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Abstract

Background: Many studies have found extreme temperature can increase the risk of mortality. However, it is not clear
whether extreme diurnal temperature range (DTR) is associated with daily disease-specific mortality, and how season might
modify any association.

Objectives: To better understand the acute effect of DTR on mortality and identify whether season is a modifier of the DTR
effect.

Methods: The distributed lag nonlinear model (DLNM) was applied to assess the non-linear and delayed effects of DTR on
deaths (non-accidental mortality (NAD), cardiovascular disease (CVD), respiratory disease (RD) and cerebrovascular disease
(CBD)) in the full year, the cold season and the warm season.

Results: A non-linear relationship was consistently found between extreme DTR and mortality. Immediate effects of extreme
low DTR on all types of mortality were stronger than those of extreme high DTR in the full year. The cumulative effects of
extreme DTRs increased with the increment of lag days for all types of mortality in cold season, and they were greater for
extreme high DTRs than those of extreme low DTRs. In hot season, the cumulative effects for extreme low DTRs increased
with the increment of lag days, but for extreme high DTR they reached maxima at a lag of 13 days for all types of mortality
except for CBD(at lag6 days), and then decreased.

Conclusions: Our findings suggest that extreme DTR is an independent risk factor of daily mortality, and season is a modifier
of the association of DTR with daily mortality.
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Introduction

Climate change, represented by a general increase in both mean

temperature and temperature variability, has been observed over

the last half century [1]. The impact of climate change or

variability on humans has long been a matter of public health

interest [2,3]. Typically, J-, V-, or U-shaped associations between

temperature and mortality risk have been observed in many

studies in the last two decades [4,5]. Recent studies have explored

the effects of different temperature indicators such as mean,

minimal and maximal temperature, mean, minimal and maximal

apparent temperature, humidex, and diurnal temperature range

(DTR) on health [6–8].

DTR is a meteorological indicator associated with the global

climate change and urbanization. It is defined as the difference

between maximal and minimal temperatures within 1 day. In most

urban regions of the world, DTR is decreasing because nocturnal

minimal temperatures have risen faster than daytime maximal

temperatures in the context of global climate change [9,10]. For

example, the DTR in Guangzhou city of southern China

decreased 1.71uC from 1960 to 2005, which was much larger

than the global average DTR decrease rate of around 0.07uC per

decade from 1950 to 2004 [11,12]. Hence in order to reflect

climate change, DTR may be a better indicator when analyzing

temperature impacts on human health.

However there are only a few published studies investigated

DTR-related health effects and they focused on the effects of high

DTR, reporting a linear relationship between higher DTR and

mortality [13–15]. Whether a low DTR is associated with

mortality and how season modifies the effects of DTR on

mortality are still unclear and hence more studies are needed to

more comprehensively explore the effects of DTR on health.

Most previous studies of the associations of various temperature

indicators and mortality focused on the same day effects of

temperature [16,17] with a few considering about the lag effects
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[18]. Moreover, these have used single-day models to measure the

moving average value’s lag effects [19], which may overestimate

the effects of current-day exposure by overlapping with risks from

exposures in previous days [9], and cannot adequately capture the

total effect of exposure on mortality [20,21]. Recently, a

distributed lag non-linear model (DLNM) was developed to

describe simultaneously the potentially non-linear relationship in

the space of temperature and along the lag days [22]. The DLNM

is a more flexible and biologically plausible method to quantify

individual lags, especially at short lag times. Furthermore,

mortality displacement may also be observed from the lag effect

structure estimated by DLNM, which may enhance our under-

standing of the effects of temperature on mortality [21,23,24].

Hence DLNM was considered a more appropriate method to

capture the total effect of temperature on mortality for this study.

In the current study, we used DLNM to conduct a time-series

study in Guangzhou, China to examine the acute effect of DTR

on mortality, and further investigate the modification of season on

the effect. We hypothesized that extreme DTRs would result in

more serious adverse impacts on mortality than moderate DTRs.

