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ABSTRACT: As global temperatures rise, extreme heat events are projected to become more frequent and intense. Extreme 
heat causes a wide range of health effects, including an overall increase in morbidity and mortality. It is important to note 
that while there is sufficient epidemiological evidence for heat-related increases in all-cause mortality, evidence on the 
association between heat and cause-specific deaths such as cardiovascular disease (CVD) mortality (and its more specific 
causes) is limited, with inconsistent findings. Existing systematic reviews and meta-analyses of epidemiological studies on 
heat and CVD mortality have summarized the available evidence. However, the target audience of such reviews is mainly 
limited to the specific field of environmental epidemiology. This overarching perspective aims to provide health professionals 
with a comprehensive overview of recent epidemiological evidence of how extreme heat is associated with CVD mortality. 
The rationale behind this broad perspective is that a better understanding of the effect of extreme heat on CVD mortality will 
help CVD health professionals optimize their plans to adapt to the changes brought about by climate change and heat events. 
To policymakers, this perspective would help formulate targeted mitigation, strengthen early warning systems, and develop 
better adaptation strategies. Despite the heterogeneity in evidence worldwide, due in part to different climatic conditions 
and population dynamics, there is a clear link between heat and CVD mortality. The risk has often been found to be higher 
in vulnerable subgroups, including older people, people with preexisting conditions, and the socioeconomically deprived. This 
perspective also highlights the lack of evidence from low- and middle-income countries and focuses on cause-specific CVD 
deaths. In addition, the perspective highlights the temporal changes in heat-related CVD deaths as well as the interactive 
effect of heat with other environmental factors and the potential biological pathways. Importantly, these various aspects 
of epidemiological studies have never been fully investigated and, therefore, the true extent of the impact of heat on CVD 
deaths remains largely unknown. Furthermore, this perspective also highlights the research gaps in epidemiological studies 
and the potential solutions to generate more robust evidence on the future consequences of heat on CVD deaths.
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Cardiovascular diseases (CVDs) remain the leading 
cause of death worldwide, claiming 18 million lives 
every year, despite significant achievements in public 

health in reducing risk factors such as tobacco use, nutri-
tional interventions, and physical activities.1 However, evi-
dence has accumulated recently on the adverse effects 
of environmental and meteorological factors, including 
heat, on cardiovascular morbidity and mortality.2,3

Climate change is the biggest environmental threat 
to human health in the 21st century.4 Climate change 
is a dynamic phenomenon that is accompanied by 
increasing global temperatures worldwide and an 
increase in extreme weather events such as wildfires, 
heat waves, and droughts. The most recent report from 
The Intergovernmental Panel on Climate Change reaf-
firms the mounting threat of climate change worldwide,5 
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with solid evidence that carbon dioxide (CO2) emis-
sions will lead to further temperature increases and 
extreme heat and cold events. Additionally, the fre-
quency of extreme heat waves is expected to increase 
in a warmer climate, resulting in greater variability of 
surface temperatures.4,5

While the effects of cold, air pollution, and seasonal 
variation on cardiovascular health have been well stud-
ied, the effects of heat on CVD are understudied.6

The GBD (Global Burden of Diseases, Injuries, and 
Risk Factors Study) 2019 included high temperature as 
a risk factor to human health, accounting for 11.7 million 
years of healthy life lost (disability-adjusted life years) 
globally.7 In particular, extreme heat and heat stress can 
lead to severe health effects due to the acute exacerba-
tion of illnesses.4,7

Heat is of concern as exposure to heat can lead to 
heat exhaustion or heat stroke if the internal body tem-
perature is not adequately regulated by the thermoregu-
latory mechanisms. Such thermal dysregulation in turn 
increases the demand placed on the heart to supply 
enough blood and oxygen to the body, causing cardiac 
stress.6,8,9 Although extreme heat can be a risk factor for 
all ages, older people, pregnant women, and people with 
chronic morbidities, more specifically those with impaired 
cardiovascular health, are particularly at risk of mortality 
and morbidity associated with (extreme) heat.6,8,9

This overview provides a summary of epidemiological 
evidence on the effect of heat on CVD mortality in the 
general population and vulnerable groups of people. The 
review also summarizes how the association between 
heat and CVD mortality may have changed over time and 
how different environmental factors influence the asso-
ciation between heat and CVD mortality. Last, we dis-
cuss the potential underlying biological mechanisms of 
how heat increases the risk of CVD mortality and exist-
ing research gaps. This review will help provide a simpli-
fied and better understanding of the effect of extreme 
heat on CVD mortality. It aims to provide stakeholders 
with the necessary information for targeted mitigation, 
strengthening early warning systems, and developing 

better adaptation strategies. It should also support car-
diologists in engaging in heat-health action plans and 
delivering informed and effective care to their patients 
during heat exposure.

SHORT-TERM EFFECTS OF HEAT ON CVD 
MORTALITY
The GBD Study reported that heat has led to ≈93 000 
CVD deaths worldwide in 2019 alone.10,11 Several stud-
ies have shown that short-term exposure, that is, hour-to-
hour or day-to-day variations (on an hourly to daily basis) 
to high temperatures and heat waves increase the risk 
of CVD mortality and that the association’s strength var-
ies from region to region (Table 1).8,12,13 Similar evidence 
comes from a recent meta-analysis based on existing 
evidence from different climate zones throughout the 
world, which showed an increase of 2.1% in CVD-related 
mortality for every 1 °C rise in temperature (relative risk 

Nonstandard Abbreviations and Acronyms

CVD cardiovascular disease
GBD  Global Burden of Diseases, Injuries, and 

Risk Factors Study
GDP gross domestic product
HF heart failure
IHD ischemic heart disease
LMIC lower middle-income countries
MI myocardial infarction
SES socioeconomic status

Table 1. Definitions of Exposure Metrics in the Discussed 
Studies

Exposure metric Definition 

Tmean; mean 
temperature (°C)

The daily average ambient temperature.

Tmax; maximum 
temperature (°C)

The daily maximum ambient temperature.

Tmin; minimum 
temperature (°C)

The daily minimum ambient temperature.

Apparent 
temperature (°C)

Temperature exposure that accounts for the effect of 
temperature (°C), vapor pressure, RH (%), and WS 
(m/s).

WBGT (°C) Temperature exposure that accounts for the effect of 
temperature (°C), RH (%), solar insolation (kW/m2), 
and WS (m/s).

HI (°C) Temperature exposure that accounts for the effect of 
temperature and RH (%).

UTCI (°C) Temperature exposure that accounts for the effect 
of temperature (°C), RH (%), WS (m/s), and mean 
radiant temperature (function of temperature and cloud 
coverage)

PET (°C) Temperature exposure that accounts for the effect 
of temperature (°C), altitude and latitude of the area 
under study, RH (%), WS (m/s) and cloudiness (octas) 
and individual variables such as height, weight, age, 
sex, clothing, and physical activity of the people.

