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Abstract
Extreme temperature has been reported to be associated with an increase in acute disease incidence in several cities. However, few
similar studies were carried out in Shenzhen, which is a subtropical city located in the southern China. This study explored the
relationship between the emergency incidences and extreme temperatures, and investigated the role of air pollutants played in the
temperature-related effects on human health in Shenzhen. We conducted a distributed lag nonlinear model study on the effect of
extreme temperatures on emergency incidences in Shenzhen city during 2013–2017. Here, only the total emergency incidences,
emergency incidences for respiratory diseases, and cardiovascular diseases were taken into consideration. Air pollution, subgroups,
and seasons were adjusted to investigate the impacts of extreme temperatures on emergency incidences. Relative risk (RR) and 95%
confidence intervals were calculated with the R software. From lag 0 to 21 days, the RR of temperature-total emergency department
visits, temperature-cardiovascular, and temperature-respiratory diseases was 1.09 (95% CI: 0.98–1.20), 1.22 (95% CI: 0.96–1.56),
and 1.06 (95% CI: 0.70–1.60) at extremely low temperature (first percent of temperature, 10 °C), respectively. During the same lag
days, the RR was 1.02 (95 % CI: 0.92–1.14), 0.64 (95% CI: 0.49–0.86), and 0.92 (95% CI: 0.56–1.53) between extremely high
temperature and total emergency department visits, cardiovascular, and respiratory diseases, respectively. The cumulative effects
gradually went up with time for all types of emergency incidences in warm seasons (5 days moving average of temperature <
22 °C). However, the cumulative effects of total emergency incidences and Cvd emergency incidences were increased within the
first lag 5 days, and then decreased until lag 21 in hot seasons (5 days moving average of temperature ≥ 22 °C). The cumulative
effects of Res emergency incidences showed a declined trend from lag 0 to lag 21. The elderly (≥ 65, P1: RR = 1.49, 95% CI (1.30,
1.71); P99: RR = 0.86, 95% CI (0.71, 1.04)) and men (P1: RR = 1.27, 95% CI (1.14, 1.42)) seemed to be more vulnerable to
extreme temperature than the younger (≤ 64, P1: RR = 1.19, 95%CI (1.08, 1.32); P99: RR = 1.00, 95%CI (0.89, 1.12)) andwomen
(P1: RR = 1.17, 95%CI (1.06, 1.30)). The effects of extremely low temperature on all types of emergency incidences were stronger
than those of extremely high temperature in the whole year. In addition, impacts of cold weather lasted about several days while
those of hot weather were acute and rapid. An increased frequency of emergency incidences is predicted by rising temperatures
variations. These results have clinical and public health implications for the management of emergency incidences.
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Introduction

The relationship between temperature and emergency inci-
dences relationship varies with geographic locations, climate,
and economic conditions. The health impacts of temperatures
are also likely to be modified by gender, age, and other socio-
economic factors. Extreme temperature lasts longer, more in-
tense, and frequent due to climate changes which has already
threatened human health. Increasing studies have been carried
out to investigate the impacts of extreme temperatures (Ma
et al. 2015a, Milazzo et al. 2016, Xiao et al. 2015).
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Extreme temperatures (extreme cold, extreme heat, and
heat waves) were related with human morbidity in multiple
organ systems. The most susceptible health effects are ob-
served in cardiovascular, respiratory, and well-known heat-
related diseases. Although a few studies have estimated the
health risk attributable to temperature (Borg et al. 2017, Curtis
et al. 2017, Williams et al. 2013), there was no unambiguous
definition for extreme temperature and the contribution of
persistent extreme temperatures to the risk of emergency inci-
dences remains unclear in Shenzhen.

Shenzhen is located in the south of China and closed to
Hong Kong, a subtropical city where people are accustomed
to warm weather. Therefore, warm and hot weather is more
appropriate to indicate the climate situation of Shenzhen rather
than the traditional method which delimits four seasons. The
socioeconomic status of Shenzhen is also different from other
cities in China. The population and economy has grown rap-
idly since Shenzhen Special Economic Zone was established
in 1980. This study aimed to illuminate the relationship be-
tween extreme temperature and emergency incidences in
Shenzhen. Our results will provide a broader view of health
risk related to extreme weather and useful information to de-
velop more effective response to the climate change projec-
tions in Shenzhen.

