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A B S T R A C T   

Cardiovascular disease (CVD) remains the leading cause of morbidity and mortality worldwide, 
ranking first in the global disease burden. Evidence on association between temperature and 
cardiovascular disease is insufficient and inconsistent in developing countries. In this study, a 
distributed lag nonlinear model (DLNM) was used to determine the association between daily 
mean temperature and cardiovascular diseases (CVD) related admission in Lanzhou 2015–2019. 
We included 41,389 patients with CVD in this study. The relative risk (RR) of CVD admission 
increased significantly with temperature in lag 5–10 days, and we found harvesting effect of 
temperature in the study, shown as decreased RR in lag 15–30 days. The maximum RR was 1.15 
(95% confidence interval [CI]: 1.03–1.30), corresponding to 24 ◦C. Both cold and heat effects of 
temperature could impact the CVD admission. Compared with the 25th percentile of temperature 
(2 ◦C), the cumulative relative risk (cumRR) of extreme cold (− 5 ◦C, the 2.5th percentile of the 
temperature) was 0.69 (95% CI: 0.51–0.94) in lag 0–14, whereas the cumRR of moderate cold 
(− 2 ◦C, the 10th percentile) was 0.83 (95% CI:0.71–0.97). Compared with the 75th percentile of 
temperature (20-◦C), the cumRR of extreme heat (27 ◦C, the 97.5th percentile) was 0.93 (95% CI: 
0.78–1.10) in lag 0, whereas the cumRR of moderate heat (24 ◦C, the 90th percentile) was 1.01 
(95% CI: 0.94–1.08). In the stratified analysis, cold decreased RR significantly in female and ≥65 
years, whereas heat increased it more obviously in male and ≥65 years. Ambient temperature and 
CVD admissions were positively associated, with the harvesting effect. Our findings demonstrate 
the adaption of residents in Lanzhou to cold temperature. Public and environmental policies and 
measures aimed at moderate heat may minimize CVD burden effectively.  

* Corresponding author. The First Clinical Medical School, Lanzhou University, Lanzhou, China 
** Corresponding author. Gansu Provincial Institute of Cardiovascular Diseases, Lanzhou, China 

E-mail addresses: xiedingxiong45@163.com (D. Xie), zhanglzu@yeah.net (Z. Zhang).   
1 These authors contributed equally to this work and should be considered co-first author.  
2 Lead contact. 

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2023.e12997 
Received 9 August 2022; Received in revised form 4 January 2023; Accepted 11 January 2023   

mailto:xiedingxiong45@163.com
mailto:zhanglzu@yeah.net
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e12997
https://doi.org/10.1016/j.heliyon.2023.e12997
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2023.e12997&domain=pdf
https://doi.org/10.1016/j.heliyon.2023.e12997
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 9 (2023) e12997

2

1. Introduction 

Influence of ambient temperature on health outcomes is of increasing concern, given the loss of life and property caused by global 
climate change and extreme weather events [1]. Numerous studies report the impact of heat or cold or both on cardiovascular and 
cardiorespiratory diseases [2,3]. The more the changes in meteorological factors and their combinations, the more observable the 
biological effects induced by the weather-related factors [4]. 

Currently, most studies focused on the temperature-mortality link [5–9], and some have identified the harvesting effect [10–13]. 
Studies on temperature and CVD related admissions, however, are limited and inconsistent in developing countries [14–16], and 
positive, negative, or no relationships were reported between temperature and CVD related admissions [16–19]. A J-shaped rela
tionship was found in the study of temperatures on hospital admissions related to cardiovascular and cerebrovascular diseases in 
Shanghai [20]. Both cold and heat led to an increase in CVD related clinical visits in the rural villages in Ningxia, China [21]. However, 
the incidence of acute myocardial infarction (AMI) was negatively and linearly related to temperature in Kaunas residents, except 
those <44 years of age [4]. Sun et al. reported a decreased risk of MI hospitalization due to cold exposure in the meta-analysis study 
[22]. 

