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Abstract 
Background: Many studies had shown that with global warming, heat waves may increase the mortality risk of Chinese 
populations. However, these findings are not consistent. Therefore, we elucidated the associations by meta-analysis and quantified 
the magnitude of these risks, as well as the underlying factors.

Methods: We searched the China National Knowledge Infrastructure (CNKI), Wanfang database, PubMed, EMBASE, and Web 
of Science for literature screening up to Nov 10, 2022, to analyze the effect of heat waves on mortality in the Chinese population. 
Literature screening and data extraction were performed independently by two researchers and the data were merged by meta-
analysis. In addition, we conducted subgroup analysis by sex, age, years of education, region, and number of events to explore 
the source of heterogeneity.

Results: Fifteen related studies on the impact on heat waves of the death of Chinese people were included in this study. The 
results of the meta-analysis showed that heat waves were significantly associated with increased mortality from non-accidental 
deaths, cardiovascular diseases, stroke, respiratory diseases, and circulatory diseases in the Chinese population: non-accidental 
mortality (RR = 1.19, 95% CI: 1.13–1.27, P < .01), cardiovascular diseases (RR = 1.25, 95% CI: 1.14–1.38), stroke (RR = 1.11, 
95% CI: 1.03–1.20), respiratory diseases (RR = 1.18, 95% CI: 1.09–1.28), and circulatory diseases (RR = 1.11, 95% CI: 1.06–
1.17). Subgroup analyses showed that heat waves had a higher risk of non-accidental death for those with <6 years of education 
than for those with ≥6 years of education. Meta-regression analysis showed that the contribution of the study year to the inter 
studied heterogeneity was 50.57%. The sensitivity analysis showed that the exclusion of any single study did not materially alter 
the overall combined effect. The meta-analysis method indicated no obvious evidence of publication bias.

Conclusions: The results of the review indicated that heat waves were associated with increased mortality in the Chinese 
population, that attention should be paid to high-risk groups, and that public health policies and strategies should be implemented 
to more effectively respond to and adapt to climate change.

Abbreviations: CI = confidence interval, RR = risk ratio.
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1. Introduction
In recent years, the global climate has continued to warm,[1,2] 
heat waves have occurred frequently,[3] and harm to human 
health has aroused widespread concern around the world.[4] 
When exposed to high temperatures, the body’s thermo-
regulatory system counteracts the adverse effects of high 
temperatures on the human body.[5,6] However, once high tem-
peratures exceed a certain limit, there is a risk of illness, and 

the number of deaths increases substantially on the day of 
exposure.[7] Sustain extreme heat, known as heatwave weather, 
is harmful to health.[8] The heatwave that affected Europe in 
the summer of 2003 resulted in 22,080 excess deaths.[9] The 
latest study puts these numbers at an unprecedented 70,000 
excess deaths.[10] France alone experienced 14,800 deaths in 
9 days, with one-third of the deaths attributed to heatstroke, 
which is a fatal disease that causes extensive multi-organ tissue 
damage.[11]
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Heat waves may pose a greater threat to China owing to an 
aging population and are closely linked to human health and 
well-being.[12] In July 2013 in China, a record-breaking sustained 
high temperature occurred in Jianghuai, Jiangnan, Chongqing, 
and other places, posing a huge threat to the health of the pop-
ulation.[13] Several population-based observational studies have 
investigated the effect of heat waves on Chinese population 
mortality.[14,15] To date, there have been few systematic reviews 
of these associations.

At present, the definitions of heat waves are inconsistent in 
the world.[16] The China Meteorological Administration has a 
clear definition of heat waves: the daily maximum temperature 
is greater than or equal to 35°C, and the duration is not less 
than 3 days.[17] However, owing to the large climatic differ-
ences in various regions of the country, there is a large spatial 
heterogeneity, and the research results of a single article cannot 
provide a reliable basis for the formulation of prevention and 
control measures. Previous studies have also been inconsistent 
regarding the relationship between heatwaves and mortality. 
We pooled previous studies through a meta-analysis to provide 
a comprehensive and quantitative assessment of the associa-
tion between heat waves and mortality in China.

Therefore, the aim of this study was to employ a meta-anal-
ysis to identify and review the epidemiological evidence asso-
ciated with heat waves and mortality in Chinese populations, 
quantify the magnitude of these effects, and identify potential 
factors while identifying sensitive populations.

