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ABSTRACT
Objective To investigate the relationship between 
temperature extremes and daily number of deaths in 
Jinan, a temperate city in northern China.
Methods Data ondaily number of deaths and 
meteorological variables over the period of 2011–2014 
were collected. Cold spells or heat waves were defined 
as ≥3 consecutive days with mean temperature ≤5th 
percentile or ≥95th percentile, respectively. We applied 
a time-series adjusted Poisson regression to assess the 
effects of extreme temperature on deaths.
Results There were 152 150 non-accidental deaths over 
the study period in Jinan, among which 87 607 people died 
of cardiovascular disease, 11 690 of respiratory disease, 
33 001 of stroke and 6624 of chronic obstrutive pulmonary 
disease (COPD). Cold spells significantly increased the 
risk of deaths due to non-accidental mortality (RR 1.08, 
95% CI 1.06 to 1.11), cardiovascular disease (RR 1.06, 
95% CI 1.03 to 1.10), respiratory disease (RR 1.19, 
95% CI 1.11 to 1.27), stroke (RR 1.11, 95% CI 1.06 to 
1.17) and COPD (RR 1.27, 95% CI 1.16 to 1.38). Heat 
waves significantly increased the risk of deaths due to 
non-accidental mortality (RR 1.02, 95% CI 1.00 to 1.05), 
cardiovascular disease (RR 1.03, 95% CI 1.00 to 1.06) and 
stroke (RR 1.06, 95% CI 1.00 to 1.13). The elderly were 
more vulnerable during heat wave exposure; however, 
vulnerability to cold spell was the same for the whole 
population regardless of age and gender.
Conclusions Both cold spells and heat waves have 
increased the risk of death in Jinan, China.

INTRODUCTION
The Intergovernmental Panel on Climate 
Change (IPCC) has predicted that extreme 
temperature events will become more 
frequent and more intense as the global 
mean temperature rises.1 For example, the 
heat wave in 1987 in Athens and in 1995 in 
Chicago caused thousands of deaths.2 In 
Europe and Russia, an increase in the occur-
rence of extreme temperature events has 
been observed, such as the devastating heat 
waves in 2003 and 2010.3 4 Parts of eastern 
Asia also experienced an extremely hot 
summer in 2010.5 In 2014, parts of Canada 
and the Eastern United States experienced 

such an extreme period of cold weather that 
it broke 100-year low-temperature records 
in the USA (https://www. climate. gov/ 
news- features/ event- tracker/ polar- vortex- 
brings- cold- here- and- there- not- everywhere). 
In 2008, southern China experienced a severe 
continuous cold spell of a long duration, with 
estimated direct economic losses of more 
than US$22.3 billion. This event is considered 
a once in 50–100 years event.6 In the summer 
of 2013, the strongest intensity of heat waves 
since 1951 occurred in southern China.7

Temperature extremes are a threat to 
human health and are associated with 
increased mortality risk.8 9 The tempera-
ture-mortality relationship has been variously 
described as having U, V or J shapes, with 
increased mortality at cold and hot tempera-
tures.10 11 Increasing mortality due to extreme 
temperatures has been reported in many 
countries, for example, Europe, Russia, USA, 
Australia and China.12 13 There is a lack of 
studies in developing countries exploring the 
association between extreme temperature 
and mortality. Additionally, reported hetero-
geneity of the effects of extreme temperatures 
on mortality varies greatly across regions.6 14 
Limited studies have examined the impacts of 
extreme temperature on mortality in China 

The impact of temperature extremes 
on mortality: a time-series study in 
Jinan, China

Jing Han,1 Shouqin Liu,1 Jun Zhang,1 Lin Zhou,1 Qiaoling Fang,1 Ji Zhang,1 
Ying Zhang2,3 

To cite: Han J, Liu S, 
Zhang J, et al. The impact 
of temperature extremes on 
mortality: a time-series study 
in Jinan, China. BMJ Open 
2017;7:e014741. doi:10.1136/
bmjopen-2016-014741

 ►  Prepublication history and 
additional material are available. 
To view these files please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2016- 
014741)

Received 19 October 2016
Revised 7 February 2017
Accepted 10 March 2017

1Jinan Municipal Center for 
Disease Control and Prevention, 
Jinan, China
2School of Public Health, 
University of Sydney, Sydney, 
Australia
3Shandong University Centre 
for Climate Change and Health, 
Jinan, Shandong, China

Correspondence to
Dr Ying Zhang;  
 ying. zhang@ sydney. edu. au

Open Access Research

Strengths and limitations of this study

 ► This study was the first to examine the effects of 
both cold spells and heat waves on mortality in the 
city of Jinan, China.

