
 1 
 

 
 

The association of outdoor temperature with blood pressure, and its influence on 1 

future cardio-cerebrovascular disease risk in cold area 2 

Bo YUa,&, Shanshan JINb,c,&, Chi WANGa, Shichun YANd, Xue ZHOUd, Xiaoming 3 

CUId, Zhen TANGe, Qing LUANa, Yu GUOf, Zheng BIANf, Liming LIg, Zhengming 4 

CHENh, Lixin NAc. 5 

 6 

aDepartment of Chronic Disease, Harbin Nangang District CDC, Harbin, China. 7 

bDepartment of Nutrition and Food Hygiene, Public Health College, Harbin Medical 8 

University, Harbin, China. 9 

cCollaborative Innovation Center for Biomedicine, Medical Technology College, 10 

Shanghai University of Medicine & Health Sciences, Shanghai, China. 11 

dHeilongjiang Provincial CDC, Harbin, China. 12 

eHarbin Nangang District CDC, Harbin, China. 13 

fChinese Academy of Medical Sciences, Beijing, China. 14 

gDepartment of Epidemiology, School of Public Health, Peking University Health 15 

Science Center, Beijing, China. 16 

hClinical Trial Service Unit and Epidemiological Studies Unit (CTSU), Nuffield 17 

Department of Population Health, University of Oxford, Oxford, UK. 18 

 19 

& These authors contributed equally to this work and should be considered co-first 20 

authors. 21 

 22 

Running title: outdoor temperature, hypertension and CVD. 23 

 24 

The manuscript has not been published in whole or in part nor is it being considered 25 

for publication elsewhere, and no portion of the text has been copied from other 26 

material in the literature. 27 

 28 

Funding: This work was supported by grants (2016YFC0900500, 2016YFC0900501, 29 

2016YFC0900504) from the National Key Research and Development Program of 30 



 2 
 

 
 

China, grants from the Kadoorie Charitable Foundation in Hong Kong and grants 31 

(088158/Z/09/Z, 104085/Z/14/Z) from Wellcome Trust in the UK. 32 

 33 

Conflicts of interest: There are no conflicts of interest. 34 

 35 

Corresponding author: Please address all correspondence to: Lixin Na, M.D., Ph.D. 36 

Shanghai University of Medicine & Health Sciences, China 201318. Phone: 37 

+86-021-65883720, E-mail: nalixin2003@163.com. 38 

Words of manuscript: 5553, Figures: 4, Tables: 3, Supplementary digital content files: 39 

3(Supplementary files: 1, Supplementary figures: 2)  40 



 3 
 

 
 

Abstract 41 

Objectives To explore whether lower outdoor temperature increases 42 

cardio-cerebrovascular disease risk through regulating blood pressure and whether 43 

indoor heating in winter is beneficial to prevent cardio-cerebrovascular disease in cold 44 

areas. 45 

Methods We analyzed the data of 38589 participants in Harbin from the China 46 

Kadoorie Biobank (CKB) during 2004-2008, with an average of 7.14-year follow-up. 47 

Linear regression analysis was performed to estimate the relationship between 48 

outdoor temperature and blood pressure. Cox regression analysis and Logistic 49 

regression analysis were used to analyze the association of blood pressure with 50 

cardio-cerebrovascular events risk. Mediation analysis was performed to explore the 51 

role of blood pressure in the association between outdoor pressure and 52 

cardio-cerebrovascular events risk. 53 

Results There was an increase of 6.7 mmHg in SBP and 2.1 mmHg in DBP for each 54 

10℃ decrease in outdoor temperature when outdoor temperature was higher than 5℃. 55 

There was an inverse association between outdoor temperature and 56 

cardio-cerebrovascular events morbidity. The increases in blood pressure and 57 

cardio-cerebrovascular events morbidity were attenuated in months when central 58 

heating was fully provided. Participants with hypertension have higher risks of 59 

cardio-cerebrovascular disease (HR: 1.347; 95% CI: 1.281,1.415), CVD (HR: 1.347; 60 