Heat wave 
definition (low 
heat wave 
intensity)

Daily Tmean/Tmax/Tmin/AT exceeding the temperature 
threshold ≥90–93th percentiles of their mean annual 
values for 0–4 consecutive days.

Heat wave 
definition  
(middle-intensity 
heat wave)

Daily Tmean/Tmax/Tmin/AT exceeding the temperature 
threshold ≥94–96th percentiles of their mean annual 
values for 0 to 3 consecutive days.

Heat wave 
definition  
(high-intensity 
heat wave)

Daily Tmean/Tmax/Tmin/AT exceeding the temperature 
threshold ≥97–99th percentiles of their mean annual 
values for 0 to 2 consecutive days.

HI indicates heat index; PET, physiological equivalent temperature index; UTCI, 
universal thermal climate index; and WBGT, wet bulb global temperature.
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[RR], 1.021 [95% CI, 1.020–1.023]) and an increased 
risk of 11·7% in CVD mortality associated with heat 
waves (RR, 1.117 [95% CI, 1.093–1.141]).12

Different studies using different definitions of heat 
waves (the details about the use of different expo-
sure metrics and criteria are described in Table 2) have 
reported that the effect of heat wave days showed a 
higher risk of CVD-related mortality than more moderate 
high-temperature days; the effect increases further with 
an increase in heat wave intensity.12,19,22

The evidence of the association between CVD and 
heat is primarily from high-income country (HIC) regions 
like Australia,37 Europe,23,38,39 and the United States.40 
Substantial evidence is also available from China12; at the 
same time, only a few studies were conducted in lower-
middle-income countries (LMICs), which include a large 
part of Asia, Africa, Latin America, and some parts of East 
Europe.15,41–44 Many of the LMICs have seen a remark-
able series of record-breaking heat waves, which are not 
unexpected as per the latest Intergovernmental Panel on 
Climate Change Assessment Report, showing that the 
frequency and intensity of heat waves have increased.5 
The health burden is immense since many LMICs are not 
better adapted to such high temperatures/heat waves 
and have fewer resources and infrastructure to cope with 
heat compared with HICs.5 The same was reported in 
the GBD study, showing higher CVD deaths in LMICs in 
South-East Asia, the Eastern Mediterranean region, and 
the African region, combined accounting for ≈75 000 
deaths alone in 2019 due to high temperature against 
≈13 000 deaths in the Western Pacific region, and 
≈5000 deaths in the American and European regions 
combined.45

The risk of heat-attributable CVD mortality can vary 
depending upon the specific causes of CVD deaths. For 
example, some studies showed a higher heat-related 
mortality risk for stroke followed by myocardial infarction 
(MI) or ischemic heart disease (IHD) and heart failure 
(HF).12 The same was observed in the GBD 2019 study, 
which showed higher deaths due to stroke (≈48 000), 
followed by IHD (≈43 000) and hypertensive heart dis-
ease (≈2000) on exposure to high temperatures.45 How-
ever, a different trend was observed in recent evidence 
from Germany, which showed an increased risk due to 
HF mortality, followed by MI.25 Unlike high temperatures, 
the association between heat waves and CVD-specific 
deaths was higher for IHD, followed by stroke and HF.13 
These findings highlight that although a general trend 
in cause-specific CVD deaths due to high tempera-
ture is observed globally, regional discrepancies exist 
between the studies. Therefore, any assumptions con-
cerning a general order in cause-specific CVD deaths 
related to high temperature/heat waves for a specific 
region should be carefully interpreted. The discrepan-
cies between the studies could arise because of several 
reasons, such as different criteria used to determine 

the causes of death, different study regions, population 
structure, genetics, and nutrition, among others.8,46 Since 
the available evidence on cause-specific deaths is lim-
ited and highly heterogeneous, there is a need for more 
studies on cause-specific heat-attributable CVD deaths 
so that mitigating cause-specific CVD mortality can be 
prioritized.

High temperature/heat waves can affect CVD deaths 
on the same day and several subsequent days after 
exposure, this is called a lag effect.47 This so-called lag 
time can differ depending on the specific cause of death, 
geographic location, climatic conditions, environmental 
factors, socioeconomic status (SES), and health infra-
structure. Nevertheless, the lag time associated with the 
heat effect is often short (between 0 and 10 days)—in 
most cases, the effects last for 3 to 4 days12,48 (Table 1).

Since temperature is not the only environmental risk 
factor that contributes to CVD-related mortality, it is 
imperative to account for the effect of other factors like 
meteorologic variables (wind speed: WS, air pressure, 
and relative humidity: RH) or air pollution, as well as for 
seasonal and long-term trends, day of the week, and 
public holidays to quantify the effect only due to heat.6,12 
Some of these parameters are often referred to as con-
founding factors, so studies should consider the poten-
tial confounding effect of these variables. However, there 
is a growing debate about whether air pollution should 
be considered a confounder or a mediator in short-term 
temperature-health studies without clarifying the causal 
assumption.49 Nevertheless, most of the studies included 
air pollution as a confounding variable or effect modifier 
and found specific impacts on the temperature-health 
association, while other studies found no effect, indicat-
ing the role of air pollution neither as a confounder nor 
modifier.49 Studies showing the mediating role of air pol-
lution are scarce.

The time series study design, which associates time-
varying exposures to time-varying event counts, is the 
most popular approach for studying short-term effects. 
At the same time, some studies adopted the case- 
crossover study design, a modification of the matched 
case-control design where each case acts as its con-
trol.8,25,27,35 Time series studies use a log-linear regres-
sion model that adjusts for potential confounding of 
other time-varying factors like weather, day of the week, 
and temporal trends. In contrast, case-crossover stud-
ies control for time-invariant subject-specific covari-
ates such as sex and race, and temporal trends by its 
design and, therefore, avoid control through statistical  
modeling.50,51 The selection of the study design is, of 
course, often dependent on the data available.

Assessing the exposure-response relationship helps 
to understand how the changes in levels of exposure 
will affect the risk of specific mortality. The information 
is essential for risk assessors as different exposure-
response curves could imply other causal inferences and 
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Table 2. Characteristics of Included Studies in the Presented Perspective

ID 
Author, 
year (Ref) Location 

Study 
period 

Study 
design Exposure Season 

Air pollution-
AD/EM/SA 

Adjusted 
for other 
covariates 

Outcome 
(ICD-10); 
Ages 

Subgroup 
analysis 

Lags 
(days) Association Significant 

Short-term studies

1 Achebak  

et al, 

201914

Spain and 

the Balearic 

Islands

1980–

2016, 

15-y 

moving 

periods 

(1980–

94, 

1981–95, 

2002–

16)

TS, QPR, 

DLNM, 

REMA

Tmean/

MMT

Annual DOW, 

long-term 

trend and 

seasonality

CVD  

(I00–I99)

Age (60–74, 

75–89, 90, 

90+), sex

0–21 + Yes

2 Alahmad  

et al, 

202015

Kuwait 2010–

2016

TS, DLNM, 

NBR

Ambient 

Tmean, 

MMT

Annual, 

warm 

season

AD  

(PM10, O3)

Time trends, 

Seasonality, 

DOW

CVD (I00–

I99)

Sex, Age 

(15–64, 65+)

0–30 + Yes

3 Alahmad  

et al, 20238

27 countries 

across 5 

continents

1979–

2019

TS, QPR, 

DLNM

MMT Annual SA (O3, NO2, 

PM10, and 

PM2.5)

SA (RH), 

DOW, 

month, year. 