Moreover, the pattern of effects of high and low temperatures may also differ. The relative risk increased at low temperatures and 
decreased at high temperatures [16,23,24], while in Rasht, the cumulative effect of heat on ACS admissions was statistically signif
icant, with a relative risk of 2.04 (95% CI: 1.06–4.16). The effect of temperature on CVD may be modified by individual characteristics 
(age, gender, general health status, etc.) [25]. Many studies have reported that high temperatures can significantly increase the risk of 
hospital admissions in the elderly and women [16,26–28]. In contrast, the risk of CVD admissions among the elderly in Hong Kong 
increased only in extreme cold conditions [29]. The MINAP registry of the United Kingdom, on the other hand, found that the pop
ulation aged 75–84 years were more susceptible to AMI due to cold temperature and high temperature had no deleterious effect on 
them [30]. Additionally, studies have reported adaptation of humans to low temperatures [9,31]. 

As far as we know, the study of health effect of meteorological factors is uneven in China. There are few studies in the northwest of 
China, and scarcely in Lanzhou City. This study aimed to investigate the association between ambient temperature and CVD related 
admission in Lanzhou City, and to provide a plausible biological mechanism to elucidate the impact of temperature on cardiovascular 
disease. This study will be a powerful supplement to such studies in Lanzhou, and will present scientific basis for policy makers to 
formulate public policy conforming to local conditions. 

2. Materials and methods 

2.1. Study region 

Lanzhou is in the central part of the Gansu Province and has an area of 13,100 square kilometers (Figure S1). It had a permanent 
population of approximately 4,359,400 in the year 2020. It has the geographical characteristics of a belt-shaped basin city and a typical 
temperate semi-arid continental monsoon climate, with dry and cold winters and sunny summers. The average annual temperature is 
10 ◦C, and the average annual precipitation is 360 mm. 

2.2. Data collection 

Daily CVD inpatient data were obtained from the three largest public local hospitals (Lanzhou University First Hospital, Lanzhou 
University Second Hospital, and Gansu Provincial People’ Hospital) between January 1, 2015 and December 31, 2019. The daily 
number of hospital admissions was pooled based on the date of admission. Hospitalization data included gender, age, current resi
dence, date of admission, date of discharge, and diagnosis at discharge. The 10th Edition of the International Classification of Diseases 
was used to identify the reasons for CVD related hospitalizations, which mainly included ischemic heart disease (ICD-10: I20–I25), 
heart failure (ICD-10: I50.0-I50.1; I50.9), hypertension (ICD10: I10–I15). Referring to previous local studies of carbon monoxide and 
CVD related admissions [32], we divided the study population into subgroups according to gender (male, female) and age (<65 years, 
≥65 years). 

Meteorological data for the period were obtained from the Lanzhou Meteorological Bureau and included the daily maximum 
temperature (◦C), daily minimum temperature (◦C), daily mean temperature (◦C), daily mean pressure (hPa), daily average relative 
humidity (%) and wind speed (m/s). The daily temperature difference (DTR) was calculated based on the daily maximum and min
imum temperatures. Information on air pollutants was obtained from the Lanzhou Environmental Monitoring Center, including SO2, 
NO2 and PM2.5. The daily concentration of each pollutant was determined based on the average of the existing results obtained from 
monitoring the four fixed stations in Lanzhou City. 

2.3. Statistical analysis 

A distributed lag nonlinear model (DLNM) using quasi-Poisson regression [20,27,33] was used to examine the association between 
mean temperature and CVD related hospitalizations after adjusting for confounding factors (air pollutants, relative humidity, wind
speed, time trends, holidays, and day of the week). The DLNM model, characterized by the cross basis, is a two-dimensional function 
space composed of two sets of basic functions that can simultaneously describe the shape of the relationship as well as the predictor 
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space and lag dimension in which it occurs [34]. 
We built the following model:  

Log(μt) = α+βTempt,l + ns(Time, df)+ns(Weather, df)+ns(windspeed, df)+ns(Pollutants, df)+DOWt + Holidayt                                          

