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Abstract

Few studies have examined the attributable fraction (AF) of temperature to mortality and Years of Life Lost (YLL), especially in
developing countries. This study aims to explore the short-term effect of the cold and hot temperatures on the cause-specific YLL
and mortality, discover the attributable contributions from the temperature variations, and identify the vulnerable populations in
Weifang, China. Daily registered death information and meteorological data over the period 2010-2016 were obtained in
Weifang, a northern Chinese city. Generalized additive Poisson and Gaussian regression models were used to assess the impacts
of temperatures on both mortality and YLL, explore the AF of the temperature variations on mortality, after adjusting for other
covariates. Both hot and cold temperatures have had significant negative impacts on cause-specific mortality counts and YLL,
with heat presented an acute and short effect and the cold temperatures had delayed effects and lasted for several days. In terms of
the attributable fraction calculations, the contributions from cold effects was higher than that of hot effects on non-accidental,
cardiovascular, and respiratory deaths (YLL 10.88 vs. 1.23%, 19.58 vs. 1.71%, and 14.47 vs. 3.05%; mortality 13.97 vs. 1.65%,
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Highlights

» To our knowledge, the first few studies to explore the attributable
fraction of ambient temperature on both mortality and YLL in China.

+ Cold rather than heat contributed substantially to cause-specific YLLs
and mortality.

* AF vulnerability on YLL and mortality to ambient temperature varied
not only by classification of diseases, but also by demographic
characteristics.

« Findings are important for public health decision-making and resource
allocation due to extreme temperature in China.
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19.20 vs. 1.59%, and 14.89 vs. 3.09%), respectively. The elderly and women and people with low education level were the most
vulnerable. The findings will provide important scientific evidences and policy implications for developing adaptation strategies
to reduce the adverse effect of cold and hot exposure in Weifang, in terms of resource allocation, healthcare workforce capacity
building, and community health education, especially for the vulnerable groups.

Keywords Mortality - Years of life lost - Ambient temperature - Attributable fraction - China

Introduction

Climate change has been regarded as one of the biggest threats
on population health in the twenty-first century
(Intergovernmental Panel on Climate Change. 2015). The in-
creased frequency, intensity, and duration of extreme weather
events such as heat waves and cold spells (Li et al. 2016a)
have been recognized as important hazards on population
health (Shaposhnikov et al. 2014; Yang et al. 2016). Up to
now, many studies have found significant associations be-
tween ambient temperature and a series of health outcomes
in the past years, using time series study design (Basu 2009;
Gasparrini et al. 2015), including cardiovascular, renal dis-
eases and mental health illnesses (Hanna et al. 2011), as well
as work-related injuries in the past years (Xiang et al. 2018).

Among these studies, mortality and morbidity, the most
common indicators in public health research, have been uti-
lized to assess the associations between temperature and pop-
ulation health. However, as each death weighs equally in the
calculation of mortality and morbidity, the influence of pre-
mature death is generally ignored in assessing the relation-
ships between two variables in different age groups. For ex-
ample, a person who died at 35 years old has been assumed to
pose the same disease burden when compared to another who
died at 75, although the disease burden should be different in
different age groups. Years of life lost (YLL), including incor-
porating both premature death and people’s life expectancy,
could be a more precise indicator of disease burden because it
takes into account the weight of death at younger age
(McKenna et al. 2005; Steenland and Armstrong 2006). To
date, there have been very few studies assessing the relation-
ship between climate variability and YLL, especially in devel-
oping countries including China.

In addition to quantitative assessing the relationship
between climate variability and population health, using
RR or OR, it is also crucial and even more important to
understand the attributable contributions from the climate
variation so more precise actions could be implemented.
The Attributable Fraction (AF) refers to the proportion of
incidents in the population that are attributable to a spe-
cific risk factor, that is, the proportion reduced in the
absence of the exposure (Gasparrini and Leone 2014;
McKenna et al. 2005). AF has been used by the World
Health Organization (WHO) to calculate the disability-
adjusted-life-years (DALYs) attributable to the major
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known risk factors for many diseases (Ezzati et al.
2003). However, there are few studies exploring temper-
ature attributable fraction to health outcomes including
China.