In meta 

regression-

seasonal 

temperature, 

and country-

level GDP 

per capita

CVD 

(I00–I99), 

IHD (I20–

I25), CVA 

(I60–I69), 

HF (I50), 

arrhythmia 

(I47–I49); 

all ages

0–15 + Yes

4 Chen et al, 

201916

Augsburg, 

Germany

1987–

2014 

(1987–

2000 and 

2001–

14)

CC, DLNM, 

comparison 

of 

exposure-

response 

curves, 

multivariate 

Wald test

Tmean/

MMIT

Annual EM (PM10, 

NO2, and 

O3)

RH, BP, 

population

MI (ICD-

10: I21)

Age, sex, 

place of 

residence, 

living alone, 

history of 

hypertension, 

and diabetes, 

education, 

smoking, and 

obesity

0–1 + Yes

5 Fang et al, 

202317

353 

locations, 

China

2006–

2017

TS, DLNM, 

REMA

Tmean Warm (June 

to August)

AD (PM10) RH, WS, RF, 

DOW, long-

term trends

CVD (I00–

I99), CVA 

(I60–I69); 

all ages

… 0–3 + No

6 Gu et al, 

202218

Mianyang 

City, China

2013–

2019

TS, QPR, 

DLNM

Tmean Annual … DOW, 

seasonal and 

long-term 

trends

CVD (I00–

I99); all 

ages

Age (<65, 

65+), sex

0–30 + Yes

7. He et al, 

20223

Shandong 

Province, 

China

2013–

2019

TS, QPR, 

DLNM, 

REMA

Tmean Annual AD (PM2.5, 

SO2, NO2 

and CO)

RH, DOW, 

Holidays, 

long-term 

trends and 

seasonality

CVA (I60–

I67); All 

ages

… 0–3

0–7

0–14

+ Yes

8. Jahan et al, 

202219

Malta 1992–

2017

TS, QPR, 

DLNM

HW Annual … RH, DOW, 

holidays, 

seasonal and 

long-term 

trends and 

population

CVD  

(I00–I99); 

IHD (I20–

I25); CVA 

(I60–I69); 

all ages

Age (0 to 

<15, 15 to 

<65, 65+), 

sex and time 

periods

0–5 + No

9. Kephart  

et al, 

202220

326 Latin 

American 

cities

2002–

2015

TS, PR, 

DLNM. 

REMA

Tmean Annual … DOW, 

month, year 

and season

CVD (I00–

I99); all 

ages

Age (<65, 

65+)

0–21 + Yes

10 Majeed  

et al, 

202221

England 

and Wales; 

King County, 

Washington, 

United 

States

2001–

2015

NBR, QPR Tmean Warm (June 

to July)

AD (PM2.5) Time trend, 

season, 

mental and 

behavioral 

mortality 

rates

CVD (I00–

I99); adults 

aged 60 to 

69 y

Age (60–64, 

65–69) and 

sex

+ Yes

(Continued )

D
ow

nloaded from
 http://ahajournals.org by on M

arch 12, 2025



1102  April 26, 2024 Circulation Research. 2024;134:1098–1112. DOI: 10.1161/CIRCRESAHA.123.323615

Singh et al Heat and Cardiovascular Mortality

CO
M

PE
ND

IU
M

 O
N 

EN
VIR

ON
M

EN
TA

L 
IM

PA
CT

S O
N 

CA
RD

IO
VA

SC
UL

AR
 

HE
AL

TH
 AN

D 
BI

OL
OG

Y

Table 2. Continued

ID 
Author, 
year (Ref) Location 

Study 
period 

Study 
design Exposure Season 

Air pollution-
AD/EM/SA 

Adjusted 
for other 
covariates 

Outcome 
(ICD-10); 
Ages 

Subgroup 
analysis 

Lags 
(days) Association Significant 

11 Moraes  

et al, 

202222

São Paulo, 

Brazil

2006–

2015

TS, QPR, 

DLNM

HW Warm 

(September 

to March)

AD (PM10) RH, DOW, 

holidays, 

long-term 

trends, 

Season

CVD (I00–

I99); IHD 

(I20–I25), 

CVA (I60–

I69), aged 

≥65 y

Age (≥65), 

sex

0–10 + Yes

12 Murage  

et al, 

201723

London, 

The United 

Kingdom

1993–

2015

TS, DLNM, 

QPR

Tmean/

Tmax/

Tmin

Summer 

(June to 

September)

AD (PM10, 

O3)

Seasonality, 

long-term 

trend, DOW, 

specific 

humidity

CVD 

(I00–I99), 

CVA (I60–

I69), IHD 

(I25), MI 

(I22–123), 

HF (I50), S 

(I60–I69). 

All Aged

Age (0–64, 

65–74, 75+)

0–7 + Yes

13 Rahman  

et al, 

202224

California, 

United 

States

2014–

2019

CC, CLR Tmax/

Tmin

Annual Co-exposure 

(PM2.5)

Tmax, Tmin, 

RH

CVD (I00–

I99); all 

ages

Age (<75, 

75+)

0–3 + Yes

14 Rai et al, 

202325

15 cities, 

Germany

1993–

2016

TS, PR, 

DLNM, 

MMAM

Tmean Warm 

(April to 

September)

… DOW, long-

term trends, 

and season

CVD 

(I00–I99), 

IHD (I20–

I25), MI 

(ICD-10: 

I21), CVA 

(I60–I69), 

HF (I50); 

all ages

Age (0–64, 

65–74, 75+), 

sex

0–14 + Yes

15 Rai et al, 

202326

482 

locations, 24 

countries.