 ► A large and recent database with  mortality data 
of >152 000 non-accidental deaths was analysed to 
achieve robust results.

 ► Air pollution levels were not included due to the 
unavailability of data.

 ► Ecological bias based on population data was 
inevitable. Generalisation of the study findings 
should be made with caution given that data from 
only one city were included in the study.
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and many previous studies were conducted in subtropical 
zones of southern China.15

Jinan, the capital of Shandong province in Eastern 
China, is located in a temperate climatic zone. Being 
surrounded by mountains in the south, Jinan has unique 
weather conditions with very hot summers and cold 
winters.16 However, there has been not a clear picture on 
the effects of both extreme cold and hot temperatures 
on mortality in the city, which was not included in the 
previous publication on weather mortality in 66 commu-
nities in China.15 Our previous study in Jinan found that 
heat waves significantly increased the risk of mortality and 
caused 24.88% excess non-accidental deaths.17 This study 
used more recent data to investigate the effect of both 
heat waves and cold spells on the daily number of deaths 
in Jinan. Furthermore, we have explored the effect of 
temperature extremes on vulnerable populations.

MATERIALS AND METHODS
Data collection
Jinan is located at latitude 36° 40′N and longitude 116° 
57′E, with seven districts, and three counties. Its population 
was 7 067 900 in 2014 with an urban population of 4 693 700 
(Shandong Provincial Statistical Yearbook 2015). Jinan has 
a temperate climate with four well-defined seasons. The 
city is dry and nearly rainless in spring, hot and rainy in 
summer, crisp in autumn and dry and cold in winter. The 
average annual temperature is 14.70°C and average total 
annual rainfall is 670 mm (China Meteorological Adminis-
tration). 

Mortality data were obtained from the China Infor-
mation System for Death Register and the Report of 
Jinan Municipal Centre for Disease Control and Preven-
tion from 1 January 2011 to 31 December 2014. The 
mortality data were from 10 administrative divisions. 
We classified non-accidental mortality according to the 
International Classification of Diseases, 10th revision 
(ICD-10 codes A00–R99). Chronic obstructive pulmonary 
disease (COPD) (ICD-10 codes J40-J44, J47), cardiovas-
cular disease (ICD-10 codes I00–I99), respiratory disease 
(ICD-10 codes J00–J99) and stroke (ICD-10 codes I60-I69) 
were examined separately.

Daily meteorological data over the same period, 
including daily maximum, mean, and minimum tempera-
ture and relative humidity (RH), were obtained from 
the China Meteorological Data Sharing Service System 
(CMDSSS). We did not include air pollution levels in our 
model due to data unavailability.

Data analysis
Relationship between daily number of deaths and overall 
temperatures
A descriptive analysis was performed to understand the 
time-series characteristics of the daily number of deaths 
and meteorological variables over the study period. Given 
that previous studies have reported a non-linear relation-
ship between temperature and mortality, non-parametric 

Spearman correlation analysis was performed. Cross-cor-
relation analysis was also performed with relevant lag 
values given the potential lagged effect of temperature.

Relationship between daily number of deaths and temperature 
extremes
Analysis of temperature extremes was restricted to the 
winter seasons (November–March) and summer seasons 
(May–August) in 2011–2014 in this study. A heat wave was 
defined as a period of at least 3 consecutive days with daily 
mean temperature above the 95th percentile (29.0°C) from 
May to August during the study period; a cold spell was 
defined as a period of at least 3 consecutive days with daily 
mean temperatures below the 5th percentile (−3.8°C) from 
November to March during the study period. We did not 
investigate the risks due to different characteristics of heat 
waves and cold spells due to the similar features of these 
waves observed from this study area.

