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ABSTRACT: Cancer has become the leading cause of premature death in many
counties in recent decades. Previous studies showed plenty of evidence that control of
modifiable risk factors would reduce the cancer burden. Since modifiable risk factors
could be eliminated by changing the lifestyles of individuals, a greater uptake of
modifiable risk factors is critical to reducing cancer burden and inequality in cancer
survival. However, climate change will widen cancer inequities through its complex
connections with modifiable risk factors. In this perspective, complex connections
between climate change and cancer risks via modifiable risk factors, including abnormal
temperature, UV, air pollution, natural disasters, food (diet), water, infections, and
inefficient physical activities, have been summarized. The associations between climate
change and modifiable risk factors have no doubt expanded the inequities. People who
face overlapping modifiable risk factors, but who are unable to change or adapt, are at the highest risk in the climate change−cancer
linkage. Though individual actions to avoid exposure to modifiable risk factors have been recommended, limited benefits would be
achieved unless the nations strive to ensure the basic needs of the people. No choice makes avoiding exposure to risk factors an
empty phrase. Thus, government actions should be taken to reduce the expanded inequities in cancer risks.
KEYWORDS: climate change, air pollution, cancer, modifiable factor, inequity

Cancer is the second cause of globally ranked premature
death after cardiovascular disease1 and has become the

top cause in many countries in recent decades.2 With around a
1.7 times increase in death counts from 1990 to 2019, as
estimated by the Global Burden of Disease study, cancer
burden3 cannot be neglected (Figure S1), and deaths
attributable to risk factors are an increasing trend, except for
drug use (Figure S2). Apart from lifestyle factors, air pollution
and other environmental risks are also the main factors
associated with cancer. The inequality that exists in overall
cancer survival between different countries is predominantly
due to the disparities in health awareness; early diagnoses;
screenings; and accessible, affordable, and high-quality health-
care for patients with cancer.4 Data from the United States
suggests that 42% of cancer incidence and 45% of cancer
mortality were attributable to modifiable risk factors, a kind of
behavior or exposure factors related to cancer risk that we
could reduce or control, such as poor diet and physical
inactivity.5 Findings from a population-based cohort study
suggested that modifiable risk factors could explain 46% of
inequities in cancer morbidity and mortality.6 Inequities exist
in cancer burden because cancer survival and mortality burden
are closely related to the treatment ability and care. The
reduction of cancer burdens attributable to avoiding modifiable
risk factors would provide an equitable strategy for cancer
prevention and control. Therefore, it is critical to provide a
supportive environment and educational programs on how to
avoid modifiable risk factors is critical. However, climate

change is challenging this approach and will widen cancer
inequality.

■ POTENTIAL CRITICAL CONNECTIONS OF CLIMATE
CHANGE AND CANCER RISK

The potential linkage between climate change and factors that
can modify cancer incidence and threaten cancer survival are
shown in Figure 1. The combustion of fossil fuel seems to be
the start of a vicious cycle since it increases greenhouse gas
emissions (CO2, CH4, etc.) that aggravate climate change and
produce air pollution. According to previous studies, cancers
potentially associated with modifiable risk factors are high-
lighted in Figure 2.

The International Agency for Research on Cancer (IARC)
has classified outdoor air pollution as a Group 1 carcinogen.
Increasing evidence has suggested that the association may not
be limited to lung cancer, but also cancer of other sites.7

Increased incidence and shorter survival of cancer affected by
air pollution were observed in previous studies.7 In addition to
the greenhouse gases emitted by the combustion of fossil fuels
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contributing to climate change, climate change may worsen air
quality by changing the ventilation, dilution, precipitation and
other removal processes, and the amplification of atmospheric
chemistry.8 Accumulative evidence suggests that climate
change is expected to increase particulate matter ≤ 2.5 μm
(PM2.5)-related mortalities even under the scenario of a
moderate projection of greenhouse gas emissions.9 Though the
interplay of climate change and air pollution on health has
been well documented, the evidence for cancer warrants
investigation.10

Besides outdoor air pollution, household air pollution is also
a part of the linkage.11 There are still millions of people who
are not able to cook with clean energy, which results in severe
indoor air pollution as well as greenhouse gases, that is, the
major factor affecting climate change.12 Indoor emissions from
the household combustion of coal are a Group 1 carcinogen.
The household combustion of biomass fuels and emissions
from high-temperature frying have been concluded to be
possibly carcinogenic to humans by the IARC. It is estimated
that 3.8 million premature deaths (8% from lung cancer) are
attributable to household air pollution from cooking with
kerosene or solid fuels each year. The Global Burden of
Disease Study also suggested that indoor air pollution is
associated with the risk of esophageal squamous cell

carcinoma.13 “The forgotten 2.6 billion people” who have
less access to cleaner fuels, mostly in low- and middle-income
countries (LMICs), suffer an increasing cancer burden and are
also exposed to a huge amount of air pollution. The vicious
cycle of climate change, air pollution, and cancer will keep
rolling and provide a devastating cancer burden without
intervention.