Materials and Methods

Study Site
Guangzhou is located in South China and in 2010 it had a

population of 11.1 million. It has a typical sub-tropical, humid,

monsoon climate, with average annual temperature of 22uC and

average rainfall of 1500–2000 mm. Due to data availability,

mortality data was obtained for two districts (Yue Xiu and Li Wan)

of Guangzhou. In 2010, there were a total of 1.9 million residents

in these two districts, representing 17.1% of Guangzhou’s

population. Fig. 1 presents a district map of Guangzhou showing

the locations of the nine automatic, online air pollution monitoring

stations.

Data
Daily meteorological data for YueXiu and LiWan districts were

obtained from Guangdong Meteorological Bureau for the January

1st 2006 to December 31st 2008 periods. Parameters collected

included minimum temperature (tmin), maximum temperature

(tmax), mean temperature (tm), relative humidity (rh), mean wind

speed (ws), mean precipitation (pre), mean dew point temperature

(dew) and mean pressure (p). DTR was calculated as the difference

between maximal and minimal temperatures within 1 day. In

order to analyze the effects of extreme DTRs, we defined DTRs

lower than the 1st percentile (1.7uC) and higher than the 99th

percentile (14.5uC) of DTRs as extreme low and extreme high

DTRs in the current study.

Daily non-accidental mortality data covering the same period

was obtained from the Center for Disease Control and Prevention

of Guangdong Province (GDCDC) for the same districts. The

original source of information on mortality was the death

certificate which included the age and sex of the deceased and

the date and causes of death. The causes of death excluded

accidental deaths and were coded according to International

Statistical Classification of Diseases and Related Health Problems

10th Revision (ICD-10) [25]. In addition to NAD, the mortality

data were classified into deaths due to RD (ICD-10: J00–J99),

CVD (ICD-10: I00–I99) and CBD (ICD-10: I60–I69).

Daily 24 hours average air pollutant data were collected from

Guangzhou Environmental Monitoring Center, averaging the

value from number 1–3 monitoring stations in two selected

districts for the same time period (Figure 1). Air pollution data

included particular matter less than or equal to 10 mm (PM10),

sulfur dioxide (SO2) and nitrogen dioxide (NO2).

Statistics Analysis
As counts of daily mortality data typically follow a Poisson

distribution, DLNM with a log link and Poisson error was used to

analyze the effect of DTR on daily mortality and its associated lag

structure. This method can account for smooth fluctuations in

daily mortality to overcome the serial correlation of time-series

data [22]. Moreover, in order to observe the independent effects of

DTR on mortality outcomes, we controlled for potential

confounders such as long-term trend of daily mortality, day of

week effect, mean temperature, humidity and air pollutants. We

used the following model:

Log E Ytð Þ½ �~az
X

biXizs time,dfð Þ

zs DTR,df,lag,dfð Þzs rh,df,lag,dfð Þ

zs ws,dfð Þzs tm,df,lag,dfð ÞzDOW

ð1Þ

Where the subscript t denotes the time (day) of the observation;

E(Yt) denotes the expected number of deaths at day t; a is the

intercept; X is the independent variable for the linear effect on the

dependent variable, here indicating the pollutant concentrations of

SO2, NO2 and PM10; b is the coefficient for the independent

variable in the regression model; s() is cubic regression spline

function for the non-linear variables, including time, DTR, mean

temperature, relative humidity and wind speed; The smooth term

of time is used to control for secular trends and seasonality

confounding; DOW is day of week, which is a categorical variable.