To provide robust evidence for the attributable risk of
temperature-health associations in China, we conducted a time
series study in a typical continental monsoon climate region of
China to assess the short-term effect of the hot and cold tem-
perature on the cause-specific YLL and mortality, to explore
the attributable contributions from temperature variations and
to identify the vulnerable populations for intervention.

Methods
Study area and population

The study is based in Weifang, a northern Chinese city cover-
ing an area of 15,895 km? and with a population of about 9.27
million in 2015 (male vs. female, 1.02:1). Located in the cen-
ter of Shandong Province (geographical coordinates, 35°41'-
37°26'North, 108°10’-120°01" East) (Fig. 1), it has sub-humid
and warm climate, with continental monsoon weather and
four distinct seasons. The annual average temperature is
12.3 °C, and the annual precipitation is about 650 mm.

Data collection
Mortality data

The daily mortality data from 1 January 2010 to 31 December
2016 were collected from the Weifang Center for Disease
Control and Prevention, an official health outcome data cus-
todian for the city. The causes of death were coded according
to the International Classification of Diseases, the tenth revi-
sion (ICD-10), as follows: total non-accidental deaths (ICD-
10: A00-A99), cardiovascular disease (ICD-10: 100-199), and
respiratory disease (ICD-10: J00-J99). The data were stratified
by sex, age (0—65 years, and over 65 years), and education
level (low: <9 years, and high: > 9 years).

Meteorological data

Daily meteorological data over the same period were re-
trieved from the China Meteorological Data Sharing
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Fig. 1 The location of the study area in Shandong province, China

Service System (http://data.cma.cn/), including daily
minimum temperature, average temperature, maximum
temperature, relative humidity, and barometric pressure.
To estimate the effects of temperature on different death
causes, the average temperature was used as the exposure
factor in this study as it indicates the average exposure
throughout the 24-h period (Yang et al. 2015b).

YLL data

Chinese national life tables from 2000 to 2016 were obtained
from the WHO website (http://www.who.int/gho/countries/
chn/en). Life expectancy in 2015 was used to estimate the
age-specific life expectancies for both sexes over the 2010—
2016 period because of the little variations over this period
(Table A.1). For the death of each individual, YLL was calcu-
lated by matching the sex and age in the life tables, and the
daily total YLL were calculated as the YLL for the death of all
causes on the same day. Like the mortality data, daily YLLs
were also stratified with sex, age (0-65 years and over
65 years), and education level (low, <9 years school educa-
tion, and high, > 9 years school education).

Statistical analysis

We used DLNM to assess the nonlinear temperature-YLL/
mortality relationship according to the following equations
(Gasparrini et al. 2015; Li et al. 2017b):

YLL = o + BTemp, , + NS(Time, 7 x 7)
+ NS(Humy, 3) + NS(Press;, 3) + yDow;

+ uHoliday, (1)

Shandong

Log[E(Y/)] = « 4 BTemp,; + NS(Time, 7 x 7)
+ NS(Humy, 3) + NS(Press,, 3) + yDow,
+ pHoliday, (2)

In these equations, YLL and Y, are the daily YLLs and
death counts at calendar day ¢ (=1, 2, 3 ... 2557), respective-
ly; « is the intercept; Temp, , is a cross-basis matrix used to
interpret the potentially lagged and nonlinear associations be-
tween temperature and mortality produced by DLNM. For the
matrix, we combined the exposure-response function with a
natural cubic spline which has three internal knots placed at
the 10th, 75th, and 90th percentiles of temperature distribu-
tion, and also the lag-response function with a natural cubic
spline with three internal knots placed at equally spaced
values in the log scale, the maximum lag being 21 days. To
control the potential confounders, we incorporated several co-
variates in the Generalized Additive Model (GAM): (1) we
adopted a natural cubic spline with seven degree of freedom
(df) per year to control the long-term trend and seasonality
(Yang et al. 2016), (2) we used a smooth function of natural
cubic spline with three df for relative humidity (Hum) and
atmosphere pressure (Press) (Gasparrini et al. 2012), and (3)
we used the day of week (Dow) and public holiday (Holiday)
as indicator variables, as covered in the model.

