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Abstract

Objectives To investigate whether a sudden temperature

change between neighboring days has significant impact on

mortality.

Methods A Poisson generalized linear regression model

combined with a distributed lag non-linear models was

used to estimate the association of temperature change

between neighboring days with mortality in a subtropical

Chinese city during 2008–2012. Temperature change was

calculated as the current day’s temperature minus the

previous day’s temperature.

Results A significant effect of temperature change

between neighboring days on mortality was observed.

Temperature increase was significantly associated with

elevated mortality from non-accidental and cardiovascular

diseases, while temperature decrease had a protective

effect on non-accidental mortality and cardiovascular

mortality. Males and people aged 65 years or older

appeared to be more vulnerable to the impact of tempera-

ture change.

Conclusions Temperature increase between neighboring

days has a significant adverse impact on mortality. Further

health mitigation strategies as a response to climate change

should take into account temperature variation between

neighboring days.

Keywords Climate change � Temperature variation �
Mortality � Time series

Introduction

There is a widespread consensus that climate change is

occurring and it is mainly caused by the emissions of

anthropogenic greenhouse gases (WHO 2008). As pro-

jected by Intergovernmental Panel on Climate Change,

global average temperature increase is likely to exceed

1.5 �C by the end of this century for all RCP scenarios

except RCP 2.6 (IPCC 2013). Not only has the global

average temperature increased, but the frequency and

intensity of extreme temperatures (e.g., heat waves and

cold spells) have also increased (IPCC 2013). Climate

change has been recognized as an important threat to

human health and well-being (WHO 2008; Kjellstrom and

McMichael 2013).

Marked adverse effects of ambient temperature on

morbidity and mortality have been demonstrated in various

regions and climatic zones worldwide, and typical U-, V-,

and J-shaped exposure–response relationships have been
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noted (Barnett 2007; Basu 2009; Guo et al. 2012, 2013;

Yang et al. 2012; Green et al. 2010). Prior studies tended to

use daily mean temperature, maximum temperature, min-

imum temperature, or apparent temperature as indicators of

ambient temperature. As the climatic conditions continu-

ously change, unstable weather patterns (e.g., an abrupt

drop or increase in temperature) are also more likely to

occur in the coming decades (Faergeman 2008; Epstein

2005). In recent years, there has been increasing interest in

assessing the effect of temperature variation within 1 day

or between neighboring days on human health. Defined as

the difference between daily maximum temperature and

minimum temperature, diurnal temperature range was

found to be an independent risk factor for mortality (Lim

et al. 2012; Yang et al. 2013; Cheng et al. 2014). However,

to date, few data are available on the possible effect of

temperature change between adjacent days on mortality

(Lin et al. 2013; Guo et al. 2011). For example, in Bris-

bane, Australia, Guo et al. found an increase of more than

3 �C in temperature between neighboring days was asso-

ciated with 35.3 % [95 % confidence interval (CI)

3.3–77.2 %] increase in cardiovascular mortality and peo-

ple under 65 years were more vulnerable to the effects of

temperature change (Guo et al. 2011). However, in Los

Angeles, United States, a drop of more than 3 �C in tem-

perature between neighboring days was found to be

associated with 25.2 % (95 % CI 13.1–38.6 %) increase in

cardiovascular mortality, and people aged 75 years or older

were particular sensitive to the effects of temperature

change (Guo et al. 2011).

Sudden short-term (days) temperature change is a source

of additional environmental stress and may have acute or

delayed adverse effects on human health, particularly to

those with pre-existing chronic conditions (Lin et al. 2013).

Therefore, we hypothesized that a sudden temperature

change between neighboring days might pose a threat to

human health. The association between temperature change

among neighboring days and mortality has been examined

by Lin and colleagues only in the Chinese coastland cities,

and they found temperature increase was a risk factor of

mortality (Lin et al. 2013). However, whether the adverse

effect of temperature change on mortality exist in areas

with different weather condition, population characteristics

and socio-economic status needs to be further explored. In

this study, we selected a Chinese inland city and attempted

to address the following questions: (1) What is the rela-

tionship between temperature change among neighboring

days and mortality? (2) Which groups are more vulnerable

to the effects of temperature change? and (3) Is there a

delayed effect of temperature change on daily mortality?

