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Rising global temperatures, coupled with decreasing access to clean drinking water,
may enhance the effects of heat exposure to general and working populations across
the globe. People working in jobs that require moderate or heavy manual labor in hot
environments are at particular risk caused by the combined effect of exposures to
high environmental heat and internal heat production. Exposures to heat can lead to a
range of clinical health effects such as fatigue, exhaustion, heat syncope, fainting,
heat stroke or even death. Furthermore, heat-related physical exhaustion leads to a
reduction of the worker’s ability to work with consequent productivity losses that may
cause substantial economic losses for the businesses. The result of such continuous
heat exposures, manual work and repeated dehydration are also known to cause
acute kidney injuries that can further develop into chronic kidney diseases. With the
predicted rise in temperatures due to climate change, the health effects for the
working population are expected to become worse without appropriate interventions.
With this background, the present review focuses on the heat-related health illnesses
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with special attention to kidney disease among workers engaged in manual physical
labor in different occupational sectors.

Did you know how heat is affecting our body’s normal functioning?

The internal temperature of a healthy human body is maintained at around 37°C, and there
are usually variations of less than 1°C that may occur depending on the level of physical
activity or physical and psychological status and the time of the day. Any change in the body
temperature that exceeds 1°C during a day occurs either due to illnesses or when the body is
unable to cope with external temperatures. With a rise in environmental temperatures, it is
natural that the body also tends to warm up. Normally, the body has ways of keeping itself
cool, by letting heat escape through the skin, and by evaporating sweat (perspiration). The
thermoregulatory mechanism tries to maintain a constant inner body temperature by pumping
more blood to the extremities and also by increasing sweat production (figure 1). This helps
the body to lose heat faster and maintain the thermal balance inside the body. In very hot
environments, if the heat gain exceeds the heat loss, the body temperature begins to rise and
if the body is not able to cool itself properly by external mechanisms, the exposed individual
may suffer from heat stress followed by heat-related iliness without appropriate interventions.

Images from www.climanosco.org can not be imported — this is not a bug
Figure 1. Thermal balance in humam body

Heat stress can induce heat iliness at high temperatures during heavy manual work,
influenced by the type of clothing being worn by the worker [OSHA, 2017]. The individual may
at first be confused or unable to concentrate, followed by more severe symptoms, such as
fainting or collapsing. Heat related illness can cause both direct or indirect health effects [R.S.
Kovats and S. Hajat, 2008], the direct effects being a range of heat illness such as heat
fatigue, heat rash, heat exhaustion to heat stroke. The indirect effects of heat stress could
affect the body’s functioning via changes to the underlying physiological systems, which could
result in other specific indicators such as renal insufficiency, acute cerebrovascular disease,
and worsening of pulmonary disease [F.P. Ellis, 1976].

Heat-related illness usually comes in stages. The first stage is thirst, followed by muscle
cramp, which can be mild or very painful. The more serious next stage of a heat-related illness
(often called heat exhaustion) includes the individual having a cool, moist, pale skin,
headache, dizziness and weakness, possible nausea and the skin may or may not feel hot
[ACHD, 2018]. The warning signals and symptoms of the most serious stage of a heat-related
iliness, often called heat stroke or sun stroke, can vary between individuals and may include:
vomiting, confusion, throbbing headache, high body temperature (as high as 40°C), reduction
in alertness or loss of consciousness. The victim may stop sweating and the skin becomes
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red, hot and dry, but may still be moist with rapid, weak pulse, rapid, shallow breathing and/or
seizures [A. Bouchama and J.P. Knochel, 2002]. Heat-related illnesses are most obvious for
certain health outcomes such as renal and respiratory disease, especially in the elderly [R.S.
Kovats et al., 2004].

