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• Statistical significance between temper-
ature variation and high-sensitivity C
reactive protein (hs-CRP) were ob-
served.

• Temperature variation significantly in-
creased the level of hs-CRP, especially
for female, obesity and elderly popula-
tion.

• Lipoprotein(a) was the largest mediator
for the above association.

• More attention should be paid to unsta-
bleweather in the global climate change
context.
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There is significant association between inter- and intra-day temperature variation and hs-CRP in different cli-
mate zones.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 27 April 2020
Received in revised form 10 July 2020
Accepted 7 August 2020
Available online 10 August 2020

Editor: Scott Sheridan

Keywords:
Air temperature
Biomarkers
Inflammation
Background:Alongwith global climate change, the relationship between temperature variability (TV) and cardio-
vascular hospitalization and deaths have been well established. However, limited studies were conducted to re-
veal the underlying mechanism for TV-related cardiovascular diseases.
Objectives: In the current study, a novel TV calculation, taking account for both interday and intraday TV aswell as
lag effects, was used to investigate the effect of short-term TV on the level of high-sensitivity C reactive protein
(hs-CRP), which is a crucial preclinical predictor for cardiovascular disease (CVD).
Results: Among the 11,623 Chinese population (46.0% male; mean age 49.8 years), the average hs-CRP was
1.4 mg/ L (standard deviation 1.6 mg/L). Statistical significance between TV and hs-CRP was observed for differ-
ent TV exposure days (TV01-TV07) in adjustedmodel, with highest effect for TV06. Specifically, per 1 °C increase
in TV06 led to 2.241% (95%CI: 1.552%–2.935%) increase in hs-CRP. Female, obesity and elderly population were
more susceptible to TV. The largest mediator for the association of TV and hs-CRPwas lipoprotein(a), accounting
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C-reaction protein
Epidemiology
for 8.68%, followed by smoking status (4.78%), alcohol use (3.95%) and systolic BP (3.20%).
Conclusion: Short-term TVwill significantly increase the level of hs-CRP, suggesting hs-CRP to be the potential bi-
ologic mechanisms underlying the cardiovascular effects of TV. And more attention should be paid to unstable
weather in the global climate change context. Further developing efficient public health policies on climate
change may benefit for global heath.

© 2020 Published by Elsevier B.V.
1. Introduction

Alongwith the global climate change, both the average temperature
and variability of temperature are predicted to increase substantially
(Stocker, 2014). The adverse effect of both air temperature (Chen
et al., 2018) and temperature variability (TV) on cardiovascular hospi-
talization and death have received greater attention both in China and
other countries (Guo et al., 2016; Hu et al., 2019; Zhao et al., 2018).
However, the exact mechanisms of these associations have yet been
well understood. Numerous studies have reported that the preclinical
change of systemic inflammation biomarkers are included in themech-
anisms to advance cardiovascular diseases (Cai et al., 2016; Kuh et al.,
2019; Mason and Libby, 2015). High-sensitivity C reactive protein (hs-
CRP), as a crucial circulating biomarker of systemic inflammation, has
been recognized as a strong predictor for advert cardiovascular events
(Dong et al., 2019; Lin et al., 2018). Despite advances in linking the
daily mean temperature and hs-CRP (Basu et al., 2017; Hong et al.,
2012; Sartini et al., 2017a; Wu et al., 2017), TV, as an important index
of climate change, have been scarcely studied to investigate the rela-
tionship with hs-CRP, so as to reveal the underlying mechanics path-
ways of TV-related cardiovascular morbidity and mortality. To our
knowledge, only a few of studies in western developed counties
(Meier-Ewert et al., 2001; Rudnicka et al., 2007) and Korea (Hong
et al., 2012) have documented bothmaximumandminimumdaily tem-
perature were linked with the increase of hs-CRP, revealing unstable
temperature had adverse effect on systemic inflammation, though
their findings are inconsistent.