Independent-sample t-test was used to compare the 
difference of the average number of non-accidental 
deaths and cause-specific deaths between the cold spell/
heat wave exposure days and non-exposure days. Time-se-
ries adjusted Poisson regression was applied to quantify 
the impacts of a cold spell/heat wave on the daily number 
of deaths at different lag days. Contributing factors such 
as long-term and seasonal trends, day of week (DOW), 
RH and ambient temperature were controlled in the 
model as potential confounders. No over-dispersion was 
detected in our data, and the model used in the analysis 
can be described as:

Log[E(Yt)]=α+βTmint +ηDOWt+γStratat+λRHt+δEDt

where t is the day of the observation; Yt is the observed 
daily death counts on day t; α is the intercept; Tmin is 
mean temperature on day t, and β is vector of coefficients; 
DOW is day of the week on day t, and η is vector of coef-
ficients; Stratat is a categorical variable of the year and 
calendar month used to control for season and trends, 
and γ is vector of coefficients; RH is RH on day t, and 
λ is vector of coefficients; ED(exposure days)t is a binary 
variable that is ‘1’ if day t was an extreme temperature 
exposure day (cold spell/heat wave), and δ is the coeffi-
cient.

Relative risks were estimated by the regression. Popula-
tion vulnerability was examined based on age and gender 
of deceased cases.

All statistical tests were two-sided and values of p<0.05 
were considered statistically significant. Stata12 was used 
for the analysis.

RESULTS
Relationship between daily number of deaths and overall 
temperature
There were 152 150 total non-accidental deaths over 
the study period in Jinan, among which 87 607 persons 
(57.5%) died of cardiovascular disease, 11 690 (7.7%) of 
respiratory disease, 33 001 (21.7%) of stroke and 6624 
(4.3%) of COPD. The average daily number of deaths 
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observed was 104.1 for non-accidental mortality, 59.9 for 
cardiovascular disease, 8.0 for respiratory disease, 22.6 
for stroke and 4.5 for COPD. The average daily mean 
temperature and mean RH were 14.7°C (range −9.4°C to 
34°C) and 55% (range 13% to 100.0%), respectively. The 
5th and 95th percentiles of temperature were −3.6°C and 
29°C, respectively (table 1). Additionally, a clear seasonal 
distribution of daily number of deaths was observed 
for all categories of mortality with most cases occurring 
in winter (December-February) and the least cases in 
summer (June-August) (figure 1).

The cross-correlation analysis showed that all non-ac-
cidental and cause-specific deaths were significantly 
correlated with mean temperature with lagged effects 
ranging from 7 to 15 days (Table 2).

Relationship between daily number of deaths and 
temperature extremes
There were seven cold spells ranging from 3 to 6 days in 
duration in 2011–2014. The lowest minimum tempera-
ture and highest minimum temperature were −12.9°C and 
−3.2°C, respectively. Eight heat waves lasting a total of 39 
days were identified during the study period. The lowest 
maximum temperature and highest maximum tempera-
ture were 33.1°C and 39.1°C, respectively (table 3).

There were a total of 72 416 non-accidental deaths 
during winter seasons over the study period in Jinan. Of 
these deaths, 43 698 persons (60.3%) died of cardiovas-
cular disease, 6291 (8.6%) of respiratory disease, 15 973 
(22.1%) of stroke and 3786 (5.2%) of COPD. A total 
of 44 729 non-accidental deaths were reported during 
summer seasons over the study period, among which 
54.4% (24 369) of deaths were from cardiovascular 
disease, 6.9% (3106) from respiratory disease, 21.1% 
(9423) from stroke and 3.5% (1607) from COPD. Both 
cold spells and heat waves were associated with increased 

mortalities. Cold spells were statistically significant for all 
examined deaths, while for heat waves the significance 
was most pronounced for non-accidental and cardiovas-
cular mortality but not for the others (figure 2).