Heat stress and its health risks

Many parts of the world have witnessed an increased number of heat waves and the number
of people exposed to heatwaves increased by around 125 million [WHO, 2015; S. Rahmstorf
and D. Coumou, 2011; Y. Sun et al., 2014], including India [S.K. Dash and A. Mamgain, 2011;
K. Riahi et al., 2017; P. Rohini et al., 2016]. Between the years 1998 to 2017, more than
166,000 people died due to heatwaves that includes the 70,000 deaths during the 2003
heatwave in Europe. India documented 2,000 heat-related deaths between the years
2000-2016 as various parts of India experienced heatwaves [EMDAT, 2020]. It is well
established that hot and humid work environments cause more serious problems to working
people than a dry environment, as the high partial pressure of water vapor contained in the air
in high humidity has a significant negative influence on the evaporative cooling and heat
exchange conditions [A. Sobolewski et al., 2020]. In high humidity conditions, physical activity
of the worker is possible only with additional or artificial cooling that increases the air flow.

Heat wave causes problems like heat stress, cardiovascular and respiratory disease,
diarrhoeal disease, malnutrition and food insecurity, health impacts of extreme weather
events, and occurrence of infectious disease [IPCC, 2014; WHO, 2003]. Among populations,
the vulnerable are the affected the most, which includes old people, workers and people with
pre-existing health conditions [S. Vandentorren et al., 2006]. Heat stress is a situation where
too much heat is absorbed by a person, a plant or an animal and causes stress, illness or
even death. Heat stress is identified by increase in body temperature, hot, dry skin, lack of
sweating and neurological symptoms such as paralysis, headache, vertigo and
unconsciousness. Exposed populations are at a risk of developing heat-related illnesses as
heat affects them from the surrounding environment they live in [A. Bouchama et al., 2007;
L.E. Thomas et al., 2010].

In India more than 20,000 people have died of heat-related causes since 1990 [S. Guleria and
A.K. Gupta, 2018]. In 2010 and 2015, a total of 7,686 people lost their lives because of heat
stroke, an average of more than 3 deaths per day [Dubbudu Rakesh, 2018]. Similarly in
Arizona, one of the hottest places on earth, nearly 2,000 people visit local emergency rooms
year after year due to heat-related illnesses. Deaths of children and elderly due to heat stroke
during the heat waves were reported for 2003 and 2006 in [A. Fouillet et al., 2006] and for
2006 in [P. Empereur-Bissonnet et al., 2006]. The Center For Disease Control and Prevention
(CDC) reported a total of 7,233 heat-related deaths in the U.S. between the years of
1999-2009. In that time, an average of 658 people died of heat-related causes each year
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[CDC, 2013]. People are less aware that direct thermal injury due to heat may also cause
kidney tissue damage which leads to adverse renal issues [R.W. Schrier et al., 1970] as
extreme heat exposure causes fluid loss, if severe, it may cause acute kidney injuries even in
healthy individuals [M.A. Venkatachalam et al., 2010], let alone the workers laboring in hot
environments. Apart from diabetes, hypertension, renal vascular disease and many other
factors toxic to kidneys, the effect of heat stress on the kidney speeds up the kidney damage
process [K. Patnala et al., 2014]. Over the past 10 years in the US, the Washington Post has
reported 36 deaths and 2,810 heat-related illnesses on average each year [L. Bernstein,
2014]. However, officials from the Occupational Safety and Health Administration (OSHA)
think that the true situation may be worse due to the lack of systematic autopsies and
erroneous attribution of death to heart attacks. The Mercury California News reported two
individuals — including a homeless man found dead in a car — have died from the heat in San
Jose, Santa Clara County [G. Brassil, 2017].

Similarly the Indian newspaper Business Standard has reported that “In India extreme heat is
already killing more people than reported. By 2030, it could also result in productivity loss
equivalent to 34 million jobs and heat waves killed about 6,167 people in India over eight
years to 2018” [B. Tripathi, 2020].