95% CI: 1.282,1.416), MACE (HR: 1.670; 95% CI: 1.560,1.788) and stroke (HR: 61 

1.683; 95% CI: 1.571,1.803). Mediation analysis demonstrated that the association 62 

between outdoor temperature and cardio-cerebrovascular events risk was potentially 63 

mediated by blood pressure. 64 

Conclusions Temperature-driven blood pressure potentially mediates the association 65 

between outdoor temperature and cardio-cerebrovascular events risk. Indoor heating 66 

in winter is probably beneficial to cardio-cerebrovascular disease prevention by 67 

inhibition of blood pressure increase. 68 

Keywords outdoor temperature, blood pressure, cardio-cerebrovascular disease, 69 

indoor heating 70 
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 71 

INTRODUCTION 72 

Cardio-cerebrovascular disease, mainly including cardiovascular disease (CVD) 73 

and stroke, is the leading cause of mortality worldwide (1, 2). In 2017, CVD and 74 

stroke led to 17.8 million and 6.2 million deaths globally, with an increase by 21.1% 75 

and 16.6% from 2007 to 2017, respectively (3). Hypertension is an independent risk 76 

factor for cardio-cerebrovascular disease morbidity and mortality (4). Control of high 77 

blood pressure is often promoted to prevent and delay the development of 78 

cardio-cerebrovascular disease (5). 79 

Increased blood pressure is associated with lifestyle, high non-HDL cholesterol, 80 

and abdominal obesity, which are modifiable and often emphasized in blood pressure 81 

control (6, 7). In addition, ambient temperature is also an important influencing factor 82 

for blood pressure which has become a target of vigorous research recently, especially 83 

in cold condition. Some epidemiologic studies have reported that the increase in blood 84 

pressure was associated with the decrease in outdoor temperature (8-10). Results from 85 

the China Kadoorie Bank (CKB) study also found that blood pressure was strongly 86 

inversely associated with outdoor temperature in Chinese adults, with an increase in 87 

blood pressure in winter (11, 12). The current evidence suggested that exposure to 88 

cold caused subcutaneous vasoconstriction which increased central blood volume and 89 

then further increased blood pressure (13, 14). 90 

Scientists have assumed that the increased morbidity and mortality in cold 91 

condition are probably driven by temperature-related increase in blood pressure as 92 

more cardio-cerebrovascular disease mortality was reported during cold seasons 93 

(15-19). But the direct evidence has not been fully established. In addition, whether 94 

the central heating is helpful for blood pressure and cardio-cerebrovascular disease 95 

control in winter or cold area is unclear. 96 

In the present study, we reported the data from the CKB study of 38589 97 

participants who were recruited form Harbin, which is located in far northeast China. 98 

It is very cold during winter in Harbin and the central heating can cover nearly the 99 

whole city. Our study aims (a) to investigate the association of outdoor temperature 100 
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with blood pressure, (b) to examine the seasonal changes in blood pressure and 101 

cardio-cerebrovascular events morbidity, considering the possible effect of central 102 

heating, (c) to analyze the association between blood pressure and future 103 

cardio-cerebrovascular events risk, (d) to investigate whether blood pressure mediates 104 

the effect of outdoor temperature on cardio-cerebrovascular events risk. 105 

METHODS 106 

Baseline survey 107 

Detailed information about the study design and procedure have been reported 108 

previously (20, 21). Participants included in the present study were recruited from 109 

Harbin, Heilongjiang Province, which was one of the 10 study regions of CKB. The 110 

permanent residents in Harbin, aged 30-79 years were invited to attend the survey in 111 

the assessment clinics. The baseline survey took place between 2004 and 2008. 112 

At the baseline survey, detailed information about demographic data, 113 

socio-economic status, lifestyle, medical history and current medication were 114 

collected using an interviewer-administered laptop-based questionnaire. A range of 115 

physical measurements were done, including height, weight and blood pressure, and a 116 

blood sample of each participant was collected for storage and future analysis. 117 

Ethics approval was obtained from the Ethics Review Committee of the Chinese 118 

Center for Disease Control and Prevention, Beijing, China and the Oxford Tropical 119 

Research Ethics Committee, University of Oxford, UK. In addition, ethics approval 120 

was also obtained from the institutional research board at the Heilongjiang Provincial 121 

CDC and Harbin CDC. All study participants provided written informed consent. 122 

Blood pressure measurement 123 

Blood pressure was measured twice using a UA-779 digital monitor after 124 

participants had remained at rest in a seated position for at least five minutes. If the 125 

difference between the two measurements was >10 mmHg for systolic blood pressure 126 

(SBP), a third measurement was made and the last two measurements were recorded. 127 

