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The overall increase 
is statistically 
significant and 
approximately 
1.33°C over the last 
75 years.
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Heat can cause dehydration, exhaustion, skin rashes, fainting and stroke.  
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Daniel Inouye International Airport
maximum temperature

The World Meteorological Organization defines a heat wave as 5 or 
more consecutive days of prolonged heat in which the daily 
maximum temperature is higher than the average maximum 
temperature by 5°C or more. 

Daniel Inouye International 
Airport, average temperature
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Dan Inouye International Airport, 
minimum temperature

Trend in minimum 
temperature is 
stronger than that in 
maximum 
temperature 
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Dan Inouye International Airport 

Lihue

Relative Humidity (%), 2006-2024
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Honolulu Lihue

Kahului Hilo

Wind data: 1984-
2009

Garza, Chu, North, 
and Schroeder, 
2012: Changes of 
the prevailing 
trade winds over 
the Islands of 
Hawaii.  Journal of 
Geophysical 
Research 
(Atmosphere).
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• Annual mean temperature at four major airports (Daniel Inouye International 
Airport, Lihue, Kahului, Hilo) in Hawaii shows a statistically significant increasing 
trend over the last 75 years (1950-2024).  For Honolulu, the overall warming is 
about 1.33°C.  

• At high elevation (Mauna Loa Observatory), the warming trend is also significant.
• Annual mean maximum temperature at airport stations (except for Hilo) shows 

an increasing trend and annual mean minimum temperature also shows an 
upward trend (except Kahului).  

• Consistent with temperature trends, humidity also sees an increasing trend for 
three major airports (except for Kahului) during 2006-2024.

• Northeast trade wind prevails in the Hawaiian Islands and its frequency in 
Honolulu, Maui, and Kauai (as well as the adjacent ocean buoy stations) shows a 
pronounced decline during 1984-2009.
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Hawaii News Now, July 31, 2023



Heat Related Illness

• heat index: heat + humidity

• heat index > 95°F:  mortality     with temp + duration 

• wet bulb: measures temp on thermometer 
covered in a wet cloth soaked in ambient temp



Physiologic Responses to 
Heat Strain

• Vasodilation/heat
exchange

• Sweating/evaporation

• Conduction

www.usariem.army.mil/index.cfm/modeling/scenario



Ebi, Kristie L et al.2021

Vasodilation

     cardiac demand
      

     cardiac filling pressure

               leading to
     
     contractility and HR

     coronary O2 demand
     

+



Liu et al. Lancet Planetary Health 2022

A 1°C temp 
increase 

associated 
with CVD 
mortality 

increase of 
21% 

(RR 1·021 
[95%CI 
1·020–
1·023])

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(22)00117-6/fulltext



Ebi, Kristie L et al.2021

Sweating

Fluid losses

Electrolyte losses

      leading to

    Dehydration       
    Hyperosmolality
    Hypovolemia 
    RAS activation      
    Vasopressin release

+



Liu et al.2021 https://www.sciencedirect.com/science/article/pii/S0048969721048816



Sugar Cane worker, Chichigalpa, Nicaragua https://www.cnn.com/2014/06/11/health/kidney-disease-ckdu/index.html

https://www.cnn.com/2014/06/11/health/kidney-disease-ckdu/index.html


CKD of Unknown Origin in Central America: 
The Case for a Mesoamerican Nephropathy

Correa-Rotter R et al. Am J Kidney Dis 2014;63:506-20



Heat 
Cramps

Heat Rash
Heat Edema

Heat 
Syncope

Heat
Exhaustion

Heat 
Stroke

H20, salt
losses

hypoperfusion
Core temp <104

CNS/organ fail 
Core temp≥ 

105  

Exacerbation of Chronic Diseases



Heat Related Illness

Most fatalities are preventable! 

Early recognition is key! 