2. Materials and methods

2.1. Ethical approval

This meta-analysis was based entirely on previous published 
studies which had declared ethical approvals and no origi-
nal clinical raw data was collected or utilized, thereby ethical 
approval was not required for this study.

2.2. Literature search

According to the Preferred Reporting Items of the Systematic 
Reviews and Meta-analyses (PRISMA) checklist, a systematic 
search was conducted in China National Knowledge Infrastructure 
(CNKI), Wanfang Database, PubMed, Embase and Web of Science 
databases for articles published in both English and Chinese until 
November 2022. The search terms were “Chinese population OR 
Chinese region OR China,” “heat waves OR extreme temperature 
OR high temperature” and “death OR mortality OR death rate.” 
In addition, supplemented by a manual search and literature trac-
ing methods, more relevant literature was collected. The details of 
the search strategy were provided in File 1, Supplemental Digital 
Content, http://links.lww.com/MD/I694.

2.3. Inclusion and exclusion criteria of literature

The inclusion criteria for this study were: research on the relation-
ship between heatwaves and Chinese population mortality; origi-
nal research; have a clear definition of heatwaves; and provide clear 
outcome measures such as RR and its 95% CI. The exclusion crite-
ria were as follows: literature review or health education; non-Chi-
nese population; inability to obtain original data; and duplicate 
publications or low-quality literature. Two authors (R.-R.P. and 
M.X.) independently searched all references, and all authors 
resolved discrepancies between the included studies by vote.

2.4. Data extraction

Two authors (R.-R.P and M.X.) independently performed the 
data extraction, discussed again, and resolved any disagreements 

by consensus. The following information was collected from 
each eligible study: first author’s surname, year of publication, 
study region, number of events, study design, lag days, definition 
of heat waves, characteristics of the study population, and type 
of effect estimate (RR).

2.5. Statistical analysis

The risk ratio (RR) and 95% confidence interval (CI) is com-
monly used to measure the association between heatwaves and 
population mortality. Heterogeneity among the studies was esti-
mated using the I²and Q statistics. For the Q statistics, P < .10 
indicated statistically significant heterogeneity and the I2 values 
of < 25%, 25% to 50%, 50% to 75%, and >75% indicated no, 
small, moderate, and significant heterogeneity, respectively.[18] 
Pooled RRs were obtained using either a fixed-effects model 
(I2 ≤ 50%) or a random-effects model (I2 > 50%).[19,20] In addi-
tion, we performed subgroup analyses using region, sex, age, 
number of events, and years of education to explore potential 
heterogeneity.

We used funnel plots, Egger’s linear regression test, and the 
prune and fill method to evaluate publication bias for outcome 
measures in more than 10 articles.[20–22] Sensitivity analyses were 
performed by excluding each study and analyzing the data. We 
also performed meta-regression analyses to examine the effect 
of the study period and the number of events on the association 
between heat waves and mortality in the Chinese population. 
All statistical analyses were performed using Stata version 17.0 
(Stata Corp., College Station, TX). Significance was set at P < 
.05, except for heterogeneity estimation, and all statistical tests 
were two-sided.

3. Results

3.1. Literature search

The database search identified 1678 studies on heat waves and 
the risk of mortality in Chinese populations, of these, 1663 
were excluded for a range of reasons (462 duplicate articles, 
1216 articles were screened by title and abstract, resulting in 
the exclusion of 1064 unrelated studies. Thereafter, 152 articles 
underwent full-text review, which resulted in the exclusion of 61 
articles that did not provide an index of the available data, 44 
did not report the definition of heat waves, and 29 articles that 
did not relate to outcomes, 3 data were reused.), resulted in the 
inclusion of 15 studies in the meta-analysis. The details of the 
literature search are shown in Figure 1.