Methods

Study area

This study was conducted in Maanshan, an inland city

located in the East Anhui Province, China (East longitude:

117�530–118�520, North latitude: 31�240–32�020) (Fig. 1).

This city covers 4,049 km2 with a population of 1,366,302

Fig. 1 The geographical location of the study area in China. The light-blue polygons represent the Anhui province and the red polygon

represents Maanshan city

924 J. Cheng et al.

123



in 2010. It has a subtropical monsoon climate, experiencing

four distinct seasons. The annual average temperature and

rainfall is 15.7 �C and 1060 mm, respectively.

Data collection

Daily death counts between January 1st 2008 and December

31st 2012 were obtained from Maanshan Center for Disease

Control and Prevention. The causes of mortality were coded

according to the tenth version of the International Classifi-

cation of Diseases (ICD-10). We classified the mortality

into deaths due to all non-accidental causes (ICD-10: A00-

R99), cardiovascular diseases (ICD-10: I00-I99) and

respiratory diseases (ICD-10: J00-J99). Daily meteorolog-

ical data, including daily maximum, minimum, and mean

temperatures and relative humidity for the same period were

collected from Maanshan Bureau of Meteorology. Tem-

perature change between neighboring days, including mean

temperature change (MeanTC), maximum temperature

change (MaxTC), and minimum temperature change

(MinTC), was calculated as the difference between the

current day’s mean/maximum/minimum temperature and

previous day’s mean/maximum/minimum temperature.

Ethical approval was obtained from the Ethics Com-

mittee of Anhui Medical University prior to the data

collection.

Statistical analysis

As the count of daily death typically follows a Poisson

distribution, we used the same analytical approach as Lin

et al. (2013), namely, Poisson generalized linear regression

model combined with a distributed lag non-linear model

(DLNM), to estimate the effect of temperature change on

mortality. DLNM is a modeling framework, which can

flexibly model potential non-linear exposure–response

dependencies and delayed effects in time series data (e.g.,

daily air pollutant, daily ambient temperature, and daily

death number) (Gasparrini et al. 2010). This model is based

on the definition of a ‘‘cross-basis’’, a bi-dimensional

functional space, which describes simultaneously the shape

of the relationship along both the space of the exposure and

the lag dimension of its occurrence. Three-dimensional

plots were finally built by building a series of grid of

predictions for each lag and for suitable values of exposure

to provide an overall picture of the effects of interest

varying along the two dimensions.

In ‘‘cross-basis’’ function, we assumed a maximum lag of

21 days for the delayed effect of temperature change on

mortality and used a natural cubic spline with three degrees

of freedom (df) for the temperature change. A natural cubic

spline with three df was used to adjust for mean temperature

and relative humidity (Lin et al. 2013; Guo et al. 2011).

Long-term trends and seasonal patterns were controlled

using a natural cubic spline for time with seven df per year.

Day of the week was controlled as a categorical variable.

We did not control for the air pollutants, such as ozone (O3)

and particulate matter less than 2.5 lm in aerodynamic

diameter (PM2.5), because it is not available. The main

model used to quantify the association of the temperature

change and mortality was:

Yt� Poisson ðutÞ

LogðutÞ ¼ aþ nsðTCt; 3Þ þ nsðMeanTt; 3Þ þ nsðRHt; 3Þ
þ nsðTimet; 7Þ þ gDOWt

where t is the day of the observation; Yt is observed daily

death counts on day t; a is the model intercept; ns(.)

denotes the natural cubic spline; TC is the temperature

change, inclusion of MeanTC, MaxTC, and MinTC;

MeanT is the daily mean temperature; g indicates the

vector of coefficient for DOWt; DOWt is the categorical

day of the week with a reference day of Sunday. In all

cases, the Akaike information criterion (AIC) was used to

measure goodness of fit and an analysis of residuals was

examined to evaluate the adequacy of the model. We ran

the above model with MeanTC, MaxTC, and MinTC being

the independent variables separately and found the model

with MaxTC generated the lowest AIC value, so we used

MaxTC as the predicator to assess the association between

temperature change between adjacent days and mortality.

