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About this report

Beating the heat: Protecting kidney health in a 
warming world is a report produced by Economist 
Enterprise and supported by Bayer. It examines 
how rising temperatures and extreme heat affect 
kidney health, with particular attention to acute 
kidney injury and chronic kidney disease—
including chronic kidney disease of non-traditional 
or unknown aetiology.
The report explores the pathways through which 
heat stress can become kidney stress, the scale 
and distribution of the emerging health burden, 
and the people most at risk. In addition, the report 
assesses the policy responses required to protect 
kidney health in a warming world. It highlights 
steps by different actors, including whole-of-
government initiatives and action by health 
systems, public health authorities, stakeholders in 
employment relations and researchers, all of which 
can collectively reduce heat’s negative impacts on 
kidney health.
The research comprised a rapid and targeted 
literature review, in-depth expert interviews, and a 
virtual scientific advisory council that convened on 
June 23rd 2026, whereby Economist Enterprise 
prepared a set of “Emerging statements” based on 
widespread agreement, if not always consensus, 
by the council. The council brought together 
nephrologists, climate and health researchers, 
occupational health specialists, scientists, and 
public health experts from Africa, Asia, Europe, 
Latin America and North America. 

In 2025, Economist Enterprise, then known as 
Economist Impact, examined how societies need to 
adapt to climate change and protect those whose 
health it endangers, particularly people living with 
cardiovascular, renal and metabolic disorders.1 In 
2026, our work has focused on how heat affects 
kidney health, moving from a broad understanding of 
the challenge towards more focused and actionable 
solutions. By bringing healthcare professionals, 
policymakers, researchers and public health experts 
together, it aims to turn growing evidence into 
meaningful action.  
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Executive summary

Extreme heat is becoming more common and 
intense, with hot spells lasting longer as the 
climate warms. Even if countries meet their current 
pledges to cut greenhouse gas emissions, global 
temperatures are projected to reach 2.3-2.5°C 
above pre-industrial levels by 2100.
Rising temperatures pose a growing threat to human 
health. Prolonged or intense heat can strain several 
of the body’s systems, raising the risk of illness and 
death. Understanding who is most at risk, and how 
heat affects their health, will become more pressing 
as the world warms.
In 2025, Economist Enterprise examined how societies 
can adapt to the effects of climate change, including 
the consequences for people living with cardiovascular, 
renal and metabolic diseases. This report narrows 
the lens to one part of that challenge: the effects of 
extreme heat on kidney health and disease, thereby 
moving from a broad understanding of the challenge 
towards more focused and actionable solutions. By 
bringing healthcare professionals, policymakers, 
researchers and public health experts together, it aims 
to turn growing evidence into meaningful action.  
With climate change bringing warmer average 
temperatures and, especially, an increase in the 
frequency of heatwaves, instances of people 
experiencing heat stress inevitably increase. This 
stress can affect human kidneys, which may lead 
to temporary or permanent damage. Rising heat is 
happening amid an already high burden of kidney 
disease. Nearly one in seven people worldwide 

live with chronic kidney disease (CKD), just one of 
several conditions that affect the kidneys.
This report examines the renal challenges of rising 
temperatures, with a focus on CKD and acute kidney 
injury (AKI). It also discusses who is most at risk, what 
the science is currently telling us (including the gaps 
in that message), as well as policy options available 
now to reduce their potential health and societal 
burden. Importantly, this report argues for the need 
for an overarching heat-kidney framework, which 
looks at how heat affects that organ’s health among a 
wide range of at-risk groups, beyond those that have 
been historically studied in the past. 

The key findings include:
Global warming is increasing not just average 
temperatures but also the frequency of 
episodes of extreme heat. Already, climate 
change is responsible for an estimated 84% of 
heatwaves worldwide and the proportion of the 
global population exposed to extreme heat stress 
for at least one day per year has risen to 21.9%, up 
from 15.9% in the 1970s. Estimated future increases 
in average temperature could nearly double again 
the proportion of the population affected in this way. 
People living in regions where such stress was rare 
before will start to experience it.
Heat is crashing into an already substantial 
burden of kidney disease. According to Global 
Burden of Disease (GBD) data from 2023, between 
743m and 843m people are living with CKD. 
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The GBD also estimates that the condition is 
now the ninth-leading cause of mortality globally, 
accounting for between 1.3m and 1.7m deaths 
worldwide. By 2040, it is expected to be the fifth-
leading cause of death. Other research estimates 
that around 41m people per year suffer from AKI. 
Any new multiplier of existing kidney risks, such 
as heat, would therefore be a substantial public 
health worry, affecting individuals, health systems, 
societies and economies. According to one expert, 
Vivekanand Jha, executive director of The George 
Institute for Global Health in India: “Policymakers 
should view the kidneys as a barometer for the 
overall impact of heat on human health, seeing them 
as the canary in the coal mine.”
This collision could have important public health 
consequences. At an individual level, heat stress 
can put pressure on kidneys, which could cause AKI, 
an often symptomless condition, and if repeated 
or unmanaged, could increase the risk of this 
progressing to CKD. Data from hospital admissions 
during heatwaves show that this tendency has an 
effect on populations in countries at every level of 
development. In the UK, for example, an analysis 
found that for every increase of 1°C above 25°C, 
the odds of an AKI incident seeking admission 
rose by 3.8%. Meanwhile, a Chinese study found 
that repeated heatwave exposure increased the 
likelihood of rapid kidney decline. It is hard to tease 
out the effects of heat-related kidney disease in 
national, let alone international, data as yet. It is, 
though, becoming apparent in some places. 

The impacts are global but unequal as certain 
groups are particularly at risk of heat-related 
kidney damage. While high heat puts stress on 
everyone’s kidneys, some parts of the population 
statistically tend to suffer more health damage. 
Studies from heatwaves indicate that older people, 
especially those over 80, fall into this category, 
although in some research children under five 
are also affected more often than the general 
population. People living with existing kidney 
ailments, especially CKD, are also in greater danger. 
South Korean research found that estimated 
glomerular filtration rate (eGFR) declined among 
people with CKD with each degree of warming 
above 25°C. So too are those living with other 
NCDs, especially diabetes and heart disease, both 
of which appear to be biologically connected with 
kidney disease. 
Workers are at risk of heat-related kidney 
damage. Depending on their employment 
environment, workers are at risk of developing 
AKI, subclinical kidney disease or longer lasting 
CKD as a result of heat stress. Workers have been 
the most studied at-risk group for heat-related 
kidney diseases, but there is a need to broaden 
our understanding of at-risk groups within an 
overarching heat-kidney framework. For the last two 
decades, a new form of CKD appeared in workers 
living in Central America and South Asia, where heat 
is a likely part of causation. Agricultural workers 
have been the sentinel population of study for this 
new condition, described as chronic kidney disease 
of unknown or non-traditional aetiology (CKDu/
CKDnt). In some areas, such as Uddanam, India, and 
parts of Northwest Nicaragua, the prevalence of 
CKDu has reached 14% among rural men. Deaths in 
young male labourers near Chichigalpa, Nicaragua, 
have led to the community being called the Island of 
Widows. In the past decade, nearly 45% of all male 
deaths in this area were due to CKD, including 75% 
of male deaths between 35 and 55 years. Extensive 
debate about its cause ensued but the growing 
consensus is that heat exposure plays an important 
part. As one study put it, associations between high 
heat exposure and CKDu “are strong, consistent, 
and specific”. In particular, those who work in great 
heat, with poor conditions or ability to take breaks, 
seem the most affected.
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Other groups may face greater risk from 
heat, but evidence is lacking. Women remain 
understudied in kidney research, particularly when 
it comes to sex differences in kidney structure, 
function and health. Indeed, different academic 
publications do not even agree on which gender is 
more likely to proceed to late stage kidney disease, 
although most agree those more likely to die are 
men. Amid this uncertainty, too few studies look 
at these sex-specific differences. Doing so will be 
important for understanding how heat potentially 
adds another layer of impact onto female kidney 
health. People living in low-resource countries face 
a greater risk of heat stress because they often 
have less access to cooling and healthcare. CKD 
risks may be particularly acute in low- and middle-
income countries, where it remains underdiagnosed 
and, of particular relevance to this study, average 
temperatures are higher. Compounding the difficulty 
in these countries, low-resource weak health 
systems provide limited access to testing and 
diagnostic services making the disease harder to 
detect and treat.
There are several areas where society can take 
meaningful steps now on heat and kidney health. 
The science and policy actions most likely to have a 
positive effect fall into four broad categories:
•	 All-of-government actions supported by 

international bodies. Countries and cities 
need to be prepared for periods for both acute 
heat events and prolonged periods of high heat 
exposure. National and local heat plans allow 
the deployment of prevention initiatives, as well 
as making a coordinated and well-informed 
response possible when heatwaves do occur. 
Indeed, Brazil’s new data portal, which combines 
temperature data with other key local information 
such as water availability and area wealth levels, 
can give five days of warning to local authorities 
to get ready. Heatwave early warning systems 
can also alert officials and the general public 
about coming high temperatures, allowing them 
to prepare and act wisely. International bodies, 
meanwhile, have an awareness-raising role, 
such as through the WHO’s 2025 resolution to 
promote kidney health, strengthen prevention 
and control of the disease, and help disseminate 
best practice.

•	 Strengthening health systems’ ability to 
detect and respond. Awareness of kidney 
disease, including how heat can increase 
incidence and worsen outcomes, is poor among 
the general public and, perhaps more worrying, 
among clinicians. Clinical guidelines are few and 
far between. However, change may be occurring 
with KDIGO’s proposed 2026 AKI guidelines 
instructing clinicians when heat is an appropriate 
likely cause of such events. More generally, over 
half of countries lack sufficient nephrologists. 
Doctors and nurses in primary care often lack 
the necessary information or training to pick up 
the slack, and efforts to use other professionals 
for parts of the task are few. In a warming world, 
these areas need more attention and resources, 
particularly how best to detect AKI in vulnerable 
people at risk of the disease progressing, 
including investing in point-of-care testing in 
low-resource settings. Finally, health systems may 
want to consider screening individuals among 
high-risk groups. This has proved cost-effective in 
high-income and some middle-income countries 
for those with common CKD co-morbidites and 
people aged over 55.

•	 Workplace action. There is a need to protect 
outdoor, indoor, formal and informal workers 
from heat’s effect on their kidney health through 
locally appropriate measures. Given the links 
between kidney injury and heat stress within 
certain occupations, appropriate health and 
safety regulations are a necessary foundation 
if that epidemic is to be addressed. Currently 
available guidance and rules, though, tend to 
be too broad: one expert noted that the most 
respected ones would prevent any outdoor work 
in tropical countries. Accordingly, workplaces 
require a broad coalition of employers, employees 
and outside experts to adopt rules and processes 
appropriate for their particular circumstances. 
Success will require cooperation, but also 
education to show all parties how they benefit 
from these actions. To give just one example, 
a study in Nicaragua found that the increased 
productivity resulting from a rest-shade-
hydration-sanitation programme paid for the 
intervention within three years. Thereafter it had a 
positive return on investment. 
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•	 The scientific and research community. 
Researchers should address the priority scientific 
gaps, including clarifying progression from AKI to 
CKD, and improving research for under-studied 
populations such as women and those living in 
low-resource settings. Other areas include finding 
effective uses for existing biomarkers for workers 
in the field to allow early detection to prevent 
AKI or other kidney damage. They are unlikely 
to be regularly monitored for kidney function. 
An important, broader aim is to come up with a 

coherent and comprehensive conceptualisation 
of heat’s effects across all areas of kidney health 
(see Box 1). This could include developing a better 
understanding of the quantitative effects of heat 
on those facing different kinds of kidney risk. 
Research funders, meanwhile, should prioritise 
studies that answer policy and implementation 
questions, including which populations need early 
detection and heat-risk thresholds as nations 
apply different definitions for heatwaves based on 
local conditions. 