Materials and methods

Data collection

Daily climatic data including maximum temperature (T max)
(°C), minimum temperature (T min) (°C), mean temperature
(T mean) (°C), and relative humidity (%) for Shenzhen during
the period 2013–2017 were acquired from the Meteorological
Bureau of ShenzhenMunicipality. The daily concentrations of
sulfur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3) par-
ticle matter 2.5 (PM2.5), and particle matter 10 (PM10) were
obtained from Shenzhen Environmental Monitoring Center.

The data were gathered from seven monitoring points:
Honghu, Huaqiaocheng, Liyuan, Longgang, Nanyou,
Yantian, and Xixiang. The emergency treatment data for a
range of International Classification of Diseases, 10th revision
(ICD-10) classification codes were acquired from Shenzhen
Medical Information Center. Authors identify the types of
emergency incidences by the names of diseases and the rela-
tive ICD 10 codes. In ICD 10 codes, authors identify diseases
for information on causes of diseases (A00–Z99), cardiovas-
cular diseases (I00-I99), and respiratory diseases (J00-J99).
Personal information of all patients was collected including
sex, age, date of emergency incidences, and ICD code.

Depending on the standard of climatology division in
Shenzhen, we distinguished the seasons by air temperature.
Five days moving average of temperature ≥ 22 °C was
regarded as hot season, while 5 days moving average of tem-
perature < 22 °C was regarded as warm season. Some studies
showed that the previous local heat waves definition (i.e.,
daily maximum temperature higher than 35 °C for a minimum
of two consecutive days) could not reflect the effects of ex-
treme temperature on human health comprehensively (Tan
et al. 2007, Zeng et al. 2014). We thus analyzed the extreme
low (less than 1%/2.5%/5%/10%, 1st/2.5th/5th/10th) and high
temperature (higher than 90%/95%/97.5%/99%, 90th/95th/
97.5th/99th) effect on emergency incidences among different
lag structures, respectively (Gasparrini et al. 2010).

Data analysis

A distributed lag nonlinear model (DLNM) was carried out to
quantify the impact of extreme heat and extreme cold
(Gasparrini et al. 2010) on emergency incidences in
Shenzhen, China, during 2013–2017. The effects of tempera-
ture on emergency incidences were investigated up to lag
21 days. The analyses were further stratified by gender and
age group. Relative humidity and air pollutants were also ad-
justed. The basic model as follows:

basis:tm <� crossbasis
�
dataset name$tm; lag ¼ 21; argvar ¼ list

�
fun ¼ }bs}; df ¼ 3; degree ¼ 2; cen ¼ 18:4

�
; arglag ¼ list fun ¼ }poly}; degree ¼ 3

� ��

Select the degrees of freedom and fit the model:

model <� glm
�
X∼basis:tmþ ns time; 7*5ð Þ þ ns NO2; 3ð Þ þ ns rhum; 3ð Þ þ β1Dowþ β2Holiday; family ¼ quasipoissonðÞ; dataset name

�
;

Glm denotes generalized linear model; X indicates emer-
gency incidences; ns() is cubic regression spline function for
the non-linear variables, including time, pollutant, mean tem-
perature and relative humidity; ns(NO2,3) is an independent
variable for the linear effect on the dependent variable,

indicating the pollutant concentrations of SO2, NO2, O3,
PM2.5, CO or PM10, df = 3. DOW (day of week), which is a
categorical variable, is day of week. The smooth term of time
is performed to control for secular trends and seasonality
confounding.