Attributable risk measure by a forward perspective
within the DLNM framework was used to calculate the
attributable fraction (AF) of temperature for YLL and
mortality. The forward AF was calculated according to
the following Formula:

AF, = l-exp(-8,) 3)
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far,, = l—exp (_ZZL:IOB)Q,I) (4)

O, 1s the risk association with the exposure. The definition
of the (3, here is the effect value of association of temperature
and YLL/mortality, compared to a reference value called
minimum-mortality temperature (MMT). MMT, being the
lowest point of the overall temperature-mortality curve, is re-
ferred to as the optimal temperature related to the lowest risk
of non-accidental mortality. The total attributable number of
deaths is the sum of the death contributions during the study
period. Meanwhile, its ratio with the total number of deaths is
the total attributable fraction (AF).

Attributable risks due to cold and heat were calculated as
the sum of the subsets corresponding to days with tempera-
tures lower or higher than MMT. These risks were further
separated into death causes from moderate and extreme tem-
peratures. The extreme cold and heat temperatures are defined
as the temperatures below 2.5th and above 97.5th percentile
and the moderate temperature as the temperature range be-
tween the cut-off points and MMT (Gasparrini et al. 2015;
Li et al. 2018; Yang et al. 2016). Empirical confidence inter-
vals (eCI) were calculated from Monte Carlo simulations as-
suming a multivariate normal distribution of the BLUPs of the
reduced coefficients (McKenna et al. 2005). To identify the
vulnerable populations to different temperature variables, we
repeated the above analysis according to sex, age, and educa-
tional levels.

Sensitivity analysis

To check the stability of our main results, we have conducted
the following sensitivity analyses: (1) changing the location of
knots for temperature-mortality and using the maximum lag of
14-28 days; (2) varying the df (8§—10) for time trend; (3) using
df (2-6) for relative humidity and atmosphere pressure, re-
spectively; and (4) testing the residual distribution and
autocorrelation.

For all the statistical tests, effects of P <0.05 (two-tailed)
were considered statistically significant. All models were
fitted with the R software (V.3.3.1, R Development Core
Team 2016), with the “dlnm” package for DLNMs and the
“mgev” for GAMs.

Results

Description of daily death counts, YLL,
and meteorological data

Descriptive results of death counts, YLL, and weather vari-

ables from 2010 to 2016 in Weifang are displayed in Table 1.
The dataset includes 363,933 deaths and 5,047,038.8 YLL for
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non-accidental deaths over the 7-year study period. The aver-
age death counts of daily cases due to non-accidental, cardio-
vascular, and respiratory diseases were 142.3, 76.1, and 16.4,
which is consistent with the average YLL of 1973.8, 908.8,
and 174.3, respectively. For non-accidental mortality, males
and the people with low education level showed higher death
counts and YLL. Although the younger population (age < 65)
showed fewer deaths, they have much higher YLLs when
compared with the older people.

As is shown in Fig. 2, YLL and death counts had a clear
seasonal pattern, with a peak in both cold and hot seasons.
Inconsistent with the seasonal fluctuation in YLL and death
counts, the mean temperature represented a reverse distribu-
tion trend.

Association between temperature and YLL/mortality

All the plots showed acute effects of extreme heat exposure,
with about 3-day lagged effects, while the lagged effects for
cold exposure were longer up to 7 days (see Fig. 3).

Figure 4 illustrates the overall cumulative association
between temperature and YLL/mortality, explaining the
effect cumulated over the whole lag period. The corre-
sponding MMT and cut-off points defining the moderate
and extreme temperature differs in different cause of
death. The minimum YLL-related temperatures in the
lag of the first 21 days were 25.9, 19.3, and 14.8 °C for
non-accidental, cardiovascular, and respiratory mortality,
respectively.

In general, the temperature-YLL/mortality curves are U
shaped, with higher risks of mortality below and above the
MMT. The histogram plots show that most of the temperatures
were distributed near the MMT. Increasing trends are obvious
for the cumulative effects when the temperature was below or
above the cut-off points. Meanwhile, cold effect has a higher
impact on mortality than that on YLL.