Table 1 Summary statistic for daily weather variables and daily

mortality cases in Maanshan, China, from 2008–2012

Variables Mean SD Min Percentile Max

25 50 75

MaxTC (�C) 0 3.06 -12.50 -1.90 0.2 1.90 13.80

MinTC (�C) 0 2.44 -13.20 -1.30 0.1 1.40 8.7

Mean

temperature

(�C)

17.75 8.98 -3.90 10.35 19.25 25.40 34.50

Relative

humidity (%)

67.99 15.64 16.00 57.00 69.00 80.00 99.00

Total mortality

(non-

accidental)

4.44 2.42 0 3.00 4.00 6.00 16.00

Male 2.84 1.77 0 2.00 3.00 4.00 11.00

Female 1.59 1.39 0 1.00 1.00 2.00 10.00

Age \65 years 1.30 1.15 0 0.0 1.00 2.00 7.00

Age C65 years 3.14 2.05 0 2.00 3.00 4.00 15.00

Cardiovascular

mortality

0.57 0.80 0 0 0 1.00 4.00

Respiratory

mortality

0.89 0.97 0 0 1.00 1.00 6.00

MaxTC Maximum temperature change between adjacent days, MinTC

Minimum temperature change between adjacent days
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Effects of the temperature change on mortality were

estimated and presented as relative risk (RR, with 95 % CI

of temperature increase/drop (1, 5, 25, 75, 95, and 99 %

percentiles of temperature changes) along specific lag days

with 0 �C as the reference. A stratified analysis was also

conducted to explore the association across age, gender,

and cause of death.

All data analysis was conducted using the R statistical

environment (version 2.15.3) with the ‘‘dlnm’’ package to fit

the regression model (Gasparrini 2013). To check our findings,

additional sensitivity analyses were performed by varying the

df for time, mean temperature, and relative humidity.

Results

Characteristics of mortality and meteorological

variables

A total of 8,111 deaths were identified during the study

period of 2008–2012. Table 1 showed the summary sta-

tistics for daily weather conditions and mortality. There

were, on average, 4.44 daily non-accidental deaths in

Maanshan, China. The average value of MaxTC and

MinTC were 0 �C (ranged from -12.5 to 13.8 �C) and

0 �C (ranged from -13.2 to 8.7 �C), respectively. The

average values of mean temperature and relative humidity

were 17.75 and 67.99 %, respectively.

Association between temperature change and mortality

The three-dimension plot showed the relationships between

MaxTC and mortality from non-accidental, cardiovascular,

and respiratory diseases for different lags, with 0 �C as the

reference (Fig. 2). Overall, the estimated effect of MaxTC

on mortality was non-linear. Large temperature increases

have delayed adverse effects on mortality from non-acci-

dental and cardiovascular diseases. Figure 2 showed a

protective effect of temperature decrease, and the risk of

death decreased with the decreased temperature.

Figure 3 showed the gender-specific risk curve at lag 10

due to the effects of extremely high MaxTC (6.9 �C) on

mortality peaked at 10 days lag. It suggested that risk of

death increase significantly above a MaxTC of 0 �C, with

Fig. 2 3D graph of MaxTC

effect on mortality from non-

accidental, cardiovascular and

respiratory diseases, with 0 �C

as the reference in Maanshan,

China, during 2008–2012. RR

relative risk, MaxTC maximum

temperature change between

neighboring days
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males exhibiting the greater susceptibility than females. A

5 �C increase in MaxTC was associated with 6.9 % (95 %

CI 1.3–12.9 %) increase in total, 7.9 % (95 % CI

0.8–15.6 %) increase in male and 5.2 % (95 % CI

-3.9–15.1 %) increase in female mortality, respectively.

The effects of MaxTC on cause-specific mortality at

specific lag days (0, 1, 2, 3, 7, 14, and 21 days) and at

specific temperature changes (-7.9, -5.1, -1.9, 1.9, 4.7,

and 6.9 �C), which corresponded to approximately the 1, 5,

25, 75, 95, and 99 % percentiles of MaxTC, were presented

in Table 2. We found moderate temperature change

(including positive and negative) had the greatest effect on

mortality at lag0. Regarding the effects of temperature

increase on mortality, the moderate MaxTC (1.9 �C), high

MaxTC (4.7 �C) and extremely high temperature MaxTC

(6.9 �C) could significantly increase the non-accidental and

cardiovascular mortality. For example, a 1.9 �C increase in

MaxTC was found to be associated with 3 % (95 % CI

0–5 %, lag0) and 8 % (95 % CI 2–15 %, lag0) increase in

non-accidental mortality and cardiovascular mortality,

respectively. Meanwhile, season-specific analysis showed

that the effects of temperature change were greater in cool

season (January–April and November–December) than

those in warm season (May–October) (Fig. 4). In contrast,

temperature drop was found to be followed with decreased

mortality.