FANS NOT EFFECTIVE
FANS HARMFUL 

 DO NOT PREVENT HRI
at Extreme temperatures >95 

DRY Heat (Low Humidity) =
Low Heat Index 

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(24)00030-5/fulltext



HUMID Heat =
High Heat Index 

FANS PROMOTE SWEAT 
EVAPORATION 

BUT
Not helpful at extreme 

temps (still blows hot air)
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(24)00030-5/fulltext
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2003 Heat Wave Europe



Fouillet A et al. 2006

Delayed
Health
Effects



Heat Related Vulnerability

• Chronic dx: DM, CVD, renal, lung, psych
• Age extremes
• Exposure to seasonality
• SES
• Geography/residence urban heat island
• Occupation
• Athletes



Diuretics, ACE Dehydration
NSAIDS, ACE Reduced renal function
Anti-psychotic Decreased sweat, thermoregulation
Anti-Parkinsonian “
Anti-Emetic “
Anti-Histamines Vasoconstriction
Laxatives Electrolyte imbalance
Stimulant Drugs Hyperthermia

Heat Related Vulnerability: Meds and Drugs



Carof et al. Nov 2020; Clinical Psychopharmacology and Neuroscience in press





Who is at risk? People 
with
• Pre-existing mental 

health conditions
• Dementia
• Psychiatric meds

Worsened by:
• Poverty, substance 

abuse

: DOMESTIC VIOLENCE
: DOMESTIC VIOLENCE

https://jaxtherapynetwork.com/hot-weather-affects-mental-
health/

: DOMESTIC VIOLENCE
: DOMESTIC VIOLENCE



URBAN HEAT ISLAND

https://insideclimatenews.org/content/urban-heat-island-effect

https://insideclimatenews.org/content/urban-heat-island-effect


https://www.civilbeat.org/beat/honolulu-has-mapped-just-how-hot-oahu-is-now/

https://www.civilbeat.org/beat/honolulu-has-mapped-just-how-hot-oahu-is-now/




Athletes / Children



Youth and High School Kids are vulnerable!

- Highest level of participation, least resources
- Child/Coach dynamic: fear, retribution
- Not wanting any reason to be taken off the roster
- Not wanting to let the team/coaches/families down
- Game schedule dictated by school schedule

Nancy Lane/MediaNews Group/Boston Herald via Getty ImagesUSA FOOTBALL







It’s policy!

Football:
Acclimatization
Re-acclimitazation

Wet Bulb Temp 
Guidelines





Sugg et al. : Relationships between maximum temperature and heat-related illness across North Carolina, USA

2007 – 2012
HRI per 100,000 person years

https://link.springer.com/article/10.1007/s00484-015-1060-4


Sugg et al.



Mountain Threshold:  26.7 (80)
Mountain Peak:            33.3 (92)

Piedmont Threshold:  31.7 
(89)
Piedmont Peak:          37.8 
(100)

Coastal Threshold:      31.1 
(88)
Coastal Peak:      37.8 
(100)

Sugg et al.

Temp C 
(F)



Sugg et al.



Sugg et al.



Sugg et al.

HRI Incidence Rates per 100,000
Age  Female Male
18-24  16.6  49.7

25-34  13.5  55.9

35-44  12.9  47.8

45-54  13.5  45

55-64  23.5  55.2

65-74  13  34.7

75-84  16.6  36.3

>85  23.8  39.2



Conclusions

• HRI peaked 88 – 100 °F
NOT the hottest days

• Coastal plain: 
 more HRI

• Isolated and rural locations: 
3X in HRI at 37.8 °C (100 °F) 
compared to urban

• Rural HRI: 18 - 44 men

NC Farmworker Health Program https://ncfhp.ncdhhs.gov

Awareness Targets:
Temps below current warning 

thresholds
Rural working age adults

Men (18-14)
Participating in at risk activities

(agriculture, outdoor labor, athletics)



Taking Action
• General Education and Policy

• Targeted populations
• School education
• Elderly patient education, outreach
• Homelessness, substance abuse education about 

heat

• Wish List
• Detailed surveillance data:     

