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The scope of the problem
By 2070, without migration, 1 in 3 people around the world will be 
living with mean average temperatures of ≥ 29.0 °C (84.2 °F)

Xu C et al. Future of the human climate niche. PNAS. 
2020.



Heat is an environmental 
justice issue



Pregnancy is a 
time of increased 
susceptibility to 

heat



Obstetric 
complications

Gestational hypertension, 
preeclampsia, & eclampsia

Cardiovascular events

Placental abruption

Preterm birth

Early pregnancy loss



Neonatal complications

Fetal distress

Meconium aspiration

Neonatal ventilator use

Fetal growth restriction and low birth weight

Congenital heart disease

Sudden infant death syndrome



Children are 
not little 
adults
● Lungs are still developing.

○ Breathing zone is closer to the floor
○ Breathe more rapidly (exposed to 

more pollutants per body weight)
● Brain & central nervous system 

continues to develop
● Immune and reproductive systems still 

developing
● Gastrointestinal: greater absorption of 

some toxicants (lead).
● Have more trouble regulating 

temperature
● Children have little control over their 

environments – rely on adults



Heat risk 
factors in 
children
● Chronic diseases

● Medications

● Reduced ability to 
communicate needs

Photo by Andrew Seaman on Unsplash 

https://unsplash.com/@amseaman?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/five-children-playing-water-during-day-time-p1dUXr9zNHs?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash


Heat impacts in 
children

● Dehydration

● Fever

● Heat exhaustion

● Heat stroke

● Exertional heatstroke

Photo by Nicole Green on Unsplash 

https://unsplash.com/@n_m_green?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/boy-in-orange-and-black-jacket-and-white-pants-standing-on-field-during-daytime-QgiAeyGUUVQ?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash


Risk factors for exertional 
heatstroke

Hot and/or 
humid 

weather

Excessive 
physical 
exertion

Lack of 
access to 

fluids
Multiple day 

sessions

Overweight 
or obese

Chronic 
disease Medication Current or 

recent illness

Clothing or 
uniform

Adapted from Pediatric Environmental Health 4th 
Edition



Recommendations to reduce risk 
of exertional heat stroke

Regular 
consumption of 
fluids

Gradual adaptation 
to climate

Modification of 
activity

Rest/recovery time Avoid or limit 
participation if ill

Monitor for s/sx of 
heat illness

Training to respond 
to heat illness

Adapted from Pediatric Environmental Health 4th 
Edition



Recommendations for 
pregnant patients & 
families
● Heat wave alerts
● Drink extra water
● Guidance for cooling home if no A/C
● Signs and symptoms of preterm labor
● Over 42 °C (107.6 °F), avoid using a fan. 
● Provide guidance for patients that work 

outdoors
● Emergency plan for school activities
● Cooling centers
● Avoid heavy exercise during peak hours
● Do not leave children unattended in vehicles



Resources for providers

● The Climate Resilience for Frontline Clinics Toolkit  
https://www.americares.org/what-we-do/community-health/climate-re
silient-health-clinics/ 

● Global Heat Health Information Network https://ghhin.org/ 
● National Integrated Heat Health Information System 

https://www.heat.gov/ 
● Local health department guidance
● National Athletic Trainers Assoc – Heat Illness Guide for Parents and 

Coaches 
https://www.nata.org/sites/default/files/heat-illness-parent-coach-guid
e.pdf

https://www.americares.org/what-we-do/community-health/climate-resilient-health-clinics/
https://www.americares.org/what-we-do/community-health/climate-resilient-health-clinics/
https://ghhin.org/
https://www.heat.gov/
https://www.nata.org/sites/default/files/heat-illness-parent-coach-guide.pdf
https://www.nata.org/sites/default/files/heat-illness-parent-coach-guide.pdf
https://www.nata.org/sites/default/files/heat-illness-parent-coach-guide.pdf
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Disclosures

● None pertaining to the topic of this talk



The Population: 
Outdoor Workers





Outdoor Workers

● Among the occupations with the most outdoor exposure are 
cement masons and concrete finishers, construction laborers, 
firefighters, highway maintenance workers, landscaping and 
groundskeeping workers, and roofers. 