3.2. Study characteristics

The characteristics of the 15 included studies are summarized 
in Table 1. The studies were published between 2012 and 2022. 
Ten studies used distributed lag non-linear models, one used a 
case crossover study, three used generalized additive models, 
and one used Poisson regulation models. Seven studies were 
conducted in cities in southern China and six studies were 
conducted in cities in northern China. Eleven studies reported 
lag days, eight studies had event numbers above 10,000, four 
studies had event numbers below 10,000, and three studies 
remained unreported. Twelve studies reported the association 
between heat wave and non-accidental mortality, of which 
seven studies had event numbers above 10,000, three studies 
had event numbers below 10,000, and two studies remained 
unreported. Each study had a clear definition of a heat wave, of 
which seven were defined as the daily maximum temperature 
above 35°C for three consecutive days, two were defined as 
the daily maximum temperature of P95, one was defined as the 
mean temperature per day of P98, and four were defined as the 
mean temperature per day of P99.

http://links.lww.com/MD/I694
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3.3. Influence of heat waves on the non-accidental 
mortality in China

Figure  2 shows the overall analysis of the mortality risk of 
non-accidental deaths in China due to heat waves. We observed 
high heterogeneity in the results of these studies (Q = 127.17, P 
< .01, I2 = 91.3%). And the random-effects model was applied, 
the summary RR for 12 studies showed that heatwave was 
associated with a 1.19-fold increased risk of non-accidental 
death population in China (RR = 1.19, 95% CI = 1.13–1.27, 
P < .01).

3.4. Influence of heat waves on death of people with 
cardiovascular disease, stroke, respiratory disease and 
circulatory disease in China

The impact of heatwaves on the mortality risk of Chinese 
patients with CVD was explored for nine studies. The heteroge-
neity test results showed significant heterogeneity among these 
studies (Q = 92.67, P < .001, I2 = 91.4%). Applying random 
effects models, nine studies were summarized to show that heat 
waves increase the risk of death in Chinese patients with CVD 
(RR = 1.25, 95% CI: 1.14–1.38) (Fig. 3).

Five studies investigated the effect of heat waves on mor-
tality risk of stroke patients in China. The heterogeneity test 
results showed significant heterogeneity among these studies 
(Q = 11.11, P = .025, I2 = 64.0%). By applying random effects 
models, five studies were summarized to show that heat waves 
increase the risk of death in Chinese patients with stroke (RR = 
1.11, 95% CI: 1.03–1.20) (Fig. 4).

Eight studies reported the impact of heat waves on mortal-
ity among patients with respiratory diseases in China. The het-
erogeneity test results showed significant heterogeneity among 
these studies (Q = 18.44, P = .010, I2 = 62.0%). By applying 
random effects models, eight studies were summarized to show 
that heat waves increase the risk of death in Chinese patients 
with respiratory disease (RR = 1.18, 95% CI: 1.09–1.28) 
(Fig. 5).

Two studies examined the effect of heat waves on mortal-
ity risk in patients with circulatory diseases in China. The 
heterogeneity test results showed no significant heterogeneity 
among these studies (Q = 0.0, P = .487, I2 = 0.0%). Applying 
fixed–effects models, two studies were summarized to show 
that heat waves increase the risk of death in Chinese patients 
with circulatory disease (RR = 1.11, 95% CI: 1.06–1.17) 
(Fig. 6).

Figure 1.  Flowchart of the study procedure. CNKI = China National Knowledge Infrastructure.
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3.5. Subgroup analyses

To further explore the potential heterogeneity of the association 
between heatwaves and non-unexpected mortality in China, we 
conducted a subgroup analysis. The results showed that indi-
viduals with ˂6 years of education had a higher risk of non-ac-
cidental death from heat waves than those with ≥ 6 years of 
education, years of education ≤ 6: (RR = 1.24, 95% CI: 1.11–
1.39); years of Education > 6 (RR = 1.07, 95% CI: 1.00–1.15); 
When it was conducted by region sex and age, there was no 
significant difference in south and north, the increased risk was 
observed both in south (RR = 1.20, 95% CI: 1.11–1.32) and in 
north (RR = 1.26, 95% CI: 1.11–1.43), the increased risk was 
observed both in male (RR = 1.10, 95% CI: 1.05–1.14),and in 
female (RR = 1.17, 95% CI: 1.10–1.24); age with 0 to 64 years 
(RR = 1.13, 95% CI: 1.02–1.26), age with 65 to 74 years (RR = 

1.07, 95% CI: 1.01–1.13) and age ≥ 75 years (RR = 1.15, 95% 
CI: 1.11–1.19).

Again, we reached a consistent conclusion based on the num-
ber of events (number of events ˂ 10,000: RR = 1.49, 95% CI: 
1.15–1.94; number of events ≥ 10,000: RR = 1.13, 95% CI: 
1.06–1.20) (Table 2).

