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Abstract

Numerous evidence revealed that climate
change could have adverse effects on human
health, while in developing countries, espe-
cially in China, less evidence covering differ-
ent climatic zones is available due to data
unavailability. We searched studies which
investigated the association between ambient
temperature and mortalities in six databases.
We performed random-effects model to cal-
culate pooled estimated for mortalities in
association with per 1 °C increase (or
decrease). We finally included 17 in 819 iden-
tified articles. Short-term exposures to inap-
propriate temperature were significantly
associated with mortalities, per 1 °C increase
corresponded to a 1.2% (95% CI: 1.1%,
1.3%) increase in all-cause mortality, a 2.6%
(95% CI: 2.4%, 2.9%) increase in cardiovas-
cular mortality, and a 1.2% (95% CI: 1.0%,
1.3%) increase in respiratory mortality. And
each 1 °C decrease caused a 3.1% (95% CI:
2.7%, 3.5%) in all-cause mortality, a 1.5%
(95% CI: 1.2%, 1.9%) increase in cardiovas-
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cular mortality, and a 3.3% (95% CI: 2.8%,
3.9%) increase in respiratory mortality. Our
findings indicated that the increase and
decrease in ambient temperature have rela-
tionships with mortalities among Chinese
population and cold effect was more durable
and pronounced than hot effect.
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2.1 Introduction
In the last 130 years, the world has warmed by
approximately 0.85 °C. Since 1850, temperatures
have been significantly warmer than previous
decade [1]. Although global warming can bring
some local benefits, such as reduced winter
deaths in temperate climes and increased food
production in some areas, climate change has
adverse effects on overall health. Extreme high
air temperatures contribute directly to deaths
from cardiovascular and respiratory disease, par-
ticularly among elderly people. For example,
more than 70,000 excess deaths were recorded in
the heat wave of summer 2003 in Europe [2].
Existing evidence shows that meteorological
factors have apparent association with death,
such as temperature, relative humidity, atmo-
spheric pressure, wind velocity, etc. Study area
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was mainly located in coastal area and economic
developed area in China; few studies have
focused on the effects of meteorological factors
on mortality among county-level city and eco-
nomically backward area.

With global warming, ambient temperature
has the greatest impact on death among the mete-
orological factors. Increasing evidence indicated
that exposure to inappropriate temperature could
have adverse effects on human health worldwide.
Most of these studies demonstrated that the rela-
tionship between temperature and mortality was
generally U-, V-, or J-shaped, with higher risks of
mortality in extreme cold and hot temperature.
However, the associations vary among different
studies due to differences in geographic loca-
tions, population characteristics, and weather
conditions, so more comprehensive studies with
a wider variety of climate zone and population
structure are needed to assess the overall associa-
tion among Chinese population [3-5].

Cardiovascular disease and respiratory disease
are one of the leading causes of death worldwide.
An estimated 17.3 million people died from car-
diovascular disease in 2008, representing 30% of
all global deaths. Low- and middle-income coun-
tries are disproportionally affected: over 80% of
cardiovascular disease deaths take place in low-
and middle-income countries and occur almost
equally in men and women [6]. Respiratory dis-
ease includes asthma, chronic obstructive pulmo-
nary disease (COPD), pneumonia, etc. According
to the latest World Health Organization (WHO)
estimates, currently 64 million people have COPD,
and three million people died of COPD. WHO
predicts that COPD will become the third leading
cause of death worldwide by 2030 [7]. A lot of
studies demonstrated cardiovascular disease and
respiratory disease were related to meteorological
factors, especially to temperature.

Many recent epidemiological studies have
investigated that extreme temperatures have vari-
ous adverse effects on human health in China [8,
9], while most studies were limited to a single city
or a small number of cities in China [10, 11].
However, these results cannot fully show the
real effects due to the wide range of climatic,
sociodemographic, and cultural characteristics of
China. Therefore, a study overview to summarize

the relationship between ambient temperature and
mortality among Chinese population is warranted.

In this chapter, we examined the ambient tem-
perature and mortality in Chinese population
including Mainland China, Hong Kong, Taiwan,
and Macao. This study will provide useful infor-
mation to develop intervention strategies for cold
and hot temperature exposures in China.

2.2 Materials and Methods

2.2.1 Literature Search and Data
Extraction

We searched the major electronic databases
including MEDLINE database, PubMed data-
base, Ovid database, China National Knowledge
Infrastructure  (CNKI) database, Chinese
Wanfang database, and Chinese VIP database.
We used the following combinations of key-
words: (1) temperature, weather, climate change,
heat, cold, and season and (2) adverse effect,
health, disease, death, and mortality. In order to
reflect the health effects of exposure to inappro-
priate temperature among Chinese populations,
we searched potential articles on temperature
over the China published between January 2000
and December 2017. References of all included
articles were searched for any additional studies.

We converted the effect estimates reported in
each study into the ER in deaths per 1 °C increase
(or decrease) in daily average temperature if dif-
ferent scales or indicators were used. And we
contacted authors to apply for additional data as
necessary. Two investigators have extracted data
independently, and conflicts were adjudicated by
a third investigator.

2.2.2 Study Selection Criteria
Eligible studies fell into following categories:

1. All epidemiological studies, in both English
and Chinese, involved the health impacts of
exposure to temperature.

2. Original  studies  provided
exposure-response  relationships

quantitative
between
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ambient temperature and health outcomes
(e.g., relative risk, odds ratios, excess risk
[ER], or hazard ratios and their 95% confi-
dence intervals [95% CI]).

3. Atleast 1 year of daily data relating to a gen-
eral population.

4. Studies were not identical or similar in terms
of location or study period.

5. Study location must be located in Mainland
China, Hong Kong, Taiwan, and Macao.

We selected the most recent studies if more than
two published articles have the same study period,
location, and population. We presented a flow dia-
gram of the study selection process (Fig. 2.1).