Estimation of AF for YLL and mortality under cold
and heat effect

The attributable fractions of heat and cold effects to the
YLL and mortality death with different causes have been
presented in Table 2. Overall, coldness was responsible
for almost up to 20% of YLLs and mortality for non-
accidental death (10.88 and 13.97%), cardiovascular death
(19.58 and 19.20%), and respiratory death (14.47 and
14.89%), respectively, while the AF from heat was limit-
ed, with the effects of 1.23 and 1.65%, 1.71 and 1.59%,
and 3.05 and 3.09%, respectively.

The effects of heat on YLL and mortality are statistically
significant in all the three causes of disease categories.
Although the effect of cold showed statistical significance
only in cardiovascular diseases, the AF increase was several
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Table 1 Descriptive statistics of daily meteorological variables, death counts, and years of life lost from 2010 to 2016 in Weifang, China
Variables Minimum Percentile Maximum Mean SD
Pss Pso Prs
Daily meteorological measures
Tmax (°C) -8.1 9.3 20.9 28.7 39.2 19.1 10.9
Tmean (°C) -13.0 3.7 15.2 234 332 13.6 10.7
Tmin (°C) -16.9 -0.7 10.0 18.9 28.6 9.1 10.7
Rhum (%) 22.0 52.0 65.0 76.0 100.0 63.8 16.2
Apre (hPa) 992.8 1006.3 1014.5 1022.3 1040.5 1014.5 9.6
Daily death counts
Non-accidental 8.0 119.0 137.0 162.0 288.0 1423 335
Cardiovascular 4.0 61.0 73.0 89.0 169.0 76.1 21.8
Respiratory 1.0 11.0 15.0 20.0 51.0 16.4 7.7
Gender
Male 2.0 67.0 78.0 90.0 166.0 79.8 18.9
Female 4.0 51.0 60.0 72.0 133.0 62.5 16.9
Age (years)
0-65 2.0 32.0 38.0 44.0 90.0 385 9.5
66+ 4.0 85.0 99.0 120.0 226.0 103.7 274
Education level
Low education 6.0 105.0 124.0 149.0 278.0 128.8 335
High education 0.0 6.0 14.0 20.0 49.0 13.4 7.8
Daily years of life lost
Non-accidental 119.7 1669.4 1904.7 2202.3 5059.6 1973.8 491.1
Cardiovascular 319 710.0 859.5 1044.4 25717 908.8 295.5
Respiratory 48 110.8 1553 2133 7752 1743 96.2
Gender
Male 26.3 967.6 1125.9 1307.8 3018.7 1161.8 309.2
Female 39.8 664.2 779.3 930.3 2122.6 811.9 2259
Age (years)
0-65 55.8 866.9 1015.6 1204.8 3786.3 1070.1 346.7
66+ 249 745.7 872.7 1043.1 1868.9 903.6 226.6
Education level
Low education 78.3 1340.1 1608.9 1901.7 4431.7 1659.4 469.3
High education 5.0 1264 323.1 466.1 1041.2 315.0 199.8

times higher than that of heat. The total effect of the extreme
temperature (cold effect and heat effect) was most evident in
the mortality caused by cardiovascular disease than by non-
accidental and respiratory causes.

Table 2 also reveals the modifying effects of gender, age, and
education level on YLL and mortality. For cause-specific dis-
eases, the AF of the effects of heat and cold on non-accidental
death is statistically significant to the YLL and mortality of the
females and the elderly. For older people, the negative impact
from low temperature on the mortality is greater than that on the
YLL; in contrast, the AF of YLL in respiratory diseases was
lower than that on the mortality for the young people.

Stratified analyses according to the levels of education
demonstrated that high temperature was related to greater

increase in YLL in lower educated population. Detailed infor-
mation on the components of AF in the moderate and extreme
temperature of the subgroups is shown in Table A.2.

Sensitivity analysis

Sensitivity analyses were performed to examine the robust-
ness of the model. The effect of low and high temperature
on YLL and mortality were roughly similar when we changed
the locations of knots for temperature-mortality relation and
used 14-28 days of maximum lag days for temperature, 8—
10 df for time trend and 4—6 df for relative humidity and air
pressure, respectively (Table A.3), suggesting our models are
robust.