3.6. Meta regression

The results of the meta-regression analysis showed that 
increasing years had a significant effect on the association 
between heatwaves and deaths in the Chinese non accidental 
mortality population (coefficient = −0.040, P = .027), which 
could explain 50.57% of the heterogeneity (Fig. 7). However, 
the number of events (P = .316) did not significantly affect the 

Table 1

Characteristics of 15 studies included in the meta-analysis.

Author 
Publication 

year Study location 
No. of 
events Study design Lag (d) Definition of heat waves weather 

Yang jun et 
al[23]

2019 Harbin, Changchun, Beijing, Shenyang, 
Tianjin,Shijiazhuang, Jinan, Zhengzhou, 
Shanghai,Nanjing, Chengdu, Chongqing, 
Changsha,Kunming and Guangzhou

1,936,116 Poisson regression 
models, distributed 
lag non-linear model 
(DLNM)

Lag 
0–10 

d

The daily maximum temperature was 
above 35°C for three consecutive 
days

Li lan et al[24] 2012 Harbin 442 Distributed lag non-lin-
ear model (DLNM)

NA The mean temperature per day was 
higher than the maximum daily 
temperature of P

98
Zhang 

yuanquan 
et al[25]

2017 Hubei province 146,676 Distributed lag non-lin-
ear model (DLNM)

Lag 
0–14 

d

For three consecutive days above the 
daily maximum temperature of P

99

Bao junzhe 
et al[26]

2016 Wuhan, Changsha, Guilin, Haikou NA Distributed lag non-lin-
ear model (DLNM)

Lag 3, 7, 
21 d

For three consecutive days above the 
daily maximum temperature of P

99
Wang cuicui 

et al[27]

2014 Suzhou 49,984 Poisson regression 
models, distributed 
lag non-linear model 
(DLNM)

Lag 
0–14 

d

least 7 consecutive days with daily 
maximum temperature above 35.0°C 
and daily average temperatures 
above the 97th percentile

Wang xuying 
et al[28]

2015 Beijing NA Distributed lag non-lin-
ear model (DLNM)

Lag 
0–14 

d

The mean temperature per day was 
higher than the maximum daily 
temperature of P

99
Zhang 

lingyan et 
al[12]

2017 Beijing Tianjin Hebei Region, Yangtze River 
Delta, Pearl River Delta

477,240 Distributed lag non-lin-
ear model (DLNM)

NA The mean temperature per day was 
higher than the maximum daily 
temperature of P

95
Chen yichen 

et al[29]

2020 Shanghai 93,040 Distributed lag non-lin-
ear model (DLNM)

Lag 0–7 
d

The daily maximum temperature was 
above 35°C for three consecutive 
days

Han jing et 
al[30]

2019 Jinan 152,150 Poisson regression 
models

Lag 
7–14d

For three consecutive days above the 
daily maximum temperature of P95

Luan guijie 
et al[31]

2015 Beijing 558 Case-crossover study NA The daily maximum temperature was 
above 35°C for three consecutive 
days

Wu kai et 
al[32]

2015 Wuhan 2633 Poisson generalized 
additive model (GAM)

Lag 0–7 
d

The daily maximum temperature was 
above 35°C for three consecutive 
days

Zhang anran 
et al[33]

2015 Jinan 1615 Generalized additive 
model (GAM)

Lag 
0–10 

d

The daily maximum temperature was 
above 35°C for three consecutive 
days

Xu dandan 
et al[34]

2017 Shanghai NA Poisson generalized 
additive model (GAM)

NA The daily maximum temperature was 
above 35°C for three consecutive 
days

Niu yanlin et 
al[35]

2022 Beijing 192,568 Distributed lag non-lin-
ear model (DLNM)

Lag 0–7 
d

The daily maximum temperature was 
above 35°C for three consecutive 
days

Gu shaohua 
et al[36]

2021 Ningbo 102,954 Generalized linear model 
(GLM) and Distributed 
lag non-linear model 
(DLNM)

Lag 
0–14 

d

For three consecutive days above the 
daily maximum temperature of P

99

NA = not available.
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association between heatwaves and non-accidental mortality 
(Fig. 8).

3.7. Sensitivity analysis and publication bias

The results of the sensitivity analysis showed that Han’s study 
inclusion and exclusion significantly affected the magnitude of 
the heterogeneity associated with the pooled RR. After excluding 

this study, the pooled RR was reduced but was still statistically 
significant (RR = 1.21, 95% CI: 1.14–1.29) and the heteroge-
neity was reduced (I2 = 3.6%). Additionally, the pooled results 
remained statistically significant after excluding one study at a 
time (Figure S1, Supplemental Digital Content, http://links.lww.
com/MD/I695).