2.2.3 Statistical Analysis

We used random-effects meta-analysis to estimate
the overall association between ambient tempera-
ture and mortality as well as the corresponding

Studies returned
through database
searching (n=819)

768 records were
excluded based on
the title and abstract

Full-text articles
accessed for

eligibility (n=51)

30 studies were excluded:
19 studies estimated effects
based on extreme climate
change
11 studies were excluded
based on the special indicator

Review more details

(n=21)

4 records were excluded
due to be replaced by later
re-analysis of the same data

Studies included in
the meta-analysis
(n=17)

Fig. 2.1 Procedure for literature search

95% confidence interval. The excess risk was
used as a summary statistic. To check the robust-
ness of the effect estimation, we conducted a sen-
sitivity analysis by individually excluding the
studies with the largest and the smallest effect
estimates from the meta-analyses.

We applied P test to examine heterogeneity. I?
statistic was used to estimate the percentage of
total variation across studies because of heteroge-
neity rather than chance. I> can be calculated as
the following formula: 17 = 100%*(Q — df)/Q (Q,
Cochrane’s heterogeneity statistics; df, degree of
freedom). We defined more than 50% heteroge-
neity as substantial heterogeneity. If no substan-
tial heterogeneity exits in the combined data, we
used fixed-effects model to calculate overall esti-
mate, and if substantial heterogeneity is present,
a random-effects model is more appropriate [12].
To further confirm the robustness of the results,
we have showed the results with both fixed- and
random-effects models.

Finally, publication bias was evaluated using
funnel plots and Egger’s linear regression
method. All analysis was done and performed
using R version 2.13.0 (R Foundation for
Statistical Computing, Vienna, Austria). A value
of p < 0.05 was considered significant.

2.3  Results

The process of study selection is shown in
Fig. 2.1. Our search stratifies and initially identi-
fied a total of 819 articles, among which 768
were excluded as they were irrelevant to the
study topic by examining the abstract. The
remaining 51 underwent in-depth review, 19 of
them were excluded due to their estimated effect
based on extreme climate change such as cold
spells and heat waves; 11 studies were excluded
based on the special meteorological indicators
(diurnal temperature range; universal thermal
climate index; temperature changes between
neighboring days; apparent temperature); and 4
studies showed, at the same time, geographical
area with similar information removed. The
remaining 17 studies were included in the meta-
analysis. Among them, 12 articles examined the
relationships between all-cause mortality and



16

X.Wang et al.

temperature, 12 reported the effects of tempera-
ture on cardiovascular mortality, and 10 esti-
mated the associations between ambient
temperature and respiratory mortality.

Short-Term Effects on All-
Cause Mortality

2.3.1

We systematically searched for all articles con-
taining the association between temperature and
mortality. A total of 12 studies reporting the
short-term effects of temperature on all-cause
mortality were finally included after excluding
studies from the same study area (Table 2.1).

The pooled associations between temperature
exposure and mortalities were separately reported
for the heat and cold exposure. For hot effects, 51
of the 84 estimates of all-cause mortality were
statistically significant; and for cold effects, 71 of
the 84 estimates were statistically significant.
Based on random-effects models in the meta-
analyses, we estimated that a 1 °C increase was
related to a 1.2% increase (95% CI: 1.1%, 1.3%)
in all-cause mortality, and 1 °C decrease was cor-
responded to a 2.6% increase (95% CI: 2.4%,
2.9%) in all-cause mortality.

We observed significant heterogeneity across
the study areas. For hot effects, one study in
Fuzhou reported a considerable positive associa-
tion between heat exposure and all-cause mortal-
ity (ER = 21.7%, 95% CI: 12.0%, 32.3%) [13],
while negative effect was observed in Lhasa
(ER = 7.9%, 95% CIL: —16.6%, 39.6%) and in
Urumgqi (ER =0.9%, 95% CI: —1.9%, 3.7%) [14].
For cold effects, study from Hong Kong reported
a positive but nonsignificant association between
cold exposure and all-cause mortality (ER =2.1%),
95% CI: -2.3%, 4.6%) [15]; however, a large pos-
itive effect was reported in Guangzhou
(ER =9.6%, 95% CI: 7.5%, 11.7%) [16].

2.3.2 Short-Term Effects
on Cardiovascular Mortality

A total of 70 individual effect estimates were iden-
tified by our literature search for the short-term
effects on cardiovascular mortality (Table 2.2).

Statistically significant associations between
temperature and cardiovascular mortality were
reported in most of the study cities. For hot
effects, 44 of the 72 estimates of all-cause mor-
tality were statistically significant; and for cold
effects, 56 of the 72 estimates were statistically
significant. We observed pooled ER for cardio-
vascular mortality for each 1 °C increment was
1.2% (95% CI: 1.0%, 1.3%); the pooled ER was
3.1% (95% CI: 2.7%, 3.5%) for each 1 °C
decrement.

Between-city heterogeneity was observed in
the short-term cardiovascular mortality effects
of temperature. For hot effects, studies from
Changsha reported a positive but nonsignificant
association between heat exposure and cardio-
vascular mortality (ER = 8.2%, 95% CI: —-14.1%,
36.4%) [17], and another study in Harbin also
reported the same results (ER = 2.1%, 95% CI:
—0.3%, 4.6%) [13], while a large effect was
observed in Kunming (ER = 14.3%, 95%CI:
3.8%, 25.8%) and Guangzhou (ER = 22.6%,
95% CI: 10.2%, 36.4%) [17]. For cold effects,
the positive relationships were observed between
cold exposure and cardiovascular mortality in
Nanjing (ER =5.1%, 95% CI: 1.6%, 16.4%) and
Chengdu (ER = 3.5%, 95% CI: 1.0%, 12.8%)
[18], while large but nonsignificant results were
found in Zhuhai (ER = 10.3%, 95% CI: —6.5%,
30.0%) [17].

2.3.3 Short-Term Effects
on Respiratory Mortality

We finally included 60 individual effect estimates
in our meta-analysis to investigate the short-term
effects on respiratory mortality (Table 2.3).

