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Objectives

• Part I:  Understand how heat affects human 
health- heat stress and the cascade of heat 
related illness

• Part II:  Describe the intersection of climate 
change, kidney health, and kidney disease

• Part III:  Review other climate-related threats 
to kidney health

• Part IV:  Think about the resources we use to 
treat kidney disease impacts our climate





Cascade of Illnesses Triggered by 
Climate Change

Haines A, Patz JA. Health effects of climate change. JAMA. 2004 Jan 7;291(1):99-103.



Heat Related Illnesses Leading to 
Hospitalization

Hopp, S, et al.  Preventive Medicine 110 (2019) 81-85.





Climate Change & Kidney Disease:
One piece of the puzzle

• Heat stress nephropathy

• CKDu

• Mesoamerican 

nephropathy

• Sri Lankan nephropathy

• Uddanam nephropathy



Characteristics of Affected Workers

MEDICC Review, April 2014, Vol 16, No 2



Histology of a Patient with 
Mesoamerican Nephropathy

Johnson RJ, et al. N Engl J Med. 2019 May 9;380(19):1843-1852.



Location and Crop Type Matter

Am J Kidney Dis. 2012;59(4):531-540

Males Females

Region Crop Male Female

Coastal 
Lowland

Sugarcane 37.0% 17.5%

Cotton 29.4% 18.6%

Coastal
Highland

Sugarcane 3.5% 0%

Coffee or 
subsistence

3.5% 0%

Prevalence of Elevated SCr



Mechanisms of Kidney Injury

Sorensen CJ, et al.  J Occup Environ Med. 2019 Mar;61(3):239-50



Screening and Intervention to Slow 
Progression of Kidney Disease

Sorensen, C.J. et al. Int. J. Environ. Res. Public Health 2020, 17, 8552. 





Clinical Implications

Krinsky and Levine. Kidney International (2014) 86, 221–223.



Kidney Disease Epidemics Occurring 
Elsewhere

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



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



Sri Lankan Nephropathy

• 1990s, rice paddies in rural 
region

• Men > Women

• Ages 40-50 yrs

• Asymptomatic rise in 
creatinine

• Electrolyte changes 
(hypoNa, K, Mg; 
hyperuricemia)

Shuchi Anand et al. CJASN 2019;14:224-232



Uddanam Nephropathy

• Noted in 1990s

• Coconut, cashew and rice 
farming

• Asymptomatic, bland urine

• Biopsy shows interstital
nephritis





RJ Johnson et al. N Engl J Med 2019;380:1843-1852.

Hypothesized Occupational and Environmental Risk Factors for the Development or 
Progression of Chronic Kidney Disease (CKD).Can It Be the Heat Alone?



Metabolic Changes Contribute to 
Kidney Disease

J Am Soc Nephrol 27: 2247–2256, 2016 Johnson RJ, et al. J Am Soc Nephrol. 2016 Aug;27(8):2247-56



Climate Related Threats to Kidney 
Health

• Air Pollution

• Heavy Metals

• Natural Disasters



Environmental Pollution and Kidney 
Disease

Xu X, Nie S, Ding H, Hou FF. Nat Rev Nephrol. 2018 May;14(5):313-324



Kidney Disease Can be Attributed to 
Air Pollution 

Bowe B, Xie Y, Li T, et al. BMJ Open 2019;9:e022450. doi:10.1136/ bmjopen-
2018-022450



Epidemiological Evidence of Air 
Pollution and Kidney Disease

Lue S, Wellenius GA, Wilker EH, et al.  J Epidemiol Community Health 2013;67:629-
634.

Xu X, et al. Nat Rev Nephrol. 2018 
May;14(5):313-324



Benjamin Bowe et al. JASN 2018;29:218-230
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Heavy Metals and Kidney Disease

• Mining

• Industry

• Urban 
expansion

• Fertilizers



Xu X, Nie S, Ding H, Hou FF. Environmental pollution and kidney 
diseases. Nat Rev Nephrol. 2018 May;14(5):313-324



Heavy Metals and Kidney Health

• Itai-Itai disease from cadmium nephrotoxicity
• Anemia, severe bone pain, osteomalacia, and 

kidney failure

Kobayashi E, et al.. Environ Toxicol. 2009 Oct;24(5):421-8.

https://en.wikipedia.org/wiki/Itai-itai_disease



Dialysis

Heat Stress 
Nephropathy

Natural 
Disasters



Healthcare Delivery in Climate Change

Natural 
Disasters

https://www.kcercoalition.com/en/esrd-networks/



Impact of Hurricane Sandy on Dialysis 
Patients in the NE

• Identified 221 dialysis units 
affected by storm, 
representing approximately 
15,000 dialysis patients

• 4.5% hospitalized (3.2-
3.8%), 4.1% with ED visit 
(1.7-2.6%), 1.8% with 30-d 
mortality (1.5-1.6%)

Kelman J, et al. Am J Kidney Dis 
2015;65(1):109-115.



Care for Dialysis Patients During and 
After Hurricane Maria

https://www.baltimoresun.com/photos/darkroom/bs-dk-puerto-rico-maria-ap-
20180919-htmlstory.html



Kidney Disease Threatens Climate 
Health

• Resource utilization in dialysis– “Green 
Nephrology”

• WATER

• POWER

• SUPPLIES/WASTE

Dialysis



Water

Barraclough KA, Agar JWM. Green nephrology. Nat Rev Nephrol. 2020 
May;16(5):257-268.



Power/Waste

• Electricity use per dialysis treatment (at 2 
Australian centers) was 12.0kWh- 19.6 kWh

• Ref:  Australian household uses 18.7kWh per 
day

• 1.5-8 kg of waste per treatment reported.  
Less than 1/3 of the non-hazardous waste 
recyclable.

• Very large carbon footprint; difficult to 
estimate pharmaceutical carbon footprint



Yau A, Agar JWM, Barraclough KA. Am J Kidney Dis. 
2020 Nov 7:S0272-6386(20)31075-1.



Summary

• Climate change confers multiple adverse health 
effects in humans

• CKDu is an epidemic consequence of heat stress 
nephropathy manifesting in vulnerable 
populations throughout the globe

• There are many other climate-related threats to 
kidney health including air pollution and natural 
disasters

• Many opportunities and challenges exist to deal 
with these climate related health effects