BOX 1

Emerging statements from the heat-kidney scientific advisory council: these complement the report’s 
broader findings 
The advisory council met virtually on June 23rd 2026 to discuss the effects of heat on kidney health. Although views differed on 
some topics, several themes emerged repeatedly during the discussion. Economist Enterprise has summarised these areas of 
broad agreement. These complement the report’s broader findings.  

1.	 Heat exposure contributes to kidney injury and 
disease, making the kidneys a sensitive and early 
indicator of the wider effects of heat on human health. 

2.	 A heat-kidney framework is needed to move beyond 
diagnosis by exclusion and instead recognise heat 
exposure and the full spectrum of heat-related kidney 
injury. 

3.	 The greatest burden of heat-related kidney injury will 
be on vulnerable people and those living with pre-
existing diseases such as diabetes, kidney disease 
and cardiovascular disease (CVD). 

4.	 There is associative evidence in certain occupational 
settings and geographies, (eg, among workers in 
Central America and Asia) linking the impacts of heat 
stress on kidney injury and disease, described as CKD 
unknown aetiology/CKD of non-traditional cause. 

5.	 Awareness of heat as a risk factor for kidney disease must 
improve, as it remains poorly recognised.

6.	 Policymakers should act now to address heat-related kidney 
risk rather than awaiting more detailed information on how 
heat and kidneys interact. Existing evidence already supports 
practical measures such as cooling strategies, access to water, 
shade and rest, heat alerts, worker protections, and education. 

7.	 Policy responses should be multisectoral, combining 
health-system awareness and early detection with workplace 
protections, community education and leadership from 
clinicians, public-health actors and professional societies.  

8.	 Heat-risk policy should not rely on one-size-fits-all 
guidance; interventions need to be adapted to specific 
workplaces, indoor and outdoor settings, workloads and 
exposure patterns, then evaluated for implementation 
and impact. 

SCIENCE THE POLICY RESPONSE  
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BOX 2

Summary of actions for key stakeholders

At-risk individuals: people need to understand the extent to which they are vulnerable 
to kidney disease and how exposure to high levels of heat might exacerbate that. 
Prevention works best when those at risk are on board.

Healthcare systems: awareness of CKD, its risks and the possible effects of heat on 
patients needs to improve among healthcare professionals. Using this better knowledge 
as a foundation, health systems should engage in appropriate individual patient 
education as well as opportunistic diagnosis interventions where merited.

Public health: officials in this field should consider what population-wide interventions 
might be useful in their jurisdictions, in particular appropriate education initiatives (about 
kidney health and the health dangers of heat), as well as possible cost-effective targeted 
screening programmes.

National and local governments: beyond healthcare programmes and ministries, 
governments need to develop plans to prepare for heatwaves and climate change 
more generally. Any strategy must consider how such events will increase the burden 
of specific diseases, including those affecting the kidney. Officials also need to create 
regulations that can reduce heat’s effect on health across various fields, going from 
employment law to building regulation.

Employers and employees: these groups should work together, bringing in experts 
where helpful, to design workplaces and work practices that minimise the heat dangers 
arising from their employment activities.

Academics and researchers: these should address the many scientific gaps, discussed 
elsewhere, in our current knowledge of how heat and kidney health interact. Funders 
should consider ways to support these endeavours, including prioritising studies that 
answer practical policy questions, such as which populations need early detection and 
what heat-risk thresholds to use, as countries define heatwaves differently according to 
local conditions. 
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The kidney health implications 
of rising temperatures

1.1 Heat: A health challenge that isn’t 
going away 

Climate change is making extreme heat events more 
common, more intense and longer lasting.2 Even if 
countries meet today’s climate pledges, the world 
is on course for much higher temperatures by the 
end of the century. Estimates place this at 2.3°C 
and 2.5°C above pre-industrial levels, with 1.5°C 
expected within the next decade.3 
Heat is not just an environmental concern, it is an all-
of-society one. Crucially, it is a growing public health 
challenge, especially for vulnerable people, including, 
but not limited to, older people and those living with 
certain non-communicable diseases (NCDs), which 
includes cardiovascular, respiratory and kidney 
conditions.4 There are robust associations between 
heat exposure and adverse health outcomes.5

Rising temperatures bring a range of diverse health 
challenges. As Vivekanand Jha—executive director 
of the George Institute for Global Health India and 
chair of Global Kidney Health at Imperial College 
London—puts it, medically, “the entire world’s global 

STATEMENT NO 1
Heat exposure contributes to kidney 
injury and disease, making the kidneys a 
sensitive and early indicator of the wider 
effects of heat on human health. 

SECTION 1

population is at risk of heat.” Indeed, GBD figures 
estimate that 308,000 people died from excess 
heat in 2019, spread across every continent.6

Heat must be looked at in two ways: the effects of a 
gradual warming world and the rise of extreme heat 
events known as heatwaves, which have different 
definitions depending on where people live. 
The Lancet Countdown on Climate Health’s 2025 
report estimates that currently 84% of heatwaves 
worldwide would not have occurred without 
climate change.7 The European Centre for Medium-
Range Weather Forecasts finds that globally, “the 
spatial footprint of hazardous heat stress has 
expanded, exposing previously unaffected regions, 
[including] … where it has historically not been 
experienced.”8 Looking ahead, other researchers 
project that, if average global temperatures rise by 
2°C, the share of the world experiencing frequent 
extreme heat will grow from 23% in 2010 to 41% by 
2050.9 A global study found that the proportion of 
the world’s population exposed to strong heat stress 
for at least 30 days a year rose from 73.2% in the 
1970s to 85.1% in 2015-24, while the proportion 
exposed to extreme heat stress for at least one day 
rose from 15.9% to 21.9% (see Table 1).10

The kidneys are particularly vulnerable to the effects 
of heat (see Figure 1 for pathogenesis). As Professor 
Jha says: “Policy-makers should view the kidneys as 
a barometer for the overall impact of heat on human 
health, seeing them as the canary in the coal mine.” 
Dr Shuchi Anand, a nephrologist and associate 
dean for Global Health at the University of California 
Davis, adds: “It is not just about extreme levels of 
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heat that affect kidney health. We need to act to 
prevent injury to kidneys from [moderate heat] … 
Recognising heat as a risk factor for kidney disease 
would be a major accomplishment in nephrology and 
public health.” 
Understanding how rising temperatures shape 
kidney health is now essential for protecting 
lives through better planning, prevention, 
detection and strengthening the resilience of 
individuals and communities. 
This study aims to shed light on this 
incompletely understood area, while 
encouraging actions expected to be useful even 
amid current uncertainties.

It focuses on the relationship between heat and 
two specific kidney disorders for which sufficient 
evidence exists.
Acute kidney injury (AKI): the US National Kidney 
Foundation describes AKI as a state where “kidneys 
are suddenly not able to filter waste products from 
the blood. This can happen within a few hours or a 
few days. For most people, AKI develops within 48 
hours, but sometimes it can take as long as 7 days.”11 
The 2026 draft guidelines of KDIGO (a global 
non-government organisation [NGO] developing 
evidence-based clinical practice guidelines in 
kidney disease) recommend diagnosis through one 
or more of an increased presence in the blood of 
serum creatinine (a waste product of muscles), an 
increased presence of serum cystatin C (a protein 
usually cleared by the kidney), and low levels 
of urine output.12 AKI can result in a dangerous 
waste buildup in the body. The condition can arise 
from multiple potential causes, acting alone or in 
conjunction. Although AKI can be treated, having 
had an episode increases the affected individual’s 
risk of developing CKD.13 
Chronic kidney disease (CKD): CKD, which was 
only formally defined in 2002, is a heterogeneous 
disease with many different causes, including 
diabetes, infections and autoimmune diseases.14,15 
The US National Kidney Foundation describes CKD 
as a condition where “the kidneys have become 
damaged over time (for at least 3 months) and 
have a hard time doing all their … jobs.” These tasks 
include cleaning the blood, as well as maintaining 
healthy blood pressure and important mineral 
balances. It is a slow-developing condition with 
few initial symptoms, which makes detection a 
challenge.16 CKD’s severity is measured in five 
stages, with these defined in part by the extent 
of reduced levels of eGFR (put simply, a measure 
of the ability of the kidneys to clean the blood). 
A decline in eGFR to below 60 mL/min/1.73 m² 
indicates CKD. Staging is also affected by the 
albumin-to-creatinine ratio (which measures 
albumin in the blood, a protein usually cleared by 
the kidneys). Management depends on the stage of 
kidney disease. At stage 5, also known as end-stage 
kidney disease, most patients need regular dialysis, 
which can be costly and may reduce quality of life.17 

“Policy-makers should view the kidneys 
as a barometer for the overall impact 
of heat on human health, seeing them 
as the canary in the coal mine.”
Vivekanand Jha, executive director of the George Institute for 
Global Health India
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Table 1: Percentage of global population exposed to heat stress18, 1970s vs 2015-24

Heat stress category Duration threshold
Population 
exposed in  
the 1970s

Population 
exposed in 

2015-24
Rising

Strong heat stress

At least 1 day 94.5% 96.7%

At least 30 days 73.2% 85.1%

At least 90 days 55.4% 69.5%

Very strong heat stress

At least 1 day 63.0% 76.6%

At least 30 days 37.1% 52.6%

At least 90 days 20.8% 32.4%

Extreme heat stress

At least 1 day 15.9% 21.9%

At least 30 days 2.1% 3.9%

At least 90 days 0.3% 1.0%

Source: Emerton R, Nicolas J, Lombardi A, et al. Global heat stress intensification and its expanding footprint on the human population. Nature Climate 
Change [Internet]. June 22 2026;16(8):989–96. Available from: https://www.nature.com/articles/s41558-026-02670-5. Heat stress is the net heat load 
experienced by an individual, accounting for environmental and personal factors. It reflects the combined effects of air temperature, humidity, wind and 
solar radiation, as well as how the human body responds to those conditions. In this study, heat stress is measured using the Universal Thermal Climate 
Index and expressed as a “feels-like” temperature.

1.2 Kidney injury and disease, and 
where heat fits in

Prevalence and trends
Kidney disease is so common globally that in 
May 2025 the World Health Organization (WHO) 
adopted a resolution to promote kidney health.19 This 
follows up on a World Health Assembly resolution 
in February 2025 that advocated better prevention 
and control of the disease, and the dissemination of 
best practice.20

According to the latest GBD data, in 2023, between 
743m and 843m adults worldwide were living 
with CKD, with a best central estimate of 788m, a 
prevalence rate of 14.2%, or around one in seven 
people.21 By this metric, it is in the same ballpark as 
heart disease and diabetes, conditions that have 
a bidirectional relationship with kidney health.22 
CKD is also now the ninth-leading cause of death 
worldwide and expected to become the fifth biggest 
by 2040.23 

Data on AKI are less robust, in part because a common 
definition was not proposed until 2012.24 Moreover, that 
definition requires a comparison with the creatinine 
level baseline of the affected individual, which 
differs from person to person.25 Even so, the problem 
appears to be widespread. Worldwide, the likely 
annual global AKI incidence is around 40.8m cases, 
finds a recent pooled calculation from 88 studies.26  
That said, uncertainty in the data—especially 
information from developing countries—was such 
that the authors could say with 95% confidence that 
it fell roughly between 30m and 54m.

