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Abstract

Background: A large number of studies have reported the relationship between ambient 
temperature and mortality. However, few studies have focused on the effects of high tem-
peratures on cardio-cerebrovascular diseases mortality (CCVDM) and their acute events (AC-
CVDM). 

Objective: To assess the threshold temperature and time lag effects on daily excess mortal-
ity in Harbin, China.

Methods: A generalized additive model (GAM) with a Poisson distribution was used to inves-
tigate the relative risk of mortality for each 1 °C increase above the threshold temperature 
and their time lag effects in Harbin, China. 

Results: High temperature threshold was 26 °C in Harbin. Heat effects were immediate and 
lasted for 0–6 and 0–4 days for CCVDM and ACCVDM, respectively. The acute cardiovascular 
disease mortality (ACVDM) seemed to be more sensitive to temperature than cardiovascular 
disease mortality (CVDM) with higher death risk and shorter time lag effects. The lag effects 
lasted longer for cerebrovascular disease mortality (CBDM) than CVDM; so did ACBDM com-
pared to ACVDM.

Conclusion: Hot temperatures increased CCVDM and ACCVDM in Harbin, China. Public 
health intervention strategies for hot temperatures adaptation should be concerned.

Keywords: Mortality; Hot temperature; Extreme heat; Weather; Cardiovascular system; 
Stroke; China

Introduction

During the 21st century, the earth 
surface temperature is rising and 
it will possibly surpass the safe 

threshold of 2 °C above the preindustrial 
average temperature.1 Climate change 
is projected to increase the global mean 

surface temperature by 2–4.5 °C with a 
probability of 76% and over 4.5 °C with a 
probability of 14% by 2100 with resultant 
increase in frequency, intensity and dura-
tion of heat waves.2 Increasing tempera-
ture can directly or indirectly affect human 
health.3,4 For example, in Australian cities, 
approximately two deaths per 100 000 
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population were associated with hot tem-
perature every year and heat-related mor-
tality was projected to increase to around 
eight per 100 000 population per year.5 
In the 2003 France heat wave, there were 
3096 extra-deaths6 and at least 700 excess 
deaths attributed to heat wave in 1995 Chi-
cago.7 Therefore, heat-related mortality 
has become an environmental issue of in-
creasing public health concern.8

Large previous studies have found the 
associations between hot temperature 
and mortality in Greece,9 Japan,10,11 Aus-
tralia,12-15 and USA16-20. For instance, in 
Michigan, the risk of cardiovascular death 
among non-married people were 1.21 (95% 
CI 1.14 to 1.28) times during extreme heat 
compared with non-extreme heat.20 In Ja-
pan, a time series study found that the heat 
effect lasted for 1–2 days and death attrib-
uted to heat was 2.21%.21 However, there 
were little studies focused on developing 
countries.

Heat effects were quite different across 

countries.21 The relations between temper-
ature and mortality may be heterogeneous 
from area to area depending on weather 
conditions,22 air pollution,23 socioeconom-
ic status, and demographic characteris-
tics24. Heat exposure can increase cardio-
vascular and cerebrovascular diseases.25,26 
Epidemiological studies evaluated heat 
impacts often use all-cause mortality27 
or specific-cause mortality12,15 other than 
their acute events. Whether acute events 
are more sensitive to heat and its time lag 
effects is still unknown. The first objec-
tive of this study was to establish the heat 
threshold for mortality outcomes in Har-
bin, China, an area with a temperate mon-
soon climate. We also tried to determine 
the association between each 1 °C increase 
above the threshold temperature and ad-
verse health outcomes after adjusting for 
air pollution. We also estimated the time 
lag effects of high temperature on cardio-
vascular and cerebrovascular mortality 
and their acute events.

Materials and Methods

This study was performed in the urban ar-
eas of Harbin, which locates in North Chi-
na with a population of 9.9 million. Harbin 
has a typical monsoon climate with clearly 
four seasons and an average annual tem-
perature of 4 °C.

Daily mortality data during the hot sea-
sons (June to August) in 2008–2011 were 
obtained from Harbin Center for Disease 
Control and Prevention. Cause of death 
was categorized following International 
Classification of Diseases 10 (ICD10). 
The following codes were considered: 
cardio-cerebrovascular disease mortality 
(CCVDM), I01-I69.8; cardiovascular dis-
ease mortality (CVDM), I01-I51.9; cere-
brovascular disease mortality (CBDM), 
I60-I69.8. Acute events associated with 
the above conditions included acute car-
diovascular disease mortality (ACVDM), 

TAKE-HOME MESSAGE

 ● There is strong relationship between ambient temperature 
and mortality of cardio-cerebrovascular diseases and their 
acute events. 