● 32.9 percent of workers in 2022 were exposed to the 
outdoors as a regular part of their job.

https://www.bls.gov/opub/ted/2023/32-9-percent-of-employees-had-regular-outdoor-exposure-in-2022.htm#:~:text=Bureau%20of%20Lab
or%20Statistics%2C%20U.S.,visited%20January%2017%2C%202024).



https://ephtracking.cdc.gov/Applications/heatTracker/



Heat Hazard Risks to Outdoor Workers

● Extent of heat exposure depends on the heat index, duration 
of time outside, type of work, degree of physical exertion.

● Workers at greater risk of heat stress include those who are 
65 years of age or older, are overweight, have heart disease 
or high blood pressure, or take medications that may be 
affected by extreme heat.

● Black/African American and Hispanic/Latino workers are 
disproportionately represented in many outdoor occupations.

https://www.cdc.gov/niosh/topics/heatstress/default.html#:~:text=Workers%20who%20are%20exposed%20to,heat%20cramps%2C%20or%20heat%20rashes.

https://www.ucsusa.org/sites/default/files/2021-08/Too%20Hot%20to%20Work_8-13.pdf



https://journals.lww.com/joem/fulltext/2023/07000/how_does_environmental_temperature_affect.17.aspx



https://www.ucsusa.org/sites/default/files/2021-08/Too%20Hot%20to%20Work_8-13.pdf



Prevention 
Strategies



Tustin A, Sayeed Y, Berenji M, Fagan K, McCarthy RB, Green-McKenzie J, McNicholas J, Onigbogi CB, Perkison WB, Butler JW; ACOEM Work Group on Occupational 
Heat-Related Illness. Prevention of Occupational Heat-Related Illnesses. J Occup Environ Med. 2021 Oct 1;63(10):e737-e744. 



https://journals.lww.com/joem/abstract/9900/outcomes_for_a_heat_illness_prevention_program_in.487.aspx



https://www.osha.gov/heat



Policy Solutions



https://www.nrdc.org/resources/occupational-heat-safety-standards-united-states









Summation

● The evidence is conclusive: extreme heat does impact outdoor workers

● Only a handful of states have a heat standard that protects outdoor 
workers; no federal heat standard right now

● Heat illness prevention programs do work but not uniformly applied

● Need additional data infrastructure to develop early warning systems 
that are fully integrated (healthcare systems, public health, emergency 
response, local/regional governments, employers)



https://climate-adapt.eea.europa.eu/en/metadata/videos/201ctoo-hot-to-work201d-documentary
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●Medical Society Consortium on 
Climate and Health

●APA Committee on Climate 
Change 

●Climate Psychiatry Alliance 
●New Hampshire Healthcare 

Workers for Climate Action
●No Coal No Gas 

     Robert Feder, M.D.  
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Schizophrenia affects 
1% of the population 

but is associated with 
8% of heat-related 

deaths.



1) Confusion or bizarre ideas related to heat 
and assistance-seeking
2) Homelessness and poverty (no air 
conditioning, reduced access to liquids)
3) Schizophrenia impairs hypothalamic 
heat-regulating mechanisms
4) Antipsychotic medications impair 
hypothalamic heat-regulating mechanisms
5) Anticholinergic medications impair 
sweating



“Heat’s Hidden Risk” 
Washington Post/December 18, 2023.        
Story of Stephen Goodwin



MAJOR 
DEPRESSIVE 

DISORDER







ANTIDEPRESSANTS
        SSRIs (Prozac, Zoloft, Paxil, Lexapro, etc)
        SNRIs (Effexor, Cymbalta)