788m
In 2023, between 743m and 843m 
adults worldwide were living with CKD, 
with a best central estimate of 788m, a 
prevalence rate of 14.2%.
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Longer trend data do not yet exist for AKI, but are 
available for CKD.27 In 1990, the age-standardised 
prevalence rate for CKD was 13.7%, rising to 13.9% 
over the next three decades. From 2020 to 2023, 
the number rose to 14.2%.28

How does heat fit into this picture? 
At the individual level, says Professor Ebi of the 
Center for Health and the Global Environment at the 
University of Washington, “the science of thermal 
physiology is robust and very clear. For some people, 
in high temperatures, there’s no question about the 
adverse impact on their kidneys.” (See Box 3) 
On the population level, the GBD study estimates 
that the burden (age-standardised disability-
adjusted life years (DALYs) of CKD attributable to 
non-optimal temperatures, which includes both 
hot and cold, is around 4.4%. It is much lower 
than other population attributable factors (PAF) 
but as the world warms, this metric will matter as 
policymakers issue heat alerts and heat action plans 
(see section 2). Overall, the leading contributors to 
age-standardised DALYs from CKD (measured by 
PAF) are high fasting plasma glucose (31.9%), high 
systolic blood pressure (24.5%), high body mass 
index (23.5%) and diet (17.6%).29

When non-optimal temperatures are analysed in 
detail, the attributable CKD DALYs and deaths due 
to high heat (as a PAF) rose from 71,000 DALYs 
in 1990 to 295,000 DALYs in 2019 while deaths 
increased from 2,000 to 11,000, respectively.30 
Overall, heat as a population attribution factor 
rose from 0.38% to 1% of deaths. The PAF for low 
temperatures has declined over this period. 
Other diseases that have a bidirectional relationship 
with CKD have seen even more marked increases. 
For diabetes DALYs with heat as a PAF rose from 
193,000 in 1990 to 734,000 in 2019. The PAF of 
diabetes mortality grew from 1.19% to 2.21% of 

deaths.31 Presumably, there was a knock-on effect 
on CKD, but the extent is impossible to estimate.
Indeed, while the GBD figures are the best available 
estimates, they are not exact, which explains the 
wide range of cases and deaths within the 95% 
certainty range. The organisation is aware of 
the difficulties arising from the under-reporting 
of certain conditions, including CKD, by health 
systems, especially low-resource ones. Accordingly, 
it looks at a wide range of sources as possible 
and uses advanced statistical methods (notably 
spatiotemporal Gaussian processes and cause-of-
death ensemble modelling).32 While this still might 
lead to under-reporting, the opposite is also true. 
A recent comparison of GBD figures, derived using 
modelling, and 14 reportable diseases in China 
found that the figures from the Chinese Center for 
Disease Control and Prevention were much lower.33 
In short, these are the best global figures currently 
available but should be seen as estimates.
This relatively modest global estimate should 
not obscure the risks to people living with 
elevated risks (see Section 1.3). “There is general 
consensus that heat-exacerbated kidney disease 
is a major population health problem,” said Ben 
Caplin, professor of nephrology at University 
College London.
When the data are disaggregated by region, the 
burden of CKD attributable to high temperatures 
has increased fastest in places with warmer 
climates and lower levels of socioeconomic 
development. Tropical and subtropical regions, as 
well as low- and low-middle socio-demographic 
index (SDI) countries, recorded the steepest 
increases, while Africa experienced the largest 
continental rise in heat-attributable CKD mortality, 
followed by Asia and Oceania.34,35 Teasing out the 
contribution of heat and poverty to this growth in 
prevalence, though, is not straightforward. 

“There is general consensus that heat-
exacerbated kidney disease is a major 
population health problem.”
Ben Caplin, professor of nephrology at University College London
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BOX 3

How heat stress becomes kidney stress
“It takes a while for our core body temperatures to rise,” says Professor Kristie Ebi of the University of 
Washington. In a hot environment, humans have potential coping mechanisms, including physiological 
(for example, sweating) and behavioural (for example, seeking a cool drink in the shade). When these 
are insufficient to address increasing heat accumulation in the body, then the core body temperature 
starts to rise—a process typically measured in hours rather than minutes.36

To greatly simplify a complex set of processes, certain physiological responses to rising core body 
temperatures affect the kidney (see Figure 1). First, the body activates the sympathetic nervous 
system, leading to constriction of the kidney’s blood vessels and reduced flow through them.37 
Simultaneously, so-called peripheral vasodilation promotes perspiration and redirects blood flow from 
internal organs to the skin to take advantage of the cooling properties of sweat. Absent an intake of 
water and minerals at this stage, dehydration and a further drop in kidney blood flow can occur.38,39

The body then attempts to adjust to this reduced flow by activating the so-called vasopressin and 
renin-angiotensin-aldosterone systems. While this promotes water reabsorption, other effects—such 
as inter alia, reduced oxygen delivery to the kidneys and increased urinary concentration—create a 
toxic environment that can lead to structural kidney damage.40,41 Another simultaneous danger in this 
situation is heat-induced rhabdomyolysis (rapid muscle breakdown). As muscle fibres succumb to 
heat stress, they give off compounds such as creatine kinase, lactate dehydrogenase, myoglobin and, 
sometimes, uric acid. Once circulating in the body, these too can damage renal tubules, induce further 
kidney injury and diminish blood flow to that organ further still.42,43 

When the accumulated stress and damage become too great, AKI can result, leaving kidneys unable 
to clear waste products from the blood.44 Although this can be managed, it can also lead to CKD. 
While this process is not fully understood, the risk increases with the severity and frequency of AKI 
episodes a person experiences.45 

Although these biological pathways explain how heat can damage the kidneys at the individual level, 
the epidemiological evidence presented in this report indicates that these effects also translate into a 
measurable population health burden. 
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Source: Masoud A, McKenna ZJ, Li Z, et al. Strategies to mitigate acute kidney injury risk during physical work in the heat. American Journal of Physiology-Renal Physiology [Internet]. March 1 
2024;326(3):F499–510. Available from: https://journals.physiology.org/doi/full/10.1152/ajprenal.00350.2023

Note: the sequence of events that lead to an increased risk of acute kidney injury during physical work and heat stress. Solid arrows indicate necessary “cause and effect” relationships between the 
events. Dashed arrows indicate possible relationships, where the downstream event may or may not happen, depending on the levels of impact of the upstream event. The question mark indicates 
the effect is unclear and research is needed.

Figure 1: The sequence of events that lead to an increased risk of acute kidney injury during 
physical work and heat stress46
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1.3 Vulnerable groups in the general 
population
Heat can harm kidney health in many ways, but 
the risks are not shared equally. Some people are 
more vulnerable because of their age, renal reserve 
or underlying health conditions such as diabetes 
and CKD, their working conditions or even some 
medicines, which can reduce the body’s ability to 
cope with heat.47 Some possible at-risk groups, 
such as women and those of lower socio-economic 
status, have been understudied. This section 
examines some of the key groups at risk from 
elevated heat, especially heatwaves (see Figure 2).
Much of our understanding of heat-related kidney 
risk comes from looking at the impact of heatwaves 
on hospital emergency admissions for kidney 
problems. The discussion requires nuance, though. 
Seeing any one risk in isolation tells only a part of 
the story. José Moura-Neto, a nephrologist and 
president of the Brazilian Society of Nephrology, 
explains that to describe “the relationship between 
heat and kidney health, the word that comes to mind 
is amplification” of any existing risk, of which a given 
individual may face several. 
Moreover, while patients admitted during heatwaves 
are more likely to share certain characteristics, 

studies also show exceptions to most 
generalisations. The explanation for this diversity, 
explains Dr Anand, are variations in exposure.
With this in mind, the data point to certain major 
risk categories.

Older and young people
Ageing reduces the body’s ability to regulate heat, 
as sweating, blood flow to the skin and cardiac 
output all decline; a recent modelling study found 
that those aged 65 and older account for most 
heatwave-related increases in emergency visits and 
deaths amid climate change.48

In the bulk of the research on hospital admissions, 
while these rose across much of the population, 
older people often showed an elevated kidney risk. 
An analysis of nearly a million AKI hospitalisations 
recorded in the UK Renal Registry, for example, 
found that for every increase of 1°C above a baseline 
of 25°C, the odds of an AKI incident seeking 
admission rose by 3.8%. The odds of admission 
were twice as high for those over 85 years old 
compared with those aged 45-64.49 Meanwhile, a 
Chinese study of older people found that the more 
that participants experienced higher exposure to 
medium and extreme heatwaves over the course of 
five years, the more likely they were to see a rapid 
decline in kidney function.50 Similarly, an analysis 
of 2.7m hospital admissions in Brazil for kidney 
diseases from 2000 to 2015 found that older people 
were among the highest risk groups, with those over 
80 seeing their risk increase by 1% for each 1°C rise 
in daily mean temperature.51

STATEMENTS NO 2 AND 3
A heat-kidney framework is needed to 
move beyond diagnosis by exclusion and 
instead recognise heat exposure and 
the full spectrum of heat-related kidney 
injury.  
The greatest burden of heat-related 
kidney injury will be on vulnerable people 
and those living with pre-existing 
diseases, such as diabetes, kidney 
disease and cardiovascular disease.  

	 A recent modelling study found that 
those aged 65 and older account for most 
heatwave-related increases in emergency 
visits and deaths amid climate change.
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Figure 2: At-risk groups for heat-related kidney injury 
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Some studies, though, also found heightened risk 
was not restricted to older people. In the Brazilian 
one, children under age five experienced a 3.5% 
increase in hospital admissions for every 1°C 
increase in temperature. This may reflect the greater 
difficulty young bodies have in dealing with heat.52 
Meanwhile, a major study in China spanning 261 
cities also showed a greater association between 
temperature increases and admissions for CKD 

among those aged 18-60 than among older adults. 
That said, the differences were minor—an increased 
odds ratio of around 1%—and not statistically 
significant in sub-tropical and warm temperate 
zones.53 Here the authors posit that younger 
adults may simply spend more time outside on 
hot days; a reminder of the importance of both 
risk and behaviour in understanding heat’s impact 
on kidneys.
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3.8%
An analysis of nearly a million acute 
kidney injury hospitalisations recorded 
in the UK Renal Registry found that for 
every increase of 1°C above a baseline of 
25°C, the odds of an AKI incident seeking 
admission rose by 3.8%.

People living with pre-existing conditions: 
CKD, cardiovascular disease and diabetes
As Agnes Soares da Silva, director of the 
Department of Environmental Health and 
Occupational Health Surveillance at Brazil’s Ministry 
of Health, notes, “anything that makes it difficult to 
cope with an additional physiological burden will 
put someone at higher risk of [kidney disease].” This 
general maxim definitely applies to certain NCDs. 
In fact, Dr Moura-Neto believes that heat’s impact 
on people living with these conditions may be its 
biggest effect on the overall CVD burden.
The most predictable, perhaps, is that heat tends 
to make the condition of those with CKD worse. A 
study of more than 4,000 people with the condition 
across 21 countries found that more heat exposure 
was associated with greater deterioration in kidney 
function. Specifically, within any given 120-day 
period, 30 days with a combined temperature and 
humidity heat index above 30°C was associated 

with a 0.6% decline in eGFR.54 South Korean 
research also found a drop in eGFR among those 
with CKD for each degree increase in temperature 
above 25°C.55 As Dr Caplin warns, “if you’ve got pre-
existing kidney disease, even with a ‘normal’ GFR 
and no proteinuria, you are still at much greater risk 
of AKI.” Eranga Wijewickrama, a nephrologist and 
professor at the University of Colombo, adds that 
“we need to address and mitigate heat stress in any 
population with CKD.”
Those with other diseases also have an elevated 
risk of kidney damage in periods of high heat. 
The two most notable are CVD—or its precursors 
such as hypertension—and diabetes. Each shares 
a bidirectional relationship with kidney disease. 
At a global level, high glucose levels and high 
blood pressure are estimated to be behind half of 
CKD DALYs (nearly 32% and 25% respectively).56 
Similarly, approximately 12% of global CVD deaths in 
2023 were attributable to kidney dysfunction.57 
It is, therefore, no surprise that kidney problems 
during heatwaves tend to be more common in those 
with CVD and diabetes.58,59,60

Currently, the data available on heat, NCDs 
and kidney damage are more indicative than 
comprehensive. Dr Wijewickrama explains that mild 
heat stress can happen amid raised temperatures 
that are not full heatwaves—a much more common 
occurrence. “We also need to understand whether 
these lower levels of exposure accelerate kidney 
disease progression among people with pre-
existing risks such as diabetes, hypertension or 
kidney disease.”