Table 3 showed the effects of temperature changes on

mortality stratified by age and gender. It indicated that

MaxTC was more likely to affect mortality among males

and people aged 65 years or older. Temperature drop was

associated with decreased mortality, while temperature

increase could increase the risk of death. A 1.9 �C drop in

MaxTC was found to be associated with 4 % (95 % CI

1–6 %, lag0) and 3 % (95 % CI 1–6 %, lag0) decrease in

mortality among males and people aged 65 years or older,

respectively. However, 1.9 �C increase in MaxTC corre-

sponded to a 3 % increase at lag 0 (95 % CI 0–6 %) and

lag 3 (95 % CI 1–5 %) in mortality among males and

people aged 65 years or older, respectively.

Sensitivity analysis

We also examined the relationship between MinTC and

mortality. Significant relationship between MinTC and

mortality among males and mortality due to cardiovascular

diseases were also observed. With a moderate and high

temperature increase in MinTC (1.4 and 3.9 �C), the risk of

death among males elevated by 3 % (95 % CI 0–6 %) and

8 % (95 % CI 1–16 %) on the current day, respectively.

Meanwhile, a high and extremely high temperature

increase in MinTC (3.9 and 5.8 �C) has the acute maxi-

mum effects at lag day 0 on mortality due to cardiovascular

diseases (percent change: 23 %, 95 % CI 5–43 %; 41 %,

95 % CI 8–83 %).

To check our findings, we also changed the df (6–10 per

year) for time to control for long-term trends and seasonal

patterns. We also varied the df (4–7) for mean temperature

and relative humidity, the estimated results changed a little

(supplementary Fig. 1 and supplementary Fig. 2).

Discussion

This study examined the impact of temperature change

between neighboring days on mortality in a subtropical city

of China. Large temperature drops between neighboring

days were found to be significantly linked with decreased

non-accidental and cardiovascular mortality, while tem-

perature increases were associated with elevated risk of

mortality from non-accidental and cardiovascular diseases.

These findings suggested that individual physiological

reactions to temperature fluctuations between adjacent days

might depend on the direction and degree of the tempera-

ture change.

In accordance with previous studies (Goldberg et al.

2011; Lin et al. 2013; Guo et al. 2011), we found the

significant association of temperature change between

neighboring days and mortality from non-accidental and

cardiovascular diseases. The increased risk of death due to

Fig. 3 Association between temperature change between neighbor-

ing days (MaxTC, Lag 10) and sex-specific mortality in Maanshan,

China, during 2008–2012 (reference = 0 �C). RR relative risk,

MaxTC maximum temperature change between neighboring days;

the solid steel blue line and shade area represent the RR and its 95 %

confidence interval
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short-term temperature variation highlights the importance

of not only focusing on absolute temperature (e.g., daily

mean daily temperature, maximum temperature, and daily

minimum temperature), but also sudden temperature

change (e.g., MaxTC and MinTC), when assessing the

climate change related to human health. Currently, the

exact mechanism by which exposure to a large temperature

can increase the risk of mortality remains largely unknown.

Normally, human body regulates the heat exchange

between body and ambient temperature by physiological

control (Guo et al. 2012). When a sudden temperature

increase exceeds the limits people could bear, the auto-

matic thermo-regulation system might not well adapt to

such a sudden change, particularly for those with some

chronic diseases (Zanobetti et al. 2012). Sudden tempera-

ture changes has found to be associated with increased

blood cholesterol levels, blood pressure, plasma fibrinogen

concentrations, peripheral vasoconstriction, heart rate,

platelet viscosity, and reduced the immune system’s

resistance (Schneider et al. 2008; McGeehin and Mirabelli

2001). The dehydration, salt depletion, and increased sur-

face blood circulation (Bouchama and Knochel 2002) may

be also related to the potential mechanism, through which a

sudden temperature change induced the occurrence of

death.