The mean of the two recorded values was used for analysis. The digital monitor has 128 

been tested according to ANSI/AAMI SP-10 1987 (22), and all devices were regularly 129 

calibrated to ensure consistency of measurements. 130 
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In the present analysis, hypertension was defined as mean SBP ≥ 140 mmHg or 131 

mean diastolic blood pressure (DBP) ≥ 90 mmHg, or self-report of diagnosed 132 

hypertension by a physician. Newly diagnosed hypertension was defined as mean 133 

SBP ≥ 140 mmHg or mean DBP ≥ 90 mmHg without self-reported hypertension. 134 

Meteorological data 135 

Daily meteorological measurements for the years 2004-2008 were obtained from 136 

the local offices of the China Meteorological Administration. Each participant had 137 

corresponding data on mean outdoor temperature (the average of four measurements 138 

taken at 2:00, 8:00, 14:00, 20:00 h) on the day of their baseline survey. Mean monthly 139 

outdoor temperatures were calculated as the average of the recorded mean outdoor 140 

temperatures for all the participants who were surveyed during that month. 141 

Follow-up for cardio-cerebrovascular events 142 

Information on mortality was obtained from local death registers, checked 143 

annually against local residential records and health insurance records, and confirmed 144 

through street committees. Information on disease events were collected through 145 

linkage with disease registers and health insurance system, via each participant’s 146 

unique national identification number. All events were coded using the International 147 

Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) 148 

(23), by trained staff who were blinded to baseline information. 149 

Definition of outcomes 150 

The primary outcomes were vascular disease (ICD-10: I00-I99), CVD excluding 151 

non-fatal hypertension [ICD-10: I00-I09, I16-I25, I27-I88, I95-I99 (from any source) 152 

and I10-I15(only were fatal)], major adverse cardiovascular events (MACE) [ICD-10: 153 

I21-I23, I60-I61, I63-I64 (from any source) and I00-I20, I24-I25, I27-I59, I62, 154 

I65-I88, I95-I99 (only from fatal)], stroke and its sequelae (ICD-10: 60-I61, I63-I64, 155 

I69.0, I69.1, I69.3, I69.4). In our study, the vascular disease rather referred to as 156 

cardio-cerebrovascular disease, mainly including CVD, stroke and its sequelae. So we 157 

described vascular disease with the term of cardio-cerebrovascular disease in the 158 

results. 159 

Statistical methods 160 
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Data were expressed as mean  SD for continuous variable and frequency (%) 161 

for categorical variable. The differences between participants with or without 162 

cardio-cerebrovascular disease were examined by unpaired t test and chi-square test, 163 

respectively. The means of outdoor temperature, SBP and DBP, and the morbidity of 164 

different cardio-cerebrovascular events were calculated for each calendar month of 165 

the study recruitment or follow-up period. Then these variables were plotted against 166 

the month to describe their changes trend. Linear regression analysis was performed 167 

to estimate the linear trend relationship between baseline outdoor temperature and 168 

blood pressure based on individual data. Cox proportional hazards models were used 169 

to analyze the association of hypertension with the risks of follow-up diseases based 170 

on individual data, adjusted for gender, age, smoking, drinking, BMI, labor intensity, 171 

history of diabetes, highest education, marital status, household income, parental 172 

history of stroke and heart attack at baseline. Data was expressed as hazards ratio (HR) 173 

and 95% confidence interval (CI). Logistic regression analysis was used to verify the 174 

association between tripartite blood pressure and the risk of follow-up diseases based 175 

on individual data, adjusted for the same factors as those in Cox proportional hazards 176 

models. Mediation analysis was performed using R packages mediation (24) with 177 

SBP and DBP as potential mediators, to assess whether blood pressure mediates the 178 

effect of outdoor temperature on cardio-cerebrovascular events risk based on 179 

individual data. The models in mediation analysis were adjusted for gender, age, 180 

smoking, drinking, BMI, labor intensity, history of diabetes, highest education, 181 

marital status, household income, parental history of stroke and heart attack at 182 

baseline. All analyses were performed using SPSS 24.0. P < 0.05 was considered 183 

statistically significant. 184 

RESULTS 185 

Characteristics of the participants 186 

By January 1st 2014, a total of 44504 participants were followed, and 13051 187 

(22.7%) participants were lost to follow-up because of no details about death or 188 