    All can increase sweating, leading to dehydration
        TCA’s (Elavil, amitriptyline, imipramine, nortriptyline)

    All reduce sweating, leading to increased body temp

ANTIPSYCHOTICS
        Vraylar, Abilify, Seroquel, Latuda, Zyprexa

   Directly impair hypothalamic heat regulation



BIPOLAR 
DISORDER



Increased activity in manic state = increased heat production

Antipsychotic medication –
                     Impaired hypothalamic temperature regulation

Lithium -  Increases dehydration by increasing urination
                  Dehydration causes lithium toxicity

Increased suicide risk as temperature increases



DEMENTIA



Mainly an issue for those living at home
Decreased awareness of heat
Decreased hypothalamic regulatory ability
Confusion about what to do about heat
Limited income 

                 Reduced access to air conditioning
              Reduced access to adequate hydration



ATTENTION-DEFICIT 
HYPERACTIVITY 

DISORDER
 (ADHD)



Increased activity = increased heat production

Stimulants
 a) Impair hypothalamic heat regulation
 b) Reduce ability to sweat via vasoconstriction
 c) Reduce unpleasant sensations of  

overheating



Substance 
Use Disorders



Reduced perception of overheating when high

Homelessness and poverty (no air conditioning, 
reduced access to liquids)

Methamphetamine and MDMA (Ecstasy) directly 
interfere with hypothalamic temperature control

Alcohol increases dehydration

18% of all heat-related deaths involve drug ODs
MMWR June 19. 2020; 69(24):729-734



What can we 
do?



Educate each other

Include in resident training

Educate our patients



Community Mental Wellness 
and Resilience Act

• HR 9201 – Introduced in House 10/18/22 by Rep. Tonko of New York

• S 5251 - Introduced in Senate on 12/14/22 by Sen. Markey of 
Massachusetts

• Establishes funding through the CDC for community-based programs 
designed to address mental health issues of the climate crisis
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Meds & Heat – Why Do We Care?

Heat affects medication stability

Heat affects medication pharmacokinetics

Medications can alter thermoregulation and increase risk of harm

Medications are a cornerstone of clinical management of vulnerable 
populations



Heat & Medication Stability
● Study of at-home med storage: 30% were improperly stored 

according to manufacturers’ labeling acceptable 59-86 ºF range1

Real-world studies often indicate acceptable stability at higher temps, but often don’t 
examine effects of packaging, tablet splitting, humidity, and other common factors2

● Products of concern:
Refrigerated medications: insulin, biologics, vaccines2-3

Emergency medications: epinephrine, naloxone4

Delivery devices: metered-dose inhalers5

● Point-of-care glucose testing: meters and test strips exposed to 
short term heat/humidity (15 min at 83% RH, 42 ºC) resulted in 
erroneous results up to 33 mg/dL above control values6

1. Funk OG. Innov Pharm. 2021.
2. De Winter S, Annals of Emergency Medicine. 2013.
3. Richter B, Cochrane Database of Systematic Reviews. 2023.

4. Brown LH. Prehospital Emergency Care, 2009. 
5. Hoye WL. American Journal of Health-System Pharmacy. 2005.
6. Lam M, J Diabetes Sci Technol. 2014.



Heat Effects on Medication Kinetics

Direct: Increased 
vasodilation and skin 

perfusion alters transdermal, 
topical, or subcutaneous 

drug absorption and 
distribution

Indirect: Dehydration 
leading to alterations in 

drug distribution and 
elimination

1. Hao J. Expert Opin Drug Deliv. 2016.
2. Westaway K. J Clin Pharm Ther. 2015.



Ambient Temp & Insulin Absorption

Insulin users: risk of 
serious hypoglycemic 

events was ∼40% 
higher on days with a 
HI ≥99th percentile vs 

days with HI in 
25–74th percentile in 
both US and Taiwan

Visaria A, et al. Diabetes Care. 2024.