More importantly, these associations have rarely been determined
in China (Wu et al., 2017), where the climate characteristics may vary
with other counties. Furthermore, few of the existing studies have re-
ported the effect of both intraday and interday TV, whereas ample evi-
dence had documented the non-neglectful impact of intraday and
interday of TV on cardiovascular health, including China (Cheng et al.,
2019; Zhao et al., 2019b). A better understanding for TV on the preclin-
ical changemay have public health implications, especially for suscepti-
ble population.

To address the question of interest, based on the China-CVD study
with more than 10,000 individuals in 12 provinces of China, we use a
novel method to calculate TV by including both intraday and interday
of TV as well as lag effects and investigate the magnitude and cumula-
tive effect of TV in different exposure days on the level of hs-CRP as
part of mechanism leading to cardiovascular morbidity and mortality.

2. Methods

2.1. Study design and participants

During the baseline survey of the China-CVD study, general popula-
tion in 12 provinces in China, including northern, southern, eastern,
northeast, southeast and northwest regions, were recruited based on
the economic and social development level so as to represent different
parts of China using a stratified multistage random sampling. After ex-
cluding those who were not local residents, or cannot cooperate well
with our investigation (such as working outside for a long time, suffer-
ing from serious psychological diseases), all general participants aged
35 to 64 years from 2009 to 2010 were invited to participant our
study. Finally, a total of 14,046 inhabitants were invited and 11,623 par-
ticipated in our survey; the response rate was 82.75%. Detailedmethods
used in the survey have been described previously (Hao et al., 2013).
The 12 provinces included North regions (Beijing, Heilongjiang, Shanxi,
Shannxi, Xinjiang, Inner Mongolia) and South regions (Shanghai, Si-
chuan, Yunnan, Jiangsu, Guangdong, Tibet). This researchwas approved
by the Fuwai hospital Ethics Review Board (approval number:
81373070). All procedures were explained to participants who then
read and signed informed consent forms.

2.2. Measurements

2.2.1. Hs-CRP and blood lipid
Blood samples were collected after 10 h of fasting state at the first

visit in our study and analyzed in the same core clinical laboratory (Bei-
jing CIC Clinical Laboratory, Beijing, China). The data of hs-CRP and blood
lipid were from baseline examination using transmission turbidimetry
(Advia 2400 autoanalyser, Sciences, Munich, Germany) with a measure-
ment range of 0–42,000 mg/L, with an interassay variation coefficient of
2.51%. Hs-CRP values >10 mg/L were excluded because they may have
resulted from severe infection, major trauma, or chronic inflammatory
diseases (Basu et al., 2017; Hong et al., 2012). More details and applica-
tions can be found in our previous studies (Dong et al., 2019).

2.2.2. Meteorological data
The newly released meteorological dataset contains over 2400 ob-

servations in China (Fig. 1). The time resolution is daily and the earliest
record goes back to 1 January 1951. After excluding the stations with
more than five missing-value days in a month, we retain 2163 stations.
Formore applications, one couldfind them in our recent study (Huet al.,
2017). In this paper, we use daily mean surface air temperature, maxi-
mum temperature, minimum temperature, relative humidity and sea
level pressure from this dataset to conduct our analysis. And its applica-
tions could been found in our recent studies (Hu et al., 2017). Those
weather data were assigned to each subject of current study according
to his/her residential districts and the documented date of the baseline
survey. Considering the slight difference of air temperature between
neighboring districts, the weather data in Putuo district of Shanghai,
Hantai district of Shannxi, Jingyang district of Sichuan were replaced
by their nearest districts, that is Jiading district of Shanghai, Chenggu
of Shannxi and Mianzhu districts of Sichuan, respectively.

2.2.3. Calculation of TV
In the current study, a composite index accounting for both intraday

and interday TV as well as the lag effects of TV was used to estimate the
association of TV and health outcomes. TVwas calculated as the standard
deviation (SD) of the minimum and maximum air temperatures during
the exposure days. For example, the TV for the current day's (lag0) and
preceding 1 days' exposure (lag1) were calculated as follows: TV01 =
SD (maximum temperaturelag0, minimum temperaturelag0, maximum
temperaturelag1, minimum temperature lag1).