A number of study cities presented signifi-
cant relationships between temperature and
respiratory mortality. For hot effects, 29 of the
60 estimates of all-cause mortality were statisti-
cally significant; and for cold effects, 45 of the
60 estimates were statistically significant. The
short-term effects of heat exposure on the respi-
ratory mortality were 1.5% (95% CI: 1.2%,
1.9%), and the short-term effects of cold expo-
sure on the respiratory mortality were 3.3%
(95% CI: 2.8%, 3.9%).
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Table 2.1 Summary of studies on the all-cause mortality effects of ambient temperature

Study Location Period year Hot effects Cold effects
Chan (2010) Hong Kong 1998-2006 5.5(2.2,9.0) 2.1(-2.3,4.6)
Wu (2013) Zhuhai 2006-2010 2.3(04,4.2) 11.1 (7.8, 14.5)
Wu (2013) Guangzhou 2006-2010 29(2.0,3.9) 9.6 (7.5,11.7)
Wu (2013) Changsha 2006-2009 2.0(0.3,3.7) 6.1(2.3,9.9)
Wu (2013) Kunming 2006-2009 1.7 (0.4, 3.0) 4.4 (3.3,5.6)
Pei (2011) Fuzhou 2004-2007 21.7 (12.0, 32.3) 21.7 (12.0, 32.3)
Pei (2011) Shantou 2005-2007 2.8(1.1,4.6) 2.8(1.1,4.6)
Guo (2011) Tianjin 2005-2007 2.0(0.7,3.4) 3.0(0.9,5.2)
Zhang (2014) Shanghai 2001-2008 1.6 (1.3,2.0) 2.0(1.7,2.3)
Ma (2016) Nanjing 2008-2010 1.2(1.0,1.4) 3.0(1.3,6.5)
Ma (2016) Chengdu 2008-2010 1.0 (1.0, 1.1) 2.8(1.1,7.0)
Zhang (2016) Wuhan 2003-2010 17.7 (12.6,22.9) 24(1.7,3.1)
Lin (2015) Taiwan 2000-2008 1.1(0.9,1.4) 1.2(1.1,1.3)
Zhang (2017) Tianmen 2009-2012 1.2(1.1,14) 2.2(1.5,3.3)
Zhang (2017) Yingcheng 2009-2012 1.2(1.1,1.4) 1.9(1.2,3.1)
Zhang (2017) Macheng 2009-2012 1.1 (0.9, 1.2) 1.3(0.8,2.2)
Zhang (2017) Waufeng 2009-2012 1.0 (1.0, 1.0) 1.3 (0.6, 2.8)
Zhang (2017) Gucheng 2009-2012 1.0 (0.9, 1.1) 0.9 (0.5, 1.6)
Li (2016) Chongqing 2010-2013 3.0(2.0,5.0) 6.0 (4.0, 8.0)
Ma (2014) Xi’an 2001-2004 2.7(-0.0,5.5) 2.3(0.9,3.8)
Ma (2014) Shenyang 2005-2008 3.0(1.1,5.0) 0.9 (0.0, 1.7)
Ma (2014) Lanzhou 2004-2008 0.1 (-2.7,3.0) —0.5(-1.5,0.6)
Ma (2014) Hangzhou 2002-2004 1.0 (-3.4,5.6) 1.8 (-1.0,4.7)
Ma (2014) Anshan 2001-2004 3.3(0.3,6.3) 0.8 (-0.7,2.4)
Huang (2015) Beijing 2006-2011 1.0 (0.2, 1.8) 3.3(0.2,6.6)
Huang (2015) Xuanhua 2006-2011 1.9 (0.6, 3.3) 3.6(1.2,6.1)
Huang (2015) Taiyuan 2006-2011 0.9 (-0.1, 1.9) 7.4 (5.0, 9.8)
Huang (2015) Huguan 2006-2011 1.0 (-0.4,2.4) 5.4(3.0,7.9)
Huang (2015) Hohhot 2006-2011 1.0 (-0.2,2.2) 11.0 (7.1, 14.9)
Huang (2015) Bayannur 2006-2011 0.5 (=0.5, 1.5) 7.9 (5.2, 10.7)
Huang (2015) Dalian 2006-2011 0.8 (=0.0, 1.6) 1.7 (0.4, 3.0)
Huang (2015) Fengcheng 2006-2011 0.5 (=0.6, 1.5) 2.8 (0.6,5.0)
Huang (2015) Fuxin 2006-2011 1.3(-1.5,4.1) 2.3(0.7,3.8)
Huang (2015) Changchun 2006-2011 0.7 (0.1, 1.2) 0.7 (=0.6, 2.0)
Huang (2015) Jilin 2006-2011 0.8 (-0.2, 1.8) 2.5(0.5,4.5)
Huang (2015) Harbin 2006-2011 9.9(6.7,13.2) 1.7 (0.7, 2.6)
Huang (2015) Suzhou 2006-2011 4.8(2.9,6.7) 2.8(1.4,4.2)
Huang (2015) Zhangjiagang 2006-2011 0.5(-0.1, 1.8) 23(1.2,3.4)
Huang (2015) Jinhu 2006-2011 0.9 (-0.3,2.1) 2.6 (0.9,4.4)
Huang (2015) Xiangshui 2006-2011 0.5(-2.2,3.2) 3.0(1.0, 5.0
Huang (2015) Anji 2006-2011 0.9 (-0.3,2.1) 4.0(2.6,5.5)
Huang (2015) Anqing 2006-2011 1.9(0.0,3.8) 2.1(-0.2,4.5)
Huang (2015) Jingxian 2006-2011 -04(-2.1,1.2) 3.1(1.1,5.1)
Huang (2015) Huian 2006-2011 3.1(-0.5,6.7) 4.4 (2.5,6.3)
Huang (2015) Qiandao 2006-2011 0.8 (0.0, 1.6) 1.5 (-1.0,4.0)
Huang (2015) Yantai 2006-2011 1.5(0.7,2.3) 1.9(0.1,3.7)
Huang (2015) Penglai 2006-2011 1.8(0.9,2.7) 0.9 (=0.8,2.7)

