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Climate change is altering the Earth’s global land and 
ocean temperatures. A 1 °C increase in global mean 
surface temperature was observed during the last years 
of the 2010s, relative to the pre- industrial period1. As 
a consequence, temperature variability and extreme 
heat events have become more frequent in many parts 
of the world. For example, unusually hot weather was 
observed during the 2003 heatwave in Central Europe. 
Overall, >70,000 deaths were estimated to be attributable 
to these extreme conditions, with more than one- third 
of the deaths occurring in France, Italy and Spain2. Since 
then, population exposure to extreme heat has increased 
worldwide, resulting in an additional 220 million heat-
wave exposure events in 2018 compared with the average 
in the years 1986–20053.

Analyses of daily death rates have shown that both 
low and high temperatures are associated with increases 
in cardiovascular disease mortality3. Although this gen-
eral overall pattern is consistently observed around the 
world, the regional climate and the cultural and techni-
cal adaptation to cold and heat influence the temper-
ature at which the fewest deaths occur. Non- optimal 
temperature was newly included into the Global Burden 
of Disease estimation and accounted for 1.96 million 
deaths globally, with (so far) a larger burden coming 
from low than from high temperatures4. Under the cur-
rent situation of climate change, the relative importance 
of extreme weather is changing. Indeed, we were able to 
observe changes in the heat- related risk of myocardial 
infarction even in Augsburg, Germany5. On the basis of 
data from the KORA Myocardial Infarction Registry, we 
assessed the effect of cold and heat on the onset of myo-
cardial infarction in two time periods: 1987–2000 and 
2001–2014. During the first period, myocardial infarc-
tions were triggered by cold exposure only. However, 
during the second period, we observed significant effects 
of temperatures >18 °C on the risk of myocardial infarc-
tion. The increased risk was attributable to the greater 
vulnerability to cardiovascular disease of individuals 
with type 2 diabetes mellitus or hypertension. This 
observation indicates that the health effects of altered 
temperature exposure are already detectable now and 
confer an additional burden on vulnerable subgroups 

of the general population. In the future, we predict that 
the effects of heat exposure on health will outweigh the 
reduced effects of cold exposure on health and will pro-
duce a substantial burden of non- ST- segment elevation 
myocardial infarctions under the uncontrolled climate 
change scenarios that are currently the most likely6.

An increase in the risk of acute- onset ischaemic heart 
disease with increasing temperatures is biologically 
plausible, given the pathophysiological implications 
of increased heat exposure. Thermal stress results in 
physiological responses to changes in central body tem-
perature, leading to increased sweating, elevated heart 
and breathing rates, vasodilatation, and increased or 
decreased coagulation. These changes can cause imbal-
ances in the autonomic control of the heart, increase 
local arterial pressures, induce systemic inflammation 
and impair clotting responses7. Jointly, these disruptions 
of haemostasis potentially predispose vulnerable indi-
viduals to atherosclerotic plaque rupture and subsequent 
myocardial infarctions. Similarly, individuals with heart 
failure and reduced left ventricular ejection fraction are 
likely to be unable to compensate for the increased cir-
culatory demand induced by heat exposure. One might 
speculate that the observed association between heat 
exposure and increased respiratory disease mortality 
is also mediated by the underlying pathophysiological 
effect of heat exposure on right ventricular heart failure.

Unfortunately, climate change does not only change 
temperatures but also has negative effects on other envi-
ronmental conditions, including air pollution, such as 
from the increased occurrence of wildfires. Fine parti-
culate matter is causally implicated in cardiovascular 
disease morbidity and mortality8. Studies have impres-
sively demonstrated the joint and severe effect of epi-
sodes of exposure to heat and particulate matter on 
cardio vascular disease mortality, for example in Russia 
in 20109. A nationwide study in Italy showed that the 
effect of heat on mortality is tripled under conditions 
of high concentrations of fine particulate matter com-
pared with conditions of low concentrations of fine 
particulate matter10.