To choose the degree of freedom for the non-linear variables,

we used Akaike’s Information Criterion (AIC) for quasi-Poisson

models [22,26]. Finally, we chose the degree of freedom (df) as 8/

year for time to remove the secular trends. The degrees of freedom

(df) for mean temperature, relative humidity and wind speed were

3, and the degree of freedom for both DTR and lag in cubic

regression spline function were 5. We used lags up to 27 days

according to the previous study to capture the total DTR effect

[27]. Previous studies found that mean temperature and relative

humidity both significantly affect mortality [17]. Therefore,

sensitivity analyses were conducted by changing lag structures

for mean temperature and relative humidity up to the previous 2

weeks to observe the effects of DTR. The lag structures up to 4

days (lag4) were finally selected to control for mean temperature

and relative humidity respectively because the DTR effects

appeared to be stable after 4 lag days (See Figure S1–S2).

With the purpose of evaluating several characteristics of the

DTR-mortality relationship, we classified the causes of disease into

several categories for establishing models and considered the lag

effects of DTR on daily mortality when building the models. As

the effect of DTR may vary between hot season (from May to

October) and cold season (from November to April of the next

year), we conducted analyses separately for these two seasons.

Moreover, we analyzed extreme low (less than 1st percentile of

DTR) and high DTRs (higher than 99th percentile of DTR) effects

on mortality among different lag structures, respectively. Further-

more, we divided the extreme low DTR into low tmax group

(tmax was less than median value of tmax (16.2uC)) and high tmin

group (tmin was higher than median value of tmin (15.5uC)). The

extreme high DTR was divided into high tmax group (tmax was

higher than the median value of tmax (23.7uC)) and low tmin

group (tmin was less than median value of tmin (7.6uC)). All the

relative risk (RR) and their confidence intervals (CIs) of mortality

Lagged Effects of DTR on Mortality
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were estimated for the DTR of 8uC as the reference. The

cumulative excessive rates (CERs) were calculated by the following

formula:

CER~ RR{1ð Þ|100% ð2Þ

Sensitivity analysis were also performed by changing the

definitions of extreme low DTRs from less than 1st percentile to

2.5th percentile and 5th percentile, and extreme high DTRs from

higher than 99th percentile to 97.5th percentile and 95th percentile,

respectively. Another sensitivity analysis was performed by

including SO2 and NO2 as non-linear variables in the model.

All statistical tests were two-sided and values of P,0.05 were

considered statistically significant. The DLNM packages in R

software Version 2.14.0 (R Development Core Team, 2011) were

used to fit all models and estimate the exact standard errors of

regression coefficients.

Results

Data Description
Table 1 shows the characteristics of daily weather variables,

mortality and air pollutants in Guangzhou for the study period. A

total of 36168 non-accidental deaths were recorded during the

January 1st, 2006 to December 31st, 2008 period. On average,

daily NAD, CVD, RD and CBD-related deaths were 32.7, 11.4,

5.6 and 4.2, respectively. The average daily mean temperature,

diurnal temperature range, relative humidity and wind speed were

23.0uC, 7.5uC, 71.1% and 1.4. Mean concentration of NO2, SO2,

PM10 were 59.3 mg/m3, 47.6 mg/m3 and 72.0 mg/m3, respective-

ly.

Full-year Regression Results
The three-dimensional plots show the relationships between

DTRs and mortality categories along the 27 lag days (Figure 2).

Overall, the estimated effects of DTRs on all mortality types were

non-linear, and there were significantly higher RRs for extreme

DTRs compared to the DTRs of 8.0uC (the mean DTR is 7.5uC)

used as a reference. Regarding extreme low DTRs, their effects on

NAD, CBD and CVD-related mortality were the largest at lag0,

subsequently declining for the following 2 days, and then rising

again. However, it was different for RD-related mortality, where

the effects were the smallest at lag0 followed by an increment for 2

days, and then declining till lag 27 days. For the extreme high

DTR, its effects were the strongest at lag0 with a decline for

around 10 days, and then an increase till lag 23, lag 15 and lag 27

for NAD, CVD and RD-related mortality, respectively. In terms

of the CBD-related mortality, significance fluctuated along the lag

days, with a maximum effect at lag0 and minimum effect at lag 5.