@ Springer
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Discussion

We examined the associations between temperature variations
(both heat and cold) and three different health outcomes (non-
accidental death, cardiovascular death, and respiratory death
and relevant YLLs), explored the attributive contributions
from temperature variables in this northern Chinese city with
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sub-humid and warm climate. To our best knowledge, this is
one of the first such studies in China and the results will
provide important policy implications to health and social
service authorities for relevant actions.

Further to the RR calculation in other time series studies, the
exploration of AF in this study provided one step further infor-
mation about the exact contributions from the temperature



Int J Biometeorol (2019) 63:1319-1329

1325

Non-accidental death

Q

JESETEY SIEdA

Nsu aAl.\Bla_g

Cardiovascular death

Respiratory death

20
7‘9,"

o, 10
L7 ('00

Fig. 3 3-D graphs of bi-dimensional exposure lag-response surfaces of the temperature on YLL (top) and death counts (bottom)

variations to both mortality and YLLs in Weifang. The results
provide comprehensive scientific evidences to relevant govern-
ment organizations and local health network in their policy-
making, resource allocation, and health workforce capacity
building. In this study, we found that the hot temperature had
significant influence on the YLL and mortality caused by non-
accidental, cardiovascular, and respiratory conditions, while the
effect of cold on the YLL and mortality was only significant in
non-accidental death and cardiovascular death. Meanwhile, the
AF of cold effects was higher than that of hot effects in non-
accidental, cardiovascular, and respiratory death, with the con-
tribution up to 20%. Cold days were much more than hot days
in Weifang which may be the reason for higher effects of cold-
attributable mortality/AF than that of hot effects (Zhang et al.
2019). So we further compared the effect between extremely
hot days and extremely cold days that the numbers of days were
almost same. The results in Table A.2 also showed that the
extreme cold effects were stronger than extreme hot effects.
Like other regions (Gasparrini et al. 2017), cold weather should
be as an important public health threat in Weifang.

To develop a better early temperature-response plan, it is
important to understand the lagged effects. Our results

demonstrated that for YLL and mortality, the high temperature
had an acute effect while the low temperature had a delayed
effect. Hence, timely preventative measures are important to
prevent the risk from extremely high temperature, and lasting
protections after the cold days are needed to reduce the harm-
ful effects especially for the vulnerable populations.

The effects of temperatures on YLL/mortality also differ in
different sex, age, and educational levels. In this study, we
found that the ambient temperature has strong impact on peo-
ple with cardiovascular diseases, especially the low tempera-
ture in Weifang. This is in line with some European studies
which had higher cardiovascular mortality in the cold spell
(Kysely et al. 2009) and other similar studies in China and
Australia (Huang et al. 2012a, Yang et al. 2015a; Zhang et al.
2018b). The significant increase of cardiovascular mortality
and YLL could be explained by the biological pathways under
the direct and indirect influence of the ambient temperature,
including the changes of hemodynamic effects, hydration, the
sympathetic and renin-angiotensin system, and the inflamma-
tory mechanism (Giorgini et al. 2017). Low temperature could
increase the catecholamine level, which causes vasoconstric-
tion, tachycardia, and rising blood pressure. Exposure to heat

@ Springer
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can lead to the increase in vasodilation and perspiration to  disease could be explained by the following reasons. On the
reduce the core temperature in human body, and therefore =~ one hand, when the peripheral temperature suddenly drops,
may change heart rate, blood pressure, blood viscosity, elec-  people are likely to reduce outdoor activities or use the air
trolyte, and acid base balance. These changes may have avital ~ conditioner, which might influence air quality inside and fur-
role in exacerbating risks of cardiovascular diseases (Hajat  ther have impacts on people’s respiratory health. On the other
et al. 2007; Liu et al. 2015; Madaniyazi et al. 2016; Yang  hand, the human body will activate a range of regulation and
et al. 2015a). adaptation mechanisms in extreme temperature (Li et al.

