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• Carbon dioxide
• Methane
• Nitrous oxide
• Ozone O3
• Black Carbon
• Fluorinated gases

– Chlorofluorocarbons (CFCs)

– hydrochlorofluorocarbons (HCFCs),

– hydrofluorocarbons (HFCs)

– perfluorocarbons (PFCs)

– sulfur hexafluoride (SF6)

Greenhouse gases

From: U.S. Global Change Research 
Program

CLIMATE CHANGE AND HUMAN HEALTH

CLIMATE DRIVERS
Increased T

Extreme precipitation
Extreme weather events

Sea level rise

EXPOSURE PATHWAYS
Extreme heat

Poor air quality
Reduced food/water quality

Changes in infections agents

HEALTH OUTCOMES
Heat-related stress

Cardiopulmonary illness
Food, water, vector borne disease

Pollen and allergies
Mental Health & stress
Chronic Kidney disease
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• In the second week of August 2019, public safety 
concern declared for 13 States due to heat wave

• Cooling center with water distribution provided for 
outdoor workers

WORKERS MORE AT RISK

• Outdoor workers: agriculture, construction, transportation, oil 
production, landscaping, firefighting, emergency response

• Indoor work environments: steel mills, dry cleaners, manufacturing 
facilities, commercial kitchens, warehouses 

• Workers in natural environment, including soil, water, animals and 
infrastructure, animal agriculture and forestry workers, veterinarians, 
and in meat‐handling industries. 

• In extreme rain, workers who maintain septic or sewage systems, 
work on plumbing and water systems

Schulte PA, Chun H. Climate change and occupational safety and health: 
establishing a preliminary framework. 

J Occup Environ Hyg. 2009 Sep;6(9):542‐54

Cardiovascular Heat stress:
↑ blood viscosity 

↑ thrombogenicity

↑ cardiac demand 

↑ heart strain 
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Factors Affecting 
Risk of Heat‐related 
Illness
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Heat‐related 
Illness
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Clinical Climate Change Temperature
Recommendations

• Monitoring/adjusting doses/temporarily suspending 
drugs during predicted heat waves (AHA)
– diuretics, beta‐blockers, renin‐angiotensin inhibitors, some 

antidepressants and anticholinergics. 

• Advise about heat/cold exposure, hydration, value of 
even a few hours of AC, provide sources of emergency 
heat information 

• Advise about alcohol:

– Cold—vasodilates sending blood to skin where it can 
increase risk of hypothermia

– Heat—diuretic leading to water loss reducing ability to 
lose heat through sweating

• Educate all patients with risk factors/CVD about air 
pollution
– Most patients are unaware of the connection between 

air quality and CARDIAC conditions. 
• Provide patients with sources of information about 

current air quality and what steps to take to protect 
themselves

Vector borne infections
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NATURAL DISASTERS  

increase infectious diseases
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Pollen, pollution, asthma 

and allergies

Allergic Sensitization

Carbon dioxide (CO2) levels in the air
promotes growth of plants that release 
airborne allergens
4 temperature, 
4  Carbon dioxide
4  Ozone

Pollen season length, 
production, and amount of major 

ragweed allergens have 
increased in response to 

elevated ambient levels of 
carbon dioxide
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Climate change and 

mental health

• shifting from monthly temperatures of 25-30 °C to >30 °C increases 
the probability of mental health difficulties by 0.5% points, 

• 1°C of 5-year warming associates with a 2% point increase in the 
prevalence of mental health issues
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Trauma Related Disorders 

• Rates of PTSD following disaster usually ~ 30% 

• Flooding, expected to increase in the Northeast, is 
associated with PTSD, anxiety, and depression 

• Evacuation from disasters associated with MH 
impact: 62% of evacuees from Katrina met criteria 
for acute stress disorder (Mills et al, 2007) 

Heat and Suicide 

Robust literature documenting association‐

• 2 available reviews (Gao 2019, Thompson 2018) 
• +1 C in average monthly temperature increased 

suicide rate by 0.68% in US (Burke et al 2018) 
• By 2050 Climate Change expected to cause 14,020 

excess suicides in US due to heat (RCP 8.5) 

Heat and Violence 

• Well documented association 
• Climate change is associated with collective 

violence, generally in combination with other causal 
factors, e.g. scarcities of cropland and other 
resources (Levy, et al, 2016; Zhang et al, 2007, 
2007, 2011) 

• Heat is associated with interpersonal violence, 
(reviews: Anderson, 2001; Burke, 2015) 

• Heat wave associated with 13% increase in assault 
injuries in Adelaide (Nitschke et al, 2007) 
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Vulnerabilities of Psychiatric Patients 

• Increased mortality of psychiatric patients during 
heat waves 

• Schizophrenic patients can have impaired 
thermoregulation 

• Psychiatric medications, particularly antipsychotics, 
anticholinergics and benzodiazepines (Matin‐Latry
2007) increase heat sensitivity 

“EcoAnxiety” 
• Most Americans are worried about climate change 

and 21% are very worried. (Yale Climate Study, 2018) 
• Research from Australia

– Australian study of OCD patients, 28% of participants had 
OCD concerns directly related to climate change (Jones et 
al, 2012)