Table 2 shows the CERs of different DTRs on all mortality

types along 27 lag days after adjustment for confounding effects

from day of week, long-term trends and air pollutants. When the

DTRs were extreme low or high, their CERs for all types of

mortality appeared stronger than the moderate DTRs. Moreover,

extreme low DTR had greater effect on all types of mortality than

extreme high DTR.

As the table 3 shows, for extreme low DTR, the cumulative

effects of low maximum temperature are a little bit higher than

that of high minimum temperature on all types of mortality. For

extreme high DTR, the cumulative effects for both high maximum

temperature group and low minimum temperature group are

similar. Therefore, we did not divided extreme low or high DTR

into two categories in the following results.

Seasonal Regression Results
We further stratified the full year into hot and cold seasons to

compare the effects of DTRs on mortality between different

Figure 1. District map of Guangzhou, China, with monitoring station locations. Two districts (the district names) were included in the
present study.
doi:10.1371/journal.pone.0055280.g001

Table 1. Summary statistics of daily weather, mortality and air pollution in Guangzhou, China (2006–2008).

Variables Minimum 1% 25% Median 75% 99% Maximum Mean SD

Daily deaths by causes of disease

NAD 11.0 18.0 27.0 32.0 37.0 56.0 81.0 32.7 8.0

CVD 2.0 4.0 8.0 11.0 14.0 25.0 36.0 11.4 4.4

RD 1.0 1.0 4.0 5.0 7.0 13.0 18.0 5.6 2.6

CVB 1.0 1.0 3.0 4.0 5.0 11.0 13.0 4.2 2.2

Weather

Mean Temperature(uC) 5.4 7.7 18.6 24.5 27.8 32.0 33.5 23.0 6.1

DTR(uC) 1.0 1.7 5.5 7.6 9.2 14.7 16.9 7.5 2.8

Relative humidity (%) 25.0 34.0 64.0 72.0 81.0 92.0 94.0 71.1 13.0

Wind speed 0.5 0.6 1.1 1.3 1.7 2.9 3.1 1.4 0.5

Air pollutants (mg/m3)

NO2 13.0 17.6 35.4 49.9 76.2 157.7 199.4 59.3 32.1

SO2 2.4 4.3 22.5 40.7 65.3 150.4 289.3 47.6 33.3

PM10 8.3 14.0 41.3 62.9 93.7 205.4 268.6 72.0 41.7

SD = standard deviation.
doi:10.1371/journal.pone.0055280.t001

Lagged Effects of DTR on Mortality

PLOS ONE | www.plosone.org 4 February 2013 | Volume 8 | Issue 2 | e55280



seasons. Figure 3 shows the immediate and lagged effects of DTR

in hot or cold seasons along 27 day lags. The immediate effects

(lag0) of extreme DTR on all types of mortality in hot season are

larger than that in cold season, such as CVD-related mortality

Figure 2. Three-Dimension plot for relative risks of mortality types by DTR.
doi:10.1371/journal.pone.0055280.g002
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(Extreme low DTR: RR = 1.104, 95%CI: 0.943–1.292 vs.

RR = 1.041, 95%CI: 0.909–1.192; Extreme high DTR:

RR = 1.136, 95%CI: 0.991–1.302 vs. RR = 1.045, 95%CI:

0.899–1.215). Both the mortality effects of the extreme low and

high DTRs lasted longer in cold season than in hot season, such as

NAD-related mortality, in hot season, the lagged effects for

extreme low and high DTR lasted till lag12 (RR = 1.001, 95%CI:

0.979–1.022) and lag 10 (RR = 1.003, 95%CI: 0.985–1.021),

respectively. But in cold season, both of the lagged effects could

last to lag27 (extreme low DTR: RR = 1.011, 95%CI: 0.983–1.040

vs. extreme high DTR: RR = 1.024, 95%CI: 0.993–1.056).