 ● The relations between temperature and mortality may be 
quite different across countries depending on weather 
conditions, air pollution, socioeconomic status, and demo-
graphic characteristics.

 ● There is a significant association between daily mean tem-
perature and time lag effects on daily mortality after control-
ling for potential confounders.

 ● The risk corresponding to a 1 °C increase in the mean tem-
perature in summer was significant for those aged 25 years 
and above. 

 ● Mortality hazard depends not only on exposure to the cur-
rent temperature of the day, but also on several former days 
of exposure (time lag effects).

The Threshold Temperature and Lag Effects on Daily Excess Mortality
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I01, I21-I22, I24, I30.9, I33.0, I40.9; and 
acute cerebrovascular disease mortality 
(ACBDM), I60-I64. Acute cardio-cerebro-
vascular disease mortality (ACCVDM) in-
cluded codes of ACVDM and ACBDM.

The meteorological data were provided 
by Harbin Bureaus of Meteorology. Weath-
er variables included daily mean humidity 
(%), daily mean temperature (°C), daily 
maximum temperature (°C), and daily 
minimum temperature (°C).

The air pollutants data were collected 
from Harbin Environmental Protection 
Bureaus, which included daily average 
particulate matter less than 10 μm in aero-
dynamic diameter (PM

10
, μg/m3), daily ni-

trogen dioxide (NO
2
, μg/m3) and daily sul-

fur dioxide (SO
2
, μg/m3).

An observed/expected analysis was 
conducted to calculate excess deaths, fol-
lowing the method of Dessai.28 A fixed 
mean of daily mortality for each summer 
month for the period 2008–2010 (76.68 
deaths in June, 66.12 in July, and 66.70 
in August) was used as expected values of 
deaths. Each observed daily deaths minus 
the expected value were considered the 
daily excess mortality. Each number of 
excess deaths was then grouped into the 
corresponding 1 °C interval to determine 
where heat-related deaths were no longer 
detectable.

Statistical Analysis

We used generalized additive model 
(GAM) with a Poisson distribution to eval-
uate mortality outcomes over the thresh-
old and its associated time lag structure. 
We used 0–7 lag days for the relationship 
between temperature and CCVDM, 0–6 
lag days for the association between tem-
perature and ACCVDM, as most studies 
have shown that heat effects are usually 
acute.13,29-31 This model contained two types 
of temperature: one was the daily mean 
temperature minus the threshold temper-
ature, which was considered ‘0’ when the 

threshold temperature was higher than 
the daily mean temperature;15 the other 
was the range of daily temperature, name-
ly the minimum temperature subtracted 
from the maximum temperature.32 In or-
der to examine the independent effects of 
mean temperature on excess mortality, the 
long-term trends, day of the week effect 
(DOW), and air pollutants were controlled 
as potential confounders. DOW was for-
matted as dummy variables in the model; 
spline smoothed functions were used for 
other variables. The long-term trends were 
modeled with six degrees of freedom per 
year;26 mean humidity with three degrees 
of freedom;13 and air pollutant with four.32 
The Spearman's ρ for air pollution and 
weather condition ranged from -0.117 to 
0.524, hence, multicollinearity was not a 
major concern.15 Relative risks (RRs) and 
their 95% CIs of hot temperature at differ-
ent time lags were estimated.

To identify the robustness of our re-
sults, we conducted two sensitivity analy-
ses. First, we examined the effects of tem-
perature on mortality for a time lag with 
and without adjusting for the air pollut-
ants. Second, we analyzed the data with 
different the degrees of freedom for time 
trends.

Data were analyzed with SAS9.2 (SAS 
Institute Inc, Cary, NC, USA). All statisti-
cal tests were two-sided. A p value <0.05 
was considered statistically significant.

Results

Table 1 summarizes the characteristics of 
daily mortality values, weather, and air 
pollutants variables in Harbin between 
2008 and 2011. There were a total of 
25 672 non-accidental deaths. On average, 
daily CCVDM, CVDM, CBDM, ACCCDM, 
ACVDM, ACBDM-related deaths were 
69.8, 35.2, 34.5, 45.2, 15.4, 29.8, respec-
tively. The ratio of female to male mean 
daily mortality was 0.68. The deaths for 
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individuals above 65 years accounted for 
66.1% of the total number of deaths. The 
average daily mean temperature, daily 
minimum temperature, daily maximum 
temperature, and mean humidity were 
22.8 °C, 18.1 °C, 27.7 °C, and 72.5%, re-
spectively. Mean concentration of PM

10
, 

SO
2
, and NO

2
 were 69.5, 26.8, and 42.3 

μg/m3, respectively.