(continued)
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Table 2.1 (continued)

Study Location Period year Hot effects Cold effects
Huang (2015) Tanghe 2006-2011 1.5(0.1,2.9) 3.0(0.8,5.1)
Huang (2015) Gucheng 2006-2011 0.8 (=0.7,2.3) 3.7(1.7,5.7)
Huang (2015) Liuyang 2006-2011 1.1(0.3,1.9) 4.2 (3.1,5.2)
Huang (2015) Pingjiang 20062011 2.9(0.3,5.7) 1.7 (0.1, 3.4)
Huang (2015) Sihui 2006-2011 0.4 (-1.0,1.7) 4.7(29,6.4)
Huang (2015) Wuhua 2006-2011 2.5(1.2,3.8) 4.2(25,5.9)
Huang (2015) Binyang 2006-2011 1.1 (=3.5,5.8) 3.3(2.0,4.5)
Huang (2015) Hepu 2006-2011 2.6 (0.6,4.7) 5.8 (4.0,7.6)
Huang (2015) Pengzhou 2006-2011 1.1 (=0.1,2.3) 3.1(1.6,4.6)
Huang (2015) Zizhong 2006-2011 2.4(1.3,3.5) 6.0 (4.1,7.9)
Huang (2015) Xichong 2006-2011 1.4 (-0.1,2.8) 5.3(2.6,8.1)
Huang (2015) Zunyi 20062011 1.1 (=0.1,2.3) 3.8(2.2,54)
Huang (2015) Meitan 20062011 0.5(-0.7, 1.8) 5.1(2.6,7.6)
Huang (2015) Yuxi 20062011 1.0 (-0.4,2.3) 3.0 (0.6, 5.6)
Huang (2015) Guangnan 2006-2011 0.7 (-0.7, 2.0) 3.0(1.5,4.6)
Huang (2015) Lhasa 2006-2011 7.9 (—16.6, 39.6) 3.1(-1.3,7.7)
Huang (2015) Zhangye 2006-2011 0.0 (-1.9,2.0) 0.8 (=04, 2.0)
Huang (2015) Xining 2006-2011 0.1(-14,1.6) 0.5 (-2.6,3.7)
Huang (2015) Yinchuan 2006-2011 0.9 (-0.3,2.2) 5.1(3.3,7.0)
Huang (2015) Zhongwei 2006-2011 0.3(=0.7, 1.4) 0.6 (=1.0,2.3)
Huang (2015) Urumgqi 2006-2011 0.9 (-1.7,3.7) 1.3 (=0.0, 2.7)
Huang (2015) Anyang 2006-2011 1.3 (1.0, 1.6) 2.9(1.8,4.7)
Huang (2015) Xiangyang 20062011 1.2(1.0, 1.3) 1.6 (1.1,2.2)
Huang (2015) Qigihar 2006-2011 1.0 (0.8, 1.2) 1.1(0.6,2.2)
Huang (2015) Baoji 2006-2011 1.2(0.9, 1.5) 1.8 (1.2,2.7)
Huang (2015) Neijiang 2006-2011 1.3 (1.1, 1.5) 1.7(1.4,2.2)
Huang (2015) ‘Wenshan 20062011 1.1 (1.0, 1.2) 1.8(1.4,2.3)
Huang (2015) Nanxiong 2006-2011 1.2 (1.1, 1.3) 2.3(1.7,3.0)
Huang (2015) Changzhi 2006-2011 1.2(0.9, 1.5) 3.2(2.0,5.1)
Huang (2015) Quanzhou 2006-2011 1.2 (1.1, 1.3) 2.0(1.5,2.6)
Huang (2015) Ankang 2006-2011 1.0 (0.8, 1.2) 2.8 (1.7,4.5)
Huang (2015) Huai’an 2006-2011 1.2(1.0, 1.4) 1.8 (1.3, 2.5)
Huang (2015) Yueyang 2006-2011 1.1 (0.9, 1.3) 1.4 (1.0, 1.8)
Huang (2015) Chuzhou 2006-2011 1.1 (0.9, 1.3) 2.1(1.5,2.9)
Huang (2015) Jiamusi 2006-2011 1.3 (1.1,1.4) 1.5(1.2,2.0)
Huang (2015) Huzhou 20062011 1.2(1.0, 1.4) 2.3(1.8,3.1)

Different regions show heterogeneity on the
short-term respiratory mortality effects of temper-
ature. For example, the estimated effect of a 1 °C
increment on respiratory mortality was 13.4%
(95% CI: 6.3%, 19.8%) in Fuzhou, while another
study in Hong Kong found non-statistically sig-
nificant association (ER = 1%, 95% CI. 4.1%,

6.4%) [13, 15]. In addition, one study demon-
strated a large significant cold effect on respiratory
mortality (ER = 9.3%, 95% CI: 1.7%, 17.4%) in
Tianjin [10], while one study in Taiwan has not
found statistically significant association between
cold temperature and respiratory mortality
(ER =1.5%, 95% CI: -0.1%, 3.2%) [19].
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Table 2.2 Summary of studies on the cardiovascular mortality effects of ambient temperature