disease events. We excluded 4821 participants with self-reported 189 

cardio-cerebrovascular disease at baseline, leaving 39683 participants in the study 190 
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population. There were 10481 participants who had hypertension, accounting for 26.1% 191 

of the study population at baseline. And 7564 participants were newly diagnosed as 192 

hypertension during the recruitment period, accounting for 72.2% of the total 193 

hypertension subgroup. To analyze the natural association between blood pressure and 194 

outdoor temperature, 1094 participants who took antihypertensive drugs were 195 

excluded, leaving 38589 participants finally for analysis, with an average of 7.14-year 196 

follow-up (Figure 1). 197 

The baseline characteristics between participants with and without 198 

cardio-cerebrovascular disease were compared in Table 1. Those who developed 199 

cardio-cerebrovascular disease at follow-up tended to be older, and have higher SBP, 200 

DBP and BMI at baseline. And they were more likely to have lower education level 201 

and lower labor intensity. There was also a larger proportion of hypertension and 202 

diabetes at baseline in participants who developed cardio-cerebrovascular disease at 203 

follow-up. 204 

Linear association between outdoor temperature and blood pressure 205 

Figure 2 shows the liner regression relationship between outdoor temperature 206 

and blood pressure. When outdoor temperature was higher than 5 ℃, there was an 207 

approximately linear inverse association between outdoor temperature and blood 208 

pressure. Mean increases of 6.7 mmHg in SBP and 2.1mmHg in DBP were observed 209 

for each 10 ℃ decrease in outdoor temperature. And when outdoor temperature was 210 

below 5 ℃, the relationship between outdoor temperature and blood pressure was 211 

weakened, partly due to the increased indoor temperature by central heating. 212 

Variations in outdoor temperature and blood pressure 213 

The seasonal variation in outdoor temperature was apparent, with the lowest 214 

outdoor temperature from December to next year February, and the highest outdoor 215 

temperature from July to August (Figure 3). There was an inverse association between 216 

outdoor temperature and SBP or DBP. The annual maximum increases in SBP and 217 

DBP were 14.1 mmHg and 4.5 mmHg, respectively. But the highest blood pressure 218 

did not occur in the coldest months (from December to next year February) when the 219 

central heating was usually very adequate. The central heating seemed to attenuate the 220 
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increase in blood pressure. There were obvious peaks in blood pressure, especially for 221 

SBP, in October and March (Figure S1). During these months, the central heating was 222 

to start (October) or to end (March), which made the indoor temperature even lower, 223 

compared with that in the coldest months. 224 

Variation in cardio-cerebrovascular events morbidity 225 

Figure 4 shows the monthly variation in cardio-cerebrovascular events morbidity 226 

during the follow up. The monthly variations in total and each kind of 227 

cardio-cerebrovascular events were similar, usually with a lower morbidity during 228 

warm months and a higher morbidity during cold months. The largest average 229 

morbidity was observed in November and December in winter, and in March and 230 

April in spring (Figure S2). This variation pattern was mostly consistent with the 231 

monthly pattern of blood pressure, just with a delay of the peaks for about one month. 232 

And the cardio-cerebrovascular disease occurs after a period of increase in blood 233 

pressure is reasonable from a pathophysiological perspective. 234 

Association between hypertension and cardio-cerebrovascular events risk 235 

The results from Cox proportional hazards models showed a prospective 236 

association between hypertension and cardio-cerebrovascular events risk, with 35% 237 

(HR: 1.347; 95% CI: 1.281,1.415) higher risk of cardio-cerebrovascular disease, 35% 238 

(HR: 1.347; 95% CI: 1.282,1.416) higher risk of CVD, 67% (HR: 1.670; 95% CI: 239 

1.560,1.788) higher risk of MACE and 68% (HR: 1.683; 95% CI: 1.571,1.803) higher 240 

risk of stroke for participants with hypertension at baseline (Table 2). In Logistic 241 

regression analysis, participants with higher baseline blood pressure, including both 242 

SBP and DBP, had an increased risk of cardio-cerebrovascular events (Table S1). 243 