Where, 
Subscript t denotes the date of observation during the study period, μt is the expected number of CVD related admissions on day t; α 

is the intercept; β is the coefficient vector of the cross basis; ns is the natural cubic spline function; Tempt,l is the cross basis in the DLNM 
model, which is defined by natural cubic spline function for both exposure-response dimension with the three internal nodes placed at 
the 10th, 75th and 90th percentiles, and for the lag dimension with three equally spaced knots along its logarithmic scale [19]; time 
variable is used to control the long-term and seasonal trends; weather, windspeed and pollutants are covariates in the model. DOWt and 
Holidayt are dummy variables for “day of the week” and “holiday”, respectively, to adjust for differences in daily baseline hospital
ization rates [33]. We chose 7◦ of freedom (dfs) for the time variable in the model per year [24], and 3 dfs for humidity, windspeed, and 
contaminants (PM2.5 and NO2) [2,35–37]. Based on previous research and the literature [20,38], we set the maximum lag to 30 days to 
fully assess the overall temperature effect and identify the possible harvesting effects. 

Initially, we chose the median value of the mean temperature (12.6 ◦C) as the reference value to fit the model, and plotted the 
overall exposure-response curve. Based on the nearly positive linear nature of the obtained curve, the minimal morbidity temperature 
(MMT) was determined at − 12 ◦C and adopted as the new reference value for further prediction and analysis [6,39]. Subsequently, we 
evaluated the effect of temperature on CVD related admissions in lag 0–30 and plotted the overall exposure-response curves along the 
whole temperature range. We also evaluated the relative risk and cumulative relative risk of extreme cold (2.5 th percentile of the 
temperature distribution), moderate cold (10th percentile), extreme heat (97.5th percentile), and moderate heat (90th percentile) 
temperatures versus the 25th and 75th percentiles of temperature as previously reported, to explore the effects of low and high 
temperatures. The selection of cutoffs above was based on previous reports [40]. The association was considered statistically signif
icant if the 95% CI of relative risk did not include a relative risk = 1.0 [24]. Subgroup analyses were also performed by age (<65 years, 
≥65 years) and gender (male, female) to identify the susceptible groups [24]. 

Sensitivity analysis was performed to assess the robustness of our main results: (1) using lags of 21 days or 14 days; (2) changing the 
pollutants in the model; (3) using different dfs (5 or 8 per year) for time trend, and different dfs for humidity (2 or 5) and pollutants (1 
or 5). The descriptive statistics were done using SPSS 26. The statistical analyses were performed using R software (version 4.1.1). The 
DLNM model was fitted with the dlnm package. All statistical tests were two sided, and p < 0.05 were considered statistically 
significant. 

3. Results 

3.1. Descriptive summary 

Table 1 shows the descriptive statistics for daily hospital admissions, daily meteorological variables and daily air pollutants in 
Lanzhou City, China, from January 1, 2015 to December 31, 2019. There were 41,389 CVD hospitalizations in total, among which 
26,515 were males and 14,874 were females, with a male-to-female ratio of 1.78:1. The median value of daily CVD admission was 21; 
13 were males, 8 were females, 12 were <65 years, and 9 were ≥65 years. The medians of daily mean temperature, DTR, relative 
humidity, and wind speed were 11.3 ◦C, 12.1 ◦C, 50.8%, and 1.12 m/s, respectively. The medians of daily averages of SO2, NO2 and 
PM2.5 were 19.87 μg/m3, 53.54 μg/m3 and 47.57 μg/m3, respectively. 

Table 1 
Summary statistics of daily hospital admissions, weather conditions, and air pollutants between 2015 and 2019 in Lanzhou, China.   