2.2.4. Risk factor definition
A standardized questionnaire was administered by trained staff to

obtain information on demographic characteristics and socio-
economic factors through face-to-face interviews, including home
address, age, sex, education, smoking status and other health character-
istics. Height was measured without shoes using a standard right-angle
device and a fixed measurement tape (to the nearest 0.5 cm). Body
weight without heavy clothing was measured using an OMRON body



Fig. 1. The distribution of stations (red dots) in a new high-resolution dataset used in this study. Superimposed on elevation (blue-grey shading; m). Blue lines mark the Yellow and
Yangtze Rivers.

3Y. Kang et al. / Science of the Total Environment 749 (2020) 141588
fat and weight measurement device (V-body HBF-371, OMRON, Kyoto,
Japan). Bodymass index (BMI)was calculated asweight (kg) divided by
the square of height (m) (kg/m2). According to the criteria from the
guidelines for prevention and control of overweight and obesity in Chi-
nese adults (Chen and Lu, 2004), normal weight, overweight/obesity
were defined as BMI <24.0 kg/m2 and ≥24.0 kg/m2, respectively. Cur-
rent smokers were defined as the use of at least 20 packets of cigarettes
in their lifetime or smoking 1 cigarette/day at least for 1 year. Current
drinkers were defined as drinking once per week (Dong et al., 2019;
Hao et al., 2013). Metabolic syndromewas defined according to revised
NCEP ATP III for Asian-Americans (Grundy et al., 2005). Dyslipidemia
was defined as total glyceride ≥2.26 mmol/L or total glyceride
≥6.22 mmol/L or high density lipoprotein cholesterol <1.04 mmol/L or
low density lipoprotein Cholesterol ≥4.14 mmol/L or lipid lowering
medicine use (Joint Committee on the revision of guidelines for the
prevention and treatment of adult dyslipidemia, 2016). Survey seasons
were divided as warm season (from April to September) and cold sea-
son (from October to March) (Kang et al., 2019).

2.3. Statistical analysis

In our study, continuous variables were summarized usingmeans±
standard deviation (SD) and compared using the Student's t-test. Cate-
gorical variables were summarized using numbers (percentages) and
compared using Chi-square test.

Hs-CRP were log10 transformed to normal distribution and to stabi-
lize variance.We included the log-transformed hs-CRP in the regression
models as response variables, the TV in different exposure days were
the independent variables. The multivariable model was estimated
using general linear models (GLM) with normal distribution and
identity-link to assess the hs-CRP changes with corresponding 95% con-
fidence intervals (CIs) related with TV. In consideration of the effects of
season and the current mean temperature, two independent indicators
of TV, we included these two indicators as confounders in the model
(Onozuka and Hagihara, 2017). The following other potential con-
founders were considered: gender, age, BMI, air temperature, air hu-
midity, air pressure, current smoker, alcohol use and seasons (warm
vs. cold season). We stratified all analyses by regions (North and
South regions). And all results were expressed as the percent change
per 1 °C SD increase in TV using the following formula [(expβ-1)
*100%] (Sartini et al., 2017a).

To explore the susceptible population, we repeated the analyses
stratified by gender (male vs. female), age group (age < 50 years vs.
age > 50 years) and obesity status (BMI < 24 kg/m2 vs. BMI ≥ 24 kg/
m2). Moreover, we studied the robustness of the effects by performing
several sensitivity analyses. Firstly, we additionally adjusted our
model for education level, urbanity, BP-lowering medication, diabetes
mellitus and family history of cardiovascular diseases with the same
lag as temperature. Furthermore,we excluded Zhejiang, Shannxi and Si-
chuan districts to avoid measurements bias for TV.