Study Location Period year Hot effects Cold effects
Chan (2010) Hong Kong 1998-2006 8.5(1.4,16.2) 4.4 (-4.1,13.7)
Zeng (2012) Zhuhai 2006-2010 25.9(10.4, 43.6) 10.3 (6.5, 30.0)
Zeng (2012) Guangzhou 2006-2010 13.4 (4.7, 23) 22.6 (10.2, 36.4)
Zeng (2012) Kunming 2006-2009 —-0.8 (—4.5,3.0) 14.3 (3.8, 25.8)
Pei (2011) Fuzhou 2004-2007 12.8 (6.3, 19.8) 12.8 (6.3, 19.8)
Guo (2011) Tianjin 2005-2007 2.8(1.0,4.7) 4.1(1.1,7.1)
Zhang (2014) Shanghai 2001-2008 2.0(1.5,2.6) 20.8 (2.3,3.2)
Ma (2016) Nanjing 2008-2010 1.2 (1.0, 1.5) 5.1(1.6,16.4)
Ma (2016) Chengdu 2008-2010 1.1 (1.0, 1.2) 3.5(10.0, 12.8)
Zhang (2016) Wuhan 2003-2010 21.6 (15.1,28.4) 3.7(2.6,4.7)
Lin (2015) Taiwan 2000-2008 1.2(0.7,2.1) 1.4 (1.1,1.7)
Yang (2015) Chaohu 2008-2011 2.92 (-2.19, 8.3) 1.1(04,1.7)
Yang (2015) Maanshan 2008-2011 4.9(-0.1,10.1) 2.2(1.6,2.8)
Yang (2015) Tianchang 2008-2011 2.1(-2.6,6.9) 0.9 (-0.1, 1.9)
Huang (2017) Hefei 2008-2011 4.5(1.2,7.9) 4.1(1.9,6.2)
Huang (2017) Changsha 2008-2011 4.4 (1.4,7.5) 4.9(2.9,6.9)
Huang (2017) Nanning 2008-2011 9.8 (=1.7,18.7) 2.8(0.7,5.1)
Huang (2017) Haikou 2008-2011 4.2 (-13.9,17.8) 5.8(1.2,10.7)
Li (2016) Chongqing 2010-2013 5.0 (3.0, 7.0) 9.0 (6.0, 12.0)
Huang (2015) Beijing 20062011 1.9(0.6,3.1) 5.1(1.1,9.3)
Huang (2015) Xuanhua 2006-2011 1.6 (-0.1, 3.3) 3.7(-0.1,7.6)
Huang (2015) Hohhot 2006-2011 1.8(0.3,3.2) 13.4 (7.9, 19.1)
Huang (2015) Bayannur 2006-2011 -0.4 (-1.5,0.8) 9.4 (5.8,13.2)
Huang (2015) Dalian 2006-2011 5.3(2.1,8.5) 3.9(1.8,5.9)
Huang (2015) Fengcheng 2006-2011 0.4 (0.8, 1.5) 39(1.2,6.7)
Huang (2015) Fuxin 2006-2011 0.4 (-0.5,1.2) 2.0(0.3,3.7)
Huang (2015) Changchun 2006-2011 0.6 (0.1, 1.3) 0.9 (-0.8,2.7)
Huang (2015) Jilin 2006-2011 3.9(-0.5,8.5) 1.8(-0.5,4.2)
Huang (2015) Harbin 20062011 1.3 (0.7, 1.9) 0.6 (0.6, 1.8)
Huang (2015) Yian 2006-2011 —-0.1 (-1.0,0.8) 24.6 (6.3, 46.1)
Huang (2015) Zhangjiagang 2006-2011 1.6 (0.4,2.8) 2.7(0.8,4.7)
Huang (2015) Jinhu 2006-2011 0.7 (-2.5,3.9) 43(1.5,7.1)
Huang (2015) Hangzhou 2006-2011 1.3(-1.2,3.8) 2.8(-0.1,5.9)
Huang (2015) Anji 2006-2011 1.1(-3.5,5.9) 6.2 (3.7,8.7)
Huang (2015) Huian 2006-2011 0.5 (-6.1,7.6) 44(1.5,74)
Huang (2015) Nanchang 2006-2011 1.4 (-0.1,2.9) 4.2(0.2,8.4)
Huang (2015) Wuning 2006-2011 -1.0(-7.8,6.2) 7.7 (4.7,10.7)
Huang (2015) Qiandao 2006-2011 2.1(0.4,3.9) 3.1(04,5.8)
Huang (2015) Penglai 2006-2011 1.6 (0.3,2.8) 2.3(-0.1,4.7)
Huang (2015) Tanghe 20062011 1.5(0.3,2.7) 3.7(1.3,6.1)
Huang (2015) Xinyang 2006-2011 1.1(-0.1,2.4) 3.8 (1.6, 6.0)
Huang (2015) Liuyang 2006-2011 1.8 (—1.0, 4.6) 4.9 (3.6,6.2)
Huang (2015) Pingjiang 2006-2011 4.4(1.3,7.7) 2.0 (-0.0,4.1)
Huang (2015) Wuhua 2006-2011 1.3(-0.1,2.7) 3.9(1.9,6.0)
Huang (2015) Binyang 2006-2011 2.6 (=2.7,8.1) 4.4(2.7,6.1)
Huang (2015) Hepu 2006-2011 2.2(-0.6,5.2) 5.2(2.8,7.6)
Huang (2015) Zizhong 2006-2011 1.3(0.2,2.4) 5.0(2.6,7.4)

(continued)
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Table 2.2 (continued)