Min 2.5th 10th 25th M 75th 90th 97.5th Max 

Daily admissions 
CVD 0 3 5 9 21 32 42 59 86 
Male 0 1 3 6 13 20 28 40 60 
Female 0 0 1 3 8 12 16 22 35 
<65 years 0 1 2 5 12 18 25 35 55 
≥65years 0 1 2 4 9 14 19 27 41 
Weather 
Temperature (◦C) − 12.28 − 5.30 − 2.70 2.00 12.60 20.00 23.60 27.30 30.78 
DTR (◦C) 1.40 4.30 6.40 9.10 12.20 15.00 17.60 20.00 25.80 
Relative humidity (%) 12.30 24.39 31.26 39.29 50.80 61.80 70.80 81.00 95.80 
Wind speed (m/s) 0 0.3 0.5 0.8 1.1 1.4 1.9 2.6 6.0 
Air pollution (μg/m3) 
SO2 4.00 5.00 7.00 10.00 15.00 26.00 41.00 55.00 84.00 
NO2 13.00 22.00 29.00 38.00 50.00 64.00 84.00 104.22 150.00 
PM2.5 9.00 16.78 22.00 30.00 42.00 57.00 82.00 116.23 278.00  
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3.2. Correlation analysis 

Fig. 1 shows a 3D plot of temperature versus CVD related admissions within a 30 days lag, with a referent temperature of − 12 ◦C. 
The estimated effects of temperature were nonlinear and showed hysteresis. The relative risk increased with temperature, with a 
significant difference in lag 5–10, and then decreased gradually in lag 15–30. Fig. 2 depicts a more intuitive contour map indicating the 
relationship between temperature and CVD related admission. The temperature effect was evident, especially the heat temperature. 
The maximum effect of temperature emerged in the range of 16 ◦C–28 ◦C. 

Table 2 shows the cumulative effect of cold and heat on hospitalization at different lags. The cumulative relative risk (cumRR) of 
extreme cold was 0.80 (95% CI: 0.66–0.99) in lag 0–7 and 0.69 (95% CI: 0.51–0.94) in lag 0–14, comparing to the 25th percentile of 
temperature (2 ◦C), whereas the cumRR of moderate cold was 0.89 (95% CI: 0.80–0.99) and 0.83 (95% CI: 0.71–0.97), respectively. 
The cumRR of extreme heat was 0.93 (95% CI: 0.78–1.10) in lag 0, 0.91 (95% CI: 0.55–1.53) in lag 0–30, which compared with the 
75th percentile of temperature (20 ◦C), while the cumRR of moderate heat was 1.01 (95% CI: 0.94–1.08) and 0.93 (95% CI: 0.69–1.26), 
respectively. The maximum cumRR of extreme cold, moderate cold, extreme heat and moderate heat was 0.69 (95% CI: 0.50–0.95) in 
lag 15, 0.83 (95% CI: 0.69–0.98) in lag 16, 0.91 (95% CI: 0.75–1.11) in lag 2, and 1.01 (95% CI: 0.94–1.08) in lag 0, respectively (See 
also Table S1). 

Fig. 3 illustrates the exposure-response curves of various temperatures on CVD related admissions in lag 0–30. Similar to that 
presented in Fig. 1, the relative risks increased from lag 2 and showed an apparent increase in lag 4–15, with a significant difference in 
lag 5–10, followed by a decrease in lag 15–30, indicating a possible morbidity displacement. The maximum relative risk emerged at lag 
7. In line with that presented in Fig. 2, the temperature corresponding to the maximum relative risk was 24 ◦C, followed by 27 ◦C and 
20 ◦C, rather than 30 ◦C. Temperatures with higher risk increment corresponded to more deficits of risk in lag 15–30. 

Fig. 4 shows the overall cumulative relative risk of CVD related admissions across the temperature range. The risk increased with 
temperature and peaked slightly in the range of 14 ◦C–20 ◦C; the curve seemed to approximate a positive, close-to-linear relationship. 
Table 3 shows that the maximum cumRRs of 14 ◦C, 16 ◦C, 18 ◦C and 20 ◦C were 3.16 (95% CI: 1.20–8.27), 3.18 (95% CI:1.19–8.53), 
3.19 (95% CI:1.16–8.75), and 3.16 (95% CI:1.12–8.97), respectively, in lag 0–14. 