2000–

2018

QPR Tmean Warm (6 

consecutive 

hottest 

months)

EM (PM10, 

PM2.5, O3, 

NO2)

DOW and 

season

CVD (I00–

I99): all 

ages

… 0–1 + Yes

16 Saucy et al, 

202127

Zurich, 

Switzerland

2000–

2015

CC, CLR, 

DLNM

Tmean Annual AD (NO2 and 

PM2.5)

RF, aircraft 

noise before 

deaths, and 

holidays

CVD (I00–

I99), HD 

(I10–I15), 

IHD (I20–

I25), MI 

(I21, I22), 

CVA (I60–

I64), HF 

(I50), and 

arrhythmias 

(I44–I49); 

all ages

Age (≤75, 

75–85, 

85+), sex, 

education, 

level of 

urbanization. 

women 

(75+), SES, 

marriage

0–7 + Yes

17 de 

Schrijver  

et al, 

202328

Switzerland 1990–

2010, 

RCP/

SSP 

scenario 

(1980–

2100)

TS, QPR, 

DLNM, 

REMA, 

Projection

Tmean/

MMT

Annual DOW, 

long-term 

trend and 

seasonality

all-cause 

mortality

Age (<75, 

75+)

0–21 + Yes

18 Shrikhande 

et al, 

202329

Puducherry, 

India

2011–

2020

CC, BLD, 

DLNM

AT Annual … WS, RH CVD 

(I00–I99); 

IHD, CVA 

(I60–I69); 

all ages

Age (<60, 

60+) and sex

5–16 + Yes

19 Silveira  

et al, 

202330

Rio de 

Janeiro, 

Brazil

2012–

2017

CC, DLNM HW Warm 

(November 

to March)

… AH and 

holidays

CVD (I00–

I99): All 

ages

Age (0–64, 

65+), sex

0–5 + Yes

20 Wang et al, 

202331

136 cities, 

China

2006–

2019

TS, QPR, 

DLNM, 

REMA

HW warm 

(May to 

September)

… Tmean, 

DOW, RH, 

long-term 

trend, 

season

CVD (I00–

I99): all 

ages

Age (0–64, 

65–74, 75+), 

sex, working 

conditions 

(outdoor or 

indoor)

0–4 + Yes

(Continued )
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require different risk management strategies, decision-
making, and policy development.52

Despite several reasons mentioned above that led to 
heterogeneity in evidence, for example, different study 
designs, exposure classification and exposure metrics, 
statistical methods, population diversity, susceptibility, 
and climate, the link between heat and CVD mortality 
was strongly reported in several studies.

LONG-TERM EFFECTS OF HEAT ON CVD 
MORTALITY
A systematic review by Zafeiratou et al53 only identified 
3 studies that investigated the long-term effects of heat 
on CVD. They found that the results were inconsistent 
and not statistically significant. We have identified 1 

additional paper by Hu et al36 who examined the asso-
ciation between long-term exposure to ambient temper-
ature and mortality risk from 364 communities across 
China using the difference-in-differences approach to 
control for unmeasured confounding, which addresses 
many of the concerns related to the time series design36 
(Table 1). Overall, this study concluded that while there 
was an increase in CVD mortality annually, this was most 
likely due to cold exposure as seasonal analysis found 
a decrease in CVD mortality per 1 °C decrease in mean 
temperature.36

The long-term heat effects on CVD mortality have 
not been well understood compared with the short-
term heat effects. There are several reasons why it is 
complex to perform long-term studies. First, long-term 
exposure studies require significant time and resources. 
Second, confounding factors are difficult to control for 

ID 
Author, 
year (Ref) Location 

Study 
period 

Study 
design Exposure Season 

Air pollution-
AD/EM/SA 

Adjusted 
for other 
covariates 

Outcome 
(ICD-10); 
Ages 

Subgroup 
analysis 

Lags 
(days) Association Significant 

21 Xia et al, 

202332

Chengdu 

City, China

2016–

2020

TS, DLNM, 

PR

Tmean Annual AD (PM2.5, 

O3)

CVD 

(I00–I99), 

CVA (I60–

I69), IHD 

(I20–25); 

All ages

Age (65–74, 

75–84, 85+), 

sex, education 

level, and 

marital status

0–3 + Yes

22 Xu et al, 

202333

Jiangsu 

province, 

China

2015–

2020

CC, CLR Tmean Annual Interactive 

effect (PM2.5). 

SA (SO2, 

NO2, CO, 

and O3)

MI (I21, 

I22): all 

ages

Age (<80, 

80+), sex, 

SES

+ Yes

23 Yan et al, 

202334

102 

counties, 

China

2014–

2017

PR HW Annual SA (O3, 

PM2.5)

Tmax, RH, 

DOW, year, 

population, 

County

CVD (I00–

I99), HD 

(I10–I15), 

IHD (I20–

I25), MI 

(I21–I23), 

arrhythmia 

(I44–I49), 

CVA (I60–

I69); all 

ages

Age (0–64 

65–74>74) 

and sex

0–4 + Yes

24 Zhang  

et al, 

202335

Norway, 

England and 

Wales, and 

Germany

 1996–

2018.

CC, QPR, 

DLNM, 

REMA

Tmean Warm 

(May to 

September)

EM (PM2.5 

and O3)

4-way 

interaction 

(area, DOW, 

month, year)

CVD (I00–

I99); all 

ages

Age (65+, 

75+) and sex

0–1 + Yes

Long term study

1 Hu et al, 

202236

China 2006–

2017

DID, GAM, 

PR

Tmean Annual, 

Summer 

(June to 

August)

AD (PM10) RH, 

temperature 

deviation, 

Urbanization, 

education 

attainment, 

GDP

CVD (I00–

I99)

Age (0–64, 

65+), Sex,

… Yes

AD indicates adjusted in the main model; AH, absolute humidity; AT, apparent temperature; BLD, binomial likelihood distribution; BP, barometric pressure; CC, case 
cross over; CLR, conditional logistic regression; CVA, cerebrovascular disease; CVD, cardiovascular disease; DID, difference-in-difference approach; DLNM, distributed 
lag nonlinear model; DOW, day of the weak; EM, effect modification; ETE, extreme temperature event; GDP, gross domestic product; HD, heart disease; HF, heart failure; 
HW, heat wave; IHD, ischemic heart disease; MI, myocardial infarction; MMAM, multivariate meta-analytical model; MMIT, minimum myocardial infarction temperature; 
MMT, minimum mortality temperature; NBR, negative binomial regression; NO2, nitrogen dioxide; O3, ozone; PM10, particulate matter with an aerodynamic diameter of <10 
µm; PM2.5, particulate matter with an aerodynamic diameter of < 2.5 µm; PR, Poisson regression; QPR, quasi poisson regression; REMA, random effect meta-analysis; 
RF, rainfall; RH, relative humidity; SA, sensitivity analysis; Tmax, maximum temperature; Tmean, mean temperature; Tmin, minimum temperature; TS, time series; and WS, 
wind speed.

Table 2. Continued
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over extended periods. Third, performing long-term 
heat-controlled exposure studies presents many ethical 
challenges. Finally, the effects of long-term heat expo-
sure are often subtle and cumulative which makes iden-
tifying the specific effects of heat challenging. However, 
it is imperative that researchers must start to investi-
gate the long-term impacts of heat as understanding 
the long-term heat effects on CVD is imperative for the 
development of mitigation strategies and health action 
plans.