Temperature Thresholds for Mortality

To fully capture the impact of tempera-
ture and time lag effects on mortality, 

Table 1: Summary statistics of daily weather, mortality, and air pollution in Harbin, China (2008–2011)

Variables Mean SD Min Max

Percentile

1 25 50 75 99

Demographic characteristic

Male 41.4 9.4 19.0 77.0 22.7 35.0 41.0 47.0 69.0 

Female 28.3 6.3 13.0 50.0 15.0 24.0 27.0 32.0 46.6 

0–64 years 23.7 6.6 10.0 44.0 10.7 19.0 23.0 27.0 42.6 

≥65 years 46.1 9.1 27.0 76.0 28.0 40.0 45.0 52.0 73.3 

Disease classification*

CCVDM 69.8 13.3 40.0 115.0 44.4 61.0 68.0 78.0 112.3 

CVDM 35.2 7.7 19.0 62.0 20.0 30.0 34.5 40.0 57.6 

CBDM 34.5 7.7 14.0 63.0 18.0 29.0 33.0 39.8 56.3 

ACCVDM 45.2 10.0 20.0 77.0 25.0 38.0 44.0 52.0 71.6 

ACVDM 15.4 4.7 5.0 30.0 6.0 12.0 15.0 18.8 28.3 

ACBDM 29.8 7.1 10.0 53.0 15.7 25.0 29.0 34.8 47.6 

Weather factor

Mean temperature (°C) 22.8 3.1 11.2 30.6 13.9 21.0 23.0 24.9 29.7 

Max temperature (°C) 27.7 3.6 13.2 37.8 17.5 25.5 27.8 29.9 37.0 

Min temperature (°C) 18.1 3.2 9.0 24.8 10.2 16.0 18.5 20.4 24.3 

Mean humidity (%) 72.5 13.6 28.0 100.0 32.0 66.0 75.0 82.0 95.0 

Air pollution

PM10 (μg/m3) 69.5 32.9 18.0 212.0 19.9 42.4 65.2 91.9 161.3 

SO2 (μg/m3) 26.8 9.2 10.0 63.0 13.2 21.0 24.8 30.5 58.6 

NO2 (μg/m3) 42.3 19.3 11.0 124.0 14.7 29.3 38.9 48.1 110.9 
*CVDM cardiovascular disease mortality 
CBDM cerebrovascular disease mortality 
CCVDM cardio-cerebrovascular disease mortality, including CVDM and CBDM
ACVDM acute cardiovascular disease mortality 
ACBDM acute cerebrovascular disease mortality 
ACCVDM acute cardio-cerebrovascular disease mortality, including ACVDM and ACBDM

The Threshold Temperature and Lag Effects on Daily Excess Mortality
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we grouped daily mean temperature into 
1–6 °C intervals. The mean temperature 
thresholds with 1, 3, and 5 °C interval were 
26, 28, and 30 °C, respectively. According 
to the threshold temperature, the indica-
tor of heat temperature increased in daily 
mortality and acute-mortality of 0.6%–
9.6% and 0.8%–13.1%, respectively. Daily 
excess deaths for significant temperature 
interval are presented in Tables S1 and S2. 
The mean temperature threshold for the 

mean daily excess death for each 1 °C in-
terval was 26 °C (Fig 1). The temperature 
frequency curve shows that very high mean 
temperature interval rarely happened be-
tween 2008 and 2011 (eg, a temperature of 
31–32 °C happened only twice).

Association between Daily Mean 
Temperature and Mortality

Significant associations between the daily 
mean temperature and CCVDM, CVDM, 

Figure 1: Mean daily excess mortality associated with daily mean temperatures interval

Tables S1 and S2 are 
available in online ver-
sion of the article.

H. Gao, L. Lan, et al

a r t i c l e



www.theijoem.com Vol 8, Num 2; April, 20179090

a r t i c l e

CBDM, ACCVDM, ACVDM, ACBDM were 
observed in Harbin (Table 2). Increas-
ing of 1 °C in the daily mean temperature 
above the threshold temperature, brought 
an increase of about 6.0% (RR 1.060, 95% 
CI 1.038 to 1.082) in CCVDM, 5.2% (RR 
1.052, 95% CI 1.021 to 1.084) in CVDM, 
6.9% (RR 1.069, 95% CI 1.037 to 1.100) in 
CBDM, 5.9% (RR 1.059, 95% CI 1.032 to 
1.086) in ACCVDM, 6.4% (RR 1.064, 95% 
CI 1.018 to 1.111) in ACVDM, and 5.6% (RR 
1.056, 95% CI 1.023 to 1.090) in ACBDM.