In present study, based on the analytical approach of Lin

et al. (2013), we found that people with cardiovascular

diseases were more vulnerable to temperature change than

those with respiratory diseases. Likewise, Lin et al. (2013)

have also observed temperature change had adverse effect

on cardiovascular disease, but not on respiratory disease in

Taishan, China. Previous studies have shown that temper-

ature was associated with physiological changes in the

circulatory system, including blood pressure, heart rate,

blood cholesterol levels, plasma fibrinogen concentrations,

peripheral vasoconstriction, and platelet viscosity

(Schneider et al. 2008; Carder et al. 2005), which are

directly associated with cardiovascular function. The

Table 2 The effects of temperature changes (1, 5, 25, 75, 95, and 99 % percentiles) on non-accidental and cause-specific mortality at different

lag days in Maanshan, China, during 2008–2012 (reference = 0 �C)

Death cause RR (95 % CI)

-7.9 �C -5.1 �C -1.9 �C 1.9 �C 4.7 �C 6.9 �C

Non-accidental

Lag0 0.91 (0.82–1.00) 0.93 (0.88–0.98)* 0.97 (0.95–0.99)* 1.03 (1.00–1.05)* 1.03 (0.98–1.08) 1.00 (0.91–1.09)

Lag1 0.91 (0.83–0.99)* 0.93 (0.88–0.98)* 0.97 (0.95–0.99)* 1.03 (1.01–1.05)* 1.03 (0.99–1.08) 1.01 (0.94–1.10)

Lag2 0.91 (0.84–0.99)* 0.93 (0.89–0.98)* 0.97 (0.95–0.99)* 1.03 (1.01–1.05)* 1.04 (1.00–1.09) 1.03 (0.96–1.11)

Lag3 0.91 (0.84–0.98)* 0.94 (0.89–0.98)* 0.97 (0.95–0.99)* 1.03 (1.01–1.05)* 1.05 (1.00–1.09)* 1.05 (0.98–1.12)

Lag7 0.92 (0.86–0.99)* 0.95 (0.90–0.99)* 0.98 (0.96–1.00)* 1.03 (1.01–1.05)* 1.06 (1.01–1.11)* 1.09 (1.02–1.18)*

Lag14 1.03 (0.96–1.10) 0.97 (0.93–1.01) 0.99 (0.97–1.01) 1.01 (1.00–1.03) 1.04 (1.00–1.09) 1.07 (1.00–1.15)*

Lag21 1.03 (0.96–1.10) 1.01 (0.98–1.04) 1.00 (0.98–1.02) 1.00 (0.98–1.01) 0.98 (0.94–1.02) 0.95 (0.88–1.02)

Cardiovascular

Lag0 0.76 (0.58–1.00)* 0.82 (0.70–0.95)* 0.92 (0.86–0.98)* 1.08 (1.02–1.15)* 1.15 (1.00–1.32) 1.15 (0.91–1.46)

Lag1 0.76 (0.59–0.97)* 0.82 (0.71–0.94)* 0.92 (0.87–0.97)* 1.08 (1.02–1.15)* 1.16 (1.02–1.32)* 1.18 (0.96–1.46)

Lag2 0.75 (0.60–0.94)* 0.82 (0.72–0.93)* 0.92 (0.87–0.97)* 1.09 (1.03–1.14)* 1.18 (1.05–1.32)* 1.22 (1.00–1.47)*

Lag3 0.75 (0.61–0.92)* 0.82 (0.72–0.92)* 0.92 (0.87–0.96)* 1.09 (1.03–1.14)* 1.19 (1.06–1.32)* 1.25 (1.04–1.50)*

Lag7 0.75 (0.61–0.92)* 0.82 (0.72–0.93)* 0.92 (0.88–0.97)* 1.09 (1.03–1.15)* 1.23 (1.08–1.39)* 1.35 (1.11–1.65)*

Lag14 0.86 (0.72–1.05) 0.90 (0.80–1.01) 0.96 (0.91–1.01) 1.06 (1.00–1.11)* 1.16 (1.03–1.32)* 1.28 (1.05–1.56)*

Lag21 1.17 (0.98–1.39) 1.08 (0.99–1.18) 1.02 (0.97–1.06) 0.99 (0.95–1.04) 0.98 (0.88–1.10) 0.97 (0.79–1.20)*

Respiratory

Lag0 0.92 (0.74–1.15) 0.97 (0.85–1.09) 1.00 (0.94–1.05) 0.99 (0.94–1.04) 0.93 (0.83–1.04) 0.86 (0.71–1.05)