Funnel plots, Egger’s test, and the trimmed fill method were 
used to detect publication bias. The results from both methods 

Figure 2.  Influence of heat waves on the non-accidental mortality in China. CI = confidence interval, RR = risk ratio.

Figure 3.  Influence of heat waves on death of people with cardiovascular disease in China. CI = confidence interval, RR = risk ratio.

http://links.lww.com/MD/I695
http://links.lww.com/MD/I695
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(Egger’s test: P < .01, funnel plot: Figure S2, Supplemental 
Digital Content, http://links.lww.com/MD/I696) indicated 
possible publication bias. Before the trimmed fill, the combined 
RR of the heatwave and non-accidental death population in 

China was 1.19 (95% CI: 1.13–1.27, P < .01). After three iter-
ations using the linear method, the number of missing studies 
was estimated to be six. Six studies were added to the shear 
compensation method and a meta-analysis was conducted 

Figure 4.  Influence of heat waves on death of people with stroke in China. CI = confidence interval, RR = risk ratio.

Figure 5.  Influence of heat waves on death of people with respiratory disease in China. CI = confidence interval, RR = risk ratio.

http://links.lww.com/MD/I696
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for all studies. The results showed that the heterogeneity test 
yielded Q = 254.153, P < .01. The random effects model was 
used to combine the effect indicators, and the result was RR = 
1.073 (95% CI: 1.009–1.141, P = .025). The results before and 
after the metric were stable and statistically significant, which 
means that the publication bias of this study can be ignored 
(Fig. 9).

4. Discussion
The present results, combined with the RRs from 15 articles, show 
that heat waves were associated with increased mortality risk in 
the Chinese population. This relationship was also consistent in 
subgroup analyses by study region, sex, age, years of education, 
and number of events. Thus, this meta-analysis is probably the 
best available evidence on the consistency and strength of the 
association between heat wave exposure and increased risk of 
mortality in the Chinese population. The human body is in a 

high-temperature environment, and it dissipates heat through 
conduction, radiation, and evaporation to maintain the balance 
of the body mechanism.[37,38] However, the process of heat dissi-
pation can easily cause the loss of water in the human body,[39] 
the blood is relatively concentrated, and the viscosity increase, 
which affects the supply of visceral blood, increases the burden 
on the cardiovascular system,[40] and also affects the neural activ-
ity and movement coordination of the human body.[41]

This study found that heat waves significantly increased the 
risks of non-accidental deaths, deaths caused by cardiovascular 
diseases, stroke, respiratory diseases and circulatory diseases in 
China. The 19% increase in risk of non-accidental mortality due 
to heatwaves in China was higher than that in Sweden (10%)[42] 
and the United States (11%),[43] However, it was lower than 
India (43.1%)[44] and Pakistan (166.8%).[45] Developed regions, 
such as the United States, have a high economic level and more 
abundant healthcare resources, while developing countries, such 
as India, have a large population, relatively low economic level, 

Figure 6.  Influence of heat waves on death of people with circulatory disease in China. CI = confidence interval, RR = risk ratio.

Table 2

Subgroup analysis of the association between heat waves and non-accidental mortality in China.

Subgroups No. of Studies 

Heterogeneity test

RR 95% CI Z P value I2 (%) Q P value 

Region
 � South 5 88.1 33.65 <.001 1.20 1.11–1.32 3.91 <.001
 � North 5 95.2 83.17 <.001 1.26 1.11–1.43 3.96 <.001
Sex
 � Male 7 50.9 12.22 .057 1.10 1.05–1.14 4.50 <.001
 � Female 7 65.1 17.19 .009 1.17 1.10–1.24 5.31 <.001
Age (yr)
 � 0–64 5 66.2 11.83 .019 1.13 1.02–1.26 2.40 .017
 � 65–74 3 3.1 2.06 .356 1.07 1.01–1.13 2.33 .020
 � ≥75 6 30.1 7.15 .210 1.15 1.11–1.19 7.54 <.001
Number of events
 � <10,000 3 91.4 23.30 <.001 1.49 1.15–1.94 3.01 .003
 � ≥10,000 7 89.8 58.96 <.001 1.13 1.06–1.20 4.02 <.001
Years of education
 � <6 5 81.2  21.28 <.001 1.24 1.11–1.39  3.87 <.001
 � ≥6 5 57.7 9.46 .051 1.07 1.00–1.15  2.09 .037

CI = confidence interval, RR = risk ratio.
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lack of medical resources, and low public awareness of heat-re-
lated risks, resulting in differences in the impact of heatwaves 
on mortality.