Mediation analysis 244 

According to the above results, the seasonal variations of blood pressure and 245 

cardio-cerebrovascular events morbidity were similar, with increases in blood 246 

pressure and cardio-cerebrovascular events morbidity in cold seasons. In addition, we 247 

found a prospective association of increased blood pressure with 248 

cardio-cerebrovascular events risk. We hypothesized that lower outdoor temperature 249 

may increase cardio-cerebrovascular events risk by increasing blood pressure and we 250 
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conducted a mediation analysis to test our hypothesis. The results of mediation 251 

analysis were shown in Table 3. We observed statistically significant indirect effects 252 

of SBP (-0.000314, 95% CI: -0.000355, -0.000273, P < 0.001 for 253 

cardio-cerebrovascular disease; -0.000309, 95% CI: -0.000355, -0.000263, P < 0.001 254 

for CVD; -0.000282, 95% CI: -0.000316, -0.000247, P < 0.001 for MACE; -0.000281, 255 

95% CI: -0.000313, -0.000249, P < 0.001 for stroke) and DBP (-0.000205, 95% CI: 256 

-0.000238, -0.000172, P < 0.001 for cardio-cerebrovascular disease; -0.000203, 95% 257 

CI: -0.000240, -0.000165, P < 0.001 for CVD; -0.000210, 95% CI: -0.000235, 258 

-0.000184, P < 0.001 for MACE; -0.000212, 95% CI: -0.000238, -0.000186, P < 259 

0.001 for stroke), suggesting that the association between outdoor temperature and the 260 

risk of cardio-cerebrovascular events was potentially mediated by blood pressure. 261 

DISCUSSION 262 

In this study, using the data of 38589 participants who were recruited form 263 

Harbin, we observed the monthly variations in blood pressure and 264 

cardio-cerebrovascular events morbidity in area covered by central heating in winter. 265 

We found an approximately linear inverse association between outdoor temperature 266 

and blood pressure, with an increase of 6.7 mmHg in SBP for each 10℃ decrease in 267 

outdoor temperature when outdoor temperature was higher than 5℃. But the increase 268 

in blood pressure was attenuated in months when the central heating was fully 269 

provided. The monthly variation of cardio-cerebrovascular events morbidity was 270 

mostly consistent with the pattern of blood pressure, in which there was an inverse 271 

association between outdoor temperature and cardio-cerebrovascular events morbidity, 272 

and this increase in cardio-cerebrovascular events morbidity was weakened in months 273 

with fully central heating. Mediation analysis demonstrated that the association 274 

between outdoor temperature and the risk of cardio-cerebrovascular events was 275 

potentially mediated by blood pressure. 276 

A large number of studies have found that chronic non-communicable diseases 277 

were associated with poor diet and lifestyle. In recent years, extreme climate，278 

especially cold weather has also been recognized as a major risk factor of some 279 

chronic diseases (25-28). Several researches have reported a higher morbidity and 280 
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mortality of chronic diseases in high latitudes or cold area (29-31). In China, the 281 

highest prevalence of several chronic diseases, including hypertension and 282 

cardiovascular disease, occurs in northeast area, where the weather is very cold in 283 

winter (32). Extreme low outdoor temperature has been thought a contributor to the 284 

increased morbidity and mortality. In our study, we observed the monthly variations 285 

of outdoor temperature and blood pressure at the same time. On the whole, we found 286 

an inverse association between outdoor temperature and the variations in SBP or DBP. 287 

The variation in cardio-cerebrovascular events morbidity was similar with that of 288 

blood pressure, only with a delay of peaks for about one month. Our results were 289 

consistent with those from the CKB study, which did not include data from Harbin 290 

(12). Moreover, we confirmed that increased blood pressure was associated with a 291 

higher cardio-cerebrovascular events risk in this population. This suggested a possible 292 

link between outdoor temperature and cardio-cerebrovascular disease though blood 293 

pressure. Some mechanism studies also support this hypothesis. The study focused on 294 

the effects of moderate strength cold air exposure on blood pressure and biochemical 295 

indicators suggested that cold air exposure could increase blood pressure by activating 296 

sympathetic nervous system (SNS) and the renin-angiotensin system (RAS), 297 

accelerated the release of angiotensin II (ANG-II) and norepinephrine, and caused 298 

systemic vasoconstriction, thereby elevating the blood pressure (33). Elevated blood 299 

pressure, or hypertension, could increase the mass of smooth muscle cells and 300 

surrounding connective tissue, thickened the walls of blood vessel, thereby promoted 301 

the development and progressive vascular diseases such as atherosclerosis (34). But 302 

limited studies have simultaneously observed seasonal variations in blood pressure 303 

and disease mortality in human (12, 35). And there was lack of direct evidence 304 

clarifying the possible effect of blood pressure on the temperature-related 305 

cardio-cerebrovascular events morbidity. 306 

Mediation analysis was first proposed in psychological research (36), and 307 

nowadays, was widely used in epidemiology, especially in studies of molecular 308 

mechanism of disease causation, respond of clinical treatments and socioeconomic 309 