36240 Environ Sci Pollut Res (2018) 25:36239–36255



To choose the degree of freedom for the non-linear vari-
ables, we used Akaike’s Information Criterion (AIC) for
quasi-Poisson models, according to the study by Ma,
Wenjun, et al. (Ma et al. 2015b). Six air pollutants (SO2,
NO2, O3, PM2.5, CO, and PM10) were collected in this study.
The authors adjust the six air pollution pollutants in the model
via including pollutants as non-linear variables in the model,
according to the aforementioned study (Luo et al. 2013). The
0.05 level of statistical significance was adopted for the pres-
ent study. Results are reported in relative risks (RRs) for time
series analysis and 95% confidence intervals (CIs). The ex-
cessive rates (ER) were calculated by the following formula:

ER ¼ RR−1ð Þ � 100%

The threshold temperatures were identified by R software
and percentages of temperatures in Shenzhen (low tempera-
ture (1st/2.5th/5th/10th) and high temperature (90th/95th/
97.5th/99th)). R software (version 3.3.2) with the package of
Bdlnm^ was performed to fit the model.

Results

The definition of extreme temperature

In the present study, we defined extreme heat as daily mean
temperature at or above the 90th/95th/97.5th/99th percent of
the year-round distribution; we defined extreme cold as daily
mean temperature at or under the 1st/2.5th/ 5th/10th percent of
the year-round distribution.

Summary statistics of the daily air pollutants
and extreme temperature

A total of 1825 days were enrolled in this study. During this
period, there are a total of 673,273 cases of emergency inci-
dences, including 10,491 cases Res and 28,736 Cvd cases.

A summary of daily temperature and daily air pollutants
was shown in Table 1 and Fig. 1a. A summary of emergency
incidences for Shenzhen city was shown in Table 2.

Spearman correlations between climatic variables and air
pollutants in Shenzhen were shown in Table 3. In whole year
analysis, mean temperatures (T m) significantly correlated
with most air pollutants except O3–8 h. Maximum tempera-
tures (T max) were significantly correlated with most air pol-
lutants except for O3–8 h and SO2. While minimum tempera-
tures (T min) significantly correlated with all air pollutants.
Moreover, humidity inversely correlatedwith all air pollutants.
There were significant associations between air pollutants and
climatic variables in hot seasons. During hot seasons, T m
significantly correlated with most air pollutants in all periods
except SO2. T max significantly correlated with most air

pollutants in all periods except O3–8 h. T min significantly
correlatedwith all air pollutants.Moreover, humidity inversely
correlated with most air pollutants except for NO2. There were
significant associations between certain air pollutants and cli-
matic variables in warm seasons. During warm seasons, T m
significantly correlated with O3–8 h, NO2, and CO. T max
significantly correlated with most air pollutants in all periods
except PM2.5. T min significantly correlated with most air
pollutants in all periods except NO2. Moreover, different from
that in the hot reason, humidity was inversely correlated with
most air pollutants except CO.

The effects of extreme temperatures

Three-dimension plots for RRs of emergency incidences types
were shown in Fig. 1b. RRs of the on-total emergency inci-
dences and Res emergency incidences were significantly
higher on the days at extreme temperatures (both high and
low) than those in the days at normal daily temperature.

Our results showed that the effects of extreme temperature
on all types of emergency incidences were non-linear. For the
extreme cold days (1th/2.5th/5th/10th), the effects of daily
temperature on total emergency incidences were in the median
at lag 0, rose for the following 5 days, subsequently declined
for the following 10 days, and then rose again. The effects of
daily temperature on Cvd emergency incidences were the larg-
est at lag 0 day, subsequently declined for the following
10 days, and then rose until lag 21 days. However, it was
different for Res emergency, where the effects of daily tem-
perature were in the median at lag 0 day, subsequently declin-
ing for the following 5 days, followed by an increase for
10 days, and then declining until lag 21 days.

For the extreme hot days (90th/95th/97.5th/99th), the ef-
fects of daily temperature on total emergency incidences were
the largest at lag 0 day, then declining for the following 8 days,
subsequently rising for the following 10 days, and then de-
clining until lag 21 days. The effects of daily temperature on
Cvd emergency incidences were the smallest at lag0, subse-
quently rising for the following 10 days, and then declining
for the following 10 days, and then rising until lag 21 days.
However, it was different for Res emergency, where the ef-
fects were the largest at lag0, subsequently declining for the
following 15 days, and then rising until lag 21 days.