The Poisson regression models showed that cold 
spells significantly increased the risk of deaths due to 
non-accidental mortality (RR 1.08, 95% CI 1.06 to 1.11), 
cardiovascular disease (RR 1.06, 95% CI 1.03 to 1.10), 
respiratory disease (RR 1.19, 95% CI 1.11 to 1.27), stroke 
(RR 1.11, 95% CI 1.06 to 1.17) and COPD (RR 1.27, 
95% CI 1.16 to 1.38). The risk of deaths related to heat 
waves increased significantly for non-accidental mortality 
(RR 1.02, 95% CI 1.00 to 1.05), cardiovascular disease 
(RR 1.03, 95% CI 1.00 to 1.06) and stroke (RR 1.06, 95% CI 
1.00 to 1.13). Deaths from respiratory disease (RR 1.02, 
95% CI 0.93 to 1.11) and COPD (RR 1.04, 95% CI 0.92 to 
1.17) also increased during the heat waves, but the impact 
was not statistically significant (figure 3).

Cold spells significantly increased the risk of non-acci-
dental mortality in both genders and age groups. Heat 
waves increased the risk in both genders. The risk of 
mortality in elderly people (over 65 years) increased 
statistically during heat waves, but not in the younger 
(≤64 years) age group (Table 4).

DISCUSSION
In this study, we have examined the effects of tempera-
ture extremes, including both cold spells and heat waves, 
on deaths in Jinan, China from 2011 to 2014. Our results 
indicate both extreme cold and heat waves could increase 
the risk of deaths in the study area. The vulnerability of 
the population to temperature extremes varies depending 
on age and gender.

For heat waves, an increased risk of deaths has been 
found for non-accidental, cardiovascular and stroke 

Table 1 Summary of the daily number of deaths and weather conditions in Jinan, China, 2011–2014

Variables Mean SD Minimum 5th percentile 95th percentile Maximum

Death

  Non-accidental 104.1 22.4 57 75 149 210

  Cardiovascular 59.9 16.5 24 38 93 130

  Respiratory 8 4.1 0 3 16 26

  Stroke 22.6 6.8 5 13 35 46

  COPD 4.5 2.9 0 1 10 19

Weather variables

  Mean temperature 14.7 10.7 −9.4 −3.6 29 34

  Mean RH 55 20 13 24 90 100

Temperature(°C)

  Spring (March-May) 16 7.4 -8 3.9 26.3 34

  Summer (June-August) 26.5 2.8 16.3 21.6 30.9 33

  Fall (September-November) 15.3 6.3 -8 4.9 23.9 28

  Winter (December-February) 0.6 4.5 −9.4 −6.6 8.5 11.3

COPD, chronic obstructive pulmonary disease; RH, relative humidity.
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mortality. Our results have confirmed those from our 
previous study on heat waves and mortality. Moreover, 
those subjects above 65 years of age were observed to 
be more vulnerable during heat wave exposure. This 
finding is consistent with previous studies in Europe, 
Latin America and China.15 18 19 However, our estimates 
of increased mortality risk during heat waves are not as 
high as Ma’s study which was conducted in 66 communi-
ties in China.15 There are several possible reasons for this. 
First of all, techniques used to estimate increased risks for 
mortality varied across the studies. We applied a time-se-
ries adjusted Poisson regression rather than a time-series 

Figure 1 Seasonal distribution of daily number of deaths in Jinan, China. COPD, chronic obstructive pulmonary disease.

Table 2 Cross-correlation between mortality and daily 
mean temperature in Jinan, China

Mortality type
Maximum 
coefficient p Value

Lag time 
(days)

Non-accidental −0.656 0.000 15

Cardiovascular −0.678 0.000 15

Respiratory −0.551 0.000 14

Stroke −0.518 0.000 7

Chronic obstructive 
pulmonary disease

−0.544 0.000 14
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Table 3 Characteristics of cold spells and heat waves in Jinan, China

Year Date of start Duration (days)
Lowest minimum 
temperature (°C)

Highest minimum 
temperature(°C)

Maximum 
temperature(°C)