With the accumulation of greenhouse gases, global warming,
and changing meteorological factors, there is an increasing
frequency of abnormally hot and cold temperatures, which are
the direct expression of climate variability. Although it is not
clear whether it is the increased temperature of warm months,
carcinomatous meningitis was observed to have a higher
incidence in these months.14 Evidence from more studies is
warranted to confirm the causal association. The direct effects
of extreme temperatures like heat waves may worsen the
conditions of cancer patients because of their impaired
thermoregulation and immune function.15 Occupational heat
exposure, exacerbated by climate change,16 is also associated
with several cancers, e.g., female breast cancer.17 The climate-
change-induced ozone depletion led to increasing ultraviolet
radiation (UV) exposure, which will lead to increased risks of
melanoma and other skin cancers (e.g., squamous cell skin
cancer).18 In consequence, melanoma survivors have an

Figure 1. Potentially critical connections between climate change and cancer risk. UV: ultraviolet radiation; the dashed line indicates that high
temperatures could amplify, or enhance, the effects of ambient air pollution. Natural disasters include heat waves, cold spells, wildfires, droughts,
floods, hurricanes, typhoons, etc.
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increased risk of developing second primary cancers, such as
prostate cancer.19

The changing temperature and precipitation will also lead to
changes in natural disasters and food production, which may
increase the risk of cancer indirectly. Take wildfires as an
example of a natural disaster that has shown an increasing
trend in frequency and duration globally.20 Long-term
exposure to wildfires has been suggested to increase the
incidence of lung cancer and brain tumors.21 Extreme weather
and natural disasters caused by climate change may reduce
people’s physical activity by limiting active venues and suitable
temperatures. Less physical activity could increase the risks of
colon, female breast, and uterine cancers.5 Furthermore,
inactivity-induced excess body weight also increases the risk
of cancers of the gastrointestinal tract, genital organs, and
female breast.

Less food availability and deteriorating food security induced
by climate change have been observed. A modeling study
revealed that by 2050, the global food availability would
decrease by about 3.2%, and a 4.0% fruit and vegetable
consumption reduction would be attributable to climate
change.22 Parental malnutrition and exposure to air pollution
exacerbated by climate change are significantly associated with
serious adverse pregnancy outcomes,23,24 which are associated
with higher breast cancer risk in early adult life.25 Lower

consumption of fresh vegetables and fruit would also increase
the risk of cancer from the respiratory and digestive tracts.
Polycyclic aromatic hydrocarbons (PAHs) from high-temper-
ature pyrogenic processes and vehicular emissions, which are
related to the higher risk of breast cancer and colorectal
cancer,26 were also found in commonly consumed leafy
vegetables.27 The increase in the temperature led by climate
change may increase appetite suppression and reduce
conception rate of livestock because of heat stress, as well as
reduce milk production.28 Lower dairy product consumption
has been observed in line with increased breast cancer and
colorectal cancer.26 Temperature and moisture significantly
influenced aflatoxin production.29 Aflatoxin B1 production in
maize will have consequences on aflatoxin M1 contamination
in milk30 and might increase the liver cancer risk.31 Similarly,
the diversity, distribution, and biology of fish populations are
also affected by climate change. It is estimated that for every 1
°C of global warming, global fish catches are expected to
decline by 3 million tonnes.32 Liver and colorectal cancer risks
will be increased26 due to the lack and unaffordable fish
consumption, especially in low-income countries.33 Climatic
variability has always been the main factor responsible for
fluctuations in coffee productivity worldwide.34 Coffee
consumption is suggested to reduce the risk of oral and liver
cancers.26 Apart from food, water quality is also affected.

Figure 2. Potential associations between climate-change-related risk factors and cancer.