In order to further estimate the overall effects of extreme DTRs

on mortality in different seasons along different lag days, we

compared CERs for extreme high and low DTRs in different

seasons along different lag structures. Figure 4 shows the effects of

extreme low and high DTR on mortality. In the cold season, the

overall CERs of both extreme low and high DTR increased with

the increment of lag days. However, in hot season, only the CERs

for extreme low DTR increased with the lag days, and for extreme

high DTR, NAD-related, CVD-related and RD-related mortality

effects reached maxima after two weeks exposure (NAD:

CER% = 55.4%, 95%CI: 19.9%–101.4%; CVD:

CER% = 110.5%, 95%CI: 29.8%–209.7%; RD:

CER% = 63.9%, 95%CI: 214.8–215.4). CBD-related mortality

reached maxima after one week exposure (CBD: CER% = 36.6%,

95%CI: 215.9%–121.8%) and then decreased. Comparison of

overall effects between extreme low and high DTR in different

season, we found the effects of extreme low DTR were greater

than extreme high DTR in hot season, but the relationship in cold

season was just on the contrary.

Sensitivity Analysis
We changed the definition of extreme high and low DTR by

choosing different cut off points, which gave similar results (See

Figure S3–S6) both for full year and seasonal regression analysis.

Moreover, the results of the sensitivity analysis by including SO2

and NO2 as non-linear variables were also similar with the linear

one (See Figure S7 and Table S1). Consequently, we believe that

the methods used in this study adequately captured the main

effects of DTR on mortality.

Discussion

The acute effects of extreme temperatures (e.g., heat waves and

cold spells) on daily mortality have been widely-documented in

previous studies [3,5,22,28–30]. These studies commonly used

mean and maximum temperature as temperature indicators.

Recently, researchers have suggested that DTR might be another

important indicator to reflect the impact of temperature change on

mortality and morbidity, reporting linear relationships between

Table 2. The CERs of different DTRs on mortality at lag0–27 in the full year.

DTR structures* CERs (95%CI)

NAD (%) CVD (%) RD (%) CBD (%)

1.7uC 139.2(54.6–269.6) 250.7(57.0–683.3) 381.0(69.6–1263.8) 225.0(6.2–895.1)

5.5uC 28.3(229.6–19.5) 49.5(23.5–131.5) 219.6(254.5–41.9) 21.6(245.6–77.9)

7.6uC 3.3(26.3–13.8) 15.2(23.2–37.2) 21.8(220.6–21.4) 4.6(217.3–32.3)

9.2uC 1.3(212.1–16.7) 18.1(22.8–43.5) 18.0(28.9–52.8) 21.4(27.6–59.3)

14.5uC 124.7(44.0–250.6) 86.0(220.9–337.3) 207.6(22.9–874.8) 146.0(221.5–671.4)

*1.7uC, 5.5uC, 7.6uC, 9.2uC and 14.5uC represent the 1st percentile, 25th percentile, 50th percentile, 75th percentile and 99th percentile of DTR in Guangzhou, respectively.
The 8uC of DTR was selected as the reference.
doi:10.1371/journal.pone.0055280.t002

Table 3. The cumulative relative risks of extreme DTR categorized by minimum and maximum temperature on disease-specific
death effects. along the 27 lag days.

Categorized DTR* RRs (95%CI)

NAD CVD RD CBD

Extreme low DTR – low maximum
temperature

2.587(1.636–4.091) 4.026(1.718–9.435) 6.170(2.029–18.761) 3.222(0.953–10.890)

Extreme low DTR – high minimum
temperature

2.471(1.596–3.827) 3.764(1.697–8.349) 5.492(1.939–15.559) 2.987(0.857–9.320)

Extreme high DTR – high maximum
temperature

2.198(1.416–3.413) 1.873(0.804–4.365) 2.930(0.930–9.235) 2.419(0.775–7.544)

Extreme high DTR – low minimum
temperature

2.235(1.414–3.534) 1.807(0.738–4.427) 2.944(0.873–9.923) 2.410(0.731–7.950)