In 2012, 31 outdoor workers died in the heat and 4,120 fell ill, according to OSHA stats [L.
Bernstein, 2014]. “Heat Kills: As temperatures climb, workers succumb to heat” — An article by
Elizabeth Grossman on August 28, 2013 narrates the plight of James Baldasarre 45-year old,
a Medford Massachusetts US Postal Service (USPS) employee who died of excessive heat
had worked for USPS for 24 years who shortly before collapsing in the 35°C heat, texted his
wife to say, “I'm going to die out here today. It's so hot.” [E. Grossman, 2013] — proof of the
importance of recognizing workers’ perceptions of heat stress impacts.

Are workers at higher risk?

Health risks during heat extremes are greater among people who are physically active (e.qg.
manual laborers, sports personnel etc.) [T. Kjellstrom et al., 2009; P.K. Nag et al., 2009].
According to the International Labour Organisation (ILO), too much heat in workplace can
result in employees suffering the symptoms of heat-related illness.

Workdays spent outdoors in the heat and humidity is a fact of life for many laborers who are
exposed to heat stress and consequent health risks. Heat-related illnesses potentially not only
affect laborers who work outside, but also indoor industrial, factory and warehouse workers
can be strongly affected by heat stress to temperature changes. Confined spaces, with the
addition of appliances that generate heat, can just as easily mean that workers can be
overheated and suffer exhaustion. Every year dozens of workers die and thousands more
become ill while working in extreme heat or humid conditions in the US. More than 40 % of
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heat-related deaths at work occur in the construction industry, agriculture etc., but it does not
exclude workers in other professions who are exposed to heat and are still susceptible to heat
stress. A noticeable trend of rising in the number of heat-related illnesses and deaths in many
cases due to rising temperatures is well documented. It has been linked to an increase in the
greenhouse gas emissions due to industrialization that contributes to climate change [K. Smith
et al., 2014; M.C. Sarofim et al., 2016].

Exposure to extreme heat presents a health hazard to all workers in low- and middle-income
tropical countries who are involved in heavy physical work, working in strong light, and with
minimal access to cooling systems while working [T. Kjellstrom et al., 2009]. Among the
adverse heat-related health illnesses, occurrence of decreased renal functioning, acute kidney
injuries, chronic kidney ilinesses and kidney stones have been reported among the people
working in extreme temperatures like steel manufacturing industry, agriculture etc. [L. Atan et
al., 2005; L. Borghi et al., 1993; T.H. Brikowski et al., 2008; D.S. Raju et al., 2014]. It has also
been found from studies conducted among sugarcane field workers engaged in manual work
in hot and humid Nicaragua, El Salvador, Guatemala, Costa Rica etc., known as the sugar belt
of Central America that workers are at a higher risk of renal diseases, including chronic kidney
disease (CKD) [J. Glaser et al., 2016] (figure 2). A woman named Lakshmi from Balliputtuga,
India has reported that in their village of less than 3,000 people, there are at least 126 widows
due to chronic kidney disease of unknown etiology (CKDu). Many of their husbands were
young agricultural workers who worked in the surrounding rice fields [isla network La, 2018].
Dr Joel Zapata, chief nephrologist of the hemodialysis wards in Piura and Sullana says that
30% of his dialysis patients are young men, 20-30 years old suffering from CKDu. “They arrive
convulsing, vomiting and already at stage 5 kidney failure, never having shown symptoms
before. Most come from the countryside and had worked in agriculture, fishing or on the
docks.” [J. Roy et al., 2011]. In Central America, CKDu is a fatal progressive loss of kidney
function that has killed more than 20,000 people in a single decade due to heat stress. A news
paper release has shown that five men, all sugarcane workers and all sick with chronic kidney
disease, were lying in hammocks outside the gates of the company in Chichigalpa, Nicaragua
[isla network La, 2018]. In Sri Lanka’s North Central Province more than 23,500 people have
died of CKDu, of which many of them are agricultural workers exposed to heat in their jobs [C.
Jayasumana et al., 2016].