“We also need to understand whether 
these lower levels of [heat] exposure 
accelerate kidney disease progression 
among people with pre-existing risks 
such as diabetes, hypertension or 
kidney disease.” 
Dr Eranga Wijewickrama, professor in medicine and consultant 
nephrologist, University of Colombo, Sri Lanka
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	 Intense physical activity in hot 
conditions also may place additional 
strain on the kidneys through the 
combined effects of rising core 
temperature, dehydration and muscle 
damage, including rhabdomyolysis.

People taking certain medicines or foods 
Certain drugs can promote dehydration, interfere 
with sweating or heat dissipation, reduce kidney 
blood flow, or directly damage the kidneys, including 
diuretics, some antidepressants, anticholinergic 
medicines, beta-blockers and non-steroidal anti-
inflammatory drugs (NSAIDs).61 NSAID use has been 
associated with AKI among adults with existing 
kidney disease, while the risk may also increase when 
NSAIDs are taken together with both a diuretic and 
an ACE (angiotensin-converting enzyme) inhibitor or 
angiotensin receptor blocker.62,63 
What people drink may also matter. Beverages 
sweetened with high-fructose corn syrup 
have been associated with increased AKI risk 

during exercise in the heat, although evidence 
from occupational settings remains limited.64 
Alcohol may further increase heat-related 
risk by increasing urination and impairing heat 
perception.65 Contaminated drinking water 
containing pesticides or heavy metals may present 
an additional kidney hazard for people working in 
hot environments, but further research is needed to 
understand how these exposures interact.66 
Intense physical activity in hot conditions also 
may place additional strain on the kidneys through 
the combined effects of rising core temperature, 
dehydration and muscle damage, including 
rhabdomyolysis.67,68 This will be discussed in more 
detail in the section below. 

Women, men and socio-economic status
Women experience CKD more often than men, with 
a 2016 global meta-analysis finding a prevalence 
of 14.6% versus 12.8% respectively.69 Beyond that, 
different academic publications do not even agree 
on which gender is more likely to proceed to late 
stage kidney disease, although most agree that men 
are more likely to die from it.70,71,72  
An important reason for this uncertainty is that 
too few studies look at sex-specific differences. 
Women’s kidneys, though, have markedly different 
structures, functions and appropriate measures of 
health. For example, women see GFR decline more 
quickly with the onset of menopause. One size does 
not fit all here.73

This lacuna is relevant to heat as well. Indeed, says 
Professor Jha, “women are grossly, many completely, 
overlooked because their exposure to heat is just 
not appreciated.” Even women described as staying 
at home, he adds, may be “exposed to high amounts 
of heat stress”. Those at home, for example, may 
be vulnerable to indoor heat stress, due to cooking 
and other labour “which generates additional heat 
in poorly ventilated environments”, says Carlos 
M Orantes Navarro, a nephrologist and research 
scientist in El Salvador. Without systematic 
investigation, though, the extent to which this 
translates into kidney damage remains unclear.
In addition, whether women are particularly at 
risk is uncertain. Heat certainly can hurt their 
kidneys. Those working in agriculture in the same 
conditions associated with CKDu among men are 
also likely to see similar kinds of health problems.74 
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Meanwhile, a review of studies of urban areas during 
heatwaves found that, on balance, males were more 
likely to develop AKI during such situations, but the 
difference was not great. There was no statistically 
significant difference for CKD.75 In short, heat is a 
concern for both genders, but we lack information 
on its particular effects on women.
The interaction between socio-economic status 
and heat-related CKD, both in general and CKDu, also 
requires examination. As noted earlier, countries with 
lower SDI have experienced larger relative increases 
in heat-related CKD prevalence. These regions are 
also almost invariably in Earth’s higher-temperature 
zones, leaving unclear how far income levels or heat 
contribute to the problem. As Professor Ebi notes, 
“there may be less health and environmental data 
collected on poor and marginalised populations, 
whether internationally or within countries.” 
Those in low-income areas, all things being equal, 
are also less likely than the general population to 
have access to information on how to reduce CKD 
risk. Meanwhile, the mix of low pay, back-breaking 
work and challenging physical conditions involved 
in labour associated with high CKD levels, such 
as sugar cane or rice paddy harvesting, mean that 
such employment is more likely to be selected 
by people with greater financial need and fewer 
options. Finally, those of low socio-economic status 
or in low SDI countries face greater challenges with 
healthcare access and cooling.76,77

In all these ways, while such demographic 
factors may not be initiators of CKD, they form, 
in the words of Dr Orantes, “a backdrop of social, 
occupational and environmental determinants 
where poverty and all its repercussions are part 
of the social context in which these communities, 
and the patients, are located.” They affect not 
only the level of CKD rates but also amplify the 
disease’s effect.  
Says Mr Martinez, “the impact of kidney damage 
doesn’t just affect the workers [who develop 
it]. When this person passes away in these 
communities [the almost inevitable outcome 
in lower-income countries], the emotional and 
economic impact on families and communities is 
incredible. It even affects the government, since 
the government lacks the capacity to address 
these types of situations. There are many people 
in need of dialysis, and the government cannot 
meet that demand.” 
As such, social conditions pose fundamental 
challenges to understanding the growing burden 
of CKD. Moreover, adds Dr Orantes, solutions 
must occur within the same context. In that 
way, he concludes, “kidney health is a social 
construct.”
This underlines the importance of learning more 
about the links between socio-economic status, 
heat, and kidney disease, especially when it 
comes to the next group we discuss.

“Women are grossly, 
many completely, 
overlooked because 
their exposure to heat 
is just not appreciated.”
Vivekanand Jha, executive director, 
The George Institute for Global Health, 
India
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Workers
Workers may face kidney damage from heat, 
depending on the conditions in which they work. 
Studies of workers in places as far apart as 
Central America and Saudi Arabia have linked 
occupational heat exposure with acute kidney injury 
and subclinical kidney disease, raising concerns 
that repeated exposure may contribute to CKD.78 

Meanwhile, in India, about 19% of informal workers 
in a survey reported symptoms consistent with 
AKI. In other questions on negative health impacts 
from heat, that study showed that outdoor workers 
were most affected, but some indoor ones were as 
well.79 Other research has found declines in GFR, a 
proxy measure of how well the kidneys filter blood, 
among workers exposed to heat.80 The US Centers 
for Disease Control and Prevention and the National 
Institute for Occupational Safety and Health 
(NIOSH) have also highlighted kidney injury as a risk 
of occupational heat stress.81

Workers are a special group of study, as they were 
the sentinel population that has triggered discussions 
on how heat affects kidney health. As noted, most 
CKD arises from the damage that high blood sugar, 
hypertension, excess body mass or a combination 
that these cause to the kidneys. In recent decades, 
though, it has become apparent that workers, often 
young people, are at risk of kidney injury, including 
outdoor, indoor and informal workers. As Professor 
Ebi states, “epidemics of chronic kidney disease of 
unknown origin (CKDu) exist in Mesoamerica, Sri 
Lanka and some parts of India.”
Researchers are still trying to understand this 
disease better, but its impact has been great 
enough that it is mentioned in the WHO’s May 2025 
resolution,82 and the draft AKI KDIGO guidelines 
now mention the effects of heat in a section called 
“Environmental and tropical AKI”.83

Its burden is real and painful. Deaths in young male 
labourers near Chichigalpa, Nicaragua, have led to 
the community being colloquially called ‘La Isla de 
Viudas’ (the Island of Widows).84 In the past decade, 
46% of all male deaths in Chichigalpa were due 
to CKDu.85 
So far, even a standard name is still lacking. In the 
Pan American Health Organization region, what was 
initially called Mesoamerican Nephropathy (MeN) 
is now referred to as CKD of non-traditional origin 
(CKDnt). In Asia, it is more commonly called CKD of 
unknown aetiology (CKDu). The names reflect that 
the disease remains, to some extent, a diagnosis 
of exclusion, where we know more about which 
causes to rule out than about the single or mix of 
factors behind the problem. Like a unifying name, 
no agreement exists around robust definitions of the 
existing terms.86

	 Deaths from CKDu in young male 
labourers near Chichigalpa, Nicaragua, 
have led to the community being 
colloquially called ‘La Isla de Viudas’ 
(the Island of Widows).
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We do know that higher levels of CKDu (used 
as the general term from here on) tend to be 
focused within specific communities or regions. An 
ongoing global research collaboration, called the 
disadvantaged populations eGFR epidemiology 
(DEGREE) Study, is mapping these, and has so far 
analysed surveys of 60,964 people in 14 nations. 
Rather than relying on the number of diagnoses, the 
analysis looked at the percentage of the population 
without diabetes or hypertension who have an eGFR 
below the normal threshold (60mL/min/1.73 m²). 
It identified pockets where more than 5% of rural 
men showed this deficiency in Nicaragua, Sri Lanka 
and India, and more than 2% in parts of Guatemala. 
(In some areas, notably Uddanam, India, and parts of 
Northwest Nicaragua, the DEGREE Study found that 
the prevalence of CKDu reaches 14% among rural 
men). Among rural women, some groups also showed 
prevalence above 2% in the same countries, as well 
as in Ecuador, Tanzania and Kenya, although for 
females, fewer communities had a prevalence above 
5%.87

The DEGREE Study uses the eGFR data 
available. Signs of CKDu are also evident in other 
communities. In El Salvador, for example, research 
has found that CKDu is the most common form 
of CKD.88 Moreover, in Costa Rica’s Guanacaste 
province, a significant increase in age-standardised 
CKD mortality between 1970 and 2012 seems 
correlated with the expansion of agricultural activity 
there.89 Perceptions of CKDu may also reflect what 
is being measured. In Nepal, a single-centre study 
found much higher than usual usage of dialysis 
among those who had worked outdoors in Qatar 
on construction, typically in difficult conditions.90 
Conversely, a comparison of average rates of low 
eGFR figures among such migrant workers and the 
population in general showed little difference.91

Teasing out the impact of these concentrations 
of CKDu on national mortality figures is not 
straightforward, but in some places, such as 
already-mentioned El Salvador, the disease 
has become an undeniable public health issue. 
Dr Wijewickrama, a nephrologist in Sri Lanka, 
describes CKDu as “one of the key [health] 
problems” there. The potential of CKDu to exact a 
devastating social impact is also obvious in certain 
particularly hard-hit communities, as noted for 
Chichigalpa, at the heart of Nicaragua’s sugar cane 
farming sector.92 The result can be a tragic fatalism. 

Mr Martinez, an occupational health expert at the La 
Isla Network (Nicaragua), who grew up and worked 
in the fields there, recalls the common mantra: “We 
cut cane, we get sick, and we die.” 