Moreover, respiratory mortality was significantly influ-  2016b; Mourtzoukou and Falagas 2007). As a result, people
enced by the effects of temperatures. The result of  with adaptation problems will trigger the potential respiratory

temperature-related respiratory mortality in a national investi-  diseases.
gation covering 107 US communities showed that a 4.64 and In line with previous epidemiology studies, our study
1.60% increase in risk, compared with the reference tempera-  found more severe negative health impacts from extreme tem-

ture for cold and hot effects, respectively (Ma et al. 2014). A peratures on the elderly when compared to the younger age
national research in China found that 0.98% of increase inthe ~ groups (Chen et al. 2016; Donaldson et al. 2003; Phung et al.
mortality of the population could contribute to 1 °C of in-  2016). For the causes other than respiratory diseases, the AF
crease in the temperature variation for respiratory death  value of YLL in people under age 65 is higher than that of
(Yang et al. 2018). However, we did not find a positive rela-  mortality. Although the AF value of mortality among the el-
tionship between low temperature and respiratory mortality in ~ derly was about three times higher than that of the younger
our study. We have also found that the ranges of temperature ~ population, the AF value of YLL of the two populations were
other than the optimal temperature range have negative influ-  very similar, which was consistent with a study regarding
ence on people’s respiratory mortality; and the low  PM;y-YLL relationship in Nanjing (Chen et al. 2018). This
temperature especially the moderately low temperature  could be because the YLL included not only the death counts,
accounts for most of the AF. Yang et al. (2015a) found that  but also the premature death indicating the preventable years
the cold weather is one of the main causes of death for the  of life lost (Li et al. 2017a; Zhu et al. 2017). Taking the YLL
population in subtropical regions. As the city of Weifang be-  into consideration in public health policy-making should be
longs to the relative cold region, the residents are likely to ~ more beneficial in resource distribution in public health and
have adapted to the mildly cold weather and developed proper ~ medical services. Further epidemiological research should use
measures to cope with such weather in a long run. For the ~ YLL as an indispensable indicator to examine the burden of
extreme cold temperatures, the higher AF for respiratory  disease due to climate factors.
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Table 2 Attributable fractions of cause-specific YLL and mortality by individual characteristics

Cause

YLL

Cold effect (95% CI)

Heat effect (95% CI)

Mortality death

Cold effect (95% CI)

Heat effect (95% CI)

Non-accidental death
All

10.88 (—0.38, 20.09)

1.23 (0.26, 2.08)"

Gender
Female 14.90 (0.13, 25.40)" 1.39(0.17,2.47)"
Male 7.81 (— 6.68, 18.44) 1.11 (- 0.01, 2.08)
Age
0-65 9.07 (— 6.86, 21.63) 0.54 (—0.95, 1.84)
65+ 13.77 (2.93, 22.61)" 2.00 (1.19, 2.78)"
Education
Low 7.88 (—4.62,17.87) 142 (0.51,2.24)"
High 24.57 (5.39, 36.57)" —0.14 (—2.39, 1.81)

Cardiovascular death
All

19.58 (6.65, 29.92)"

1.71 (0.47, 2.89)"

Gender
Female 23.03 (6.40, 34.59)" 191 (0.23, 3.44)"
Male 16.75 (0.62, 29.27)" 1.57 (- 0.12, 2.96)
Age
0-65 19.21 (- 1.94, 33.60) 2.06 (0.03, 3.70)"
65+ 19.75 (7.86, 30.16)" 1.37 (0.09, 2.42)"
Education
Low 15.01 (1.32, 26.69)" 1.71 (0.52, 2.86)"
High 42.53 (24.84, 54.81)" 0.69 (—3.11, 3.30)

Respiratory death
All

14.47 (—16.82, 34.35)

3.05 (0.96, 4.89)"

13.97 (4.93, 21.99)"

18.55 (7.57, 28.17)"
10.25 (- 1.22, 19.90)

473 (—11.72, 16.81)
17.60 (8.03, 26.00)"

13.55 (3.40, 21.81)"
18.06 (—0.71, 32.01)

19.20 (8.33, 28.14)"

22.15(9.15, 32.34)"
16.41 (2.15, 26.94)"