Meds & Thermoregulation
1. Westaway K, J Clin Pharm Ther. 2015.
2. Wee J, Pharmacol Rev. 2023.
3. Ebi KL. The Lancet. 2021.



Vulnerable 
Populations & 
Medication Use

Older age

Mental health disorders 

Cardiovascular disease

Chronic kidney disease

Diabetes

Dementia

Parkinson’s Disease

Multiple Sclerosis

Drug use

Heat exposure

Socioeconomic 
factors

Age,  
chronic 

condition
s

Medications

1. Kalisch Ellett LM,. J Clin Pharm Ther. 2016. 
2. Layton JB. PLoS ONE. 2020
3. Bongers KSJ Clin Pharm Ther. 2020.

4. Chang HH. Environment International. 2023.
5. Hansen A. Environ Health Perspect, 2008.
6. Wee J. Pharmacol Rev, 2023. 



Medications & Heat-Related Outcomes:
Current Evidence

● Increased risk of hospital admission for dehydration or HRI following initiation 
of anticoagulants, NSAIDs, antipsychotics, antidepressants, CV medications 
– highest risk with initiation of ACEi + diuretic (approximately 3X increase)1

● Increased risk of heat-related hospitalizations in adults >65 years old taking 
heat-sensitizing medications throughout summer months, even in the 
absence of exposure to extreme heat event (ACEi, ARB, anticholinergic, 
antipsychotics, loop diuretic)2

● Use of levothyroxine in older adults associated with risk of hyperthermia 
leading to ED-presentation/hospitalization3

● Short-term associations between elevated temps greater than 17 ºC and ED 
visits for substance use or overdose (amphetamines, cocaine, opioids)4

● Use of statins, empiric potassium in patients receiving furosemide ≥40 
mg/day may reduce all-cause mortality related to heat exposure5,6

1. Kalisch Ellett LM,. J Clin Pharm Ther. 2016. 
2. Layton JB. PLoS ONE. 2020
3. Bongers KSJ Clin Pharm Ther. 2020.

4. Chang HH. Environment International. 2023.
5. Nam YH. Sci Rep. 2019.
6. Nam YH. BMJ Open. 2019.



Limitations
● Relatively few well-controlled studies examining relationships between specific 

medications and heat-related harms in real-world situations:
Most studies examine entire medication class, not individual drugs

Most studies do not evaluate medication doses, anticholinergic burden, or drug interactions

Most studies evaluate morbidity/mortality related to HRI, not other outcomes (e.g., falls)

● Difficult to separate risk associated with medication from risk associated with 
underlying comorbidity

● Lack of evidence to guide clinical decision-making



Clinical Recommendations1-3

Consider medication management with careful risk/benefit analysis in 
individualized heat action plans

Use the lowest effective dose for the shortest possible duration; consider risk of 
additive effects across medication classes

If practical, avoid initiation or dose increase of medications known to impact 
thermoregulation before/during hot weather

Have a proactive, individualized plan to avoid dehydration, 
especially in those taking diuretics

1. Westaway K, J Clin Pharm Ther. 2015.
2. Wee J, Pharmacol Rev. 2023.
3. Gamboa L. Eur J Clin Pharmacol. 2023.



Recommendations for Heat Adaptations:1-5 
Medication Management

Medication review

Evaluation of high-risk medications, polypharmacy, drug interactions, high-risk 
conditions; integration into preexisting medication review processes, programs, and 
reimbursement structures (e.g., CMR/TMR, LTC 30-day reviews, Medicare Annual 
Wellness)

Patient screening
Alerts in pharmacy systems or EHR for high-risk medications or underlying 
conditions; screening for risk factors (chronic conditions, environmental, 
socioeconomic) and adaptive capacity (e.g., access to cooling)

Patient education
Individualized plans for heat response, hydration, self-monitoring and 
self-management at strategic time points (prescribing, summer refills, 
discharge/TOC); medication & medical supply storage