Heat’s role in the growth of the CKDu burden

Why CKDu has become a growing problem since 
the turn of the century has been hotly debated. 
For many years, says Professor Ebi, researchers 
were “surprisingly blind to temperature” as a 
possible cause. Evidence certainly exists from 
some geographies that other factors are possibly 
involved, such as exposure to agrochemicals and 
heavy metals, typically in occupational settings; 
other exposures proposed to contribute to the 
development of CKDu include uric acid, infections, 
water quality and genetic factors.93,94 
Typically, though, discussions of CKDu a decade 
ago finished with an acknowledgement of a lack of 
understanding about the source of the ‘enigmatic’ 
disease. In recent years, notes Professor Ebi, 
researchers have begun to consider how heat 
exposure, especially at work, fits into the CKDu 
picture. As one recent review put it, “Associations 
between [heat] exposure and kidney damage are 
strong, consistent, and specific, occur after acute 
and chronic exposure, display dose-effect and 
dose–response relationships, are plausible, and 
coherent.”95 Dr Orantes, adds, though, that “there’s 
a consensus that heat is an important factor,” but 
“no single risk factor is exclusive because none 
can explain the spectrum of people affected. 
In fact, heat stress and dehydration could be a 
synergistic factor contributing to kidney damage 
resulting from occupational and toxic exposure to 
pesticides; in other words, none of these factors are 
mutually exclusive.”96  

STATEMENT NO 4
There is associative evidence in certain 
occupational settings and geographies, 
(eg, among workers in Central America 
and Asia) linking the impacts of heat 
stress on kidney injury and disease, 
described as CKD unknown aetiology/
CKD of non-traditional cause.
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Comments among those at the scientific advisory 
council were deliberately more calibrated. “There 
is general consensus that heat exposure is a driver 
of kidney disease or kidney injury,” said Professor 
Jha. “Whether or not it is a key driver can be up 
for debate.” He added that heat’s contribution to 
both the development and progression of kidney 
disease is generally accepted, based largely on 
epidemiological evidence from Central America and 
South Asia. Moreover, projects to lower extreme 
heat exposure and promote hydration in affected 
workplaces have been shown to reduce subsequent 
rates of kidney damage.97

Heat, however, while an important driver of CKDu, 
is unlikely to explain everything. Most experts 
we interviewed for this study stressed that it was 
likely a significant contributor to the disease but 
that other causes were also likely at play. Others, 
including Jason Glaser, founder and CEO of La Isla 
Network, which works on projects to reduce heat 
exposure among workers in Central America, and 
Ifeoma Ulasi, head of nephrology at the University 
of Nigeria Teaching Hospital, argued that it might 
also be an initial cause of the disease but only in 
very specific situations of very high heat exposure. 
Mr Glaser distinguished these settings from less 
extreme exposures. “In those environments, it 
is sufficient to be an initiator,” he said. “In other 
environments, it is likely a contributor, possibly an 
initiator, but I think it is really important that we 
disentangle that.” Even then, they added, other 
potential drivers were typically present. 
This kind of disagreement is not unusual among 
researchers. Professor Ebi reports that in the area 
of asthma, there is a debate over the extent to 
which higher pollen levels driven by climate change 
exacerbate pre-existing or lead to new cases of 
asthma. Ultimately, though, any debate over whether 
heat can be an initiator of CKDu or a huge driver has 

limited policy consequences: taking steps to reduce 
heat exposure will drive down the burden of CKDu in 
either case.

Who specifically is at risk of CKDu? 
Research on the condition initially focused tightly 
on sugar-cane cutters. Indeed, by 2019, a literature 
review found that 11 of the 13 studies then available 
on the condition looked at this occupation.98 These 
workers met the key risk criteria—long hours 
of physically taxing work in high temperatures. 
Mr Martinez notes that, in these circumstances, 
when preventative steps are not taken, “the risk 
of developing heat-related kidney disease is 
overwhelming.” Accordingly, as Mr Glaser puts it, 
sugar cane workers are “the sentinel population and 
a really key area.”
Studies of other outdoor labourers frequently 
exposed to elevated heat show that many are also 
at risk. As Mr Martinez puts it, the drivers behind 
CKDu incidence in Central America, which “we’ve 
observed frequently and tracked extensively, are 
heat exposure combined with heavy workloads and 
inadequate conditions in agriculture, construction 
and the industrial sector.” Similarly, Kithsiri 
Jayasekara—professor in medical laboratory 
science at Sri Lanka’s General Sir John Kotelawala 
Defence University—adds that, in his country, 
“a person working in the open land with high or 
extremely high working temperature is at high risk.” 
He continues that heat interacts with other factors 
in creating this danger.
In agriculture, some groups are at greater risk, but 
it depends on the type of work. In Sri Lanka, rice 
paddy employees have very elevated levels of the 
disease, but those on vegetable farms experienced 
much lower ones.99 Dr Jayasekara explains 
that many vegetable farms in that country are 
established at higher elevations, which are typically 

	 Projects to lower 
extreme heat exposure 
and promote hydration 
in affected workplaces 
have been shown to 
reduce subsequent 
rates of kidney damage.
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cooler. Similarly, among sugar-cane agricultural 
workers in Latin America overall, the incidence 
is elevated. One Nicaraguan study found this, 
but it also showed that those working on small-
scale farms were not affected by CKDu.100 This is 
broadly consistent with the research experience 
of Dr Orantes in El Salvador. He explains that, 
during biopsies, sugar cane workers’ lesions “were 
much more severe than those who worked only 
in corn or bean farming.” Among the latter, he 
adds, agrochemicals might be a factor causing the 
disease. These results, as a whole, are consistent 
with a heat-dose effect driving CKDu levels.
Evidence of risk also exists for outdoor workers in 
several other industries. Construction workers 
in Saudi Arabia were found to have high rates of 
kidney injury after the summer season,101 and those 
in Nicaragua saw an elevated prevalence of CKDu.102 

Meanwhile, brickmakers in Nicaragua and El 
Salvador showed an elevated prevalence of the 
disease.103 Many salt pan workers in both Thailand 
and southern India also had diminished eGFR, with 
at least 7% of the latter having a rate consistent with 
CKD.104 Similarly, a retrospective study of a group 
of Chinese petrochemical workers, who largely 
operated outdoors, found that occupational heat 
exposure was associated with elevated risk of CKD.105

Others who are frequently outside may face a higher 
risk, but it is hard to pin down. US military veterans 
have higher overall rates of CKD than the general 
population (odds ratio of 1.17), but the data do not 
cover the kind of CKD and level of heat exposure 
over their service careers.106 On the other hand, 
a study in Sri Lanka that specifically focused on 
CKDu found no elevated risk in military subjects.107 
Athletic activity in heat is also known to put stress 
on kidneys, and Korey Stringer, a US professional 
football player, famously died from organ failure after 
a massive heat stroke.108 Nevertheless, evidence is 
lacking that elevated heat generates AKIs leading 
to CKD in any form among athletes except, perhaps, 
AKI in endurance sports.109

Nor are the risks limited to those who go out into the 
sun. The evidence for CKDu, or even AKIs, is less 
extensive for indoor workers, but worrying signs 
exist. A study of industrial workers in Karnataka, 
India, found CKDu prevalence among manufacturing 
workers about half that of those employed in sugar 
cane.110 Meanwhile, an analysis of US Occupational 
Safety and Health Administration data identified 
608 confirmed, possible or probable heat-related 
AKI cases, including 139 among indoor workers. 
More than three-quarters of the indoor cases 
occurred during June, July and August, suggesting 
that indoor heat risk can be amplified by seasonal 
outdoor temperatures.111

That said, half of the sample also had hypertension, 
which means that the heat may have been acting 
in conjunction with that underlying risk rather 
than demonstrating new cases of CKDu.112 Finally, 
research at a Brazilian foundry found a statistical 
association between working at higher temperatures 
and lower eGFR at the end of the shift.113 Not all of 
these studies are conclusive, but they collectively 
point in the same direction: high heat levels in indoor 
work may also bring kidney dangers.

	 The drivers behind CKDu incidence in 
Central America, which “we’ve observed 
frequently and tracked extensively, are 
heat exposure combined with heavy 
workloads and inadequate conditions 
in agriculture, construction and the 
industrial sector.”
William Martinez, occupational health expert, La Isla Network, 
Nicaragua
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This broader framing was repeatedly emphasised by 
the scientific advisory council. Mr Glaser cautioned 
that the field had allowed the problem to become 
framed as “outdoor work versus all heat-exposed 
work”, even though indoor workers in high-temperature 
industries may also experience severe kidney injury. 
Dr Anand similarly called for both “the outdoor work 
sector” and “indoor exposure” to be recognised, 
noting that indoor heat remains comparatively under-
researched. Dr Orantes adds, even “those at home 
may be vulnerable to indoor heat stress” due to indoor 
cooking and other labour that “generates additional 
heat in poorly ventilated environments”. 

Looking beyond occupation, certain demographic 
factors are linked to CKDu. A preponderance, 
although not all, of those affected are young and 
male.114 This statistical connection is more likely 
an indirect function of economic structure rather 
than one of biology. In these communities, the 
people most employed in the occupations that 
pose the greatest risk are young men. Moreover, 
the well-documented tendency of young males 
aged 15-35 to be much more risk-accepting 
than other groups suggests that changing 
behaviour will be a bigger challenge for this 
demographic slice.115
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The policy response: 
The time is now		

Clearly, gaps, some important, cloud our 
understanding of the links between heat stress and 
kidney health, especially AKI and CKD. The expert 
consensus, though, is that we know enough to be 
getting on with prevention initiatives to reduce 
heat’s kidney burden. Dr Moura-Neto speaks for 
many when he says, “we already have enough 
evidence to act. Hydration, shade, rest schedules, 
heat alerts, worker protection policies, educational 
programmes and targeted screening—none of 
them should wait for perfect scientific certainty to 
be implemented.” Dr Orantes agrees: “Scientific 
evidence will always provide us with provisional 
truths, but public health cannot be held hostage by 
doubt, because we’d be waiting forever.”
The levers with the potential to reduce heat’s effect 
on kidney health are many and varied. Accordingly, 
effective prevention cannot be the job of a single 

SECTION 2

STATEMENTS NO 6 AND 7 
Policymakers should act now to address 
heat-related kidney risk rather than 
awaiting more detailed information on 
how heat and kidneys interact.
Policy responses should be 
multisectoral, combining health-system 
awareness and early detection with 
workplace protections, community 
education, and leadership from clinicians, 
public-health actors and professional 
societies.  

sector. In some cases, the best approach will involve 
collaboration among actors from several parts of 
society; other initiatives will fall naturally to those in 
a single sector. Behind it all will be the common aim 
of preventing kidney damage and disease through 
addressing the increasingly widespread challenge of 
heat stress. 
The following looks at ways that four groups of 
stakeholders can help: first, broad, cross-societal 
collaborations for joint heat responsiveness, then 
ones more focused around specific areas of expertise.