3.3. Subgroup analyses by individual characteristics 

The relative risk of low and high temperatures on admission, stratified by gender and age is shown in Table 4. The relative risk of 
cold decreased in all groups, compared with the 25th percentile of temperature, and decreased significantly in females and those ≥65 
years of age, and was 0.94 (95% CI: 0.90–0.98) and 0.95 (95% CI: 0.91–0.98) in extreme cold, and 0.97 (95% CI: 0.95–0.99) and 0.97 
(95% CI: 0.96–0.99) in moderate cold, respectively. The harmful effects of high temperature appeared to be higher among those ≥65 
years of age and males than among females and those <65 years, when compared with the 75th percentile of temperature, and the 
relative risk was 1.02 (95% CI: 0.93–1.12) and 1.02 (95% CI: 0.94–1.11), respectively; however, the difference was not significant. 

Fig. 5 shows the overall cumRR of CVD and the subgroups across the whole temperature range. The curves of subgroups showed 

Fig. 1. Three-dimensional plot of the association between temperature and hospitalizations along 30 lags, with reference at − 12 ◦C.  
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similar characteristics to that of total CVD, such that the risk increased with temperature; however, the cumRR was <1 for males in the 
range of − 12 ◦C–0 ◦C and ranged from − 12 ◦C to 2 ◦C in those <65 years of age. Females had the maximum overall cumulative relative 
risk during the entire temperature range among the total CVD and subgroups. 

Sensitivity analyses showed no significant changes in the primary outcome when the maximum lag was changed to 21 or 14 days 
(See also Figure S2). When the particulate matter variables in the model varied, the results remain robust (See also Figure S3). 
Moreover, the results remained reliable after changing the degrees of freedom for time variable, humidity, and pollutants (See also 
Figures S4, S5, S6). 

Fig. 2. The contour plot of the association between temperature and hospitalizations along 30 lags, with reference at − 12 ◦C.  

Table 2 
Cumulative relative risks and their 95% confidence intervals of cold and heat effects of low and high temperatures on CVD related hospitalizations 
over multiple lag days, with reference at − 12 ◦C.  

Lag Extreme colda Moderate coldb Moderate heatc Extreme heatd 

0 0.92 (0.78–1.08) 0.96 (0.89–1.04) 1.01 (0.94–1.08) 0.93 (0.78–1.10) 
0–3 0.93 (0.79–1.09) 0.95 (0.88–1.04) 0.96 (0.87–1.05) 0.93 (0.76–1.14) 
0–7 0.80 (0.66–0.99)* 0.89 (0.80–0.99)* 0.96 (0.85–1.08) 0.94 (0.75–1.19) 
0–14 0.69 (0.51–0.94)* 0.83 (0.71–0.97)* 0.98 (0.83–1.16) 0.94 (0.69–1.27) 
0–21 0.72 (0.48–1.09) 0.84 (0.68–1.04) 0.96 (0.77–1.20) 0.92 (0.62–1.37) 
0–30 0.86 (0.51–1.46) 0.91 (0.69–1.20) 0.93 (0.69–1.26) 0.91 (0.55–1.53) 

*p < 0.05. 
a The 2.5th percentile of temperature (− 5 ◦C) relative to the 25th percentile of temperature (2 ◦C). 
b The 10th percentile of temperature (− 2 ◦C) relative to the 25th percentile of temperature (2 ◦C). 
c The 90th percentile of temperature (24 ◦C) relative to the 75th percentile of temperature (20 ◦C). 
d The 97.5th percentile of temperature (27 ◦C) relative to the 75th percentile of temperature (20 ◦C). 
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4. Discussion 

To the best of our knowledge, this is the first study to investigate the association between ambient temperature and CVD based 
admissions in Lanzhou, China. We found a positive correlation between ambient temperature and CVD related admissions. Heat 
increased the relative risk of CVD admissions, while cold decreased it. Moderate heat was found to be associated with higher risk of 
admission rather than extreme heat. Additionally, we observed the harvesting effect in this study [11,13,41,42]. Our result un
derscores the importance of heat exposure control on hospital admissions from CVD. 