Taken together, these data emphasize the need to 
act now. Mitigating climate change by achieving a 

Cardiovascular risks of climate change
Annette Peters  1,2,3,4 ✉ and Alexandra Schneider1

Extreme heat events are now more frequent in many parts of the world as a result of climate 
change. The combined effects of heat, air pollution, individual age, and socioeconomic and 
health status are responsible for avoidable acute events of cardiovascular disease and need  
to be considered in order to prevent and treat cardiovascular diseases effectively.

1Helmholtz Center Munich - 
German Research Center  
for Environmental Health, 
Neuherberg, Germany.
2Ludwig-Maximillians- 
Universität, Munich, 
Germany.
3Munich Heart Alliance, 
German Center for 
Cardiovascular Research 
(DZHK e.V.), Munich, 
Germany.
4Harvard T.H. Chan School of 
Public Health, Department  
of Environmental Health, 
Boston, MA, USA.

✉e- mail: peters@
helmholtz- muenchen.de

https://doi.org/10.1038/ 
s41569-020-00473-5

  volume 18 | January 2021 | 1

http://orcid.org/0000-0001-6645-0985
mailto:peters@helmholtz- muenchen.de
mailto:peters@helmholtz- muenchen.de
https://doi.org/10.1038/s41569-020-00473-5
https://doi.org/10.1038/s41569-020-00473-5
http://crossmark.crossref.org/dialog/?doi=10.1038/s41569-020-00473-5&domain=pdf


www.nature.com/nrcardio

zero- carbon emission economy is essential. For exam-
ple, investments in a low- carbon public transport sys-
tem and safe walking and cycling networks promote 
a switch from passive to active travel. These measures 
decrease greenhouse gas emissions and reduce air pollu-
tion, while also promoting physical activity and offering 
benefits for cardiovascular health. These much- needed 
political changes will reduce the cardiovascular disease 
burden for future generations, but we must also con-
sider the immediate implications for preventing and 
treating cardiovascular diseases. Heat warning systems 
have been implemented in many countries, regions or 
cities. However, concerns persist about whether the 
most vulnerable groups, such as elderly or homeless 
individuals, are being adequately reached. The indi-
vidual risks of the severe consequences of heat might 
only partially be addressed owing to underlying cardio-
vascular diseases and treatment regimens. Therefore, 
we must increase awareness and enable patients with 
cardiovascular diseases to take preventive measures. 
Likewise, physicians are encouraged to raise awareness 
and potentially to adjust treatment regimens. To support 
this effort, further research on health status monitoring 
via wearable devices and ambulatory measurements of 
blood pressure, arrhythmia or dysglycaemia and poten-
tial interactions with specific medications and accom-
panying comorbidities is needed. In particular, type 2 
diabetes and respiratory diseases are highly relevant. 
In the ongoing coronavirus disease 2019 (COVID-19) 
pandemic, co- exposure to COVID-19 and heat might 
increase the burden of disease in affected individuals. 
Similarly, co- exposure to COVID-19 and cold might 
increase the risk of mortality beyond the obvious 
increased likelihood of SARS- CoV-2 infection during 
the winter months.

In conclusion, the combined effects of global warm-
ing, air pollution and also individual age, socioeconomic 
status and health status are expected to result in an 

increase in heat- related deaths within the coming dec-
ades (Fig. 1). Climate change already confers an increased 
risk of cardiovascular disease events in the general popu-
lation, which emphasizes the urgency to implement 
policy measures to achieve the Paris Agreement. Even 
in the best- case scenario, these environmental changes 
are already resulting in quantifiable and avoidable acute 
cardiovascular disease events and should be considered 
as part of our efforts to prevent and treat cardiovascular 
diseases.
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Fig. 1 | Factors contributing to the cardiovascular risks of climate change. Global warming is leading to more frequent 
extreme heat events. The health effects of the exposure to heat are further increased by air pollution. Older individuals, 
individuals with low socioeconomic status and those with underlying conditions associated with an increased risk of 
cardiovascular disease, such as type 2 diabetes mellitus and hypertension, are the most vulnerable to heat- related acute 
cardiovascular disease events, such as myocardial infarction.
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