Lag1 0.93 (0.76–1.13) 0.97 (0.86–1.08) 0.99 (0.95–1.04) 0.99 (0.95–1.04) 0.95 (0.85–1.05) 0.89 (0.75–1.06)

Lag2 0.93 (0.77–1.12) 0.96 (0.87–1.07) 0.99 (0.95–1.04) 1.00 (0.95–1.04) 0.96 (0.87–1.06) 0.92 (0.78–1.08)

Lag3 0.93 (0.78–1.10) 0.96 (0.87–1.07) 0.99 (0.95–1.03) 1.00 (0.96–1.04) 0.98 (0.89–1.08) 0.95 (0.82–1.11)

Lag7 0.93 (0.79–1.10) 0.96 (0.87–1.06) 0.99 (0.95–1.03) 1.01 (0.97–1.06) 1.04 (0.94–1.15) 1.06 (0.90–1.25)

Lag14 0.93 (0.80–1.08) 0.95 (0.86–1.04) 0.98 (0.94–1.02) 1.03 (0.98–1.07) 1.06 (0.96–1.17) 1.09 (0.93–1.27)

Lag21 0.91 (0.78–1.06) 0.93 (0.86–1.00) 0.97 (0.93–1.00) 1.02 (0.98–1.06) 0.99 (0.91–1.08) 0.92 (0.78–1.09)

RR relative risk, CI confidence interval

* P \ 0.05
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respiratory mortality is generally due to the immune sys-

tem’s resistance to respiratory infections caused by

exposure to cold or hot temperatures (Curriero et al. 2002).

Therefore, compared with people with respiratory diseases,

those with cardiovascular disease might be particularly

sensitive to temperature change.

The gender- and age-specific analyses also showed that

males and people aged 65 years or older were more likely

to be affected by temperature change. Lin et al. (2013)

have found that temperature increase between neighboring

days was significantly associated with increased mortality

among males, but not among females in Guangzhou, China

and no difference was found in both males and females in

Taishan, China. Basu et al. (2009) have pointed out that the

differences of the impact of temperature on males and

females were dependent on location and population. For

instance, the impact of hot temperature on mortality was

higher for males in São Paulo, but higher for females in

Mexico City (Bell et al. 2008). Compared with younger

population, the elderly have a lower ability to regulate

body temperature and an elevated sweating threshold

(Kenney and Hodgson 1987). When exposed to a large

temperature increase, the elderly would be a more vul-

nerable group.

In this study, the effect of temperature change on mor-

tality increased rapidly above 0 �C at lag10, particularly

above large temperature change (Fig. 3). In Maanshan,

China, during 2008–2012, people were exposed to the risk

of high temperature change (4.7 �C) for more than 90 days,

and extreme high temperature change (6.9 �C) for 20 days.

In terms of lag structure of effects of extreme high tem-

perature increase on mortality, we found the effect started

at lag5, peaked at lag10 and then declined gradually, which

was inconsistent with previous findings. In Guangzhou,

China, using the same analytical approach, Lin et al. (2013)

found the acute effects of extreme temperature increase on

non-accidental and cardiovascular mortality, while delayed

effects were observed on respiratory mortality, with the

greatest effects occurred at around lag10. Meanwhile,

delayed effects on non-accidental mortality were also

found in Taishan, China, and the effects could last for at

least 15 days. However, in Brisbane, Australia, Guo et al.

(2011) observed that a large temperature change (more

than 3 �C) had the acute effects on cardiovascular mortality

and people under 65. It suggests that furthers research is

needed to explore whether the lag structure of effects of

extreme temperature change on mortality vary with loca-

tion and death cause.

With respect to the effects of temperature decrease on

mortality, analogous results that temperature drop was

accompanied with the decrease in risk of death due to non-

accidental and cardiovascular diseases were reported by

Lin and coworkers (Lin et al. 2013). We should also pay

attention to temperature decrease between neighboring

days, because a large temperature drop between adjacent

days has been found associated with elevated mortality in a

study in Brisbane, Australia (Guo et al. 2011). The

inconsistence might be partly due to the differences in

population characteristics (e.g., adaptive capacity, socio-

economic status, lifestyles, and access to health care) and

weather condition. Therefore, local policy makers should

fully take into account the direction and magnitude of

short-term temperature variation when developing or

updating the public health mitigation strategy as a response

to current climate change.