SUSCEPTIBLE GROUPS FOR CLIMATE 
EFFECTS
Existing epidemiological studies have shown that the risk 
of CVD mortality due to heat can be predominantly higher 
in older people (aged 65 years and above), people with 
underlying health conditions (eg, hypertension, diabe-
tes, hyperlipidemia, and coronary artery disease) and in 
socioeconomically deprived groups,54,55 see Table 3. It was 
reported that ≈50 000 people above the age of 70 years 
died due to heat exposure in 2019, and about 33 000 peo-
ple between 50 and 69 years against ≈9000 deaths below 
the age of 50.45 With an increase in age, the body’s ability 
to maintain thermoregulation is challenged and therefore, 
exposure to mild or moderate hyperthermia or exposure 
to a very hot and humid environment (42 °C, 30%–72% 
humidity) increases the CVD risk in older people.14

A recent meta-analysis shows a 0.8% higher RR in 
people aged ≥65 years than in people aged 0 to 64 
years per 1 °C increase in temperature (1.7%; RR, 1.017 

[95% CI, 1.016–1.019] versus 0.9%; RR, 1.009 [95% 
CI, 1.004–1.014]; P=0.03).12 Another piece of evidence 
comes from Germany (2005–2016), where Rai et al25 
showed 5% higher mortality in people aged 65 to 74 
years and 17% higher mortality in people aged 75 years 
and above compared with people aged 64 years and 
below due to the effect of heat. Similar results were 
also reported from China, Europe, Australia, and Latin 
America.18,20,56 However, not all studies confirm this age-
dependency of heat effects.57,58

Although both sexes have an increased risk of CVD 
mortality on high-temperature/ heat wave days, the mag-
nitude can differ among males and females due to dif-
ferences in their behavioral patterns, mobility associated 
with occupation and, foremost, the physiological differ-
ences.30,59,60 As of 2019, 50 000 males died due to high 
temperatures versus 42 000 females.45 However, the 
differences in the risk based on sex are not well stud-
ied, and the results are heterogeneous. Although some 
studies have shown a higher risk in males,21 several stud-
ies have found higher susceptibility in females.19,22,29 A 
study from India showed that females both above and 
below 60 years of age, on average, have a higher risk 
of CVD mortality from heat than men.29 Similarly, a study 
from São Paulo, Brazil, showed a higher risk of overall 
CVD-related deaths in females during heat waves com-
pared with men.22 Other evidence was also reported from 
European countries,25,35 United States,19 China,18,34 and 
Australia,56

A greater risk of heat-related CVD mortality was 
also observed in studies from LMICs than in upper 

Table 3. Groups Vulnerable to the Adverse Effects of High Temperatures and Heat Waves and the Reasons These Groups Are 
at Increased Risk

Vulnerable population group Reason 
Pictorial 
representation 

Children and the elderly More susceptible to heat-related illnesses due to limited adaptive capabilities.

Pregnant women More susceptible to heat-related illness due to strained thermoregulatory systems

Outdoor workers More likely to be constantly exposed to adverse climate conditions.

People with chronic diseases Less likely to be able to sense and respond to changes in temperature. Some medications 
can exacerbate the adverse effects of heat.

Lower-middle-income countries/communities Higher exposure to environmental risks and limited access to health care.

Indigenous communities Profound cultural, social, and economic impacts from climate-induced changes.
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middle-income countries and HICs.61 Importantly, these 
countries also witness very high summer temperatures 
or intense heat wave events, which adds to the standing 
vulnerability.61 The population from LMICs often lack the 
proper infrastructure to cope with the heat, such as elec-
tricity, air conditioners, cold waters, and inefficient health 
care services during heat wave events,62 which increases 
their vulnerability to CVD-related deaths. For example, 
recent evidence shows a 9% higher risk of CVD mortality 
per 1 °C increase in temperature in LMICs than in upper 
middle-income countries.12 Similar evidence comes from 
a multi-country analysis by Alahmad et al,8 which showed 
higher heat-related mortality due to stroke and HF for 
countries with low gross domestic product (GDP) per 
capita compared with high GDP per capita countries; 
however, the opposite was observed for IHD with higher 
heat-related mortality in high GDP countries than in low 
GDP countries. Similarly, a study from China showed a 
higher CVD mortality risk associated with high tempera-
ture in older people with low educational levels than with 
high education levels; however, the same is not neces-
sarily reflected in CVD deaths due to specific causes.32 
Since the evidence from LMICs is scarce, any general-
ization about the strength of the association between 
CVD mortality and high temperature/heat waves should 
be made with caution.12

In contrast, evidence from European countries (Nor-
way, England, Wales, and Germany) showed a signifi-
cantly higher risk of CVD mortality in areas with high 
GDP and employment rates.35 The same was observed in 
Switzerland, where middle and high SES groups showed 
a higher risk of CVD mortality than low SES groups.27 
Since these countries are flat economies and offer effi-
cient health care services to their residents, people with 
low SES still have access to proper health care facilities; 
therefore, high CVD mortality risk in high GDP areas can 
be explained by differences in behavioral or dietary hab-
its or preexisting disease conditions.63 In addition, these 
countries have a proportionately higher percentage of 
older people. These factors might increase their risk dur-
ing high temperature/heat wave events. Besides, people 
living in areas of high population density and more urban-
ized areas, those with comorbidities, and those working 
primarily in outdoor environments are mostly at higher 
risk (Table 3).31,35

TEMPORAL TRENDS
Existing evidence confirms the association between heat 
and CVD-related mortality. With the rising temperature 
driven by climate change, the CVD mortality burden may 
also rise. It was very apparent from the GBD 2019 data 
that CVD deaths due to high temperatures increased 
linearly between 1990 (13 000) and 2019 (93 000).45 
Therefore, for effective mitigation and adaptation strat-
egy, it is essential to understand the change in present 

and future trends in the temperature-CVD mortality 
association.