 Year round; Home zip, age, gender, detailed info



Continuing the Conversation: Physical Effects of Heat

Dr. Elizabeth Kiefer
JABSOM, University of 

Hawaii

Daintry Bartoldus
Hawaii State Council on 

Developmental Disabilities
Hawaii Department of 

Health

James McCallen
Hawaii Department of 

Health
Hazard Evaluation and 
Emergency Response 

(HEER) Office

Dr. Gloria Fernandez
Hawaii Department of 

Health
Public Health Nursing 

Branch



IMPACT OF 
CLIMATE CHANGE 
ON INDIVIDUALS 
WITH 
INTELLECTUAL 
AND 
DEVELOPMENTAL 
DISABILITIES (IDD)
Daintry Bartoldus



OVERVIEW
Introduction

Public Health Challenges

Practical Solutions

Policy Recommendations

Community Engagement and Collaboration

Case Studies and Local Initiatives

Conclusion

109IMPACT OF CLIMATE CHANGE ON INDIVIDUALS WITH IDD



INTRODUCTI
ON
Impact of Heat on Vulnerable Populations

 Extreme heat 
disproportionately affects 
individuals with developmental 
disabilities (DD).

Hawaii’s Climate

 Warm climate + rising 
temperatures = higher risks for 
vulnerable groups.

11
0

IMPACT OF CLIMATE CHANGE ON INDIVIDUALS WITH IDD



PUBLIC HEALTH 
CHALLENGES

Inability to Self-Regulate

 Difficulty recognizing signs of 
heat stress

Medications and Heat

 Medications may increase 
susceptibility to heat-related

 illnesses

Lack of Access to Cool Environments

111 IMPACT OF CLIMATE CHANGE ON INDIVIDUALS WITH IDD



PRACTICAL SOLUTIONS

B U D DY  SYST EM

Pair individuals with a 
trusted person.

112 IMPACT OF CLIMATE CHANGE ON INDIVIDUALS WITH IDD

A L E RT  SYST EM S

Accessible warnings for 
caregivers during heat 
events

E D U C AT I O N

Teach importance of 
hydration, rest, and 
cooling.

Recognize heat stress 
signs for both 
themselves and others.

C A R E G I V E R  T R A I N I N G



POLICY RECOMMENDATION

I N F R A ST R U CT U R E

Access to cooling centers; shade 
in public spaces.

H E AT  P R OTO C O L S

Include safety checks in care 
programs.

C L I M AT E  R E S I L I E N C E

Invest in housing and services for 
long-term handling.

113 IMPACT OF CLIMATE CHANGE ON INDIVIDUALS WITH IDD



COMMUNITY 
ENGAGEMENT

Self-Advocates

Include in designing heat-related 
solutions.

Collaboration

 Partner with health officials, 
service providers, and leaders.

114 IMPACT OF CLIMATE CHANGE ON INDIVIDUALS WITH IDD



CASE STUDIES AND LOCAL INITIATIVES

A R I ZO N A

Effective programs for heat risk.

A strong example of a state addressing heat 
impact on vulnerable populations is Arizona, 
especially in Maricopa County (Phoenix 
area), where extreme heat is a major 
concern.

F E E L I N G  S A F E  B E I N G  S A F E

Feeling Safe Being Safe

The State Council on Developmental 
Disabilities has a "Feeling Safe Being Safe" 
program that provides safety training by self-
advocates for self-advocates and the public. 
This program can be expanded to include 
heat safety education.

115Presentation Title



CONCLUSION

Urge protection for at-risk groups and 
caregivers.

Encourage audience involvement 
through advocacy and support.

116 IMPACT OF CLIMATE CHANGE ON INDIVIDUALS WITH IDD



STATE OF HAWAII DEPARTMENT OF HEALTH

PUBLIC HEALTH NURSING BRANCH
“Healthy empowered communities 

for a better future.”

Climate Change Health Conference: 
Continuing the Conversation

Physical Effects of Heat
Our Kupuna
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PUBLIC HEALTH NURSING BRANCH
“Healthy empowered communities 

for a better future.”

Resources

National 
• Low Income Home Energy 

Assistance Program 
(LIHEAP)

• National Institute on Aging
• Federal Emergency 

Management Agency 
Ready.gov

State
• Low Income Home Energy 

Assistance Program 
(LIHEAP) 

• Hawai’i Home Energy 
Assistance Program (H-
HEAP)

• Office of Community 
Services – Weatherization 
Assistance Program 

July 19, 2023 121
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