– Quantitative study of Australians, half of whom lived in 
urban areas, documented significant distress over 
climate change, particularly among women and adults 
aged 35 and younger. (Searle K. & Gow, K., 2010) 

Chronic Kidney Disease: the first 

Emergent Epidemic due to global 

warming
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Kidney anatomy and functions

Renal toxicity 
and 

biomarkers
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1. Recurrent heat exposure with physical exertion and 
inadequate hydration can lead to CKD distinct from 
diabetes, hypertension, or GN

2. Epidemics of CKD consistent with heat stress 
nephropathy are now occurring across the world

3. Heat stress nephropathy may represent one of the 
first epidemics due to global warming

4. Government, industry, health policy makers should 
place greater emphasis on occupational and 
community interventions

Jason Glaser et al. CJASN 2016;11:1472-1483

MECHANISM FOR HEAT STRESS NEPHROPATHY

Jason Glaser et al. CJASN 2016;11:1472-1483

©2016 by American Society of Nephrology

Global Climate Risk Index 1996–2015 
Source: GermanWatch and Munich RE NatCatSERVICE (Kreft S et al, 2017) 

Counties mot affected by 
extreme weather events

1 HONDURAS

2 MYANMAR

3 HAITI

4 NICARAGUA

5 PHILIPPINES

6 BANGLADESH

7 PAKISTAN

8 VIETNAM

9 GUATEMALA

10 THAILAND
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Confirmed site (Andhra Pradesh) and suspected sites 
of CKD epidemics of unknown etiology in India. 

©2016 by American Society of Nephrology

Jason Glaser et al. CJASN 2016;11:1472-1483

SRI LANKAN NEPHROPATHY

Jason Glaser et al. CJASN 2016;11:1472-1483

©2016 by American Society of Nephrology

TEMPERATURE TRENDS IN CENTRAL AMERICA 

Jason Glaser et al. CJASN 2016;11:1472-1483

©2016 by American Society of Nephrology
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● Young men with 
asymptomatic rise in 
serum creatinine with low-
grade or no proteinuria

● Mild anemia, 
hypokalemia, 
hyperuricemia are 
common

● Renal biopsies: interstitial 
fibrosis, low grade 
inflammation, tubular 
atrophy, extensive 
glomerulosclerosis

● Estimated 20,000-30,000 
sugarcane workers dead 
in El Salvador/Nicaragua

Ermando Jesus age 39 from El Salvador suffers 
from heat stress nephropathy and continues to cut 
sugarcane earning $2.26/ton cut. 
Both father and brother died from the disease 
(Tom Laffay/AlJazeera)

Emmanuel Jarquin and Sandra Perraza take the accelerometre readings of Raul, a young sugarcane worker. 
Researchers with the WE Programme used accelerometres to measure the difference in workload between 
two machetes used by the cane cutters to see how hard their bodies are being worked. (Tom 
Laffay/AlJazeera)
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Juan Wright, owner of the El Angel sugar mill in Apopa, volunteered for his mill to be part of 
the WE Programme, which is aimed at preventing the onset and development of CKDu.

Workers from Los Almendros hydrate in different ways while cutting sugarcane. 
The WE Programme's intervention of shade tents provides a cooler place for workers to rest and refill 
bottles or hydration backpacks. (Tom Laffay/AlJazeera)

Demonstration of sugarcane cutting in practice. Photo credit: Amanda Walker.
(Left) Sugarcane cutter using a machete to cut sugarcane. (Right) Cut sugarcane being collected and stacked.
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Risk Factors for Declines in Kidney 
Function in Sugarcane Workers in 
Guatemala

Butler‐Dawson, Jaime; Krisher, 
Lyndsay; Asensio, Claudia; Cruz, 
Alex; Tenney, Liliana; 
Weitzenkamp, David; Dally, 
Miranda; Asturias, Edwin J.; 
Newman, Lee S.

Journal of Occupational and 
Environmental Medicine60(6):548‐
558, June 2018.

doi: 
10.1097/JOM.0000000000001284

• Kidney function worsened during the six‐
month harvest for one‐third of the workers

• Dehydration not the only contributor:
– Nephrotoxic agrochemicals

– Heavy metals

– Nonsteroidal anti‐inflammatory drug (NSAID)

– Dietary fructose consumption

– Infectious agents 
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cumulative incidence of AKI after a 
single day of summer agricultural work 
is alarming due to an increased risk of 
long-term kidney damage and mortality

A strikingly high prevalence of 
dehydration and AKI exists in 
Florida agricultural workers

Benjamin Bowe et al. JASN 2018;29:218-230

©2018 by American Society of Nephrology

Air Pollution and the Risk of Incident CKD
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CONCLUSIONS

HEALTH IMPACTS CANNOT BE UNDERESTIMATED:
• Heat‐related stress
• Cardiopulmonary illness
• Food, water, vector borne disease
• Pollen and allergies
• Mental Health & stress
• Chronic Kidney disease
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