The positive correlation between ambient temperature and CVD related admission indicated that the relative risk increased with 
temperature in this study. Our findings were in accordance with the temperature and CVD related admission study in Queensland, 
which reported the increased impact of high temperatures and adaptation to the impact of cold temperatures [9]. A study in North 
Sweden found that a 1 ◦C increase was associated with an increase in the number of nonfatal AMIs by 1.5% [43]. Our findings that low 
temperatures decreased the risk of admission compared with 25th percentile temperature also comply with the results from a previous 
study in Hefei, a region with subtropical monsoons and a humid climate [16]. However, the association between high temperature and 
CVD related admissions was not significant in our study. The finding has been reported in previous studies too. In the southwest of 
China, non-accidental deaths burden due to heat was found non-significant (0.67%; 95%CI: − 2.44%–3.64%) [44], and the cumulative 
relative risk of extreme heat and moderate heat increased, but with no significance in Hefei city, comparing to 75th percentile tem
perature [16]. In Queensland, high temperature was reported not significantly associated with the increased risks of hospitalizations 
for cardiovascular diseases [9]. Naturally, previous studies have also demonstrated contradictory conclusions. No association was 
found between high temperature and acute myocardial infarction (AMI) in Beijing [45]. The highest temperature had lowest risk of 
acute myocardial infarction onset at the national level in a 324 Chinese cities study [46]. 

For extremely high temperatures, the cumRR was 0.91 (95% CI: 0.55–1.53) in lag 0–30, with no significance. Similarly, in Jinan, 
the relative risk of heat for ischemic stroke is 0.43 (95% CI: 0.31–0.59) [47]. For moderately high temperature, the cumRR was 1.01 
(95%CI: 0.94–1.08) at lag 0. The result was consistent with previous studies and suggested that moderate temperature, rather than 
extreme temperature, led to most of the CVD related hospitalization burden [21,39]. However, most current studies reported that 
extremely high temperatures increased the risk of CVD admission. For example, in Beijing, the cumulative effect of high apparent 

Fig. 3. Exposure-response curves of temperatures over 30 days of lag, with reference at − 12 ◦C.  
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temperature on ST segment elevation myocardial infarction related admissions reached a peak relative risk of 2.55 (95% CI: 1.02–6.38) 
in lag 0–6 days [48]. A 272 main Chinese cities time serials study found a relative risk of mortality from cardiovascular disease 
associated with extreme high temperature was 1.22 (95% CI: 1.16–1.28) [49]. For extremely low temperatures, the cumRR was 0.69 
(95% CI: 0.51–0.94) for lag 0–14 days, which is consistent with previous research [16,23]. For moderately low temperatures, the 
cumRR was 0.83 (95% CI: 0.71–0.97) in lag 0–14 days. The result was consistent with Michelozzi et al. on temperature and CVD 
related admission in 12 European cities [50]. The decrease in risk with temperature was also demonstrated in Rasht for the association 
between apparent temperature and acute coronary syndrome [18]. However, numerous studies have found that extremely low 
temperatures can significantly increase hospital admissions and mortality [20,21,39,45,51], and most current study on low 

Fig. 4. Overall cumulative exposure–response associations of temperature and CVD related hospitalizations in Lanzhou, China, with reference 
at − 12 ◦C. 

Table 3 
Cumulative relative risks and their 95% confidence intervals of different temperature levels (12 ◦C–20 ◦C) on CVD related hospitalizations over 
multiple lag days, with reference at − 12 ◦C.  