Both female and male CCVDM mortali-
ties showed significant relationships with 

high temperatures; the risk in females (RR 
1.018, 95% CI 1.016 to 1.020) was slightly 
higher than that in males (RR 1.016, 95% 
CI 1.014 to 1.017). The mortalities for the 
people above 25 years showed significant 
association with high temperature. Com-
pared to those aged 40–64 years and those 
over 65 years, the group aged 25–45 years 
had a slight higher increase in mortality 
with a 1 °C increase in the mean tempera-
ture in summer above the threshold.

Time Lag Structures for the Hot Effects

We found significant associations between 
temperatures and excess mortality in dif-
ferent lag periods (Fig 2). Heat effects 
were immediate and lasted for 0–6 and 
0–4 days for CCVDM and ACCVDM, re-
spectively. A 1 °C increase in temperature 
(lag 0 day) above the threshold was associ-
ated with an increase of 6.0% in CCVDM, 
5.2% in CVDM, and 6.8% in CBDM; it was 
also associated with an increase of 5.9% in 
ACCVDM, 6.4% in ACVDM, and 5.6% in 
ACBDM. There was a relatively attenuated 
increase in CCVDM and ACCVDM related 
to each lag day increase in the mean tem-
perature. The ACVDM seems to be more 
sensitive to temperature than CVDM, with 
higher mortality risks and shorter lag ef-
fects. Above the threshold temperature, 
excess CVDM disappeared at lag 0–5, 
while excess CBDM disappeared at lag 
0–7. The time lag effect seemed to last lon-
ger on CBDM than CVDM. 

Sensitivity Analysis

In the sensitivity analyses, the estimate of 
lag effects by different degrees of freedom 
of time trends and air pollutions remained 
largely unchanged (Tables S3-S6). We 
therefore concluded that the models used 
in this study could adequately capture the 
main effects of high temperature on mor-
tality.

Table 2: Relationship of mean temperature 
on mortality in Harbin, China

Variable RR (95% CI)

Disease classification*

CCVDM 1.060 (1.038 to 1.082)

CVDM 1.052 (1.021 to 1.084)

CBDM 1.069 (1.037 to 1.100)

ACCVDM 1.059 (1.032 to 1.086)

ACVDM 1.064 (1.018 to 1.111)

ACBDM 1.056 (1.023 to 1.090)

Gender

Male 1.016 (1.014 to 1.017)

Female 1.018 (1.016 to 1.020)

Age (yrs)

0–24 1.009 (0.981 to 1.037)

25–45 1.024 (1.018 to 1.031)

46–64 1.019 (1.017 to 1.021)

≥65 1.016 (1.015 to 1.018)
*CVDM cardiovascular disease mortality 
CBDM cerebrovascular disease mortality 
CCVDM cardio-cerebrovascular disease mortality,  
              including CVDM and CBDM
ACVDM acute cardiovascular disease mortality 
ACBDM acute cerebrovascular disease mortality 
ACCVDM acute cardio-cerebrovascular disease  
             mortality, including ACVDM and ACBDM

Tables S3-S6 are 
available in online ver-
sion of the article.

The Threshold Temperature and Lag Effects on Daily Excess Mortality
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Discussion

We evaluated the associations between 
high temperature and mortality outcomes 

using time-series model in Harbin, China, 
after adjusting for confounding variables 
such as air pollution, weather condition, 
day of the week (DOW), and long-term 

Figure 2: The overall time lag effect on cardio-cerebrovascular disease (left) and acute cardio-cerebrovascular 
disease (right). Error bars represent 95% CI.
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trends. To the best of our knowledge, this 
is the first study in China to examine the 
threshold temperatures and assess the im-
pacts of lag days on human death, espe-
cially on ACCVDM. The results indicated 
significant association between daily mean 
temperature and lag effects on daily mor-
tality after controlling for potential con-
founders.

This study has three strengths: first, air 
pollution data were taken from 12 monitor 
locations reflecting atmospheric pollution 
of Harbin. We controlled air pollution as 
a confounding variable because some pre-
vious studies have found that air pollution 
contributes significantly to human mor-
tality, meanwhile air pollution is related 
to temperatures.33,34 Second, we analyzed 
not only CCVDM but also various health 
outcomes including their acute events be-
cause we postulated ACCVDM were more 
liable to heat temperature. Third, we in-
vestigated the time lag structure of higher 
temperature and heat to observe whether 
mortality happened after a severe heat epi-
sode.