Patient access Pharmacies/pharmacists as access points for more regular patient contact

Interprofessional 
practice

Pharmacy partnerships for public health planning, referrals for medication review, 
development of effective clinical response protocols & guidelines

1. Salas RN. N Engl J Med 2020.
2. Westaway K. J Clin Pharm Ther. 2015.
3. Jay O. The Lancet. 2021.

4. Hajat S. The Lancet. 
5. Patel L, NEJM Catalyst. 2022.



Montana: Case Study
% of Population ≥65 years old and living 

alone
May-September 2021: # of days >90 ºF



Healthcare Access & Pharmacy Programs



Policy/Systems Change
● Proactive testing requirements for medication stability at elevated 

temperatures
● Push/pull incentives within existing opportunities for medication review 

and management that increase attention to heat-related risks
● Funding & research to develop better clinical guidance for medication 

management during heat events
● Health professions education – accreditation standards and continuing 

professional education 
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Heat and the elderly
• More than 80% of the 12,000 people in U.S. who die of heat related 

causes yearly are over 60 (Geohealth, 2020)
• Of the 61,672 heat related deaths during 2022 European heat wave, 90% 

were people 65 and older (Nature Medicine, 2023)
• In last 20 years, there has been a 54% increase in heat related mortality 

for people 65 and older (Lancet 2021)



Why the elderly
• Body regulation/compensation for higher core temperature 🡪 lower 

capacity for CV response, blood shunting to skin, sweat response
• More co-morbidities including CV, mobility, cognitive function
• More medications vulnerable to heat impacts
• Climate change 🡪 higher nighttime lows 🡪 interferes with body reset, 

sleep, cognition
• Social vulnerability : 24% over 65% are socially isolated, economic 

resources, chronic impacts of structural racism



Heat & Health Equity



Redlining & Urban Heat





Recommendations
• Counseling/preparation, esp hydration, use of heat pumps/cooling units
• “Unremarkable” heat may still impact elderly
• Monitor humidity/wet bulb temp
• Medication adjustments
• Identifying some who will support
• Structural solutions

• Addressing inequities : prevention and response
• Tree canopies and improved green built enviroment
• Access to care and public health investment
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Connecting Climate Hazards with 
Health:
Social Determinants Approach



Climate-Related Health Risk 
Modification

Noah Berger / Associated Press

Risk = Hazard x Exposure x Vulnerability / 
Capacity

“invest in energy  
systems that reduce 
future global warming 
and severity of future 
heat waves”

“residential cooling 
keeps people cool 
during a heat wave”

“If my AC fails, I’ll go stay 
with my cousin for a few 
days and then come back 
home”

Business Insider

“painting roofs 
white means 
less urban heat”



Climate Readiness Self-Assessment: US Clinics

Question: Has the potential risk or actual 
impact of extreme weather events on 
your clinic increased operational 
expenses? 
(Sample size: 266)

Question: How resilient is your clinic to 
extreme weather events? 
(Sample size: 269)



Climate Readiness Education Needs: US Clinics

Question: For climate and health 
education, which of these tools will be 
most useful for clinic staff?
(Sample size: 130)

Question: For climate and health 
education, which of these tools will be 
most useful for patients?
(Sample size: 130)



Climate Readiness Pilot 
Intervention: Toolkits for Clinics
● Evidence-based
● Available online for free or 

open-source
● Guidance for specific users

○ Patients, providers, administrators

● Guidance for specific hazards
○ Heat, hurricane, fire, flood

● Implementation assessment, 
validation, and end-user feedback 
solicitation are ongoing



Flooding Toolkit



Heat Toolkit



Peer Review Workshop 
on Heat Toolkit

•What works well?

•What needs to be changed?

•Are there additional approaches, ideas, or 
information that should be included in the toolkits?

•Other ideas, reactions, or suggestions?

Starting at 5:00pm today