10.11 (= 13.00, 25.36)
21.56 (9.79, 30.77)"

18.08 (6.78, 28.13)"
30.65 (3.71, 46.76)"

14.89 (—10.26, 32.65)

6.88 (—33.63, 32.45)
20.82 (—10.42, 39.22)

36.35 (—11.81, 56.25)
10.22 (= 19.43, 28.50)

11.11 (=15.31, 29.99)
55.30 (—2.52,71.22)

1.65 (0.95, 2.36)"

1.71 (0.79, 2.57)"
1.59 (0.71, 2.40)"

0.85 (— 0.39, 1.96)
1.92 (1.13,2.61)"

1.75 (1.01, 2.44)"
0.51 (- 1.54,2.29)

1.59 (0.73, 2.38)"

1.85 (0.78, 2.86)"
1.33(0.29, 2.33)"

2.19 ((0.69, 3.49)"
1.41 (0.40, 2.28)"

1.59 (0.73, 2.38)"
1.65 (- 1.14,3.67)

3.09 (1.70, 4.24)"

2.25(0.06, 4.01)"
3.77 (1.95, 5.08)"

3.46 (-0.11,5.87)
3.05 (1.49, 4.23)"

3.20 (1.89, 4.39)"
0.51 (- 10.59, 5.15)

Gender
Female 8.93 (—43.84, 38.30) 3.02 (—0.46, 5.49)
Male 17.80 (—21.57,40.27) 2.94 (—0.44,5.23)
Age
0-65 33.95 (—16.18, 56.43) 228 (—4.72,6.12)
65+ —9.69 (—46.26, 14.93) 3.60 (1.78, 5.16)"
Education
Low 10.65 (—23.42, 32.06) 347 (1.26,5.23)"
High 13.72 (- 113.72, 51.08) —7.54 (-37.38,2.17)
*P<0.05

Prior studies have found that gender might be an effect
modifier when evaluating temperature-YLL/mortality rela-
tionship (Huang et al. 2013; Liang et al. 2018; Yang et al.
2015a). Females in Brisbane and England were identified as
vulnerable groups to the impact of both high and low temper-
ature on YLLs (Huang et al. 2012b; Zhang et al. 2018a),
which is consistent with our study. A study conducted in
Ningbo and 14 other Chinese cities had an opposite conclu-
sion, suggesting that males were the vulnerable population.
More studies in different geographic locations with different
climatic characteristics are needed in the future.

The study results from Hubei and England suggested that
overall socioeconomic status (SES) may also modify the as-
sociation between ambient temperature and YLL/mortality
(Zhang et al. 2018a; Zhang et al. 2018b). Our results indicate
that the high temperatures have more impact on people with
lower education level, a surrogate of SES, which was in line
with the study conducted on 11 cities of the eastern USA
(Curriero et al. 2002). People with lower education level
might be more sensitive to high temperature, because of poor
nutritional support, bad living conditions, limited medical ser-
vice, short of preventive knowledge, and daily behavior
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patterns such as smoking and drinking (Chen et al. 2016;
Chen et al. 2018; Yang et al. 2015a).

The limitations of our study should also be acknowledged.
First, the study was not able to control the effects of air pol-
lution because of data availability. Second, our research is
only conducted in one city, and the results cannot be general-
ized to other regions. Third, like other epidemiological stud-
ies, we explored the effect of the exposure to different ambient
temperatures, but this may lead to some unavoidable measure-
ment errors. Beyond that, the omission of monitoring and
collection of death data may cause some slight effects on the
result of the research. Lastly, we noticed that children under
5 years old are more vulnerable to extreme temperatures
(Scovronick et al. 2018). However, the data were not available
for this analysis.

Conclusion

The effect of high temperature presented a more acute effect
than that of cold temperature on YLL and mortality. A sub-
stantial amount of AF was resulted from moderate lower tem-
perature. Hence, public health intervention should not only
pay attention to the extreme temperature, but also focus on
the moderate temperature. Lastly, demographic characteristics
and socioeconomic status could influence the impacts of tem-
perature, which may be an important reference to the decision-
making and resource allocation to reduce attributable risk on
temperature-related YLL/mortality.
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