2.1 International actions and multi-
sectoral domestic government 
initiatives

International responses
Except in limited circumstances, international 
organisations lack the authority of their own to 
drive government action. Instead, they can use their 
influence to affect agendas on specific topics. The 
WHO 2025 resolution on kidney health is a useful 
example.116 For Vincente Sánchez Polo, head of 
the nephrology department in Guatemala’s Social 
Security Programme, the document represents “a 
really big opportunity” since it “establishes CKD 
as a priority in our ministries and countries”. The 
resolution is not unique in that way. Dr Orantes 
recalls that, already in 2013, the San Salvador 
Declaration of the Council of Ministers of Health 
of Central America and the Dominican Republic 
(COMISCA), which labelled CKD a significant public 
health problem,117 focused attention on its spread and 
led to fruitful information sharing within the region.
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International bodies can also publish distilled 
expertise to help countries shape policies. Of note 
here are the WHO’s detailed recommendations 
for national heat health action plans, which help 
countries prepare for and respond, in a coordinated 
way, to episodes of high heat.
The suggestions include: agreement on a lead body; 
accurate and timely alert systems; a heat-related 
health information plan; reduction in indoor heat 
exposure; care for vulnerable population groups; 
preparedness of the health and social care system; 
long-term urban planning; and real-time surveillance 
and evaluation. The document also gives advice on 
best practice in implementation.118 
Similarly, the WHO and the World Meteorological 
Organisation (WMO) have worked together to help 
governments with heatwave management plans, 
starting in 2016 with joint guidelines for the creation 
of national and sub-national heatwave warning 
systems.119 Afterward, the two international bodies 
jointly supported the creation of the Global Heat 
Health Information Network (GHHIN), a voluntary 
team of experts who seek to assist governments at 

all levels to “minimise the societal consequences of 
heat impacts”.120

Ownership: The importance of domestic 
action
Ultimately, local ownership of the problem will 
drive change. After all, the specifics of climate, the 
possible impact of it changing and the options for 
responding vary widely by geography. 
The efforts of international bodies have undergirded 
the spread of national and local plans, along with 
systems to prepare for, and deal with, extended 
periods of unusually high heat. Most of this work 
falls into two broad categories: heat action plans 
and heatwave early warning systems. In any given 
location, the two may be independent or the warning 
system may be part of the broader plan. 
A growing body of heat plans—national, sub-
national or urban—already exists. In 2024, GHHIN’s 
database contained 83, mostly for local areas, 
although 18 were national.121 At least four more have 
been added to its library of plans since, all local.122 
At the national level, Latin America has the highest 
concentration, with nine among its 17 countries 
having a plan in place.
There is no room here to generalise about, or 
summarise, the contents of so many documents. In 
general, they usually reflect aspects of the WHO 
advice and elements range widely from, for example, 
greening the urban environment by large-scale tree 
planting; through providing cooling, fresh water; 
offering other facilities to the public during extreme 
heat; and healthcare coordination, among other steps. 
One particular widespread problem with these plans 
is worth flagging. Their existence on paper does not 
mean that they have much impact; it is necessary 
to monitor their implementation. Dr Soares da Silva 
explains that policymakers have begun only “very 
recently to take note of heat as a public health 
problem”. Accordingly, big teething problems and 
implementation gaps are frequent. A GHHIN report 
lists some common ones as: reactive, short-term 
management approaches; lack of clear roles and 
responsibilities; data gaps, lack of information 
integration and no clear and common taxonomy 
in this field; limited and disconnected financial 
mechanisms; and inequitable impact on vulnerable 
populations.123 

“Scientific evidence will always provide 
us with provisional truths, but public 
health cannot be held hostage by doubt, 
because we’d be waiting forever.”
Carlos M Orantes Navarro, nephrologist and research scientist, 
NefroCenter El Salvador
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South Africa provides a good example of the gap 
between aspiration and practice. In a survey in 
Western Cape Province, 78% of provincial and 
municipal stakeholders were unaware of the 
country’s National Heat Health Action Guidelines. 
The remainder were uncertain about their roles in 
implementing the advice.124 
Meanwhile, misalignment between costs and 
benefits can impede uptake. Professor Ebi says that 
the total cost of implementing these plans is low 
compared with the damage that they can prevent. 
But problems can arise if one local government 
agency is responsible for the costs—in US cities, fire 
departments are typically responsible for a significant 
fraction of the costs of providing emergency 
services—while the benefits are spread widely across 
governments, individuals and companies. Funders 
may be reluctant to pay more than they benefit 
directly, while others get a free ride. 
This is only one example of a broader issue. 
Climate requires a comprehensive approach, but 
governments tend to be fragmented into silos. 
Whether a health system is even involved in 
climate change planning depends greatly on local 
circumstances.125

On the other hand, very good and innovative 
programmes do exist. In 2024, Rio de Janeiro 
established one with five classes of heat risk. It then 
created a committee, including public order, health 
and other municipal officials, to develop protocols 
for who should be doing what at different levels of 
heat.126 Already, Dr Soares da Silva says, the city 
has built an impressive information system to guide 

its response. It combines temperature and climate 
data from across the city with health surveillance, 
infrastructure data such as drinking water 
availability and social indicators. These include the 
distribution of some government benefits, which 
serves as a proxy for communities at greater risk 
from heat. 
On June 30th 2026, Brazil’s national government 
launched a National Excess Heat Factor Dashboard. 
Dr Soares da Silva explains that it is built in part on 
the lessons from urban ones like Rio’s. The National 
Dashboard also offers the option to combine 
weather data and social indicators (GeoSES) to 
assess heat risk across the country. It warns local 
authorities up to five days before heat risk rises, 
giving them time to prepare and respond.127 
Heatwave early warning systems are less common 
than heat plans. They are also of mixed quality 
and impact. In eastern and southern Africa, for 
example, where such plans exist, they too often fail 
to trigger any action.128 To improve matters, in April 
2026 WMO launched the WISER ActionFirst in 
Africa Initiative, which aims, among other things, to 
strengthen links between national meteorological 
bodies and disaster risk management agencies.129

The effort will be worth it. As with heat plans, early 
warning systems can provide substantial benefits. 
A Lancet study of one such system in Shenzhen, 
China, looked at hospital admissions for heat-related 
illnesses between 2017 and 2023. On the first day 
after a given warning was issued, these admissions 
were, on average, 10% lower than on the day before 
the warning began.130

	 Heatwave early warning systems are 
less common than heat plans. They 
are also of mixed quality and impact. 
In eastern and southern Africa, for 
example, where such plans exist, they 
too often fail to trigger any action.
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Where can kidney health fit in?
In these plans, direct mention of, or provision for, 
kidney health is rare at best. A literature review 
conducted for this study found that most heat 
plans did not even mention kidney risks, or at most 
simply noted their link to periods of elevated heat. 
Similarly, to Professor Ebi’s knowledge, “very, very 
few, perhaps none, of the heatwave early warning 
systems answer ‘what do I need to do about kidney 
patients specifically?’” In fact, because these are 
general documents that often cover a range of 
government activities and heat risks, even NCDs in 
general may not be explicitly considered. 
In some ways, this makes little difference. Professor 
Jha believes that, for any effective response to high 
heat levels, certain “general principles hold true. 
These are common sense interventions, for example 
improving occupational conditions or giving people 
sensible advice regarding hydration. These don’t 
require people to be aware of kidney disease.” In 
other words, sensible behaviour during the heat will 
help reduce the chances of all NCD-related health 
damage.
On the other hand, a failure even to mention specific 
diseases misses the chance to share possibly 
life-saving information. Dr Soares da Silva agrees 

that, for the most part, the plans “cannot be disease 
specific”. But, she adds, the mention of individual 
conditions within a plan sends an important message 
to those who might be affected that they should take 
specific steps to protect themselves. Professor Ebi 
agrees, stating “if you have underlying or diagnosed 
kidney disease, you’re at much greater risk” in these 
situations, so a heat warning should communicate 
these elevated dangers more clearly to those most 
affected. These alerts are also a possible channel 
for alerting relevant individuals about how higher 
temperatures might affect their medication. 

2.2 The role of public health 
authorities and health system 
workers
Ultimately, health systems and public health bodies 
should, where possible, prevent kidney disease. 
When prevention fails, they should treat the disease 
promptly and effectively. This is as true when heat 
or other factors are behind kidney problems. The 
task is huge and multifaceted, but it is important to 
highlight some widespread challenges that stand in 
the way of progress. 

Awareness

The first is raising the notoriously low levels of public 
awareness of kidney disease and all its risk factors. 
A review of 32 academic studies found that, even 
among those with some kidney ailment, consistently 
under half were aware that they had a problem. The 
only exception occurred when survey participants 
were actually sitting in nephrology clinics.131 Wider, 
awareness of risk is also poor. Indeed, a nationally 
representative British study for Kidney Research UK 
found that around eight in ten of the public did not 
know where the kidneys are in their bodies or what 
they do. Worse still, 60% of those who had some 
kidney risk did not think this was the case.132

STATEMENT NO 5 
Awareness of heat as a risk factor for 
kidney disease must improve, as it 
remains poorly recognised. 

“Very, very few, perhaps none, of the 
heatwave early warning systems 
answer ‘what do I need to do about 
kidney patients specifically?’”
Kristie Ebi, professor, Center for Health and the Global 
Environment at the University of Washington, US
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Public awareness of the heat risk to kidneys appears 
to be, at best, limited.133 Our experts see this in 
their work. Dr Ulasi, based in Nigeria, believes that 
appreciation of any heat-related health risk “is a 
problem in communities like mine. People say that 
they’ve lived with it all their lives. We need to get 
them to understand [the risks].” The issue goes 
beyond developing countries. Dr Anand reports that 
outdoor agricultural labourers in California, with 
whom she works, are not aware when their chosen 
work clothes “are insulating and potentially amplify 
their risk of heat exposure and indirectly, of kidney 
injury.” Nor will individuals likely learn of these risks 
from contact with the health system. Professor Ebi 
believes: “Most physicians don’t think about heat as 
a topic they need to discuss with their patients.”
But, if health systems are to improve public 
awareness, they first have to take the old advice: 
“Physician, heal thyself.” Heat’s danger to kidneys 
is under-recognised in the medical and public 
health communities,134 and certainly not a priority. 
Indeed, Professor Jha reports that “in India, even 
the primary healthcare doctors don’t recognise the 
symptoms of heat stress. They simply dismiss them 
as exhaustion.” When public health professionals 
think about what needs to change in their own 
practices in Brazil, meanwhile, Dr Soares da 
Silva says that the link between heat and kidney 
disease “hardly comes up”. Meanwhile, Dr Anand, in 
California, says that “people in the public health and 

clinical communities may recognise diabetes as 
a risk factor for kidney diseases but not that heat 
exposure can amplify risk too. We need to raise 
awareness [among them].”

Clinical guidelines
One way to do so is inclusion of heat risk in clinical 
guidelines that cover kidney diseases. Dr Soares 
da Silva advises this step for practical reasons: 
guidelines “help increase awareness among health 
professionals, who are not really interested in 
carbon footprints but in their patients.” Suitable 
guidelines would alert them to check, for example, 
if a patient with a given set of symptoms lives in a 
place without cooling, she explains. 
For the most part, though, guidelines that link 
heat and kidney disease are few and far between. 
However, change could be coming. KDIGO’s 
current guidance documents for CKD and AKI do 
not refer to heat. Nevertheless, as noted earlier, 
the organisation’s draft 2026 AKI guidelines 
recommend that: “For children and adults 
presenting with AKD or AKI following prolonged 
exposure to high temperatures, consider heat 
injury as a cause of AKI.”135       
The spread of such advice to domestic guidelines 
for kidney health is likely to increase the ability 
of health systems to deal with kidney damage 
resulting from heat. 