We found the mean temperature thresh-
old for death was 26 °C, approximately cor-
responded to 85th percentile of mean tem-
perature distribution. Harbin is located in 
northern China, a place with a higher lati-
tude where the temperature thresholds are 
lower than southern China.35 This was in 
line with other studies such as Guo36 who 
found that compared with Guangzhou and 
Wuhan, temperature thresholds were low-
er in Tianjin and Beijing. Li32 also found 
that temperature thresholds for all-cause 
mortality were higher in southern China 
than in northern China. Previous studies 
focused on the association between disease 
mortality and relatively hot regions, but 
not relatively comfortable areas. Although 
in Harbin high temperature threshold 
was lower than in southern China, we still 
found significant association between high 
temperature and CCVDM. This means 

that even people living in Harbin who may 
adapt to relatively comfortable tempera-
ture in summer may still suffer from hot 
temperature above a certain threshold.

Previous studies focused on high tem-
perature exposure have identified the el-
derly to be a high risk group,16,34,37,38 but 
few studies have considered young32,39. 
The results of our research showed that 
the risk corresponding to a 1 °C increase in 
the mean temperature in summer was sig-
nificant for those aged 25 years and above. 
For those aged 25–45 years, there was a 
higher risk of death. People aged 25–45 
years are more likely to experience ex-
treme temperature as they work daytime, 
even though they may be more resistant to 
heat; moreover, less protective conscious-
ness and measures relative to the elderly 
may also cause higher mortality.40 Older 
people (≥46 years) may have less toler-
ance and thermoregulatory capacity than 
younger people. The inconsistency exists 
in the age group of the vulnerable popula-
tion may be partly due to different age cat-
egorization used in various studies. These 
findings suggested that both exposure 
and the inadequate thermoregulation are 
important risk factors contributing to the 
CCVDM associated with extreme tempera-
tures. The elderly and young people who 
were group-watch should be especially tar-
geted to reduce heat-related mortality. We 
observed light stronger temperature-as-
sociated mortalities in women than men. 
This was consistent with other studies.13,41 
This might be attributed to thermoregula-
tory and physiological imparity with dif-
ferent sexes.

Mortality hazard depends not only on 
exposure to the current temperature of the 
day, but also on several former days of ex-
posure (time lag effects).39 It is noteworthy 
that in our study, heat effects on cardio-
vascular and cerebrovascular diseases ap-
peared when we modeled the hot thresh-
old using an average measure of lags 0–7. 

The Threshold Temperature and Lag Effects on Daily Excess Mortality
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For CCVDM, there was a decreasing trend 
with increasing lag days, with the maxi-
mum overall effect appeared at lag ‘0.’ This 
finding was similar to those reported from 
the USA42 and Russia34 that revealed the 
effect of high threshold temperature is as-
sociated with the current day of the death 
(lag 0). We also found that the ACCVDM 
lasted shorter than CCVDM, and that the 
CBDM lasted longer than CVDM. These 
results indicated that the hot temperatures 
had more acute effects on ACCVDM and 
CVDM. High temperature causes sweat-
ing with resultant exfoliation of the skin, 
dehydration, and increased hematocrit. 
However, the underlying physiological 
mechanisms for different time lag effects 
for extreme heat remain unclear yet.

Few previous research studies have fo-
cused on the effects of temperature on car-
dio-cerebrovascular deaths. From a study 
conducted in China, Wang13 reported that 
the temperature threshold for increased 
cardiovascular mortality is 32.6 °C and 
that the risk associated with extremely hot 
temperature was high (RR 1.67, 95% CI 
1.45 to 1.92) over time lags of 0–3 days. 
Recich34 reported that 1 °C increase in tem-
perature above the threshold (18 °C) is as-
sociated with 4.7% increase in cerebrovas-
cular mortality on the current day (lag 0). 
Though different research methods may 
result in different associations reported 
between heat and mortality, the findings 
consistently demonstrated that high tem-
perature increase the risk of cardio-cere-
brovascular disease.

There are several limitations in this 
study. First, we conducted ecological 
study to research on groups rather than 
individual exposure levels of air condi-
tion; there may exist an ecological fallacy. 
Second, modifications from some factors 
such as incomes, ozone level, and influ-
enza were not analyzed due to limited data 
availability. Third, the study period was a 
little short. However, our findings warrant 

conduction of more studies using longer 
research periods. Cardio-cerebrovascular 
diseases and their acute events increased 
significantly in hot temperature in Har-
bin, China. Not only older people but also 
younger population was at risk of death 
during hot weather. Effective public health 
intervention policy must be implemented 
that specifically target high risk popula-
tion, during hot weather.
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