\We hypothesized that the association between TV and hs-CRP
could be mediated by metabolic risk factors (e.g. blood pressure
(Hong et al., 2012), blood lipid (Basu et al., 2017)) and lifestyles.
Thus, following the method used in recent studies (Ahmad et al.,
2018; Lee et al., 2003), we calculated the percent of the associations
of TV and hs-CRP explained by the following potential mediators as
[1-(βcm/βc)] × 100%, where βcm was the regression coeffecient in
the adjusted model including mediators, βc was the regression
coeffecient in the adjusted model without including mediators.

For all the statistical tests, a two-tailed P< 0.05 was considered sta-
tistically significant. All analyses were performed using SAS 9.4 (SAS In-
stitute, Cary, NC, USA).

3. Results

3.1. Characteristics of study population

A total of 11,623 participants were included, themean age of partic-
ipants was 49.8 years, 46.0% were males, 29.5% were current smokers,
and 29.9% were urban residents. North regions had higher BMI, hyper-
tension and education level, while south regions had higher proportion
ofmale, smoking and alcohol consumption,with higher air temperature
and humidity (P < 0.05). The TV01 was 5.6 °C (SD 2.1) and substantial
larger in north regions than south regions (6.4 °C vs. 4.8 °C). The average
hs-CRP level was 1.4 mg/L, with higher level in north regions (Table 1).

3.2. Short-term exposure to TV and hs-CRP

Figs. 2 and 3 showed the crude and full adjusted model of TV. The
crude model showed all investigated TV indicators were consistently
positively associated with hs-CRP level among whole population. Peo-
ple in south regions were more sensitive to short-term TV than those
in north regions. Though the association between TV and hs-CRP in
full adjusted model lower than that in crudemodel, TV remained an in-
dependent significant factor after adjustment for gender, age, BMI, air
temperature, air humidity, air pressure, current smoker, alcohol use



Table 1
Descriptive statistics of the enrolled individual characteristics.

Characteristics Overall North
regions

South
regions

P
value

Number of participants, No. 11,623 5654 5969 –
Male 5344

(46.0)
2524
(44.6)

2820
(47.2)

<0.05

Urbanity 3475
(29.9)

1458
(25.8)

2017
(33.8)

<0.05

Age (years), Mean ± SD 49.8 ± 8.0 50.2 ± 8.0 49.4 ± 8.1 >0.05
BMI (kg/m2), Mean ± SD 24.4 ± 3.6 25.2 ± 3.7 23.6 ± 3.4 <0.05
Overweight or obesity 6498

(55.9)
3673
(65.0)

2825
(47.3)

<0.05

Current smoker 3431
(29.5)

1599
(28.3)

1832
(30.7)

<0.05

Alcohol consumption 2134
(18.4)

704 (12.5) 1430
(24.0)

<0.05

Hypertension 4537
(39.0)

2485
(44.0)

2052
(34.4)

<0.05

Educated to middle school or
higher

6172
(53.1)

3342
(59.1)

2830
(47.4)

<0.05

Family history of CVD 6756
(58.1)

3562
(63.0)

3194
(53.5)

<0.05

Diabetes mellitus 1088 (9.4) 698 (12.4) 390 (6.5) <0.05
Air temperature (°C), Mean ± SD 11.2

± 12.9
3.8 ± 13.0 20.0 ± 4.7 <0.05

Air humidity (%), Mean ± SD 70.3
± 16.7

69.7
± 18.2

71.1
± 14.6

<0.05

TV (°C), Mean ± SD
TV01 5.6 ± 2.1 6.4 ± 2.3 4.8 ± 1.5 <0.05
TV02 5.5 ± 1.8 6.3 ± 1.9 4.6 ± 1.2 <0.05
TV03 5.4 ± 1.7 6.3 ± 1.6 4.5 ± 1.2 <0.05
TV04 5.4 ± 1.5 6.3 ± 1.3 4.5 ± 1.1 <0.05
TV05 5.4 ± 1.4 6.3 ± 1.2 4.5 ± 1.0 <0.05
TV06 5.5 ± 1.4 6.4 ± 1.1 4.6 ± 0.9 <0.05
TV07 5.5 ± 1.3 6.5 ± 1.0 4.6 ± 0.9 <0.05
hs-CRP (mg/L), Mean ± SD 1.4 ± 1.6 1.5 ± 1.7 1.2 ± 1.4 <0.05