Several limitations should be considered when inter-

preting the findings from our study. First, this was an

ecological study, and therefore, some bias due to exposure

misclassification may be inevitable. Second, only one city

was included in the present study, the results of this study

may not be generalized to population in other areas. Third,

some other time-varying factors, such as O3 and PM2.5,

which might confound the relationship between tempera-

ture change and mortality, were not controlled in our study

due to its non-availability. Fourth, previous studies have

showed acute adverse effects of high temperature on

human health (Huang et al. 2012; Zhang et al. 2014), which

may modify the relationship between temperature change

among neighboring days and mortality. It is necessary for

Fig. 4 Season-specific effects of MaxTC on non-accidental, cardio-

vascular and respiratory mortality in Maanshan, China, during

2008–2012 (reference = 0 �C). Relative risk and 95 % confidence

interval associated with moderate MaxTC (1.9 �C); MaxTC maxi-

mum temperature change between neighboring days; the squares and

long solid lines indicate the relative risk and its 95 % confidence

interval; the short dashed lines indicate that the value of relative risk

is 1
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further studies to check whether there was an interaction

between temperature change and mean temperature on

human health.

In conclusion, we found that temperature increase

between neighboring days may be a risk factor of mortality

from non-accidental and cardiovascular diseases, particu-

larly for males and people aged 65 years or older. Along

with the continuing climate change, unstable weather pat-

terns (e.g., a sudden drop or increase in temperature) are

more likely to occur in the coming decades, it will be

necessary to develop effective adaption strategies to protect

vulnerable groups from being adversely affected by the

sudden temperature change.
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Table 3 Gender- and age-specific effects of temperature changes (1, 5, 25, 75, 95, and 99 % percentiles) on mortality at different lag days in

Maanshan, China, during 2008–2012 (reference = 0 �C)

RR (95 % CI)

-7.9 �C -5.1 �C -1.9 �C 1.9 �C 4.7 �C 6.9 �C

Male

Lag0 0.88 (0.78–1.00)* 0.92 (0.86–0.98)* 0.96 (0.94–0.99)* 1.03 (1.00–1.06)* 1.05 (0.99–1.12) 1.05 (0.94–1.17)

Lag1 0.89 (0.79–0.99)* 0.92 (0.86–0.98)* 0.97 (0.94–0.99)* 1.03 (1.01–1.06)* 1.06 (1.00–1.12) 1.06 (0.96–1.17)

Lag2 0.89 (0.81–0.99)* 0.92 (0.87–0.98)* 0.97 (0.95–0.99)* 1.03 (1.01–1.06)* 1.06 (1.01–1.12)* 1.07 (0.98–1.17)

Lag3 0.90 (0.81–0.98)* 0.93 (0.88–0.98)* 0.97 (0.95–0.99)* 1.03 (1.01–1.05)* 1.07 (1.01–1.12)* 1.08 (1.00–1.18)

Lag7 0.90 (0.83–1.00) 0.94 (0.89–1.00)* 0.98 (0.95–1.00)* 1.03 (1.00–1.05)* 1.08 (1.02–1.14)* 1.12 (1.03–1.23)*

Lag14 0.97 (0.89–1.06) 0.98 (0.92–1.03) 0.99 (0.97–1.01) 1.02 (0.99–1.04) 1.05 (0.99–1.11) 1.08 (0.99–1.18)

Lag21 1.05 (0.97–1.14) 1.02 (0.98–1.06) 1.00 (0.98–1.02) 1.00 (0.97–1.02) 0.97 (0.92–1.01) 0.93 (0.84–1.02)

Female

Lag0 0.95 (0.81–1.12) 0.95 (0.87–1.04) 0.97 (0.94–1.01) 1.02 (0.98–1.06) 0.99 (0.91–1.08) 0.93 (0.80–1.07)

Lag1 0.95 (0.82–1.10) 0.95 (0.87–1.03) 0.97 (0.94–1.01) 1.02 (0.99–1.06) 1.00 (0.92–1.08) 0.95 (0.83–1.08)

Lag2 0.95 (0.83–1.08) 0.95 (0.88–1.03) 0.97 (0.94–1.00) 1.02 (0.99–1.05) 1.01 (0.94–1.08) 0.96 (0.85–1.09)