A handful of studies have studied the changes in the 
temporal trend of temperature-CVD mortality associa-
tion, and the nonuniform inferences from these studies 
make it complex to generalize the evidence.16,64–67 A 
study from Queensland, Australia, reported a nonsig-
nificant change in the effect of heat on CVD mortality 
in 2013 compared with 1997.68 However, the subgroup 
analysis showed a significant rising trend of heat effect 
on CVD mortality in men, adults ≤85 years, residents 
of LMICs and hot climate regions, although a declin-
ing trend was noted for people ≥85 years and in areas 
of high SES.68 In contrast, studies from Spain and the 
Balearic Islands reported a reduction in heat-attributable 
CVD deaths for the summer months between 1980 and 
2015/201614 for both men and women across all age 
groups. For example, a decline in heat-attributable frac-
tion by 42.06% (95% empirical CI, 41.06–4439) was 
reported for men between 1980 to 1994 and 2002 
to 2016 and by 36.64% (36.04–36.70) for women.14 
Similarly, a study on the elderly US population reported a 
decreased risk for heat-related CVD mortality from 4.7% 
in 1987 to 0.4% in 2000.67

Nevertheless, some studies have reported an 
increased heat-CVD mortality risk over time. For exam-
ple, a study from Augsburg, Germany, reported a signifi-
cant increase in trend in the heat-related MI risk during 
2001 to 2014 to 1.14 (95% CI, 1.00–1.29) from 0.93 
(95% CI, 0.78–1.12) during 1987 to 2000. Noticeably, 
people with preexisting conditions like diabetes and 
hyperlipidemia, people living in rural counties, and current 
smokers were driving this increase in risk.16 In another 
study based on 15 large German cities, the temperature-
mortality associations showed an increasing heat effect 
on CVD, comparing the period 1993 to 2004 to 2005 
to 2016, although the differences were insignificant.25 
The same was visible for the modifying effect by age and 
sex.26 A study based on 136 Chinese cities also showed 
an increase in the effects of heat on CVD-related mortal-
ity between 2006 and 2019, and the effect was mostly 
prominent in females and elderly aged 65 to 74.31

Some studies have attempted to predict the trend 
of heat-associated mortality in the future and showed 
an overall rise in heat-associated mortality in different 
future scenarios.28,69–72 However, a noticeable geo-
graphic difference was observed. Temperate regions are 
projected to witness a net decline in combined heat and 
cold-related mortality in 2090 to 2099 compared with 
2010 to 2019 due to less intense warming and a sub-
stantial decrease in cold-related deaths.73 Conversely, 
warmer regions are likely to witness a sharp rise in heat-
related mortality, causing a net increase in overall mor-
tality.73 However, projections related to cause-specific 
mortality, such as CVD, are lacking. Considering that 
the world population is aging, making the vulnerable 
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subpopulation larger, and the climate is getting warmer, 
there is likely an increase in heat-related mortality in the 
future.73 However, this would also depend on changes 
in medical treatment and its efficiency in preventing 
CVD disease and mortality. Therefore, future studies 
should be devoted to better understanding change in 
the temporal trend of heat-CVD mortality association to 
reduce heterogeneity and obtain robust projections of  
temperature-mortality impacts.

INFLUENCE OF OTHER ENVIRONMENTAL 
EXPOSURES ON HEAT EFFECT
Temperature is not the sole environmental factor that 
affects health. There is often an interplay between tem-
perature, humidity, wind, radiation, precipitation, and air 
pollution.74 This interactive effect happens when other 
environmental factors influence the relationship between 
high temperature/heat wave and CVD mortality. These 
joint effects could be synergistic, which means being 
more than just the sum of the two independent effects. 
Although incorporating the interaction effect in a model 
could be complex, the real-world scenario behaves as 
such. Therefore, interaction is an important aspect to 

consider in studies investigating temperature or heat 
effects (Figure 1).

For example, humidity changes how humans perceive 
temperature and can affect thermoregulation.17 The study 
by Fang et al17 investigated the effect of heat exposure 
on days with low humidity (dry days) and high humidity 
(wet days). This study reported that both hot-dry and hot-
wet exposure exacerbates CVD mortality; however, this 
effect was much stronger with hot-dry exposures, with 
the difference between hot-dry exposure and hot-wet 
exposure being statistically significant.17 He et al3 looked 
at the modifying effects of greenspace on heat exposure; 
they found a decrease in heat-related CVD mortality with 
increased greenspace, which was defined using the nor-
malized difference between vegetation index. This finding 
points to the protective effects of greenspace on heat.

The studies by Rahman et al,24 Rai et al,26 and Xu 
et al33 all investigated the effect of high temperatures 
on CVD mortality modified by air pollution. All 3 studies 
looked specifically at how fine particles (PM2.5) modi-
fied the impact of high temperature on CVD mortality. 
Rai et al26 and Xu et al33 found that increasing levels of 
PM2.5 and increasing temperatures were associated with 
an increased risk of cardiovascular mortality. However, 
when they looked at the interactive effect between PM2.5 

Figure 1. The interaction between temperature and other environmental factors increases the risk of cardiovascular disease 
(CVD)-related mortality.
Image Credit: Sceyence Studios.
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and high temperatures, they reported that the interactive 
effect between PM2.5 and temperature exceeded that of 
the individual effects. Rahman et al24 found that the indi-
vidual effects of extreme PM2.5 and heat increased the 
risk of CVD mortality. However, interactive effects were 
inconsistent, with some of the discussed studies find-
ing significant results and others finding no effect. Fur-
thermore, Rai et al26 looked at the association between 
high temperature and cardiovascular disease modified 
by PM10, O3, and NO2. All 3 pollutants increased the risk 
of heat-related CVD mortality; however, this effect was 
most apparent for O3 and NO2. Generally, higher air pol-
lution was found to amplify the adverse effects of high 
temperatures on CVD mortality.

POTENTIAL BIOLOGICAL PATHWAYS
How environmental factors impact the human body 
and the related mechanisms that facilitate this are still 
poorly understood; however, several biological pathways 
are hypothesized by epidemiological studies mentioned 
in this perspective, to be involved in the association 
between heat and CVD mortality (Figure 2).15

During periods of high-temperature exposure or 
extreme heat events, thermoregulatory mechanisms 
increase vasodilation, which increases blood flow to 
the skin to ameliorate heat through sweat.9,15 How-
ever, these thermoregulatory processes can become 
exhausted, causing core body temperatures to rise and 
leading to disrupted homeostasis15; this, in turn, can lead 
to dehydration, which can then trigger hemoconcentra-
tion, a hypercoagulable state, electrolyte derangements, 
hypotension, systematic inflammatory responses and an 
unsustainable increase in cardiac output.9,15,75

A study by Lim et al76 investigated the association of 
dehydration markers, temperature, and CVD mortality 
and found that temperature-related changes in hydration 

status may underlie increased CVD mortality. This con-
clusion was supported by other epidemiological studies, 
which suggested that dehydration was the most prob-
able biological mechanism as dehydration activates the 
sympathetic nervous system as well as causes hemo-
concentration, that is, an increase in red blood cells in the 
blood9,15,75; this cascade causes an increase in cardiac 
output and heart rate.9,15,75 Cardiac output increases due 
to several related reasons: vasodilation causes hypovole-
mia, pulmonary pressure, systemic pressure, and periph-
eral resistance to decrease, which in turn increases 
systolic function and heart rate75; this increase in car-
diac output can trigger myocardial ischemia, MI, HF, and 
stroke in susceptible individuals, which can then lead to 
cardiac death.9