Cold spells

2011 Jan 14 6 −11.6 −3.2 3

Jan 22 3 −9 −4.5 5.4

2012 Jan 20 5 −10.7 −3.4 4

Feb 1 3 −10.4 −6.1 4.8

Dec 23 4 −11.8 −9.3 0

2013 Jan 2 4 −12.9 −9.5 5

2014 Feb 9 3 −11.2 −6.8 1.3

Heat waves

2011 Jul 22 3 33.4 36.8 25.7

2012 Jun 17 6 34.7 36.9 22.9

Jul 25 6 33.7 36.9 24.7

2013 Jul 6 3 34.5 37.2 22.2

Aug 4 4 33.1 35.6 22.2

Aug 11 6 34.6 38.2 21.0

2014 May 27 5 36 39.1 20.7

Jul 16 6 33.4 37.6 24

Figure 2 Comparison of the average daily number of deaths between cold spell/heat wave days and non-exposure 
days. COPD, chronic obstructive pulmonary disease.
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regression model combined distributed lag non-linear 
model (DLNM) used in Ma’s studies. The DLNM can 
estimate the cumulative effect in the existence of delayed 
contributions. But they used cumulative excess mortality 
risk of heat waves only at 0–1 lag days. Instead, we have 
examined the risk at various lag values. Moreover, Jinan 
often has particularly very hot summer days with unique 
geographic and environmental situations. Local residents 

may have developed adaptive behaviours to the heat, 
which could contribute to a reduced mortality risk.

The underlying factors of vulnerability are both social 
and medical. An ageing society means a higher prevalence 
of chronic and degenerative diseases. For the elderly, their 
physiological responses to the environment decreased with 
ageing and poor medication interacts with thermoregu-
lation. China is facing the challenges of a rapid growth 

Figure 3 Rate ratios of cold spells and heat waves on daily number of deaths in Jinan, China. Rate ratios were calculated as 
ratios between the number of deaths during the cold spell/heat wave days and the number during the non-cold spell/non-heat 
wave days. *p <0.05, **p <0.01. COPD, chronic obstructive pulmonary disease.
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in the number of old people, and has the largest elderly 
population in the world. In Jinan, the number of people 
above 65 has been reported to be 750 000, which accounted 
for 12.31% of the population by the end of 2014. Given 
the large ageing population in Jinan, this study has public 
health implications for improving the public health service 
for ageing people in a changing climate.

Cold spells have significantly increased the risk of 
death compared with non-cold spell periods. This 
finding is in agreement with previous studies in Europe 
and Russia. In our study, the significant effects of cold 
spells were identified by the increase in the number 
of deaths due to non-accidental mortality, cardiovas-
cular disease, respiratory disease, stroke and COPD. 
The cold spell effect for cause-specific mortality varies 
in different regions. In a study of the Eurowinter Group, 
the cold spell effect was found for deaths due to respi-
ratory causes but not for cardiovascular disease and 
ischaemic heart disease in warmer countries.20 In China, 
a 36-communities study found a more pronounced cold 
spell effect for respiratory mortality than for cardiovas-
cular or cerebrovascular mortality.6 Stronger associations 
with cardiovascular disease compared with respiratory 
mortality were observed in the USA and Ireland.21 22 A 
recent meta-analysis showed cold spells were associated 
with increased mortality from all non-accidental causes, 
especially from cardiovascular and respiratory diseases.23 
Our findings could be important for public health inter-
ventions in people with underlying chronic conditions 
such as cardiovascular disease, respiratory disease, stroke 
and COPD by addressing behavioural risk factors in the 
winter season. Besides, there is a need for specific cold 
spell prevention plans for the public health authorities in 
Jinan, which would enable mortality attributable to low 
temperatures to be reduced.