As is shown in Fig. 1c, in Shenzhen, a U-shaped relation-
ship was found between extreme temperature and total emer-
gency incidences, as well as Res emergency. A linear decrease
shaped relationship was found between temperature and Cvd
emergency incidences in Shenzhen.

The effects of lag days

Figure 2 shows the immediate and lagged effects of daily
mean temperature on emergency incidences along 21 lag
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days. The correlation curve between temperature and emer-
gency incidences appeared to be L-shaped or U-shaped in the
21 lag days.

For the extreme cold days (1th/2.5th/5th/10th), the effects
on total emergency incidences were found in the median at lag
0, and then rising for the following 5 days, subsequently de-
clining for the following 10 days, and then rising again, until
lag 21. An immediate effect on Cvd emergency incidences
was found that decayed during the first week, with the highest
effect at lag 0. A medium effect on Res emergency incidences
were found at lag 0, and then rising for the following 2 weeks,
subsequently declining until lag 21.

For the extreme hot days (90th/95th/97.5th/99th), an im-
mediate effect on total disease emergency incidences was
found that decayed during the first week, with the highest
effect at lag 0. Effects on Cvd emergency incidences were
found the smallest at lag 0, subsequently rising for the follow-
ing 7 days, and then declining for the following 10 days, and
then rising until lag 21. An immediate effect on Res emergen-
cy incidences was found that decayed during the first 2 weeks,
with the highest effect at lag 0.

The cumulative effects in lag days

The cumulative excess risks (CERs) due to the effects of daily
mean temperature were shown in Fig. 3. During the extreme
cold days (1th/2.5th/5th/10th), the CERs due to the effects of
daily mean temperature on total disease emergency incidences
and Cvd emergency incidences were the smallest at lag 0,
subsequently rising until lag 21. The CERs due to the effects
of daily mean temperature on Res emergency incidences were
in the median at lag 0, subsequently declining for the follow-
ing 5 days, followed by an increase for 10 days, and then
declining until lag 21.

During the extreme hot days (90th/95th/97.5th/99th), the
CERs due to the effects of daily mean temperature on total

disease emergency incidences were in the median at lag 0,
subsequently rising for the following 5 days, and then declin-
ing until lag 21 days. The CERs due to the effects of daily
mean temperature on Cvd emergency incidences were with
the highest effect at lag 0, an immediate effect on Cvd emer-
gency incidences was found that decayed until lag 21. The
CERs due to the effects of daily mean temperature on Res
emergency incidences were in the median at lag 0, subse-
quently rising for the following 7 days, and then declining
until lag 21.

The effects of extreme temperature on subgroups

The effects of daily temperature on emergency incidences in
subgroups were shown in Figs. 4, 5, 6, 7, 8.

The elderly (i.e., 65 years old or over, P1: RR = 1.49, 95%
CI (1.30, 1.71)) seemed to be more vulnerable than others
(64 years old or younger, P1: RR = 1.19, 95% CI (1.08,
1.32)). While for coldness effect to total emergency inci-
dences, men (P1: RR = 1.27, 95% CI (1.14, 1.42)) were af-
fected more than women (P1: RR = 1.17, 95% CI (1.06,
1.30)).

The elderly also (P99: RR = 0.86, 95% CI (0.71, 1.04))
seemed more vulnerable to heat waves than others (P99:
RR = 1.00, 95% CI (0.89, 1.12)). While, there was no signif-
icant difference between men and women on total emergency
incidences during the extreme hot day.

For coldness effect to Cvd emergency incidences, men (P1:
RR = 1.35 95% CI (1.01, 1.80)) were affected more than
women (P1: RR = 1.37, 95%CI (0.98, 1.92)) while the elderly
(P1: RR = 1.31, 95% CI (0.94, 1.83)) seemed more vulnerable
to extreme temperature than others (P1: RR = 1.29, 95% CI
(0.95, 1.76)).