BP: blood pressure. TV: Temperature variability. hs-CRP: high-sensitivity C reactive
protein. SD: standard deviation.TV01-07were the SD in air maximumandminimum tem-
perature of current days and previous 1–7 days before hs-CRP collected.
Data are presented with number (percentage) unless indicated.

Fig. 2. Percent change (95% confidence interval) in hs-CRP associatedwith 1 °C increase in
TV on different exposure days in crude and full adjusted models. TV: Temperature
variability. TV01-07 were the SD in air maximum and minimum temperature of current
days and previous 1–7 days before hs-CRP collected. The full model was adjusted for
gender, age, BMI, air temperature, air humidity, air pressure, current smoker, alcohol use
and survey seasons.

Fig. 3. Percent change (95% confidence interval) in hs-CRP associatedwith 1 °C increase in
TV on different exposure days by different population. TV: Temperature variability. TV01-
07 were the SD in air maximum andminimum temperature of current days and previous
1–7 days before hs-CRP collected. The model was adjusted for gender, age, BMI, air
temperature, air humidity, air pressure, current smoker, alcohol use and survey seasons.
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and survey seasons. The prolonged exposure of TV was observed to be
associated with higher effect on hs-CRP, with highest effect in TV06.
Specifically, per 1 °C increase in the TV06 led to 2.241% (95%CI:
1.552%–2.935%) increase in hs-CRP. In north regions, significance in-
crease of hs-CRP were observed for TV04, TV05, TV06 and TV07, the
highest effect estimates appeared at TV06. In south regions, all exposure
days were significantly related with hs-CRP elevation, except for TV01,
TV07 showed strongest association (Figs. 2 and 3).

3.3. Effect modification and Sensitivity analyses

Selected TV modifications and sensitivity analyses are shown in
Fig. 4 and Table 2.Whenwe performed the analyses stratified by gender
(male vs. female), age (<50 years vs. ≥50 years) and BMI (<24 kg/m2 vs.
≥24 kg/m2), the increase in hs-CRP level in response to increase of TV
wasmuch larger in female, thosewith BMI ≥24 kg/m2and elderly popu-
lation than their counterparts. Specifically, female participants showed
an increase in hs-CRP of about 1.007%–2.968% in all TV indicators, par-
ticipants with BMI ≥24 kg/m2were observed to response for all TV indi-
cators, ranging from 0.621%–3.344% elevation of hs-CRP. Only TV06 and
TV07 effectswere observed significantly associatedwith hs-CRP inmen,
young and BMI less than 24 kg/m2 population.

Excluding Shanghai, Shannxi and Sichuan provinces did not alter the
results substantially, with a slight larger effect after additionally
adjusting for education level, urbanity, BP-lowering medication, diabe-
tes mellitus and family history of cardiovascular diseases (Table 2).

3.4. Proportion of Reduction of hs-CRP Explained by Potential Mediators

We estimated the proportion of TV07 in hs-CRP that was explained
by potential mediators (Fig. 5). Lipoprotein(a) made the largest contri-
bution (accounting for 8.68%), followedby smoking status (4.78%), alco-
hol use (3.95%), systolic BP (3.20%), dyslipidemia (2.74%) and vegetable
consumption (0.91%).