One interesting finding from our study is the higher 
vulnerability to cold among the younger age group (<65 
years) compared with the elderly (over 65 years). This 
finding seems to differ from those of previous studies that 
reported older people (over 65 years or 75 years) might 
be the most vulnerable.24 25 It indicates that population 
vulnerability to cold spells could vary depending on various 
study settings. Similar evidence was found in Ireland that 

young adults (18–64 years) with respiratory disease might 
be the most susceptible to cold related deaths.22 A study 
conducted in the Czech Republic reported cold spells had 
the greatest effect on young adult men (25–59 years) with 
cardiovascular disease.26 Occupational exposure might 
contribute to this  finding, given that older people tend to 
stay indoors during cold days, and thus avoid direct expo-
sure to low ambient temperatures. In addition, adaptive 
behaviours might be more likely to be undertaken by older 
residents in Jinan because of very cold winters historically. 
More research is required to identify the underlying reasons 
for the population vulnerability to cold in Jinan. Climate 
change, particularly global warming, has led to attention 
being particularly focused on the effect of heat and heat 
waves on human health. Cold spells, however, have had less 
attention from researchers. Studies have reported signifi-
cant increases in mortality during cold spells in different 
subpopulations in Bangladesh, the Netherlands, the Czech 
Republic and Russia (Moscow). Gasparrini et al found that 
the attributable deaths were more pronounced for low than 
for high temperatures in a multicountry study.27 Addition-
ally, a study using data from 15 European cities demonstrated 
that cold-related mortality is an important public health 
problem across Europe. It should not be underestimated 
by public health authorities because of the recent focus on 
heatwave episodes.28 In the UK, excess winter mortality has 
enjoyed prominent status in many aspects of public policy 
and research.29 Our finding has demonstrated that cold 
spells are  as important as heat waves in Jinan.

Given that climate change will bring more temperature 
extremes including cold spells, our study has public health 
implications for policy and practice for government at all 
levels, as well as community capacity building. Specifically, 
the findings of our study can assist in the development of 
adaptive strategies and policies with a focus on identified 
vulnerable populations in the community, including the 
refinement of current public health emergency response 
plans to focus on both very hot and very cold tempera-
tures. It could also inform the development of clinical 
guidelines and training programmes to doctors in order 
to improve health services during extreme temperature 
events, with a better understanding of the pathophys-
iological mechanisms in mediating the health effects 
of heat and cold. Building community resilience could 
also be supported with better preparation to reduce the 
number of temperature-related deaths.

Some limitations of the study should be acknowledged. 
First, the data were only from one city, and generalisation of 
the results to other regions should be viewed with caution. 
However, we also recognise the importance of local studies 
to assist decision making for local communities. The lessons 
learnt from Jinan could provide more evidence for other 
regions with similar conditions in China. Second, air pollu-
tion data, , for example ozone, was not available over the 
study period. In previous studies, the estimated temperature 
effects were slightly reduced or not changed when air pollu-
tion including ozone was controlled for.10 25Some studies 
also found a potential interaction between temperature 

Table 4 Gender and age specific risk of cold spells and 
heat waves on total non-accidental mortality in Jinan, China

Exposure 
period

RR of cold spell
(95% CI)

RR of heat wave
(95% CI)

Gender

  Male 1.09 (1.06 to 1.12)** 1.03 (1.00 to 1.07)*

  Female 1.12 (1.08 to 1.16)** 1.04 (1.00 to 1.07)*

Age (years)

  0–64 1.14 (1.09 to 1.19)** 0.97 (0.93 to 1.02)

  ≥65 1.08 (1.06 to 1.11)** 1.03 (1.01 to 1.06)**

*p<0.05, **p<0.01
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and ozone.30 However, there are also studies suggesting 
that the effects of air pollution on mortality could be much 
smaller than the temperature effects.31 32 Thus, the rela-
tionship that we detected between mortality and extremes 
of temperature might not be substantially confounded by 
the effects of air pollution. Third, ecological bias based 
on population data is inevitable. More studies could be 
conducted when individual level data, for example, more 
detailed age groups, living conditions, health status and 
socioeconomic status of deceased people, are available to 
be able to detect more detailed distribution of population 
vulnerability.

CONCLUSIONS
Our results provide more evidence regarding the health 
impacts of extreme temperatures including cold spells 
and heat waves. Our study suggests that the effect of cold 
on health should not be underestimated in Jinan city. The 
increasing number and intensity of temperature extremes 
(cold spells and heat waves) will have a deep impact on 
health. From the point of view of prevention, multidisci-
plinary cooperation aimed at avoiding or diminishing the 
effects of temperature extremes need to be carried out.
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