Men (P99: RR = 0.56, 95% CI (0.38, 0.83)) and women
(P99: RR = 0.61, 95% CI (0.38, 0.97)) have no significant
difference on Cvd emergency incidences during the extreme

Table 1 Summaries of daily weather in Shenzhen city (2013–2017)

Hot season (1148 days) Warm season (678 days) Whole year (1826 days)

Mean SD Max Min Mean SD Max Min Mean SD Max Min

MeanT(°C) 27.10 2.42 33.00 22.00 17.24 3.17 21.90 3.50 23.44 5.49 33.00 3.50

MaxT(°C) 30.57 2.57 36.90 23.00 21.02 3.66 27.90 6.50 27.02 5.51 36.90 6.50

MinT(°C) 24.74 2.48 29.90 16.80 14.76 3.32 21.00 1.70 21.04 5.59 29.90 1.70

Humidity(%) 78.16 9.92 100.00 34.00 70.14 16.14 100.00 19.00 75.18 13.17 100.00 19.00

PM2.5 25.91 15.69 121.00 7.00 42.43 21.26 137.00 6.00 32.05 19.65 137.00 6.00

PM10 43.10 22.02 154.00 11.00 63.90 31.38 182.00 9.00 50.82 27.77 182.00 9.00

O3–8 h 75.71 39.74 271.00 18.00 73.65 31.67 219.00 16.00 74.94 36.95 271.00 16.00

SO2 8.90 2.96 29.00 4.00 10.53 5.42 55.00 4.00 9.50 4.12 55.00 4.00

NO2 35.58 12.45 91.00 12.00 46.61 19.88 134.00 13.00 39.68 16.51 134.00 12.00

CO 0.87 0.23 1.65 0.49 1.08 0.27 1.93 0.55 0.95 0.27 1.93 0.49
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hot day. The elderly (P99: RR = 0.64, 95% CI (0.40, 1.05))
seemed more vulnerable to extreme temperature than others
(P99: RR = 0.44, 95% CI (0.29, 0.65)).

For Res emergency incidences, men (P1: RR = 1.60, 95%CI
(1.02, 2.51)) were affected more by cold effects than women
(P1: RR = 0.65, 95% CI (0.37, 1.15)). The elderly (P1: RR =

1.01, 95% CI (0.64, 1.60)) seemed more vulnerable to extreme
temperature than others (P1: RR = 0.86, 95% CI (0.55, 1.36)).

Men (P99: RR = 1.50, 95% CI (0.81, 2.76)) and wom-
en (P99: RR = 1.08, 95% CI (0.49, 2.35)) have no sig-
nificant difference on Res emergency incidences during
the extreme hot day. The elderly (P99: RR = 1.45, 95%

Fig. 1 a Summaries of daily weather in Shenzhen, 2013–2017. b Three-
dimension plots for relative risks of total emergency incidences, Cvd
emergency incidences, and Res emergency incidences. c The relationship

between temperature and total emergency incidences, Cvd emergency
incidences, and Res emergency incidences
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CI (0.73, 2.91)) seemed more vulnerable to extreme tem-
perature than others (P99: RR = 1.13, 95% CI (0.62,
2.06)).

The threshold value of cold and hot for emergency
incidences

The results of threshold value analyses showed that the lower
limit of threshold temperature for total emergency incidences
was 6 °C while the upper limit was 19 °C. The lower limit of
threshold temperature for Cvd emergency incidences was
11 °C while the upper limit was 18 °C. The threshold temper-
ature for Res emergency incidences was similar to total emer-
gency incidences, with the lower limit at 6 °C and the upper
limit at 18 °C.

The effects of cold or hot

The RRs of temperature to total emergency incidences were
1.49 (95%CI: 1.22–1.81) for extremely cold temperature, and
0.99 (95% CI: 0.99–1.00) for extreme hot temperature from
lag 0 to 21. The excess risks (ERs) of temperature to total
emergency incidences were 0.49 (95% CI: 0.22–0. 81) for
extremely cold temperature, and − 0.01 (95% CI: −0.01–
0.00) for extreme hot temperature from lag 0 to 21.