“People in the public health 
and clinical communities may 
recognise diabetes as a risk factor 
for kidney diseases but not that 
heat exposure can amplify risk 
too. We need to raise awareness 
[among them].”
Shuchi Anand, associate dean for global health and 
professor of medicine, UC Davis Health, US
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Health workforce
Among the increased challenges facing health 
systems as temperatures rise is finding the needed 
human resources. 
Already, many countries suffer from a lack of expert 
kidney health professionals. The Global Kidney Atlas 
is based on surveys of nephrology organisations, 
patient groups and policymakers.136 In its 2023 edition, 
respondents from most countries reported a shortage 
of nephrologists, transplant surgeons and dialysis 
nurses. It is perhaps predictable that the problem is 
most common in developing countries. Indeed, the ratio 
of nephrologists per head in high-income countries 
compared with those in lower-middle-income ones 
is 14:1. Nevertheless, better financed health systems 
sometimes share this deficiency. The accompanying 
map shows whether local respondents report a 
shortage. Much of Africa and parts of Latin America are 
affected, but so are certain Western European states, 
including Germany, Italy and Sweden.
Even where there are enough nephrologists, primary 
care—typically the first point of contact with the 
healthcare system—will inevitably have a major 

Figure 3: Shortage of nephrologists, 2023
 Insufficient nephrologists to meet kidney care demands (data from the global survey)

Yes No No data

Source: ISN-Global Kidney Health Atlas. https://gkha.theisn.org/ 

role in kidney care. Without enough nephrology 
specialists, general practitioners (GPs) and their 
staff will be even more important to kidney care. 
Primary care providers, though, often simply lack 
what they need for the task. One study analysed 
20 surveys of GPs about barriers to kidney disease 
diagnosis and management. The most frequently 
named problem, common in over half of the 
surveys, was simply a lack of time. Poor guidelines 
were another frequent difficulty. This is especially 
worrying because in 40% of the surveys a large 
number of participants expressed low confidence in 
their own knowledge about this field.137 
Collectively, these kinds of difficulties can have big 
knock-on effects, even in relatively well-financed 
health systems. A recent Italian retrospective study 
of nearly 350,000 people aged over 40 found that 
just under a third of those who met the criteria for 
stage 3 CKD were actually diagnosed. The authors 
added that “substantial gaps in GP awareness and 
adherence to CKD management guidelines were 
identified, particularly in follow-up testing, referral 
practices, and diagnostic coding.”138

https://protect.checkpoint.com/v2/r02/___https://gkha.theisn.org/___.YzJlOnRoZWVjb25vbWlzdG5ld3NwYXBlcmdyb3VwOmM6Z29vZ2xlX21haWxfYXR0YWNobWVudDo2ZmQxMWNiZTkxNDE5NGZlZWEzOWJjOWUzOGQ2OTZiYzo3OjBhMDQ6Y2Y4M2ViYjU5YzgxMDA5NjdmZTE3ZmZmMmFjMDU1MDk1YjRjODE1MGFhM2EwZTFkMzFlN2VjYjM0YTYzOTBhZTpwOlQ6Rg
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These workforce deficiencies on their own 
undermine kidney care in general. The lack of 
awareness of heat’s potential role noted earlier 
means that heat-related kidney conditions are 
especially unlikely to be well served.
Other suggested workforce possibilities have 
included specialist nurses and community health 
workers. While a few successful pilot studies on the 
greater use of nurses have occurred, our research 
could find no studies showing the deployment of 
non-doctors at scale in CKD education, diagnosis 
and management.139 Others in the community 
connected to healthcare can help in times of high 
heat. Professor Ebi explains that “pharmacists know 
every prescription drug everybody takes, but many 
reduce the body’s ability to sweat and put users at 
higher risk.” Finding an ethical way for pharmacists 
to alert their customers to this risk in times of high 
heat would be very valuable. 
Health systems and public health bodies are still 
learning how heat harms the kidneys. Many need 
clearer guidance and, in many countries, more staff 
to treat kidney disease of any kind. Too often, they 
are still laying the foundations before they can build 
on them. 

The potential for targeted screening
CKD is sometimes called a silent disease, with 
few or even no symptoms until it reaches its late 
stages.140 Until recently, however, screening for 
the condition was a matter of marked controversy. 
In order to reach a consensus on this question, 
in 2019 KDIGO held one of its Controversies 
Conferences. Participants’ top three conclusions 
were: “Persons with hypertension, diabetes, or 
cardiovascular disease should be screened for 
CKD; … CKD screening and treatment programs 
should also be implemented in other high-risk 
individuals and populations based on comorbidities, 
environmental exposures, or genetic risk factors; 
... [and] The initiation, frequency, and cessation of 
CKD screening should be individualized based on 
kidney and cardiovascular risk.”141 Since then, in 
2024, a study in the US found that screening the 
general population aged 55 years and over every 
five years was cost effective.142 A still more recent 
simulated modelling study even suggested that the 
starting age for cost-effective screening may be 45, 

including in some developing countries. However, 
this research was based on simulations rather than 
information derived from pilot projects.143 
Emerging evidence also suggests that targeted 
screening may help identify early kidney dysfunction 
among workers exposed to high heat and heavy 
physical workloads. Repeat creatinine and eGFR 
testing during periods of sustained exposure 
appears promising; symptom-based tools and 
simple point-of-care markers may also help identify 
those at greater risk.144,145,146 However, the evidence 
remains limited, particularly on the best screening 
protocols, their longer-term benefits and their 
relevance beyond the occupational settings studied. 
Moreover, the lack of laboratory facilities needed 
for accurate testing makes point of care tools, 
especially in lower- and middle-income countries, 
problematic to deploy.147 Of particular relevance 
to this study, Mr Glaser points out that high levels 
of heat make the leading point-of-care serum 
creatinine tests inaccurate. 
As with any screening programme, or even 
guidelines on opportunistic screening, health 
systems have to weigh costs against likely benefits. 
The outcome of this calculation will differ by country 
and by which groups are considered for such an 
intervention. Even if not universally appropriate, 
in any given jurisdiction targeted CKD and AKI 
screening for specific groups may be worth the cost. 
Every health system should check where this might 
be the case for them. 

2.3 The role of those shaping the 
workplace: Health and safety 
regulators, companies, workers 
and NGOs

Harnessing government regulation
Prevention, Dr Orantes notes, must “go beyond 
identifying sick individuals”. Kidney-related 
“interventions focused solely on the health sector will 
have limitations and won’t be effective over time.” 
In this task, he continues, government officials 
have important roles, notably those from the 
ministries of labour, the environment and social 
security. For CKD, though, especially the kinds 
closely tied to occupational activity, prevention 
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requires a still wider range of actors. Companies, 
NGOs, communities and individuals have a “shared 
responsibility”, Dr Orantes concludes.
Mr Martinez agrees about the need for such 
breadth, but also argues that, among those 
involved, “the government should bear the primary 
responsibility.” Its duty is to create good regulation 
in this field, “in order to ensure that all companies 
can protect their workers”. If well structured, these 
rules can also benefit businesses. Good companies 
will know what to do, and others will be compelled 
to take heat-related prevention seriously, creating a 
level playing field.
Government regulations and guidelines that 
specifically cover heat in the work environment exist 
in a few jurisdictions. Costa Rica’s are probably the 
most advanced. For workers exposed to thermal 
stress, they mandate, among other measures, 
provision of suitable liquids, work-rest schedules 
with shaded rest areas, emergency procedures for 
responding to heat-related symptoms and kidney-
specific occupational surveillance measures.148 
Brazil149 and Nicaragua150 also have workplace heat-
related regulation, going back to 1977 and 2009 
respectively, and the US NIOSH has guidelines on 
the matter too.151

A problem, though, is that these regulations and 
guidelines have limited impact on their own. Brazil’s 
rules, Dr Soares da Silva explains, have “gaps in 
the legal framework which need to be dealt with” in 
order to align health best practice and regulation. In 
Nicaragua, meanwhile, the 2009 rules had already 
existed for eight years before La Isla began serious 
study of how to deal with pockets of CKD-driven 
devastation, such as on the Island of Widows. 
Finally, the US NIOSH guidelines are just that, not 
rules. Professor Ebi reports that only “five US states, 
out of 50, have regulations to protect outdoor 
workers. That’s not impressive.”
What’s more, even detailed regulations or 
guidelines, can be blunt instruments. In Mr Glaser’s 
experience, “if you were to follow any of the so-
called gold standard guidance, like that of NIOSH, 
on heat stress mitigation, nobody would work 
[outdoors] in the tropics. Nobody would work in the 
summer in Chicago, with even moderate workloads. 
And therefore, nobody tries to adhere to them.” 
But implementing a more nuanced understanding 

of best practice, he adds, adapted to specific 
conditions “is not necessarily straightforward. 
Different jobs have different demands. Simple water, 
rest and shade won’t always be sufficient.”

The need for a broader coalition

Better heat-related prevention will require all of 
the stakeholders working together rather than 
simply adhering to regulations, however detailed 
or well-intentioned. As Dr Orantes puts it, “if public 
policies have not been sufficient, it is because 
there has been no interaction between businesses, 
citizens and the government sector. In the interest 
of seeking sustainable interventions, we should not 
continue carrying out disconnected activities.”
The particular coalition of actors needed in different 
situations will vary. Sometimes, government 
regulation and enforcement will still be able to do 
most of the heavy lifting. Dr Soares da Silva believes 
that “indoor settings are for the most part covered in 
Brazil because the rules are very clear. They require 
temperature control, ventilation, and cooling areas, 
etc.” Other situations, notably outside settings, are 
more complex.
In some of these, employers—perhaps advised 
by expert NGOs—should take the lead. For those 
working outdoors in sugar cane, Mr Martinez 
explains, the combination of rest, shade, hydration 
and recovery can be very effective. But design and 
implementation at individual workplaces are crucial. 
He adds that, in this environment, workers need to 
take an hourly rest, to do so in shade and to hydrate 
properly. “If you implement two of these, but fail to 
do the third one correctly, you won’t achieve your 
results.” Managing these protocols are therefore 
best done on the spot by those in charge of the 
workplace, receiving advice when needed.

STATEMENT NO 8 
Heat-risk policy should not rely on one-
size-fits-all guidance; interventions need 
to be adapted to specific workplaces, 
indoor and outdoor settings, workloads 
and exposure patterns, then evaluated for 
implementation and impact.
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Conditions for other groups of workers also need 
attention, but the best approach is less clear. 
Several experts highlighted the challenges facing 
informal and gig workers, particularly those who 
work outdoors. In practice, these individuals are 
often beyond the reach of health regulation, let 
alone enforcement. Common sense suggests some 
potential ways to help. For example, Dr Soares da 
Silva mentions shaded public areas in which to 
rest and accessible water fountains for rehydration. 
They are valuable in every outdoor workplace, but 
particularly important where informal workers 
exercise control over how and when they take breaks. 
While helpful ideas exist, so far, says Mr Martinez, 
the heat risk to informal workers “is a gap that must 
be addressed because, otherwise, the harm will 
continue. To put a stop to this problem, there has to 
be unity.”

Hearts and minds
Such unity, in turn, requires winning over the relevant 
stakeholders, whose interest is not guaranteed. 
For workers, education about the risks can make a 
world of difference, especially in areas where heat’s 
impact on kidney health exacts a huge social and 
economic toll. As a result, says Mr Martinez, La 

Isla’s new occupational programme will include an 
educational component that covers the heat risks 
to workers, the damage they can do and how to 
prevent them. 
Success in reducing illness adds to the impact of 
teaching efforts. Around his organisation’s project 
sites, Mr Martinez reports, local residents have seen 
the drop in kidney disease. As a result, he continues, 
“they’ve come to understand that the only way to 
avoid getting sick is for workers to understand the 
risk they’re exposed to and take proactive steps to 
avoid getting sick.”
Meanwhile, other stakeholders might need different 
arguments. These include government officials—
with invariably constrained budgets and available 
time—and cost-wary businesses. Arguments over 
responsibility for the drivers of CKD have limited 
effectiveness with these potential partners, says 
Dr Orantes. “Blame shouldn’t be the focus of 
the discussion. It has hindered our ability to find 
effective solutions.”
Instead, a growing research base covering the 
links of kidney disease and injury with heat, 
as well as the best ways to address them, will 
win over more organisations, he believes. Here, 
effective and ongoing research plays a central role. 