Lag3 0.94 (0.83–1.07) 0.95 (0.88–1.02) 0.97 (0.95–1.00) 1.02 (0.99–1.05) 1.01 (0.95–1.08) 0.98 (0.88–1.09)

Lag7 0.94 (0.82–1.06) 0.95 (0.88–1.03) 0.98 (0.95–1.01) 1.02 (0.99–1.05) 1.04 (0.96–1.12) 1.05 (0.93–1.18)

Lag14 0.94 (0.84–1.06) 0.96 (0.90–1.04) 0.99 (0.96–1.02) 1.01 (0.98–1.05) 1.04 (0.97–1.12) 1.07 (0.95–1.20)

Lag21 0.98 (0.88–1.10) 0.99 (0.94–1.05) 1.00 (0.97–1.02) 1.00 (0.97–1.03) 1.00 (0.94–1.07) 1.00 (0.88–1.13)

Age \65 years

Lag0 0.97 (0.81–1.15) 0.95 (0.86–1.05) 0.97 (0.93–1.01) 1.04 (1.00–1.08) 1.08 (0.99–1.19) 1.10 (0.94–1.29)

Lag1 0.97 (0.83–1.14) 0.96 (0.87–1.05) 0.97 (0.94–1.01) 1.03 (1.00–1.07) 1.07 (0.99–1.17) 1.09 (0.95–1.26)

Lag2 0.98 (0.84–1.13) 0.96 (0.88–1.05) 0.98 (0.94–1.01) 1.03 (0.99–1.07) 1.06 (0.98–1.15) 1.08 (0.95–1.23)

Lag3 0.98 (0.85–1.12) 0.97 (0.89–1.05) 0.98 (0.95–1.01) 1.03 (0.99–1.06) 1.06 (0.98–1.14) 1.07 (0.95–1.21)

Lag7 1.00 (0.87–1.15) 0.99 (0.91–1.08) 0.99 (0.96–1.03) 1.01 (0.98–1.05) 1.03 (0.94–1.12) 1.04 (0.91–1.18)

Lag14 1.04 (0.91–1.18) 1.02 (0.94–1.10) 1.00 (0.97–1.03) 1.00 (0.97–1.04) 1.00 (0.92–1.09) 1.00 (0.88–1.14)

Lag21 1.09 (0.97–1.24) 1.03 (0.97–1.10) 1.00 (0.97–1.03) 1.01 (0.98–1.04) 1.00 (0.93–1.08) 0.99 (0.86–1.13)

Age C65 years

Lag0 0.88 (0.78–0.99)* 0.92 (0.86–0.98)* 0.97 (0.94–0.99)* 1.02 (1.00–1.05) 1.01 (0.95–1.07) 0.96 (0.87–1.07)

Lag1 0.88 (0.79–0.98)* 0.92 (0.87–0.98)* 0.97 (0.94–0.99)* 1.02 (1.00–1.05) 1.02 (0.96–1.08) 0.98 (0.90–1.08)

Lag2 0.88 (0.80–0.97)* 0.92 (0.87–0.97)* 0.97 (0.95–0.99)* 1.03 (1.00–1.05)* 1.03 (0.98–1.09) 1.01 (0.93–1.10)

Lag3 0.88 (0.81–0.97)* 0.92 (0.87–0.97)* 0.97 (0.95–0.99)* 1.03 (1.01–1.05)* 1.04 (0.99–1.09) 1.04 (0.96–1.12)

Lag7 0.89 (0.81–0.98)* 0.93 (0.88–0.98)* 0.97 (0.95–0.99)* 1.03 (1.01–1.05)* 1.08 (1.02–1.14)* 1.12 (1.03–1.22)*

Lag14 0.93 (0.86–1.01) 0.95 (0.91–1.00) 0.98 (0.96–1.00) 1.02 (1.00–1.04) 1.06 (1.01–1.12)* 1.11 (1.02–1.21)*

Lag21 1.00 (0.92–1.08) 1.00 (0.96–1.04) 1.00 (0.98–1.02) 0.99 (0.97–1.01) 0.97 (0.92–1.01) 0.94 (0.86–1.02)

RR relative risk, CI confidence interval

* P \ 0.05

930 J. Cheng et al.
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