Additionally, sex differences in heat vulnerability can 
be partly explained by their physiological differences in 
coping with excessive heat. For instance, a higher per-
centage of body fat and contrasts in skin conductance 
decreases the heat dissipation capacity in women.60 
Women’s thermoregulatory response can also be influ-
enced by hormones associated with the menstrual cycle, 
resulting in elevated body temperature. Similarly, changes 
in hormone levels in postmenopausal women, such as 
decreased estrogen levels, can also affect the thermo-
regulatory response associated with inflammation and 
contribute to CVD-related mortality in older women.35,77,78

Animal studies have largely focused on investigating 
the effects of heat on biomarkers related to oxidative 
stress, inflammatory mediators, heat-shock proteins, and 
thrombotic or vasomotor factors. A literature review by 
Mol et al79 assessed evidence of climatic heat events on 
CVD in animal models. In this review, it was suggested 
that exposure to heat was associated with an increase 
in oxidative stress, vasoconstriction, coagulation, inflam-
mation, and denaturing of proteins, which in turn were 
all associated with adverse CVD as much as myocardial 

Figure 2. Potential biological pathway of heat on the cardiovascular system.
Image Credit: Sceyence Studios.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 12, 2025



1108  April 26, 2024 Circulation Research. 2024;134:1098–1112. DOI: 10.1161/CIRCRESAHA.123.323615

Singh et al Heat and Cardiovascular Mortality

CO
M

PE
ND

IU
M

 O
N 

EN
VIR

ON
M

EN
TA

L 
IM

PA
CT

S O
N 

CA
RD

IO
VA

SC
UL

AR
 

HE
AL

TH
 AN

D 
BI

OL
OG

Y

ischemia, MI, HF, thrombosis, and stroke. These animal 
studies largely support the conclusions suggested by 
epidemiological studies.

RESEARCH GAPS
The rising intensity and frequency of extreme tempera-
tures due to global warming might have notable effects 
on CVD health. Still, the underlying biological mecha-
nisms mediating the association between extreme heat 
and adverse cardiovascular outcomes are poorly under-
stood. This limited policy interventions aiming at reducing 
CVD-related health risks from heat.80 In turn, there is a 
lack of evidence, which shows the effectiveness of the so 
far performed policy interventions (eg, heat-health action 
plans), especially for vulnerable groups (people with low 
SES, elderly ≥65 years, people with preexisting disease 
conditions).81,82

It is a fact that the threshold temperature might vary 
from 1 region to another depending on the geographic 
location, climatic pattern, and population adaptation level: 
for example, a high temperature in 1 region could fall 
under the normal range in another. Nevertheless, a region- 
specific definition would be a prerequisite for better plan-
ning of health interventions and monitoring of the health 
effects before and after the onset of high-temperature days.

Another critical point adding to heterogeneity is the 
choice of study designs, which differ from time-series to 
case-crossover, case-control, or cross-sectional study 
designs. The major drawbacks of such studies are the 
lack of consideration for individual-level risk factors such 
as preexisting cardiovascular diseases, other comor-
bidities, use of medication, smoking and drinking habits, 
physical activity, and SES, among others.6,12 Therefore, 
research should focus on longitudinal study designs like 
cohort studies with more individual-specific information. 
Such information will also help in establishing a causal 
pathway. Conducting random control trials is not possible 
for many logistical and ethical reasons.

Various environmental factors besides temperature, 
such as humidity, air pollution, and season, can influence 
CVD mortality. Therefore, these factors must be consid-
ered while assessing the association between heat and 
CVD mortality. However, consideration for these factors 
is often neglected. The combination of extreme heat 
and high air pollution levels is complex and can severely 
affect CVD mortality, therefore, the role of air pollution 
in temperature-CVD mortality association should be 
investigated as a potential confounder/modifier/media-
tor through secondary analysis. Similarly, the combination 
of heat and high humidity can be more detrimental than 
the individual effect of temperature. Therefore, instead of 
merely adjusting for these covariates, possible interac-
tions should be investigated between these parameters.

An important limitation mentioned in most studies is 
the lack of high-resolution, reliable exposure data. The 

sources of data acquisition varied highly from 1 study 
to another. The sources of exposure data are so hetero-
geneous that it adds significant biases in the estimates 
and reduces the comparability of risks across countries. 
Therefore, efforts should be made toward expanding the 
network of ground monitoring stations and strengthen-
ing the quality of exposure data, specifically in LMICs, 
where access to heat prevention technology is not as 
easily accessible. Also, using high-resolution exposure 
data that has been modeled similarly for many cities 
would enhance the comparability of the estimated health 
effects across these cities.

Similarly, most existing studies use outdoor air tem-
perature to indicate personal exposure, which might 
result in misclassification of individual exposure.83 Since 
most of the studies consider populations living in cities 
and spending most of their time indoors,84 indoor expo-
sure to temperatures should be a better index of per-
sonal exposure than outdoor temperature. Therefore, any 
inferences based on outdoor exposure to heat should be 
carefully examined.85

It is important to highlight those countries or regions 
that top the climate change vulnerability index list, 
showed an absence of studies from these regions.86 To 
date, studies on heat-related CVD mortality are scarce 
for regions like Africa, South Asia, and Eastern Europe, 
among which several countries topped the Global Climate 
Risk Index 2021 list.86 However, the population charac-
teristics, baseline CVD rates, health care infrastructure 
and housing characteristics, population susceptibility, and 
adaptive capacity could be markedly different in these 
countries. Therefore, future emphasis should be given to 
research from these regions.12

Besides, the rising issue of climate change and 
extreme weather events can expound environmental 
injustices, which are primarily caused by the unequal dis-
tribution of resources and are particularly apparent, for 
example, in racial and ethnic minorities, less educated 
people, outdoor workers, females, children, older adults, 
the elderly, and people living in vulnerable housing.87 
However, there is a research gap on how environmen-
tal justice affects the risk of exposure to heat and CVD. 
Nevertheless, constant efforts are rising towards improv-
ing social inequity in exposure to heat waves.87

Most studies available on the association between 
heat and CVD mortality are primarily from urban areas, 
and evidence from suburban or rural areas is still miss-
ing to a large extent. Since the physiological exposure 
to heat can vary widely based on an individual’s capac-
ity to access green vegetation, air-conditioning or other 
cooling mechanisms, housing material, and occupation, 
evidence based on rural background is imperative to 
understand the differences in risk between urban and 
rural settings.88

Furthermore, most of the studies are focused on all 
causes of CVD deaths, and only a handful of studies 
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have considered cause-specific CVD deaths, which 
warrant further research.12,13 IHD and stroke, which are 
globally estimated to be the leading causes of death,77,78 
are unsatisfactorily studied. Similarly, evidence of the 
association between heat and other CVD-specific dis-
eases like HF and arrhythmia is minimal.8 Additional 
challenges are presented due to differently coded CVD 
deaths across sites and people with multiple CVDs, 
leading to misclassification bias. Therefore, the CVD 
responses during heat exposure in individuals with 
other heart diseases and medication use should also 
be characterized.