Images from www.climanosco.org can not be imported — this is not a bug
Figure 2. Nicaragua worker in hot sugarcane field
The issue is global — not local

Reports are pouring in from different parts of the world about the new epidemic of heat-related
illnesses that are plaguing the tropics and especially the poor and vulnerable [L. Borghi et al.,
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1993; E. Hansen and M. Donohoe, 2003; B. Nielsen and P. Krog, 1994; S. Yamamoto et al.,
2007]. Dr Vivekanand Jha from Delhi's George Institute for Global Health said, “The increasing
number of extreme heat waves due to global warming may disproportionately be causing
kidney damage among at-risk populations” [S. Debroy, 2017]. But who is at higher risk? It is
the poor and vulnerable, that includes the millions of workers across the globe, toiling in
workplaces in spite of the hot weather? Based on the published reports and scienti?c literature
between the last two decades, the issue seems to be growing in proportions that are not
confined locally anymore and becoming a global issue. The map in figure 3 gives a snapshot
of rising evidence among regions that have published heat studies also have studies on
chronic kidney diseases as it is common to study issues that are of concern to the region. It
has impacts on the families of the affected worker and also the businesses. The cost paid by
the poor, vulnerable workers is not only health but economic losses due to their inability to
work in hot conditions, consequent productivity losses, sickness and absenteeism, lost wages
etc. [T. Kjellstrom et al., 2009]. This pushes them further into poverty as they lose their daily
wages and even their jobs due to their inability to perform in heat [K. Lundgren et al., 2014]. In
West Bengal state of India, Dr Shyamashree Dasgupta conducted an integrated economic
analysis research study on heat stress and human welfare loss and the findings indicated that
as humidity and temperature increase, productivity decreases. Climate Vulnerability Monitor, a
report by DARA in 2012 calculated the economic losses due to climate change and the losses
due to heat at work is estimated to be few trillion US dollars [DARA, 2012].

Images from www.climanosco.org can not be imported — this is not a bug

Figure 3. Global distribution of heat and chronic kidney diseases mapped based on published
studies in these regions

The role of climate change

In the last 100 years, the mean global average surface temperature has increased about
0.74°C. Over the past 50 years, more widespread changes in extreme temperatures and rain
have been reported and the rate of change has increased over time [IPCC, 2007]. Itis
estimated that it will go up a further 1.8-4.0°C (estimated average 3.0°C) by 2100 [IPCC,
2007]. This rise in temperature leads to heat waves [S. Hajat et al., 2006] that cause distress
to the human population. Climate change is happening and progressing at a rate that already
has adverse effects on the ecosystem and people’s health worldwide [IPCC, 2014]. With rising
temperatures, the heat stress imposed on the workers is expected to become much worse [V.
Venugopal et al., 2015] and with consequent additional burden of health risks. Times of India,
a premier newspaper in India has identified drought-hit villages across Maharashtra grapple
with an increased incidence of kidney stones [S. Debroy, 2017]. Another new multi-centric
study has claimed that climate change could lead to an epidemic of chronic kidney disease [S.
Debroy, 2017]. Similarly an article in the Clinical Journal of the American Society of
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Nephrology said there is likely to be water shortages that could further cause dehydration and
heat stress, which could affect kidneys [V. Jha, 2016]. The consequence of not taking action
now by adopting preventive and adaptive strategies to combat heat at work in the changing
climate scenario, may be a generation of unhealthy workers and economic losses for the
country.

Conclusion

Climate change will create a variety of direct and indirect occupational health hazards. These
include effects of environmental heat, injuries during extreme weather events, risks of vector-
borne diseases, and other indirect effects as the climate is changing. The most prominent
hazard is heat stress as it touches all lives and there is an urgent need for health researchers
to identify work practices that contribute to heat-related illnesses. Efforts to test targeted,
robust prevention strategies for preventing occupational heat stress especially in developing
countries which requires a concerted multidisciplinary effort from engineers, employers, health
authorities, researchers, and governments. Proper planning, inter-sectoral dialogues and
coordinated efforts between various stakeholders may help avert the damages to workers and
face the hotter world as climate change proceeds.
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