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Introduction
Climate change is recognized as one of the greatest health chal
lenges of the 21st century, with cardiovascular disease (CVD), 
the leading global cause of death, sensitive to direct and indirect 
effects.1,2 In recent years, climate-related extremes have inten
sified in frequency and severity. Examples include the 2022 
heatwaves in India, Pakistan, Spain, and Italy, the 2021 Central 
European flood, and the 2020-2023 prolonged drought in the 
Horn of Africa. Such events are projected to become more fre
quent and prolonged in a future climate.3

Rising temperatures, extreme heat and cold, floods, wildfires, 
and poor air quality contribute to excess cardiovascular morbid
ity and mortality across settings.4 Heatwaves increase the risks 
of myocardial infarction, heart failure, arrhythmias, and cardio
vascular deaths; floods and storms precipitate adverse health 
outcomes through physical stress, infections, and psychosocial 
strain. Indirect effects (e.g. food insecurity, displacement, eco
nomic instability, and healthcare disruption) add further risk, 
particularly in strained health systems. Impacts are unevenly dis
tributed: children, older adults, and those with chronic disease 
have reduced thermal tolerance, while socioeconomically disad
vantaged and ethnic minority groups face greater exposure and 
barriers to adaptation.4 Risks are highest in many low- and 
middle-income countries, where rapid urbanization, limited in
frastructure, and constrained health systems heighten vulner
ability. Climate change thus acts as both a hazard multiplier 
and a driver of cardiovascular disparities.

Preventive cardiology has long centred on identifying and 
modifying individual risk factors such as hypertension and 
smoking. That approach remains necessary, but it is no longer 
sufficient. Environmental determinants (e.g. ambient tem
perature, air pollution, and extreme weather) now shape car
diovascular risk beyond individual control. These exposures 

act across the life course, interact with traditional risk factors, 
and vary over time and place, challenging strategies built 
around stable, individual-level risks. Meanwhile, growing 
public awareness of climate and health is reshaping risk per
ception and responsibility. The implication is clear: preven
tion must broaden outcomes, integrate environmental and 
traditional risk factors, and anticipate changes in perception 
and adaptation.1,5,6

We outline three key challenges for preventive cardiology in 
the era of climate change, summarised in Figure 1, and 
we propose pragmatic directions for clinical and public health 
action.

Rethinking outcomes and exposures 
in climate–CVD research
Problem
Research on climate and CVD has largely focused on mortality, 
often using aggregated data to estimate a ‘minimum mortality 
temperature.’4 While informative, this approach has clear limita
tions for preventive cardiology. Mortality captures the most severe 
outcomes, overlooking the broader burden of climate-related CVD 
across the care continuum. Aggregated analyses also mask hetero
geneity by age, comorbidity, socioeconomic status, and ethnic 
group. For instance, they cannot assess clinically relevant modi
fiers, for example, how heat and dehydration interact with cardio
metabolic drugs (SGLT2 inhibitors, angiotensin-receptor blockers, 
diuretics) shaping the risks such as hypotension or acute kidney in
jury. Results are rarely expressed in terms comparable to traditional 
risk factors, limiting prevention and communication. Finally, mean 
temperature is an incomplete exposure: risk is shaped by variability 
and extremes, and by co-exposures such as humidity and air 
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pollution, especially in urban areas, which can amplify vulnerability 
or test physiological resilience.3

Future direction
Preventive cardiology needs a research agenda that moves be
yond mortality to capture morbidity and early disease trajector
ies. Key outcomes should include healthcare use across care 
settings, medication patterns, and, where feasible, molecular in
dicators (e.g. metabolomic or proteomic changes) reflecting 
early biological responses to climate stressors. Individual-level 
data linked to climate exposures are essential to identify high- 
risk groups and disentangle vulnerability arising from physi
ology, comorbidity, social context, and healthcare access. 
Studies should also report standardized impact metrics such as 
absolute risk differences, population-attributable fractions, 
years of life lost, or excess events under climate scenarios, to 
support prioritization and communication. Finally, exposure 
definitions and risk summaries must capture mechanisms, 
including timing, latency, and interactions between stressors.1,6

These advances will better align climate–CVD evidence with 
prevention, risk communication, and clinical decision-making.