The RRs of temperature to Cvd emergency incidences were
1.55 (95% CI: 0.98–2.46) for extremely cold temperature and
0.98 (95% CI: 0.97–0.99) for extreme hot temperature from

lag 0 to 21. The excess risks (ERs) of temperature to Cvd
emergency incidences were 0.55 (95% CI: 0.02–1.46) for ex-
tremely cold temperature, and − 0.02 (95% CI: −0.03 to
−0.01) for extreme hot temperature from lag 0 to 21.

The RRs of temperature to Res emergency incidences were
0.93 (95% CI: 0.42–2.05) for extremely cold temperature and
0.99 (95% CI: 0.497–1.01) for extreme hot temperature from
lag 0 to 21. The excess risks (ERs) of temperature to total
emergency incidences were − 0.07 (95% CI: −0.58–1.05) for
extremely cold temperature and − 0.01 (95% CI: −0.03–0.01)
for extreme hot temperature from lag 0 to 21.

The effects and delayed effects of hot season/warm
season

The immediate effects and delayed effects of daily tempera-
ture on emergency incidences for hot season or warm season
were shown in Fig. 9.

We found the effects of extremely cold temperature in
warm season were greater than extreme high temperature
in the hot season (Fig. 9a). In the warm season, the relative
risks (RRs) on all types of emergency incidences were the
biggest at low temperature (3.5 °C), which subsequently
declined until the temperature rose to 18.5 °C, and then
rose as the temperature was rising until 21.5 °C. In the
hot season, the RR on total emergency incidences was
smooth between 22 and 30 °C, and then rose as the tem-
perature was rising until 33 °C. The RR on Cvd emergency

Table 2 Daily numbers of emergency treatments for Shenzhen city (2013–2017)

Hot season (1148 days) Warm season (678 days) Whole year (1826 days)

Mean SD Max Min Mean SD Max Min Mean SD Max Min

Total emergency treatments

Male 232.05 41.979 354 0 206.98 45.091 420 0 222.74 44.818 420 0

Female 134.97 23.742 204 0 122.48 22.534 195 0 130.33 24.063 204 0

0–64 327.73 54.891 487 0 284.28 59.238 519 0 311.6 60.302 519 0

65– 39.06 10.736 77 0 44.94 11.364 82 0 41.24 11.332 82 0

Total 367.03 61.771 557 0 329.47 64.173 574 0 353.08 65.232 574 0

Respiratory disease emergency treatments

Male 3.38 2.072 12 0 3.37 2.152 11 0 3.37 2.102 12 0

Female 2.24 1.705 10 0 2.13 1.577 9 0 2.2 1.659 10 0

0–64 3.71 2.374 15 0 3.3 2.21 12 0 3.56 2.323 15 0

65– 1.92 1.454 8 0 2.16 1.584 9 0 2.01 1.507 9 0

Total 5.95 3.131 23 0 5.75 2.874 18 0 5.87 3.039 23 0

Cardiovascular disease emergency treatments

Male 8.64 3.349 21 0 10.16 3.691 25 0 9.2 3.555 25 0

Female 5.72 2.582 17 0 6.76 2.756 17 0 6.11 2.694 17 0

0–64 8.72 3.369 22 0 9.59 3.533 22 0 9.04 3.456 22 0

65– 5.64 2.615 16 0 7.32 2.948 20 0 6.27 2.86 20 0

Total 15.11 4.533 30 0 17.71 4.837 36 0 16.07 4.815 36 0
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incidences and Res emergency incidences were the biggest
at low temperature (22 °C), and subsequently declined as
the temperature was rising until 33 °C.

In order to further estimate the overall effects of extreme
temperature on emergency incidences in different seasons
along lag days, we compared the extreme high and low tem-
perature in hot/warm seasons along lag 21.