Note:
*Extreme low DTR – low maximum temperature group was defined as daily maximum temperature was less than median value in the chosen extreme low DTR group
(16.2uC); Extreme low DTR –high minimum temperature group was defined as daily maximum temperature was higher than median value in the chosen extreme low
DTR group (15.5uC); Extreme high DTR – high maximum temperature group was defined as daily maximum temperature was higher than median value in the chosen
extreme high DTR group (23.7uC); Extreme high DTR – low minimum temperature group was defined as daily minimum temperature was less than median value in the
chosen extreme low DTR group (7.6uC).
doi:10.1371/journal.pone.0055280.t003
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DTR and mortality using single-day models [31]. For example, a

few previous studies examined the impact of DTR on NAD, CVD,

RD and stroke mortality using a single-day model in Shanghai,

and found that high DTR was significantly associated with daily

mortality after adjusting for potential confounders [15,31–33].

Tam et al. also observed a 1.7% increase in CVD mortality for an

increase of 1uC in DTR at lag0-3 days among the elderly in Hong

Kong [34].

For the present study, we used a constrained distributed lag

model, employing natural splines to constrain for lag changes in

coefficients, which is more appropriate to estimate the effects of

short-term DTR exposure than a single-day model [9]. The results

revealed that extreme DTR was significantly associated with

increased mortality, which was partly consistent with previous

studies that used single-day models [31,32]. A unique finding of

the current study is that the relationships between DTRs and daily

mortality are nonlinear, which is similar to the previously reported

temperature-mortality relationship [35]. That is, the effects of

extreme high or low DTR on daily mortality were stronger than

that of moderate DTR (approximately equal to mean DTR). The

other novel finding of our study was that extreme low DTR was

likely to have a greater effect on mortality than extreme high DTR

suggesting that a small difference between minimum and

maximum daily temperature is associated with a greater risk of

mortality compared with a large difference in daily minimum and

maximum temperature. This lack of variability within a day would

possibly cause a failure of thermoregulation and result in some

temperature-related morbidity and mortality. Therefore, the

findings of the present study highlight the importance of not only

absolute temperatures in relation to human health, but also

changes in diurnal temperature, particularly extreme DTR. This

has implications for understanding the impacts of climate change

where in some parts of the world (e.g., central and southeastern

Europe [36], North America [37] and in central and south Asia

[38]) higher minimum temperatures are being predicted, suggest-

ing a lower DTR. In a addition, urban heat island effect could also

decrease DTR because the increment of the daily minimum

temperature was larger than daily maximum temperature with the

urbanization [10,39].

In order to explore the health effects of extreme (e.g., very high

or very low) DTRs in different seasons, the present study further

stratified the entire year into hot and cold seasons. Significant

associations between extreme DTR and mortality were observed

in both two seasons, which further indicated that extreme DTR

was a risk factor for daily mortality regardless of season. In the cold

season, both of the overall effects of extreme low and high DTR

increased with the increment of lag days, and the effects of

extremely high DTR on all categories of mortality were greater

than extremely low DTR at lag0–27 days. These results could

suggest that local residents may not acclimate well to the cold

season with larger change because the winter weather in

Guangzhou is usually mild. Proposed mechanisms of health

impact due to greater change in cold season may be associated

with risk factor of human health, such as increases in blood

cholesterol levels, blood pressure, plasma fibrinogen concentra-

tions, peripheral vasoconstrictions, heart rate, platelet viscosity,

and reducing the immune system’s resistance [40,41]. These

impacts of temperature change in the cold season in this normal

sub-tropical area were really interesting and had implications for

places that may not have thought about being affected by changes

in temperature (e.g., strategies for heat extremes have been

favored but possibly may need to look more closely at the cold

Figure 3. Three-Dimension plots for the effects (RR) of DTR on mortality in hot and cold season.
doi:10.1371/journal.pone.0055280.g003
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season effects) to pay more attention to reduce the impact of DTR

in cold season.