It is also essential to expand the understanding of 
how heat can impact different sexes, older age groups, 
and people with comorbidities.20 The result should also 
be focused on other unmeasured factors that might 
contribute to the CVD risk, warranting future research. 
Since the response toward certain levels of exposure 
differs based on population adaptation processes, such 
as behavioral and physiological changes that they adapt 
over time, it should also be considered when inves-
tigating the risk of heat on health in general. The list 
of Identified research gaps and potential solutions are 
summarized in Table 4

Table 4. Identified research gaps and potential solutions for heat-CVD research

S. No. Research gap Potential solutions 

11 Temporal shifts in exposure-response functions of heat and 
overall/cause-specific morbidity/mortality.

More studies with e.g., longer time series should be made to understand the 
temporal shifts in association.

2.2 Exposure-response relationships for temperature and more cause-
specific CVD mortality and hospital admissions

Unsatisfactory evidence on cause-specific CVD deaths like IHD and stroke, 
which are globally estimated to be the leading causes of death makes efficient 
policy intervention difficult and therefore should be focused more.

3.3 Interaction effect due to simultaneous interplay of ambient 
temperature with other environmental factors (eg, climatic factors, 
air pollution, green space, biodiversity) as well as with social 
factors (environmental justice)

The combination of extreme heat and high humidity/ air pollution levels is 
complex and can be more detrimental than the individual effect of temperature. 
Therefore, instead of merely adjusting for these covariates, Possible interactions 
should be investigated between environmental factors and social factors.

4.4 The interplay of both outdoor and indoor exposure to temperature 
as a proxy for personal exposure

Studies should include both outdoor and indoor exposure as a better index of 
personal exposure to temperature.

5.5 The underlying biological mechanisms for the impact of 
temperature on CVD-related morbidity and mortality.

More studies are needed that go beyond mere mortality or hospital admission 
outcomes to improve knowledge of specific biological responses which can 
improve mechanistic understanding of the effect of exposures on health and can 
be used to mitigate adverse health outcomes

66 Long-term impacts of nonoptimal temperatures on CVD-related 
morbidity and mortality

The studies on the potential effects of prolonged exposure to high temperatures 
will help provide clear evidence of the disease burden of high temperatures to 
recommend effective measures.

77 More insight into adaptation processes (behavioral and 
physiological)

Since the response towards certain levels of exposure differs based on 
population adaptation processes, both behavioral and physiological changes, 
this aspect needs to be considered more in future studies.

8.7 Effectiveness of policy interventions, especially for vulnerable 
groups (people with low SES, elderly ≥65 y, people with 
preexisting disease conditions)

The studies should focus on evaluating the effectiveness of policy interventions 
for vulnerable subgroups so that more specific improvements can be made.

9.8 Region-specific definition of high temperature days, heat wave 
days

Based on climate type, racial composition, population and SES structure, an 
attempt could be made to define standard criteria for hot days or heat wave 
days.

10.9 Lack of accountability on vulnerable subgroups and individual-
level risk factors such as age, preexisting cardiovascular diseases, 
other comorbidities, use of medication, smoking and drinking 
habits, physical activity, and SES, among others

Research should focus on longitudinal study designs like cohort studies 
with more individual-specific information. Such information will also help in 
establishing a causal pathway

11.10 Lack of high-resolution, reliable exposure data. Efforts should be made toward reducing exposure misclassification and 
heterogeneity in the sources of exposure data by expanding the network of 
ground monitoring stations and strengthening the quality of exposure data, 
specifically in LMICs

12.11 Lack of evidence on the effect of nonoptimal temperature on 
human health in general from LMICs.

Future emphasis should be given to research from regions like Africa, South 
Asia, and Eastern Europe, which are highly vulnerable to climate change so that 
required mitigation and adaptation policies can be enacted.

13. Differences in risk between urban and rural settings Since the physiological exposure to heat can vary widely based on an 
individual’s SES as well as the built environment in different settings, evidence 
based on rural background is imperative to understand the differences in risk 
between urban and rural settings.

14. Differently coded CVD deaths and people with multiple CVD led 
to misclassification bias.

The cardiovascular responses during heat exposure in individuals with other 
heart diseases and medication use should also be characterized.

This table was adapted from the EXHAUSTION White Paper - Exposure to heat and air pollution in Europe. Important findings and recommendations.89 CVD indicates 
cardiovascular diseases; IDH, ischemic heart disease; and LIMC, lower middle-income countries.
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PUBLIC HEALTH IMPLICATIONS
Climate change and its impacts, including increased 
ambient temperatures and extreme weather events, 
are among the most significant risks to human health. 
Quantifying and generalizing the effects of climate vari-
ables on human health is complex. However, articles that 
assist public and global health stakeholders in under-
standing the consequences of climate-related meteoro-
logic variables on health are of great importance. Along 
these lines, this review is the most up-to-date synthesis 
of data related to the impact of heat on cardiovascular 
disease mortality. Ultimately, this review will inform and 
enable decision-makers to make better-informed deci-
sions when selecting effective and equitable adaptation 
measures to minimize climate change-induced health 
impacts. Moreover, by giving an up-to-date evidence 
base, we want to inform and raise awareness among 
health care practitioners in addressing climate change 
during patient conversations. This can support imple-
menting preventive measures and improving adaptation 
measures, for example, heat warning systems linked to 
specific recommendations, for better protection of the 
population from climate change.

CONCLUSIONS
The present perspective on epidemiological evidence 
shows that a diverse range of CVD health outcomes can 
be affected by exposure to heat. Therefore, focus should 
be shifted towards the cause-specific CVD outcomes in 
addition to total CVD deaths. Besides, the risk of CVD 
mortality is substantially greater in the elderly, adults 
with preexisting CVDs, and socioeconomically deprived. 
A major emphasis on conducting heat-CVD research in 
LMICs would be a prerequisite considering the existing 
lack of evidence from LMICs, given, that these regions 
account for a majority of vulnerable population. Further-
more, the biological mechanism through which extreme 
temperature affects CVD mortality remains to be fully elu-
cidated. Therefore, in light of rising climate change issues, 
the present study advocates that more studies should be 
focused on LMICs and vulnerable groups and that more 
studies should be dedicated to a better understanding of 
the potential biological pathways. Such evidence will be 
helpful not only in more informed and efficient care for 
CVD patients but also in better planning of policy inter-
ventions, mitigation and adaptation strategies, and early 
warning systems aimed at reducing CVD-related mortality 
from heat, particularly in vulnerable groups directly before 
and after the onset of high-temperature/heat wave days.
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