Study Location Period year Hot effects Cold effects
Huang (2015) Xichong 2006-2011 0.2(-1.3,1.6) 5.2 (1.6, 8.9)
Huang (2015) Zunyi 2006-2011 1.0 (-04,2.4) 4.1(1.7,6.5)
Huang (2015) Meitan 2006-2011 0.3 (1.1, 1.7) 1.7 (-0.7,4.2)
Huang (2015) Guangnan 20062011 —0.6 (—1.7,0.6) 3.5(1.1,5.9)
Huang (2015) Lhasa 2006-2011 —1.5(-38.2,56.9) 6.7 (—0.2, 14.1)
Huang (2015) Tongchuan 20062011 1.5(=0.2,3.3) 4.1(0.7,7.5)
Huang (2015) Zhangye 2006-2011 0.3(-2.2,3.3) 04(-14,2.2)
Huang (2015) Xining 20062011 3.2(-4.0,10.9) 2.1(-54,10.3)
Huang (2015) Zhongwei 20062011 —-0.0 (—-1.2, 1.1) 0.8 (—1.4,3.1)
Huang (2015) Urumgqi 2006-2011 0.5 (-0.5, 1.6) 0.3(-1.8,2.3)
Huang (2015) Anyang 20062011 1.1 (1.0, 1.6) 3.1(1.8,5.3)
Huang (2015) Xiangyang 20062011 1.1 (0.9, 1.4) 1.6 (1.0,2.4)
Huang (2015) Qiqihar 2006-2011 0.9 (0.7, 1.2) 0.7 (0.3, 1.5)
Huang (2015) Baoji 2006-2011 1.4 (1.0, 1.8) 1.4 (0.8,2.4)
Huang (2015) Neijiang 20062011 1.3 (1.1, 1.5) 1.6 (1.2,2.2)
Huang (2015) Wenshan 2006-2011 1.0 (0.9, 1.2) 1.8 (1.2,2.7)
Huang (2015) Nanxiong 2006-2011 1.2(1.0, 1.4) 2.6 (1.6,4.0)
Huang (2015) Changzhi 2006-2011 1.2 (0.9, 1.6) 3.3(1.8,6.0)
Huang (2015) Quanzhou 2006-2011 1.1 (0.9, 1.3) 2.1(1.3,34)
Huang (2015) Ankang 20062011 0.9 (0.6, 1.3) 3.7(1.9,7.2)
Huang (2015) Huai’an 2006-2011 1.2 (1.0, 1.5) 2.4 (1.4,3.9)
Huang (2015) Yueyang 2006-2011 1.1 (0.9, 1.3) 1.4 (1.0, 2.0)
Huang (2015) Chuzhou 2006-2011 1.1 (0.9, 1.4) 2.4 (1.5,3.7)
Huang (2015) Jiamusi 2006-2011 1.3 (1.0, 1.6) 1.5(1.0,2.4)
Huang (2015) Huzhou 2006-2011 1.1 (0.9, 1.5) 3.3(2.1,5.2)

2.4 Discussion

In recent years there has been a great increase in
interest in time-series studies of temperature and
mortality. Increasing evidence showed statisti-
cally significant associations between tempera-
ture and mortality. While less attention has been
paid to the effects of temperature in China, most
of studies have focused on the effects of tempera-
tures in a single city or only a few cities. In this
meta-analysis, we identified 18 studies on the
short-term associations between temperature and
mortality among Chinese population. We aim to
identify and quantify the association between
temperatures and mortality among Chinese popu-
lation through a systematic review and
meta-analysis.

To our knowledge, this is the first meta-
analysis to quantitatively assess the estimates of

ambient temperature effects on mortality among
Chinese population. In this analysis, we com-
bined 84, 72, and 60 individual effect estimates
on the all-cause mortality, cardiovascular disease,
and respiratory disease. The results reveal a sta-
tistically significant increase of mortalities asso-
ciated with a 1 °C increase (or decrease) in
ambient temperature.

Our estimates indicated that both hot and cold
temperature exposures have adverse effects on
mortalities. The pooled results show that a 1 °C
increase on hot days was related to a 1.2% (95%
CI: 1.1%, 1.3%) increase in all-cause mortality, a
1.2% (95% CI: 1.0%, 1.3%) increase in cardio-
vascular mortality, and a 1.5% (95% CI: 1.2%,
1.9%) increase in respiratory mortality, respec-
tively. And a 1 °C decrease was associated with a
2.6% increase (95% CI: 2.4%, 2.9%) in all-cause
mortality, 3.1% (95% CI: 2.7%, 3.5%) increase
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Table 2.3 Summary of studies on the respiratory mortality effects of ambient temperature