In hot season, we found that the effects of extreme low DTR on

mortality increased as the lag days increased, but for extreme high

DTR, the effects began to decline slowly at around lag 14 days.

These findings suggest that there was some mortality displacement

for extremely high DTR in the hot season within 27 lag days,

which was similar to the effects of high ambient temperature found

in previous studies [42,43]. Although the real reasons for the

mortality displacement in the hot seasons were not very clear, the

extremely high DTR in the hot season possibly impacted the

mostly frail individuals with little remaining life expectancy.

However, mortality displacement was not observed for extreme

low DTR in the hot season within 27 lag days. The possible reason

would be that extreme low DTR, which means sustained high

temperature within a day in hot season, may have a broader

impact on the public because it represents a greater loss of life-

years [44].

A limitation of the current study was that the data were only

from one city. Therefore, it is difficult to extrapolate our results to

other regions or cities. Moreover, like other studies, we used

available environmental monitoring data to represent the popu-

lation exposure to DTR and other covariates, which may not

accurately reflect the real personal exposure to ambient temper-

ature or air pollution due to widespread use of air-conditioners in

Guangzhou, especially in the hot season.

In summary, we found that DTR was independently associated

with daily mortality in Guangzhou, China. Season is a modifier of

the association of DTR with daily mortality with findings being

most significant for effects of extreme low DTR in hot season and

for extreme high DTR in cold season. These findings highlight the

importance of measuring health impacts of DTR as opposed to

only conventional measures of daily temperature because DTR is

projected to decrease slowly in the context of climate change and

urbanization in many parts of the world.

Supporting Information

Figure S1 Association between DTR and mortality with
adjustment of the maximum distributed lag days of
mean temperature, 2006–2008.

(TIF)

Figure S2 Association between DTR and mortality with
adjustment of the maximum distributed lag days of
relative humidity, 2006–2008.

(TIF)

Figure 4. CERs of extreme low and high DTR on disease-specific mortality in hot and cold seasons at different lag days. Note: The 8uC
of DTR was selected as the reference, which was regarded as minimal mortality.
doi:10.1371/journal.pone.0055280.g004
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Figure S3 3-D plots for the effects of DTR on mortality
in cold and hot season. Select selected lower than 2.3uC (2.5th

percentile) and higher than 13.8uC (97.5th percentile) as the

extreme low and high DTRs.

(RAR)

Figure S4 Effects of extreme low and high DTR on
disease-specific deaths in hot and cold seasons at
different lag times. The 8uC of DTR was selected as the

reference, which was regarded as minimal mortality; Select

selected lower than 2.3uC (2.5th percentile) and higher than

13.8uC (97.5th percentile) as the extreme low and high DTRs.

(TIF)

Figure S5 3-D plots for the effects of DTR on mortality
in cold and hot season. Notes: Select selected lower than 3.1uC
(5th percentile) and higher than 12.6uC (95th percentile) as the

extreme low and high DTRs.

(RAR)

Figure S6 Effects of extreme low and high DTR on
disease-specific deaths in hot and cold seasons at
different lag times. The 8uC of DTR was selected as the

reference, which was regarded as minimal mortality; Select

selected lower than 3.1uC (5th percentile) and higher than

12.6uC (95th percentile) as the extreme low and high DTRs.

(TIF)

Figure S7 3-D plots for the effects of DTR on mortality
in cold and hot season. The pollution variables of SO2 and

NO2 were regarded as non-linear in the DLNM. Moreover, lower

than 1.7uC (1th percentile) and higher than 14.5uC (99th

percentile) were selected as the extreme low and high DTRs,

respectively.

(RAR)

Table S1 The CERs of different DTRs on mortality
along 27 lag days for the full year. The type of SO2 and

NO2 was considered as nonlinear in the DLNM.

(DOC)
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