Heat waves could lead to an accelerated heart rate, vasodila-
tion, water and electrolyte loss, and increased blood viscosity in 
the human circulatory system, ultimately resulting in a higher 
risk of death among patients with cardiovascular disease.[46,47] 

Patients with preexisting chronic lung diseases are more vul-
nerable to heat-induced illnesses during heat waves.[48] The 
reason for this was the physiological impairment of the core 
temperature regulation in a hot environment. In addition, they 
are less able to dissipate excess heat, which increases their risk 
of suffering from heat stress conditions, such as dehydration 
and heatstroke.[49] Heat waves increase the risk of mortality in 

Figure 7.  Random-effects meta-regression analysis to explore the effect of year on association between heat waves and non-accidental mortality in China. 
RR = risk ratio.

Figure 8.  Random-effects meta-regression analysis to explore the effect of number of events on association between heat waves and non-accidental mortality 
in China. RR = risk ratio.
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the Chinese circulatory population because blood flow must be 
redistributed to the periphery (vasodilation) away from the core 
organs during heat waves and increased sweat production.[50] 
Patients with preexisting circulatory disease have impaired 
mechanisms to adequately increase cardiac output, resulting 
in inadequate skin blood flow as the core temperature rises.[50] 
As the body’s core temperature increases, dehydration occurs, 
which affects the heart and other organs.[51]

Another interesting finding was that the risk of non-accidental 
death during heat waves was higher among people with ˂6 years 
of education than among those with ≥ 6 years of education, 
consistent with Ghumman and Horney.[45] It may be that those 
with fewer years of education are more likely to engage in out-
door work and lack health-related knowledge. Meta-regression 
results showed that increasing years had a significant effect on 
the association between heat waves and non-accidental mortal-
ity in China. In recent decades, significant reductions in mortal-
ity risks associated with heat waves have also been observed in 
the USA[52] and other developed regions of the world.[53,54] These 
are primarily related to improved healthcare, greater public 
awareness of heat-related risks, and increased use of air condi-
tioning. The significant decline was mainly attributed to China’s 
substantial socioeconomic development and improvements in 
quality of life (including more effective health care and lifestyle 
changes).

Our study had significant strengths. First, this is the first 
meta-analysis and systematic review to explore the association 
between heatwaves and mortality in the Chinese population. 
Second, although most of the results showed significant hetero-
geneity, we performed a meta-regression analysis on the year 
and number of events to identify sources, which could explain 
50.57% of the inter study heterogeneity. Third, the sample size 
of most of the included studies was > 10,000. A meta-analy-
sis with a large sample size provided relatively strong statistical 
power to test the correlation.

Although this meta-analysis included 15 studies to examine 
the association between ring heat waves and mortality in the 
Chinese population, it has several limitations. First, the study 
was highly heterogeneous, although the use of subgroup analy-
ses and meta-regression to explore the sources of heterogeneity 
explains some of this heterogeneity. Second, the research meth-
ods used in the included studies were not consistent, ten studies 

used distributed lag non-linear models, one used case crossover 
studies, three used generalized additive models, and one used 
Poisson regulation models. Third, most of the included stud-
ies tended to report the largest effect estimate, and the effect 
estimate for different lag days could not be fully used in the 
analysis. We ignored the lag effect and selected the largest effect 
estimate for meta-analysis, which also led to heterogeneity. 
Fourth, although we accounted for this issue by the trimmed 
fill method, our study was subject to publication bias. The rele-
vance of our findings, although exciting, requires further inves-
tigation using larger population samples and subgroup analyses.

5. Conclusion
In summary, the present meta-analysis provides strong evidence 
that heat waves are significantly associated with an increased 
risk of death in the Chinese population, especially among resi-
dents with low education levels. Therefore, high-risk populations 
should be the focus of public health policies, and prevention 
strategies should be developed and implemented to effectively 
reduce the public health harm caused by extreme temperature 
events.
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