Study Location Period year Hot effects Cold effects
Chan (2010) Hong Kong 1998-2006 1.0 (-4.1,6.4) 0.0 (-3.6,4.1)
Pei (2011) Fuzhou 2004-2007 13.4 (6.3, 19.8) 13.4 (6.3, 19.8)
Guo (2011) Tianjin 2005-2007 3.4(-0.8,7.7) 9.3(1.7,17.4)
Wang (2009) Shenyang 1992-2000 0.2 (0.0, 0.3) 0.5 (04, 0.5)
Zhang (2014) Shanghai 2001-2008 2.0 (1.0, 3.0) 2.0 (1.0, 3.0)
Ma (2016) Nanjing 2008-2010 1.3(1.1,2.1) 0.1 (0.0, 0.7)
Ma (2016) Chengdu 2008-2010 1.0 (0.8, 1.1) 5.3(1.3,21.4)
Zhang (2016) Wuhan 2003-2010 19.4 (6.0, 34.5) 3.9(1.6,6.2)
Chung (2009) Taiwan 1994-2007 1.5(=0.1,3.2) 1.5(=0.1,3.2)
Li (2016) Chongging 2010-2013 2.0 (-1.0,5.0) 6.0 (2.0, 11.0)
Huang (2015) Beijing 2006-2011 1.5(=0.5, 3.6) 1.9(-2.3,6.2)
Huang (2015) Qianxi 2006-2011 0.6 (—4.2,5.7) 7.4 (0.3, 15.0)
Huang (2015) Xuanhua 2006-2011 0.0(-1.8,1.9) 0.8 (-3.5,5.4)
Huang (2015) Huguan 2006-2011 1.8 (—1.2,4.8) 11.7 (6.0, 17.7)
Huang (2015) Bayannur 2006-2011 1.4 (-5.9,9.2) 3.9(0.3,7.7)
Huang (2015) Fengcheng 2006-2011 2.9(0.1,5.7) 13.3(0.2,28.1)
Huang (2015) Fuxin 2006-2011 2.1(-0.4,4.6) 5.6 (1.0, 10.3)
Huang (2015) Changchun 2006-2011 1.6 (0.1, 3.3) 0.7 (—13.4,17.0)
Huang (2015) Jilin 2006-2011 7.1(-5.4,21.2) 0.8(=5.9,7.9)
Huang (2015) Harbin 2006-2011 0.7 (-0.3, 1.8) 2.7(=2.0,7.6)
Huang (2015) Jinhu 2006-2011 2.7(-3.0,8.9) 5.1 (=0.0, 10.5)
Huang (2015) Xiangshui 2006-2011 0.0 (=6.6,7.1) 1.6 (=3.0, 6.5)
Huang (2015) Tongxiang 20062011 2.3(04,4.3) 5.012.4,7.7)
Huang (2015) Huian 2006-2011 1.6 (—1.1,4.5) 9.9(3.8,16.4)
Huang (2015) Wuning 2006-2011 4.2 (—4.8, 14.0) 2.8(—1.8,7.6)
Huang (2015) Yantai 2006-2011 42(1.2,7.2) 6.5(=0.9, 14.4)
Huang (2015) Tanghe 2006-2011 1.2 (=0.9,3.3) 3.9(0.2,7.7)
Huang (2015) Xinyang 2006-2011 3.1(0.1,6.2) 8.7(4.9,12.8)
Huang (2015) Gucheng 20062011 1.5(-1.1,4.2) 8.2 (3.8,12.7)
Huang (2015) Liuyang 2006-2011 1.4 (0.2,2.7) 5.1(3.2,7.1)
Huang (2015) Pingjiang 2006-2011 1.3 (=0.3,3.0) 29(0.4,55)
Huang (2015) Sihui 2006-2011 7.3 (=0.8,16.1) 6.7 (3.9,9.6)
Huang (2015) Wuhua 2006-2011 3.2(1.4,5.0) 3.6(0.9,64)
Huang (2015) Hepu 2006-2011 2.6 (—0.4,5.7) 5.6 (2.6,8.7)
Huang (2015) Pengzhou 2006-2011 0.0 (-1.2, 1.3) 2.0(-0.5,4.7)
Huang (2015) Zizhong 2006-2011 1.4 (0.0, 2.9) 7.0 (3.6, 10.6)
Huang (2015) Xichong 2006-2011 2.1(0.2,4.0) 8.5(3.8,13.3)
Huang (2015) Zunyi 20062011 2.4(0.5,4.2) 5.7 (2.6,9.0)
Huang (2015) Meitan 2006-2011 4.1 (-3.3,12.1) 4.2 (1.0,7.4)
Huang (2015) Guangnan 20062011 0.6 (—0.9,2.2) 3.6 (1.3,6.0)
Huang (2015) Meixian 2006-2011 1.2(-1.7,4.2) 5.2(0.2,10.5)
Huang (2015) Hanyin 2006-2011 5.3(=3.2,14.6) 6.7 (0.5, 13.2)
Huang (2015) Zhangye 2006-2011 3.4 (-0.5,7.6) 2.6 (0.6, 4.6)
Huang (2015) Yinchuan 2006-2011 1.4 (=7.7,11.4) 1.9 (-1.7,5.6)
Huang (2015) Urumgqi 2006-2011 1.3 (1.0, 1.6) 3.9 (—0.6, 8.6)
Huang (2015) Anyang 2006-2011 1.3 (0.9, 1.8) 3.1(1.6,6.1)
Huang (2015) Xiangyang 2006-2011 1.4 (0.9, 1.9) 2.8(1.4,5.7)

(continued)
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Table 2.3 (continued)

Study Location Period year Hot effects Cold effects
Huang (2015) Qiqihar 2006-2011 1.1 (0.6, 2.0) 0.9 (0.2,5.8)
Huang (2015) Baoji 2006-2011 1.1(0.6,2.1) 3.0(1.1,7.7)
Huang (2015) Neijiang 2006-2011 1.3 (1.0, 1.6) 1.7 (1.1, 2.6)
Huang (2015) Wenshan 2006-2011 1.1 (1.0, 1.3) 2.0(14,2.9)
Huang (2015) Nanxiong 20062011 1.3 (1.0, 1.6) 3.3(2.0,54)
Huang (2015) Changzhi 2006-2011 1.5(0.9,2.7) 8.9 (3.1, 25.6)
Huang (2015) Quanzhou 2006-2011 1.4 (1.0, 1.8) 3.3(1.5,7.5)
Huang (2015) Ankang 2006-2011 1.2 (0.7,2.2) 3.6(1.3,9.6)
Huang (2015) Huai’an 2006-2011 1.4(0.9,2.2) 2.2(0.8,5.9)
Huang (2015) Yueyang 2006-2011 1.3 (1.0, 1.6) 1.9 (1.2,3.0)
Huang (2015) Chuzhou 2006-2011 1.2(0.7,1.9) 1.7 (0.7, 4.0)
Huang (2015) Jiamusi 2006-2011 1.4 (1.1,2.0) 2.7(1.5,4.8)
Huang (2015) Huzhou 2006-2011 1.2 (0.8, 1.8) 1.9 (1.0, 3.6)

in cardiovascular mortality, and 3.3% (95% CI:
2.8%, 3.9%) increase in respiratory mortality,
respectively. The results show a statistically sig-
nificant increase of mortalities associated with a
1 °C increase or a 1 °C decrease in ambient tem-
perature among Chinese population.

We found that hot effects and cold effects
were different, in which heat temperatures have a
smaller effect on mortality than cold tempera-
tures. Furthermore, the hot effects of all-cause
mortality, cardiovascular disease, and respiratory
disease were the same, while the cold effects
show differences, with the largest cold effects on
respiratory disease.

The pooled estimates from this meta-analysis
are consistent with same previous studies. For
example, a meta-analysis published in 2013 sum-
marized that cold effects were relatively larger
than hot effects, which reported an ER of all-
cause mortality increased by 2.0% (95% CI:
1.0%, 3.0%) for the heat exposure and 4.0%
(95% CI: 2.0%, 7.0%) for the cold exposure [20].
And another systematic review and meta-analysis
were conducted; the risk of cardiovascular mor-
tality increased by 5.5% (95% CI: 5.0%, 6.0%)
for the cold exposure and 1.3% (95% CI: 1.1%,
1.5%) for the heat exposure [21]. Conversely, few
studies observed larger hot effect than cold effect.
For example, Zhang’s study in Wuhan observed
larger hot effect on mortalities than cold effect
(all-cause mortality, 25.2% vs. 1.7%; cardiovas-
cular mortality, 34.1% vs. 3.0%; respiratory mor-
tality, 24.3% vs. 1.1%) [22].