Interactions between climate-related 
and traditional risk factors
Problem
Climate change is intensifying exposures that may act as cardio
vascular risk factors. Yet preventive cardiology has not systemat
ically assessed how these exposures interact with established risks 

such as hypertension, dyslipidaemia, smoking, diabetes, and kid
ney disease. Much of the evidence is based on aggregated data, 
which masks individual-level heterogeneity; single-exposure stud
ies often assume effects are independent of baseline cardiovascu
lar risk. This leaves a central uncertainty: are climate effects 
additive, compounding vulnerability, or multiplicative, amplifying 
risk beyond each exposure alone? Susceptibility is also dynamic, 
with sensitive periods in early life, pregnancy, acute illness, and un
stable phases such as post-myocardial infarction or heart failure. 
Without clearer evidence on interactions and timing, risk stratifi
cation will miss clinically actionable intersections, for example, 
heat stress may be harmful in people with uncontrolled blood 
pressure, heart failure, or impaired thermoregulation, and air pol
lution may have larger effects in those with chronic inflammation 
or metabolic dysfunction.6–8

Future direction
Closing this gap requires interaction-focused study designs and 
a clinical framing that integrates climate exposures into conven
tional cardiovascular risk assessment. Studies should test effect 
modification by key clinical and social determinants (e.g. blood 
pressure, diabetes, medication use, housing quality) and report 
prevention-relevant measures, such as absolute excess risk in 
high-risk groups and burden from joint exposure. As most evi
dence is observational, stronger causal-inference approaches 
are needed. Where non-linear, time-varying interactions are 
hard to capture, complementary approaches (including machine 
learning) may help, provided outputs are validated and inter
pretable. Better exposure assessment is also needed: linking 
high-resolution environmental data with geolocation/time– 

Figure 1 Key challenges and future directions for preventive cardiology in a changing climate. (A) A heatwave scenario illustrates how 
climate extremes can interact with cardiovascular disease, treatment, and health-system strain to precipitate acute events. (B) A pro
posed framework highlighting three challenges for preventive cardiology: (i) rethinking climate–CVD outcomes, (ii) understanding inter
actions between climate exposures and traditional risk factors, and (iii) shifts in risk perception and prevention paradigms. These call for 
multilevel prevention spanning clinical care, behaviour, and policy and infrastructure.
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activity information and, where feasible, wearable measures 
(e.g. temperature, heart rate, activity, sleep) to quantify true ex
posure rather than area-level averages.7 Together, these ad
vances should clarify who is most at risk, when risk peaks, and 
which interventions are likely to reduce cardiovascular 
burden.1,9

Shifting risk perception and 
prevention paradigms
Problem
Preventive cardiology has often been framed around individual 
responsibility, with behaviours such as smoking, diet, and phys
ical activity treated as risks under personal control. Climate 
change challenges this model. As exposures (e.g. extreme heat 
and air pollution) play a more visible role in shaping cardiovascu
lar risk, individuals may perceive key determinants of health as 
external, structural, and difficult to modify. This shift from an in
ternal to an external locus of control has implications for preven
tion: it may discourage engagement with lifestyle advice and 
reinforce fatalistic attitudes, particularly in disadvantaged groups. 
At the same time, messages that overemphasize personal respon
sibility can appear disconnected from lived experience, undermin
ing trust in preventive guidance. Preventive cardiology risks losing 
public engagement if it does not recognize these changing percep
tions and the need for collective responsibility.6,10

Future direction
Prevention must be reframed as a collective responsibility that 
integrates environmental determinants while supporting indi
vidual and community agency. Risk communication should rec
ognize the structural nature of climate-related exposures 
while translating this into actionable guidance. It should link 
‘what is happening’ to ‘what patients can do now’ (e.g. heat pre
paredness, medication review during heat, hydration, avoiding 
peak pollution, and advice for heart failure or hypertension). 
Routine care can embed climate-informed prevention through 
anticipatory counselling before high-risk seasons, follow-up 
during heat or smoke events. This could be integrated into rou
tine cardiology and primary care through simple measures such 
as seasonal risk alerts, medication review during extreme heat, 
and targeted advice for high-risk patients. In parallel, health sys
tems should pair individual advice with system-level action, 
using health-system leadership and policy advocacy to promote 
cleaner air, urban cooling, housing standards, and resilient 
healthcare services.1,10 Together, this dual approach reinforces 
personal adaptation and the structural conditions for cardiovas
cular resilience.

In conclusion, climate change is reshaping the context for car
diovascular prevention, challenging established assumptions 
about risk, vulnerability, and individual control. The priorities 
are clear: broaden outcome measures, strengthen evidence on 
interactions between environmental and conventional risk 

factors, and integrate climate-informed guidance in routine 
care. By combining individual prevention with action for health
ier, more resilient environments, preventive cardiology can re
main effective and equitable in a changing world.
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