ACS Environmental Au pubs.acs.org/environau Perspective

https://doi.org/10.1021/acsenvironau.2c00012
ACS Environ. Au 2023, 3, 5−11

7

https://pubs.acs.org/doi/10.1021/acsenvironau.2c00012?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenvironau.2c00012?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenvironau.2c00012?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenvironau.2c00012?fig=fig2&ref=pdf
pubs.acs.org/environau?ref=pdf
https://doi.org/10.1021/acsenvironau.2c00012?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Climate change is likely to exacerbate the increasing bromide
levels in public water systems, which would increase the excess
lifetime bladder cancer risk35 and the cyanotoxins in drinking
water that are associated with liver and colorectal cancer.36

■ INEQUITIES IN MODIFIABLE FACTORS OF
CLIMATE CHANGE−CANCER LINKAGE

People who are most exposed to modifiable risk factors, but
unable to change or adapt, are at the highest risk in the climate
change−cancer linkage (Table 1). Modifiable risk factors such
as excess body weight, poor diet, and physical inactivity
accounted for a higher proportion in women than men for
both cancer incidence and mortality.5 The more complex
structures of developed countries could be more easily
adjusted to account for food safety issues led by climate
change compared with LMICs.37 The accessibility to cancer
care in LMICs is much less than in high-income countries.4

This means that cancer care for people living in LMICs,
especially those who live in rural or remote areas, is more likely
to be disrupted by natural disasters. Meanwhile, they often
have less capacity to deal with climate-change-related disasters.
For patients diagnosed at late cancer stages, the delay of

treatment could be deadly while for early diagnosed patients,
they may miss out on optimal treatment opportunities. This
makes the impacts of climate change on people with less access
to cancer care even worse.

Overlapping inequities put some people at severe risk. As an
example, women in LMICs who take the lead role in cooking
and farming may suffer a higher inability to modify cancer risk
factors. Women engaged in farming or other kinds of labor
working to get food and earn money will also experience the
adverse effects of heat exposure in their attempt to reduce
poverty and improve health. Along with the heat-related cancer
risks, heat stress can also cause labor and earning losses and
increase working poverty, especially in sub-Saharan Africa and
Southern Asia.16 Poverty and lack of food security, which are
important modifiable risk factors for cancer, can lead to
malnutrition, especially in women who are most hungry in low-
income families. Exposures to indoor air pollution and
malnutrition of other members of the household indicate
that risk may indeed be multigenerational as a result of the
impact of climate change. Babies in papoose carriers are also
exposed to cooking fumes and indoor air pollution, which may
also increase their risk of cancer.

Table 1. Main Actions That Individual People and Government Can Take to Reduce the Inequities in Climate Change and
Cancer Risk Linkagea

aNote: dot in blue represents individual actions and the dot in red represents government actions.
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Though some individual actions are provided (Table 1),
little can be done at the individual level to reduce modifiable
risk factors. Air pollution and abnormal temperatures, disasters,
food shortages, and food and water safety problems led by
climate change are often risk factors that cannot be avoided at
the individual level. It is difficult for people, especially those
who work to support their living, to avoid exposure in a
positive way. Besides actions from the policymakers, self-
protection such as wearing protective clothing in the sunshine
seems to be the only way at the individual level to mitigate risk.
However, people often need health education and living
guidelines provided to make these actions clear. Climate
change mitigation actions at the national and global levels are
warranted.

■ PERSPECTIVES ON REDUCING THE INEQUALITY
GAP

The warming climate will continue to exacerbate the
inequalities in the cancer burden. The significance of this
issue should not be underestimated. Fortunately, calls for
climate change adaptation and adequate attention to LIMCs,
women, and youth are louder than ever following the 26th UN
Climate Change Conference of Parties (COP26). COP26
demonstrated a growing consensus for supporting the
adaptation and resilience for vulnerable communities. We
believe that in the coming COP27 these consensus
perspectives will still be emphasized. It is essential to highlight
women and children in LMICs as part of the intricate linkage
between cancer and climate, multisector collaborations
between academics, and policymakers and health officials.
The rights and interests of these disadvantaged populations
can be protected by rescuing more people from poverty and
hunger. No choice makes avoiding exposure to risk factors an
empty phrase. As such, these exposures are unavoidable risk
factors until nations strive to ensure the basic needs of the
people. It is vital to assess the impact of climate change and
cancer burden quantitatively and to investigate cost-effective
interventions and innovative technologies for vulnerable
populations and regions. Health National Adaptation Plans
ought to be developed and tailored for vulnerable populations
to help them cope with climate change and reduce modifiable
factors for cancer (e.g., increase healthcare accessibility for
vulnerable populations on the basis of ensuring basic living
conditions). Ultimately, responsible and immediate climate
change mitigation should be the long-term strategy for all these
challenges in cancer burden and inequality because it will
provide a healthier planet and a more equal future.
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