Temp (◦C) Lag 0-7 Lag 0-14 Lag 0-21 Lag 0-30 

12 1.92 (1.03–3.57) 3.11 (1.21–7.95) 2.72 (0.77–9.59) 1.57 (0.31–7.85) 
14 1.93 (1.02–3.65) 3.16 (1.20–8.27) 2.79 (0.77–10.16) 1.60 (0.30–8.46) 
16 1.93 (1.01–3.67) 3.18 (1.19–8.53) 2.83 (0.75–10.61) 1.62 (0.29–8.93) 
18 1.91 (0.98–4.42) 3.19 (1.16–8.75) 2.83 (0.73–10.99) 1.60 (0.28–9.26) 
20 1.87 (0.94–3.72) 3.16 (1.12–8.97) 2.80 (0.69–11.32) 1.15 (0.25–9.48)  

Table 4 
Relative risks and their 95% confidence intervals of cold and heat effects of low and high temperatures on admissions by gender and age, with 
reference at − 12 ◦C.  

Variable Extreme colda Moderate coldb Moderate heatc Extreme heatd 

Male 0.93 (0.79–1.09) 0.98 (0.97–1.00) 1.00 (0.93–1.08) 1.02 (0.94–1.11) 
Female 0.94 (0.90–0.98)* 0.97 (0.95–0.99)* 1.01 (0.99–1.04) 1.01 (0.97–1.06) 
<65 years 0.95 (0.80–1.13) 0.98 (0.90–1.06) 1.01 (0.99–1.04) 1.01 (0.97–1.05) 
≥65 years 0.95 (0.91–0.98)* 0.97 (0.96–0.99)* 1.01 (0.92–1.11) 1.02 (0.93–1.122) 

*p < 0.05. 
a The 2.5th percentile of temperature (− 5 ◦C) relative to the 25th percentile of temperature (2 ◦C). 
b The 10th percentile of temperature (− 2 ◦C) relative to the 25th percentile of temperature (2 ◦C). 
c The 90th percentile of temperature (24 ◦C) relative to the 75th percentile of temperature (20 ◦C). 
d The 97.5th percentile of temperature (27 ◦C) relative to the 75th percentile of temperature (20 ◦C). 
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temperature and CVD related admissions are centered around extreme cold. 
Consistent with the previous studies, we found that individual characteristics (such as gender, and age) could modify the impact of 

temperatures. The relative risk of cold decreased more significantly in female and individuals ≥65 years than in male and those <65 
years, with RR of 0.94 (95% CI: 0.90–0.98) and 0.95 (95% CI: 0.91–0.98), respectively. Similarly, in Hefei, cold decreased the risk of 
admission from CVDs in female and individuals ≥65 years more obviously than male and those <65 years [16]. The cumRR of cold 
from cardiovascular and cerebrovascular diseases was 0.83 (95% CI: 0.36–1.90) for female and 1.16 (95% CI: 0.60–1.74) for male in 
Shanghai [20]. However, Tian et al. reported female and ≥65 years were more sensitive to extreme cold in the temperature and 
coronary heart disease mortality study in Beijing, China [52]; male and ≥65 years were reported as susceptive groups by Liu and 
colleagues in Beijing, China, 2013–2016 [45]. The relative risk of heat appeared more pronounced in male and individuals ≥65 years 
compared with female and those <65 years, however, with no significance. Similar to our findings, aged ≥65 years accounted for more 
attribution of mortality burden from heat than younger in Chengdu city, although cold was responsible for a higher proportion of 
deaths [53]; also, those aged over 65 years old presented higher relative risks of the extremely high temperature on cause-specific 
cardiovascular disease mortality in Beijing [54]. It is noteworthy that several studies reported the temperature effect does not 
differ between men and women in Hong Gong and in England and Wales [29,30]. Gronlund found no association for CVD in study of 
heat and hospitalization in the elderly [55]. 

Differences in the results may be related to the following underlying pathological mechanisms: Cold can incite direct cardiovascular 
stress due to the physiological increase in blood pressure and heart rate secondary to vasoconstriction after exposure to cold, and lead 
to an increase in cardiac hypertrophy, platelet counts and plasma fibrinogen [20,24]. Cold is associated with increased low-density 
lipoprotein cholesterol and decreased high-density lipoprotein cholesterol levels, which are considered critical factors in the 
increased incidence of CVDs [56]. Heat can cause complex physiological changes including an increase in the heart rate, cardiac 
output, blood viscosity, and platelet and red blood cell counts [39]. Moreover, dehydration in heat environments leads to fluid and 
electrolyte disturbances, hypotension, and even endothelial cell damage [57]. At high temperatures, blood vessel dilation and blood 
flow from vital organs to skin surface for cooling may also increase cardiac strain [58]. Our study as well as previous ones were 
completed in different districts with different climatic conditions, demographic and socioeconomic characteristics, and inhabitant 
infrastructure is also an important reason. 

