” This includes 6 HCP 
	reports which entered a narrative description of physical or mental side effects. There were 33 HCP reports (13% of all HCP survey responses) of physical or mental negative effects resulting from medical cannabis treatment. As seen in the patient survey results, these generally mirrored side effects described in clinical trials (see “
	reports which entered a narrative description of physical or mental side effects. There were 33 HCP reports (13% of all HCP survey responses) of physical or mental negative effects resulting from medical cannabis treatment. As seen in the patient survey results, these generally mirrored side effects described in clinical trials (see “
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions
	A Review of Medical Cannabis Studies relating to Chemical Compositions and Dosages for Qualifying Medical Conditions

	” on the 
	Office of Medical Cannabis
	Office of Medical Cannabis

	 website). Healthcare providers describing negative effects with high scores reported the following: a score of 7 was associated with a report of “abdominal discomfort”; dizziness (n=1) and sedation (n=1) were reported with scores of 6; finally, constipation, lethargy and worsened seizure activity (n=1) and a report of “too strong per patient” (n=1) were associated with a score of 5.  Four HCP responses reported access-related issues as a negative effect. Additionally, 25 HCP reports (10% of all HCP survey 

	A full listing of all negative effect comments from HCPs can be found in Appendix F: Healthcare Practitioner-Reported Negative Effects from Surveys. 
	 
	Table 7.5. Summary of most significant negative effects experienced by the patient, per HCP reports. 
	Table
	TR
	TH
	Span
	Negative Effects By Score  (1-7 Scale) 

	TH
	Span
	1  (No Negative Effects)  

	TH
	Span
	2     

	TH
	Span
	3     

	TH
	Span
	4     

	TH
	Span
	5     

	TH
	Span
	6     

	TH
	Span
	7  (Great Deal of Negative Effects)  

	TH
	Span
	Total 

	Span

	TR
	TD
	Span
	Physical Side Effects 

	TD
	Span
	4 (2%) 

	TD
	Span
	5 (2%) 

	TD
	Span
	6 (2%) 

	TD
	Span
	2 (1%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	20 (8%) 

	Span

	TR
	TD
	Span
	Mental Side Effects 

	TD
	Span
	2 (1%) 

	TD
	Span
	6 (2%) 

	TD
	Span
	3 (1%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	- 

	TD
	Span
	1 (0%) 

	TD
	Span
	- 

	TD
	Span
	13 (5%) 

	Span

	TR
	TD
	Span
	Access Issues 

	TD
	Span
	1 (0%) 

	TD
	Span
	2 (1%) 

	TD
	Span
	1 (0%) 

	TD
	Span
	- 

	TD
	Span
	- 

	TD
	Span
	- 

	TD
	Span
	- 

	TD
	Span
	4 (2%) 

	Span


	Note: Results are broken down by negative effect scale scores. Percentages in each cell are based on the total number of HCP survey responses (n=251).  
	 
	Adverse Side Effects Reported on Surveys: Conclusions 
	Based on data from surveys completed by patients and their certifying healthcare practitioners three months after the patient’s first medical cannabis purchase, 25% of patient respondents report physical or mental side effects related to medical cannabis use. A minority of healthcare provider responders (13%) report physical or mental side effects. Both groups describe negative effects related to medical cannabis use including the cost of products and issues related to 
	accessing medicine. Most patients and HCPs reporting physical or mental side effects report low degrees of severity (negative effect scale scores of 1-3). 
	 
	Adverse Event Reporting to Manufacturers 
	There is potential for enrolled patients, their family and caregivers, and health care practitioners to be concerned about an adverse event potentially caused by medical cannabis and to want to register their concern quickly. Both manufacturers have processes in place to receive these messages by telephone and by email. They collect and document information related to the incident and report it to the Office of Medical Cannabis. In nature and severity these reports have been similar to the adverse events re
	Patients, their registered caregivers, and certifying health care practitioners have a duty as program participants to report serious adverse events.  Called “serious adverse incidents” in the program’s rules (4770.4002), these are essentially occurrences that lead to hospitalization or are life-threatening events. As of the date of this report, no reported adverse events have met the definition of “serious adverse incident.”  
	 
	8. Affordability and Suggestions for Improving the Program 
	Patient Perceptions of Affordability 
	Unlike traditional pharmaceuticals whose costs are often covered through insurance reimbursement, medical cannabis must be purchased solely out of pocket. The Patient Experience survey asked patients to rate the cost of the medication on a scale from 1, or very affordable, to 7, or very prohibitive. Responses to this question are displayed in Figure 8.1.  Of 792 respondents, 683 (86%) reported that they found medical cannabis to be at least somewhat unaffordable (score of 4 or greater).  
	 
	Figure 8.1. Patient Perceptions of Product Affordability 
	 
	Figure
	 
	  
	Patient Perceptions of Online Registry 
	Patients were asked how easy or difficult the online registry system, through which the Minnesota Medical Cannabis program is administered, is to use. Patients were asked to rate usability on a scale from 1, or very difficult to use, to 7, or very easy or intuitive to use. Responses were generally positive (Figure 2), with 51% of patients reporting high scores of usability (6 or 7).  
	Figure 8.2. Online Registry Ease of Use 
	 
	Figure
	Patient reports on the ease of use of the Medical Cannabis Registry online system (1=very difficult to use; 4=neither difficult nor easy to use; 7=very easy/intuitive to use). Note: percentages are based on total number of patient responses; 49 patients did not complete this question and are not represented in the figure. 
	 
	  
	Patient Perceptions of Office of Medical Cannabis Call Center 
	Patients were asked to rate the helpfulness of the Office of Medical Cannabis Call Center (also known at the Support Center), which provides support for patients, caregivers and providers in navigating the registration and enrollment process as well as assisting with other program-related inquiries. The Patient Experience survey asked patients to rate the helpfulness of the call center on a scale from 1, or not very helpful, to 7, or very helpful. Over half of all patient responses reported high scores of h
	Figure 8.3. Call Center Helpfulness 
	 
	Figure
	Patient reports on the helpfulness of the Office of Medical Cannabis Patient Support Center (1=not very helpful; 4=somewhat helpful; 7=very helpful). Note: percentages are based on total number of patient responses; 241 patients did not complete this question (several indicated no experience with the call center) and are not represented in the figure. 
	 
	  
	Patient Perceptions of Office of Medical Cannabis Website 
	Patients were asked to state their level of agreement with the statement: “The Office of Medical Cannabis website provides me with the information I need to understand and participate in the program.” Among all patient respondents, 49% agreed and 28% strongly agreed that the website met their needs for information; however 10% expressed that they did not feel the website met their needs for program participation (Figure 8.4) and 12% did not respond to the survey question.  
	Figure 8.4. “The website provides the information I need to understand and participate in the program” 
	 
	Figure
	 
	Patient Suggestions 
	Patients were asked to provide feedback on the program; all responses submitted from the first year cohort are tabulated in Appendix G: Patient Suggestions for Improving the Program from Surveys. Many patients used this space to elaborate on the program’s impact on their lives; others suggested changes to the program’s administration or reported concerns related to product cost or access to cannabis patient centers.  
	 
	Suggestions and Information Requests from Healthcare Practitioners 
	Healthcare practitioners were asked to provide suggestions for improving the program, and were also asked if any additional information from the program would be useful to them. The full tabulation of comments is available in Appendix H: Healthcare Practitioner Suggestions for Improving the Program and Requests for Additional Information from Surveys. Many comments reported in these sections of the survey mirrored those reported as clinical observations; there were 39 additional comments relating to afforda
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