The results of our meta-analysis reveal rela-
tively stronger association between cold expo-
sure and respiratory mortality. Series of studies
also reported the same results, for example, a
study in Dublin observed larger effects on
respiratory mortality than all-cause mortality
and cardiovascular mortality [23]. The underly-
ing mechanism was still unclear and may be
due to a synergy between temperature and air
pollution on the respiratory system but not on
the cardiovascular system. This result suggests
that we should strengthen the protection and
prevention among people suffering from
chronic cardiovascular or respiratory diseases
in China.

We conducted a number of sensitivity analy-
ses to examine the robustness of the effect esti-
mation; the results were shown in Table 2.4.
When excluding single study with the largest or
smallest effect, we observed generally consistent
associations between short-term exposure to heat
(or cold) temperature and mortalities. For exam-
ple, when excluding the largest hot effect of all-
cause mortality, the estimate still stables
(ER = 1.2%, 95% CI. 1.1%, 1.3%). We also
obtained robust effects when we alternatively
used fixed-effect meta-analysis.

All outcomes showed substantial (/> = 67.31—
94.17%) and statistically significant heterogene-
ity in the point estimates for temperature among
included studies. The results of Egger’s tests
revealed that there was significant publication
bias in the meta-analyses (Table 2.5).
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Table 2.4 Sensitivity analyses for the pooled estimates of temperature (per 1 °C increment or decrement) on

mortalities

Hot effects Cold effects
Models All-cause Cardiovascular Respiratory All-cause Cardiovascular Respiratory
Model A | 1.2(1.1,1.3) |1.2(1.0,1.3) 1.5(1.2,1.9) 2.6(24,29) [3.1(2.7,3.5) 3.3(2.8,3.9)
Model B |1.2(1.1,1.3) |1.2(1.0,1.3) 1.5(1.2,1.9) 2.6(23,29) |3.1(2.7,3.5) 3.3(2.7,3.8)
Model C | 1.2(1.1,1.3) |1.2(1.0, 1.3) 1.6 (1.3,1.9) 2.7(24,3.0) |3.1(2.7,3.5) 3.4(2.8,3.9)
Model D |1.1(1.0,1.1) |1.1(1.1,1.2) 1.2(1.1,1.2) 1.6(1.5,1.6) |2.1(1.9,2.2) 2.6(1.8,3.3)

A: all studies were included; B: the study with the largest effect size was excluded; C: the study with the smallest effect

size was excluded; and D: fixed-effect meta-analysis

Table 2.5 Heterogeneity and publication bias of included studies

Hot effects Cold effects

All-cause | Cardiovascular | Respiratory | All-cause | Cardiovascular | Respiratory
Number of cities 84 72 60 84 72 60
Heterogeneity
P 86.31% |67.31% 78.71% 94.17% 83.69% 87.56%
p-value 0.00 0.00 0.00 0.00 0.00 0.00
Publication bias
Egger’s regression test, 0.00 0.00 0.00 0.00 0.00 0.00
p-value

Previous epidemiologic evidence showed that
climatological, socioeconomic, demographic,
community-level, and individual factors have a
role in modification of the association between
temperature and mortality [24, 25].

A great number of studies demonstrated that
age group might modify the relationship
between temperature and mortality. One study
in China reported larger mortality effect of tem-
perature in older age group than younger age
group [24]. This evidence has also been observed
in several previous studies [26-28]. For exam-
ple, Ma’s study in Shanghai reported increasing
trend in risk with age in temperature, which
clarifies the elderly to be the most vulnerable to
the short-term exposure of temperature. The
underlying reasons might be that pre-existing
disorders and difficulty in thermoregulation
come with age [29, 30].

Gender was usually considered a potential
effect modifier. One study in China found higher
risk of dying among females than males [24].
Another study in Australia reported effect esti-
mate among females was even more than 20
times that among males [28]; and one study in
Suzhou also support this view [31]. One previous

experimental study reported that one possible
mechanism might be that female were more heat
intolerant than male possibly due to sex-specific
differences in thermoregulatory and physiologi-
cal mechanisms [32].

A series of evidence demonstrated that com-
munity-level factors could modify the relation-
ship between temperature and mortality [14, 25,
33], such as population density, green coverage,
economic situation, educational level and adap-
tive capacity. For example, Huang’s study
observed higher mortality risk in areas with a
lower educational level, which is consistent
with previous studies [34, 35]. One possible rea-
son might be that higher educated people tend to
pay more attention to their health.

One interesting finding was that 1-degree
change for latitude could influence the relation-
ship between ambient temperature and mortal-
ity. A great number of studies observed that
higher-latitude countries demonstrated higher
effects of heat temperature on the risk of mortal-
ity, while it showed lower effects of cold tem-
perature on the risk of mortality [36, 37]. The
underlying reason might be that residents in
high-latitude regions usually live in colder envi-
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ronment for longer time compared with those in
low-latitude regions, so they are better adapted
to low temperatures, and are more vulnerable to
high temperatures.

2.5 Conclusion

Climate change could lead to serious public health
problems in China. This chapter quantitatively
estimated the effects of ambient temperature expo-
sures on mortalities among Chinese population;
the pooled estimates were found to be statistically
significant for both heat and cold exposures and
mortality categories. For both hot and cold effects,
this study provided evidences to support the asso-
ciations between heat and cold exposures and the
risk of mortality from all-cause, cardiovascular,
and respiratory mortality. In addition, we found
the cold effects were larger than hot effects among
Chinese population. We also found the pooled
cold effect on respiratory mortality was obviously
greater than all-cause and cardiovascular mortal-
ity. This meta-analysis suggests that more atten-
tion should be paid to the health effects caused by
cold weather, especially for people suffering from
cardiovascular and respiratory diseases in China.
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