In daily life, human beings are exposed to different temperature environments. The discrepancy in individual physiques and 
behavioral characteristics may also impact the effect of ambient temperature. The age group of <65 years and male were found to have 
significantly more outdoor exposure than the ≥65 years group and female with respect to work, social interaction, and physical ac
tivity during periods of cold or heat [16,51,59]; Simultaneously, the ≥65 years group shows an active reduction in outdoor exposure 
during the temperature warnings; Also, female and the elderly are susceptible to CVDs that are affected by temperature [27,58,60]. 
Studies indicated that female was more susceptible to high temperatures due to their inadequate heat dissipation capacity, and greater 
core, skin, and active muscle temperatures [61,62]. Winter heating safeguards, air conditioner usage and differences in peoples’ ability 
to adapt to local climates [63] also have an impact on the temperature-health effect. 

The “harvesting effect” observed in previous studies [12,13,64,65], characterized by mortality or morbidity displacement after an 
increase in risk induced by a temperature extreme and air pollution [41], was also observed in our study. The presence of the har
vesting effect suggests that temperature events primarily affect the subgroup of individuals who are already susceptible to chronic 
health conditions [13]. The occurrence of harvesting effect was impacted by the baseline health conditions of the population, 
social-economic status, study design and the lag structure. For example, 14 days lag and 21days lag set would omit the risk 

Fig. 5. Overall cumulative exposure-response curves of temperatures for CVD and subgroups.  
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displacement during lag 15–30 in this study. However, due to a lack of detailed individual data, we could not evaluate the effect of 
baseline health conditions of the population and social-economic status on harvesting effect. 

5. Strengths and limitation of the study 

The study has some strengths worth of stating. First, it investigated the association between CVD and ambient temperature with the 
mean temperature, which representing the average exposure of temperature throughout the 24 h period. Second, the DLNM used in our 
study is a validated statistical method. It controlled the long-term trend and the seasonal trend, and adjusted for differences in daily 
baseline hospitalization rates. We captured the harvesting effect with maximum lag of 30 days. Moreover, we found a nearly positive 
linear curve of the exposure-response relation, which representing the unique health effect of temperature in Lanzhou city. The study 
provides additional evidence for the diversity of healthy effects of meteorological variables. As well, the study was conducted in the 
undeveloped northwest region in China, with great benefit to public health. 

Our study has some limitations. First, the study data were obtained from a single city, making it difficult to generalize the findings 
to other cities and climates. Second, we failed to obtain complete personal information of patients, including marital status, occu
pation, income, outdoor exposure, and ethnic origin. Third, meteorological variables and air pollutant data were extracted from 
appropriate government agencies rather than from individual exposure, resulting in unavoidable measurement deviations [39]. Forth, 
these three hospitals providing inpatient data were in the same district, that limiting the representativeness of our study. Finally, we 
discovered a slight peak of overall cumulative relative risk in the temperature range of 14 ◦C–20 ◦C, deficit of individual outdoor 
exposure restricting further research on it. Therefore, further studies are required to investigate the adverse effects of mild temperature 
to extend the understanding of the whole range of temperature effect. 

6. Conclusions 

Our study found a positive and nearly linear correlation between ambient temperature and CVD related admissions. The maximum 
relative risk corresponded to 24 ◦C, other than 30 ◦C. Male and those ≥65 years were susceptive groups to high temperature. Our 
findings suggest that public health plans and preventive measures aimed at moderating heat would have a more significant impact on 
decreasing the risk of CVD related admissions. 
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