The immediate effects (lag 0) of extreme temperature on all
types of emergency incidences in the hot season are smaller
than that in warm season (Fig. 9b). In the warm season, the
effects of daily temperature on total emergency incidences
were in the middle at lag 0, and then rising for the following
5 days, subsequently declining for the following 10 days, and
then rising until lag 21. The effects of daily temperature on
Cvd emergency incidences and Res emergency incidences
were the biggest at lag 0, subsequently declining for the

following 8/5 days, respectively, and then rising for the fol-
lowing 10 days, and then declining until lag 21. In the hot
season, the effects of daily temperature on total emergency
incidences declined from lag 0 to lag 5, then rose from lag 6
to lag 15 and declined again until lag 21. The effects of daily
temperature on Cvd and Res started to increase from lag 0 to
lag 15 or l0, and then decreased until lag 21.

Discussion

This study is a time-series study which is evaluating the im-
pact of extreme heat and extreme cold temperature on emer-
gency incidences in Shenzhen city, 2013–2017. A U-shaped
curve was observed between temperature and total emergency
incidences in Shenzhen, indicating both extreme low and high

Table 3 Spearman correlation
between climatic variables and air
pollutants in Shenzhen city
(2013–2017)

Humidity PM2.5 PM10 O3 SO2 NO2 CO

Whole year

Tm .194** −.514** −.422** −.022 −.094** −.357** −.414**

T max .125** −.454** −.357** .013 −.028 −.305** −.391**

T min .258** −.551** −.470** −.048* −.150** −.395** −.431**

Humidity −.501** −.573** −.215** −.499** −.104** −.200**

PM2.5 .960** .261** .571** .590** .543**

PM10 .246** .625** .595** .511**

O3 .011 −.203** −.292**

SO2 .557** .296**

NO2 .552**

Hot season

Tm −.152** −.409** −.332** −.078** .032 −.311** −.250**

T max

T min

−.236** −.286** −.209** −.017 .121** −.202** −.199**

−.041 −.478** −.416** −.118** −.058* −.382** −.298**

Humidity −.412** −.489** −.208** −.338** .013 −.176**

PM2.5 .957** .385** .468** .532** .487**

PM10 .307** .500** .541** .536**

O3 −.011 −.157** −.212**

SO2 .577** .275**

NO2 .524**

Warm season

Tm .283** −.059 −.002 .152** −.059 .075* −.161**

T max .058 .043 .123** .229** .116** .133** −.133**

T min .427** −.147** −.120** .082* −.197** −.017 −.164**

Humidity −.500** −.591** −.238** −.673** −.129** −.054
PM2.5 .949** .018 .770** .579** .428**

PM10 .100** .819** .599** .327**

O3 .035 −.321** −.549**

SO2 .545** .316**

NO2 .470**

**P < 0.01

*P < 0.05
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Fig. 2 The delayed effects of extreme daily temperature (1st/2.5th/5th/10th; 90th/95th/97.5th/99th) on emergency incidences for the whole year analyses
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Fig. 3 The cumulative effects of extreme daily temperature (1st/2.5th/5th/10th; 90th/95th/97.5th/99th) on emergency incidences for the whole year
analyses
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Fig. 4 The relationship between temperature and total emergency incidences, Cvd emergency incidences, and Res emergency incidences analyzed by
subgroups. a ≤ 64 group, b ≥ 65 group, c men group, d women group
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Fig. 5 The delayed effects of extreme daily temperature (1st/2.5th/5th/10th); on emergency incidences for the whole year analyses, analyzed by
subgroups. a ≤ 64 group, b ≥ 65 group
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Fig. 6 The delayed effects of extreme daily temperature (90th/95th/97.5th/99th); on emergency incidences for the whole year analyses, analyzed by
subgroups. a ≤ 64 group, b ≥ 65 group
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Fig. 7 The delayed effects of extreme daily temperature (1st/2.5th/5th/10th); on emergency incidences for the whole year analyses, analyzed by
subgroups. a Men group, b women group
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Fig. 8 The delayed effects of extreme daily temperature (90th/95th/97.5th/99th); on emergency incidences for the whole year analyses, analyzed by
subgroups. a Men group, b women group
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Fig. 9 Hot season/warm season analyses. a The RRs of daily temperature on emergency incidences for hot season or warm season analyses. b The
delayed effects of daily temperature on emergency incidences for hot season or warm season analyses
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temperatures were associated with increased emergency inci-
dences. Meanwhile, the RRs of emergency incidences were
increased in both extreme heat and extreme cold days, which
are consistent with the results of the same type researches
(Anderson &Bell 2009, Basu et al. 2005, Guo et al. 2011).