	 Efforts to reduce the kidney 
health burden need to go 
beyond isolated interventions 
and instead “keep generating 
evidence so that these can be 
consolidated and incorporated 
into public policy.”
Carlos M Orantes Navarro, nephrologist and research 
scientist, NefroCenter El Salvador
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Mr Martinez calls “numbers that are convincing” the 
most important tool “to convince both companies 
and the government”. As he points out, for example, 
a well-run rest, shade, hydration and recovery 
programme can not only reduce the disease burden 
among workers. It also leads to higher worker activity 
productivity, which gives companies a net saving 
on the costs of running the health intervention and 
reduces costs for the health service.152

Outcome information from implemented initiatives 
can do much to make new ones even better. An 
ongoing learning loop, based on combining research 
and measurement with any new programme, is 
therefore crucial to long-term success. It can create 
coalitions for united efforts. As Dr Orantes explains, 
efforts to reduce the kidney health burden need 
to go beyond isolated interventions and instead 
“keep generating evidence so that these can be 
consolidated and incorporated into public policy.”

2.4 The role of the scientific and 
research community 
There is enough evidence to begin addressing the 
risks that heat poses to kidney health. As Dr Soares 
da Silva explains, policymakers do not focus on 
the details of existing research. Instead, they react 
when the collective understanding of a problem 
creates societal awareness and “the political will to 
make changes”.
Nonetheless, some areas do need further research 
such as better understanding of the impact of heat 
on kidney health of women, informal workers and 
residents of substandard housing, especially in hot 
countries. Similarly, how heat interacts with kidney 
risks from contaminated water, toxic agents or 
alcohol consumption remains unclear. 
This is not the place to devise a full research 
programme for the wide field of heat and kidney 
health. However, two research questions remain 
unresolved: the field’s very definition and better 
tools to support prevention of heat-related 
kidney damage. 

Scientific and evidence gaps in the heat-
kidney nexus revealed by our research
At various points, this study notes knowledge gaps, 
the filling of which could contribute greatly to 

understanding of kidney disease and its interaction 
with heat exposure. The main ones include:
•	 Finding data on local CKD and AKI burdens, 

especially in developing countries.
•	 The quantitative relationship between heat 

exposure and various kidney-related diseases, as 
well as safe heat exposure thresholds. 

•	 How heat’s effect on kidney health is ameliorated 
or exacerbated by socio-economic determinants, 
both internationally and within countries.

•	 How the impact of heat on kidney health does, or 
does not, differ by gender. 

•	 The risks of high heat exposure for kidney health 
among those in other often understudied groups, 
such as people employed in industries that have 
not been studied, informal workers and those 
living in sub-standard accommodation.

•	 Best practice for integration of kidney health into 
heat action plans. 

•	 The appropriate groups to cover with targeted 
screening for CKD in any given jurisdiction. 

•	 Finding ways to deploy existing, low-cost kidney 
disease biomarker tests at the point of care.

•	 What an all-encompassing framework to cover 
heat’s overall impact on kidney health should 
look like.

Wrestling with the definition of heat-
related kidney diseases: The need for an 
overarching framework
This field needs a wider lens: a more comprehensive 
understanding of the burden of heat-related kidney 
diseases. As noted in section 1, a heat-kidney 
framework is needed to move beyond diagnosis by 
exclusion and instead recognise heat exposure and 
the full spectrum of heat-related kidney injury. 
The first step needs to be an expansion of the 
available data on the kidney disease burden 
overall, especially in developing countries. 
Registries help, although they take time to be able 
to paint a detailed picture of what is happening. 
For example, the African Renal Registry was 
established in 2015153 and now seven countries 
participate. So far, though, only South Africa and 
Egypt have issued reports on their data, which 
are limited to patients with end-stage disease.154 
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Similarly, an Indian registry has not reported since 
2012.155 Nor do these registries have data on heat 
exposure before any kidney disease diagnosis.  
The most substantial body of current research 
relevant to the link between heat and kidney disease 
is that looking at CKDu, which often includes 
consideration of the role of heat in the condition’s 
pathogenesis. The ongoing, global DEGREE Study 

was mentioned earlier. Similarly, the Consortium for 
the Epidemic of Nephropathy in Central America 
and Mexico is a group of researchers working 
on understanding CKDu in that region, including 
what it calls the leading role of heat stroke in its 
development.156 Meanwhile, individual studies 
too numerous to detail, and many mentioned in 
this report’s footnotes, have covered the links 
between CKDu and heat in various countries in 
Central America, India, Sri Lanka, Africa, Thailand 
and China.
These are certainly valuable in understanding the 
degree of the challenge. Indeed, Professor Ebi 
reports, “as more analyses [of heat-related health 
damage] are done, we’re finding out that more and 
more people are being harmed than we understood.”
The research so far, though, is far from sufficient 
for understanding the nexus of heat and AKI and 
CKD for two reasons. To begin with, while CKDu is 
associated with heat stress in many geographies, as 
our experts noted earlier, that is not its sole cause. 
Heat’s relative contribution to the disease burden, 
as well as those environmental and other risks still 
needs to be teased out for heat’s specific role to 
become clear. 
Nor does all heat-related CKD fall under any 
definition of CKDu. Dr Moura-Neto sees conflation 
of CKDu and heat-related CKD as a “limitation”. He 
points out that “from a population perspective, heat 
may have an even greater impact by accelerating 
kidney function decline in people with diabetes, 
hypertension, obesity, aging and preexisting chronic 
kidney disease.” Mr Glaser agrees that dividing data 
into CKDu and CKD can obscure heat’s contribution 
to the burden of the latter.
In order to understand the link between high levels 
of heat overall and all forms of CKD, researchers 
need to devise a more all-encompassing framework. 
Dr Moura-Neto suggests that people should 
start looking at heat-induced disease as part of a 
spectrum. Guillermo Garcia-Garcia, a professor at 
the University of Guadalajara, adds that current 
conceptual and analytical frameworks “don’t fully 
capture the broader spectrum of heat-related 
kidney injury, including recurring acute kidney injury, 
the acceleration of existing CKD and climate-
associated kidney vulnerability. Future frameworks 
need to evolve.”

	 Current conceptual and analytical 
frameworks “don’t fully capture the 
broader spectrum of heat-related 
kidney injury, including recurring 
acute kidney injury, the acceleration of 
existing CKD and climate-associated 
kidney vulnerability.”
Guillermo Garcia-Garcia, a professor at the University of Guadalajara
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The goal makes sense, but the idea has a long 
way to go. As with CKDu, nomenclature reveals 
disagreements among experts. Terms such 
as heat-stress157 or, less often, heat-related 
nephropathy158 have appeared in the last few 
years but, as Dr Wijewickrama and Dr Caplin 
argue, these might, because of the implicit 
emphasis they place on heat’s role, obscure other 
causal factors. Dr Caplin recommends a different 
descriptor such as “heat-exacerbated”. Nor is 
biology able to lend a hand. Professor Jha explains 
that biomarkers are still lacking to show “with any 
degree of certainty about the contribution of heat 
to the development of a kidney injury or kidney 
disease.” Finally, basic biological questions remain 
unsolved, such as whether it is even possible to 
talk about a dose-response relationship between 
heat and kidney damage given differences in how 
people might be affected on an individual level. 
Nevertheless, if the general population, 
medical community and policymakers are to 
see the wide range of ways in which excess 
heat contributes to CKD, let alone AKI or other 
kidney damage, researchers need to develop an 
overarching framework to classify and explain 
the phenomenon.

Detection and biomarkers
There is also a need for better use of tools or 
protocols to detect AKI or to prevent other heat-
related kidney damage.
As discussed earlier in the section on screening, 
point of care testing remains a challenge, especially 
in lower- and middle-income countries. Ultimately, 
though, newer tests, which often require advanced 
laboratory facilities, are unlikely to be the answer. 
Professor Jha explains that “we don’t need fancy 
biomarkers [to identify risk]. We simply need to 
implement the tests that we know help us to identify 
early kidney disease such as ones for albuminuria. 
Serum creatinine is also not bad: it’s just that we 
don’t measure it well enough.”
The ongoing challenge is to find ways to gain 
information on known risk-related biomarkers that 
can be used for rapid prevention interventions. Any 
protocol may want to start with the simplest step: 
asking people how they feel. A Sri Lanka study found 
that self-reported heat stress symptoms might be 
used to help in screening for AKI.159

These examples are far from an exhaustive research 
agenda, but they show that pressing questions 
range from the very broad to the highly detailed.
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Conclusion and 
policy takeaways 

We live in a warming world that will not simply bring 
higher average temperatures, but is also already 
seeing an increasing number of episodes of extreme 
heat. These outcomes can, in turn, increase the 
burden of kidney disease. 
Already, evidence from heatwaves shows that 
groups such as older people, those living with CKD 
and those with NCDs that frequently interact with 
it, notably CVD and diabetes, are at risk of AKI 
episodes and new or more serious CVD. 

Meanwhile, a new epidemic of kidney disease is 
closely associated with occupations where one 
common factor is exposure to high levels of heat 
while working and poor cooling, hydration and rest 
practices. Higher temperatures will only exacerbate 
that risk. 
Poverty, where it limits access to cooling, healthcare 
or safe working conditions, can further amplify the 
effects of heat on kidney disease.
Facing this pressing public health challenge, 
policymakers can take important steps now to 
lessen the heat burden. These fall into several 
categories:

1.	 Need for all-of-government initiatives that 
turn heat plans into action. Heat plans can 
help cities redesign public spaces to reduce heat 
exposure and protect residents. They also give 
public officials a clear framework for responding 
to heatwaves. Jurisdictions without heat plans 
should develop ones that suit their institutions 
and needs. Too many existing plans remain lists 
of ambitions rather than practical measures. 
Governments must back them with funding, 
clear responsibilities and coordination across 
agencies. Heatwave warning systems also save 
lives by helping people to prepare for dangerous 
conditions. Including advice for people at higher 
risk of kidney disease and other heat-related 
illnesses would make these systems more 
effective. International organisations can support 
these efforts by raising awareness of kidney 
disease and sharing good practice on heat plans 
and warning systems.
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2.	 Health systems should strengthen kidney 
care and raise awareness of heat-related 
kidney risks across the health workforce. 
Health systems need enough kidney specialists, 
but they also need to equip primary care doctors, 
nurses, pharmacists and other frontline health 
workers to recognise, detect, prevent and 
manage heat-related kidney injury. Clear clinical 
guidance, training and public health messaging 
can help healthcare professionals identify those 
most at risk and intervene earlier. Without 
greater investment in kidney care, stronger 
clinical capacity and wider awareness of how 
heat affects kidney health, health systems will 
struggle to cope as heatwaves become more 
frequent and severe. Finally, health systems 
should consider which targeted screening of at-
risk individuals is appropriate for their jurisdiction 
and its specific disease burden. 

3.	 Governments, employers, employees and 
NGOs should work together to protect 
workers from heat. Governments should 
introduce and enforce workplace heat standards 
where these do not already exist. The rules 

should set minimum protections while allowing 
employers to adapt them to local conditions and 
different types of work. Employers, workers and 
NGOs should work together to develop practical 
measures that reduce heat exposure and protect 
kidney health. Done well, these measures can 
improve worker health, reduce lost productivity 
and benefit businesses as well.

4.	 Scientists and researchers should focus on 
the evidence needed to protect kidney health 
in a hotter world. Researchers in academia, 
government, industry and NGOs should work 
together to close the most important knowledge 
gaps such as the quantitative relationship 
between heat exposure and various kidney-
related diseases, as well as safe heat exposure 
thresholds, the impact of heat on women’s 
kidney health and the need for an overarching 
heat-kidney framework. Researchers should also 
assess which policies and interventions work 
and why, so governments, employers and health 
systems can learn from experience and improve 
their response over time. Better evidence will 
help turn awareness into more effective action.
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