4. Discussion

This is the first study to examine the effect of TV on hs-CRP in China.
Taking into account the non-neglectful effect of both interday and intra-
day variability, the current study revealed that TV were positively
related with hs-CRP even after controlling for the effect of air



Fig. 4. Percent change (95% confidence interval) in hs-CRP associatedwith 1 °C increase in TV on different exposure days among different population.TV: Temperature variability. hs-CRP:
high-sensitivity C reactive protein. TV01-07 were the SD in air maximum and minimum temperature of current days and previous 1–7 days before hs-CRP collected. The model was
adjusted for gender, age, BMI, air temperature, air humidity, air pressure, current smoker, alcohol use and survey seasons. Data are presented with percent change (95% confidence
interval).
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temperature. The difference existed in different exposure durations and
regions. Generally, for both north and south population, long exposures
to TV had larger effect on hs-CRP, with the highest effect on TV06. Peo-
ple in south regions weremore sensitive to short-term TV than those in
north regions. In susceptible populations, such as female, elderly and
obesity population, our findings indicated that prolonged exposure in
TV may lead to additional risks for cardiovascular mortality, revealing
a possible mechanism for the association between TV and CVD events
in time-series studies.

Most prior studies have documented that the TV between neighbor-
ing days and hourly TV all increased the risk for cardiovascular hospital-
ization and mortality (Cheng et al., 2017; Guo et al., 2017; Hu et al.,
2019; Zhang et al., 2018; Zhao et al., 2018). The prolonged exposure of
TV was frequently reported to be associated with adverse outcomes of
cardiovascular disease (Hu et al., 2019). For example, a study involving
multi-countries observed higher effect at 0–7 days in some countries
(Guo et al., 2016). Another study in Zhejiang province of China also re-
ported 0–7 days exposure of TVhad strongest effect on all-causemortal-
ity in rural population (Hu et al., 2019). However, the association of
symptoms and preclinical changes associated with TV have been less
explored.

Hs-CRP as the most significant predictor of future cardiovascular
events (Hong et al., 2012), though previous studies have explored the
relationship between daily mean temperature and hs-CRP (Hong
et al., 2012; Rudnicka et al., 2007) in different counties, such as South
Korea and the UK, to date, therewere limited studies assessing the asso-
ciation between TV and hs-CRP. Previous studies involving multi-
regions with different climatology (Basu et al., 2017; Hong et al., 2012;
Sartini et al., 2017b), revealed diurnal temperature (e.g. intra-day TV)
was linked with the increase of hs-CRP, and thus increase CVD risk.
For example, a study included 57,409 subjects in Korea reported per
1 °C increase in minimum temperatures was related with
1.818 × 10−2 mg/dL increase of hs-CRP (Hong et al., 2012). Our study
first assess that the unstable weather-not only for intraday TV but also
Table 2
Sensitivity Percent change (95% confidence interval) in hs-CRP associated with 1 °C in-
crease in TV.

Indicators Full model Sensitivity Model 1 Sensitivity Model 2

TV 01 0.636 (0.215, 1.059) 0.315 (−0.176, 0.808) 1.116 (0.684, 1.551)
TV 02 0.737 (0.257, 1.220) 0.349 (−0.220, 0.922) 1.422 (0.920, 1.926)
TV 03 0.892 (0.354, 1.433) 0.464 (−0.179, 1.111) 1.709 (1.144, 2.278)
TV 04 1.340 (0.734, 1.950) 0.940 (0.199, 1.686) 2.122 (1.491, 2.756)
TV 05 1.445 (0.638, 2.257) 1.445 (0.638, 2.257) 2.482 (1.811, 3.158)
TV 06 2.241 (1.552, 2.935) 1.877 (1.024, 2.738) 2.892 (2.185, 3.604)
TV 07 2.211 (1.507, 2.919) 1.817 (0.941, 2.700) 2.808 (2.087, 3.533)

Sensitivitymodel 1was excluding Putuo, Hantai and Jingyangdistricts. Sensitivitymodel 2
was additionally adjusted for education level, urbanity, BP-lowering medication, diabetes
mellitus and family history of cardiovascular diseases.
interday TV were positively associated with the increase of hs-CRP,
which are generally consistent with the linearly positive associations
between TV and cardiovascular events reported in a number of time-
series studies (Cheng et al., 2017; Guo et al., 2017; Hu et al., 2019;
Zhang et al., 2018; Zhao et al., 2018). The greater cumulative effect asso-
ciated with longer term intraday TV can indicate more serious inflam-
mation triggered by repeated exposures to TV. The results may help to
explain the increased risk of cardiovascular events associated with TV.