It is worth noting that our results show consistent, statisti-
cally significant, increased risks of emergency incidences dur-
ing days with extreme temperature, which heatwave definition
(90th/95th/97.5th/99th) was used. We also found that the as-
sociation between heat and emergency incidences is likely to
be independent of air pollution.

The relevance curves between extreme temperature and
emergency incidences over different lag days appeared to be
L- or U-shaped, which have important implications for the
public health. The lag effects of extreme temperatures sug-
gested that susceptible population should take more care of
themselves not only in extremely cold or hot days but also in
the following 21 lag days.

In subgroups analysis, the results showed that men were
affected more by the extreme temperature than women, while
the elderly seemed more vulnerable to extreme temperature
than the younger. These results are consistent with previous
studies (Bassil et al. 2011, Onozuka &Hagihara 2016, Sun
et al. 2014). Therefore, the elderly and outdoor male workers
should pay more attention to the climate changes and try to
avoid going outside at extreme temperatures. The index of
heat waves is released by Shenzhen Center for Disease
Control and Prevention every June 1st to September 30th
since 2017, which is helpful to hint people to take correspond-
ing measures to extreme hot weather. Hospitals, public health
agencies and local communities are also suggested to be cau-
tious about the increase of relative emergency incidences dur-
ing extremely hot or cold days and the following lag 21 days.

The other novel finding of our studywas that the extreme low
temperature was likely to have a greater effect on emergency
incidences than extreme high temperature. This may be attribut-
able to peripheral vasoconstrictions, which led to the increases in
blood pressure and heart rate, and then inducing platelet viscos-
ity, meanwhile, reducing the immune system’s resistance.

In the hot season, the biggest effects on total emergency
incidences/Cvd treatments/Res emergency incidences were
observed around lag 10–15 days, at 33 °C, 22 °C and
22 °C, respectively. Although the real reasons for the emer-
gency incidences displacement in the hot seasons were not
very clear, the possible reason is that the people in
Shenzhen are younger than other cities, which average
age is 32.5 years old (Bureau 2017). The general immunity
of people in Shenzhen is probably stronger than that in the
citizens in other cities.

The cumulative effects of extreme temperature on emer-
gency incidences were increased as in the lag days immedi-
ately after extremely cold days. However, the effects began to
decline slowly during the first lag 5 days after extreme hot

days. These findings demonstrated that there was some dis-
placement after extreme hot days within 21 lag days, which
was similar to the effects of high ambient temperature found in
previous studies (D’Ippoliti et al. 2010, Luo et al. 2013).
According to the results of cumulative effects of extreme tem-
perature in the present study, the citizens should take more
actions to prevent the adverse health effects at the extreme
temperature such as putting on more or less clothes, reducing
outdoor activities, and so on.

The results of lag effects of extreme temperature in the
whole year showed higher estimated risk on the current day
(lag 0) for Cvd emergency incidences in days with extreme
cold temperature (1th/2.5th/5th/10th). Similarly, higher esti-
mated risks were on the current day (lag 0) for total emergency
incidences and Res emergency incidences in extreme hot tem-
perature (90th/95th/97.5th/99th).

Several limitations of the present study should be noticed.
One limitation of our study is that the data of emergency
incidences were aggregated, without other individual informa-
tion on exposure, outcomes, and confounders were unavail-
able. Moreover, we could not exclude other potential unlisted
confounding factors that might be associated with both ex-
treme temperature and emergency incidences.

Conclusions

In conclusion, we demonstrate that the risks of emergency
incidences are increased by both acute and lag effects of ex-
treme temperature.Men and the elderly are more vulnerable to
extreme temperature than women and the younger. With the
progressively increase of extremely hot/cold temperature,
there is an urgent need to introduce relevant protection and
prevention measures of both practice and policy levels in
Shenzhen.
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