The direction of our study was consistent with previous observa-
tional studies on hs-CRP related with daily mean temperature. Rupa
et al. (Basu et al., 2017) enrolled 2306 midlife women aged
40–52 years reported per 5.6 °C decrease for mean temperature
was linkedwith 3.7% decrease for hs-CRP; a recent study in China, in-
cluding forty health undergraduate students, also revealed a 10 °C
decrease in daily mean temperature at 2-d moving average was asso-
ciated with increases of 2.5% for systemic inflammation, including
hs-CRP (Wu et al., 2017). Comparing with prior studies assessing
the effect of mean temperature on hs-CRP, our studies found a rela-
tive greater effect for TV on hs-CRP, reflecting the temperature indi-
cator fully capturing the rapid heating and cooling of air temperature
within a few days may be a better indicator representing acute
weather instability(Zhao et al., 2019a).

A study has evidenced the TV-related acute elevation in hs-CRP
levels are biologically plausible, which revealed rapid increase of CRP
within hours (Pepys and Hirschfield, 2003). Though the mechanism of
such relationship is unclear, our results indicated that blood lipid,
blood pressure and lifestyle change, including smoking and alcohol
use may involve in the pathways of TV on hs-CRP (Gronlund et al.,
2014; Son et al., 2012). Additionally, intraday temperature variation
was reported to change autonomic nervous functions, which may indi-
rectly increase the cardiovascular workload, such as blood pressure
0 2 4 6 8 10

Vegetable consumption

Dyslipidemia

Systolic BP

Alcohol use

Smoking status

Apoa

Reduction, %

Fig. 5. Percentage reduction in hs-CRP associated with TV explained by potential risk
mediators. Apoa: lipoprotein(a).
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(Lim et al., 2012), andmay precipitate acute atherosclerotic events (Lim
et al., 2012; Steinvil et al., 2009). In line with our results, several studies
reported that female, obesity and elderly population are more vulnera-
ble to sudden changes in daily temperature due to potential lower ther-
moregulatory responses or weaker immunity (Cheng et al., 2014; Qiu
et al., 2013; Williams et al., 2012). Increasing awareness of unstable
weather may also play an important role in preventing temperature-
related CVD-morbidity. Also, more research involving different study
populations and climatology are needed to confirm our findings and
further reveal the potential mechanics for the TV-related elevation of
hs-CRP.

This study had several strengths. Firstly, the current study with a
large-scale population study in China, was first to use a novel approach
to provide ample evidence of the relationship between TV in different
exposure's days with hs-CRP levels in various regions and susceptible
populations, revealing the impact under the potential pathways of TV-
related cardiovascular diseases. Secondly, our TV exposure assessment
method, which had very high spatial resolution, substantially improved
the accuracy of ambient TV estimation. There are some potential limita-
tions of this study as well. Firstly, the current study was conducted in
only 12 sites in China, unable to explore the relationship between TV
and hs-CRP in various climatology. Secondly, we failed to adjust for
other important risk factors, such as air pollution and indoor tempera-
ture. These factors may have additional effects on hs-CRP and may in-
duce certain bias. Thirdly, the current study used station monitoring
data to estimate TV which may result in measurement bias, if possible,
personal-monitoring strategies for exposure measurements may pro-
vide more accurate estimate for TV.

5. Conclusion

Using a large population in China, this study supports our hypothesis
that short-term TV increases circulating levels of hs-CRP. Our findings
contribute to a better understanding about the pathophysiologic plausi-
bility behind the effect of short-term TV on the cardiovascular events
that could be investigated in future prospective cohort studies. Suscep-
tible patientsmight benefit from our findings by taking possible precau-
tions to reduce risk related to TV exposures.
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