(37). It is typically applied to assess the extent to which the effect of an exposure is 310 
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explained, or is not explained by a given set of hypothesized mediators (also called 311 

intermediate variables) (38). In our study, we did mediation analysis using blood 312 

pressure as mediators to assess the effect of outdoor temperature on 313 

cardio-cerebrovascular events risk. Both SBP and DBP acted as significant mediators 314 

of outdoor temperature in its effect on total and each kind of cardio-cerebrovascular 315 

events, after adjusted for confounding factors. This result indicates that control of 316 

temperature-driven high blood pressure may be a possible pathway to prevent 317 

cardiovascular disease and stroke, especially in cold areas. In addition to outdoor 318 

temperature, several studies have reported that fine particulate matter and the joint 319 

effect of fine particulate matter and outdoor temperature can affect blood pressure in 320 

participants with cardio-cerebrovascular disease (39, 40), suggesting that blood 321 

pressure might also mediate the association of air pollution with 322 

cardio-cerebrovascular disease. So our study may underestimate the mediation effect 323 

of blood pressure. Since the air pollution was quite serious in Harbin because of 324 

central heating in winter, so it was necessary to carry out special research taking air 325 

pollution into account in future. 326 

Nowadays, indoor heating is a common method to conquer the extremely low 327 

outdoor temperature in winter in cold areas. However, the evidence about whether 328 

indoor heating plays a beneficial role in preventing hypertension and related diseases 329 

is very limited. Therefore, the other aim of our study is to explore whether it is 330 

necessary to providing indoor heating in cold weather in order to prevent hypertension 331 

and cardio-cerebrovascular disease. Although an inverse trend between outdoor 332 

temperature and blood pressure was observed in our study, the peak of blood pressure 333 

did not occur in the coldest months. We found that the increase in blood pressure was 334 

attenuated in months with fully indoor heating. This suggested that indoor heating is 335 

beneficial to blood pressure control in winter. Two randomized controlled trials on the 336 

effects of home heating on blood pressure showed that room heating could decrease 337 

blood pressure and its surge, further supporting our findings (41, 42). In our study, the 338 

peaks of blood pressure usually occurred in months on the beginning (October) or the 339 

end (March) of the heating. During these months, the indoor temperature was 340 
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relatively lower than that in colder months due to a poor heating condition. As people 341 

do most of their daily activities inside the house during these months, their blood 342 

pressure was influenced much by the indoor temperature, leading to a higher blood 343 

pressure. A study from Japan also reported that indoor temperature appeared to have a 344 

stronger effect on blood pressure than outdoor temperature (43). This indicated that 345 

control the indoor temperature is a possible way to prevent the increase in blood 346 

pressure in cold winter. Besides blood pressure, the incidence of 347 

cardio-cerebrovascular events was also attenuated in months with fully indoor heating, 348 

with peaks occurred in November and December in winter, March and April in spring 349 

when the indoor temperature was the lowest. This further highlights the practical 350 

importance of indoor heating in cold weather for disease prevention. Based on the 351 

CKB study, Harbin was the coldest in winter with a mean temperature of 14.1℃ 352 

below zero, while the mean temperature in the other areas was above zero and few 353 

people had access to central heating in winter (12). In those areas, the indoor 354 

temperature was even much lower than the outdoor temperature in winter (44). We 355 

can found that there was an significant increase in blood pressure, CVD morbidity and 356 

mortality in winter and the SBP was much higher in these areas than that in Harbin 357 

during winter from October to next March (12). Although they did not compare CVD 358 

morbidity and mortality, we speculate that the cardio-cerebrovascular disease 359 

morbidity and mortality are probably higher in areas without heating system than that 360 

in Harbin during winter based on our mediation analysis. Studies from Europe and 361 

United states also found that the winter excess mortality was higher in countries with 362 

moderate winter than those with severe winter climate due to the poor domestic 363 

thermal efficiency (45, 46). So we think it is necessary to set up class central heating 364 

system according to outdoor temperature and make appropriate target heating 365 

temperature and heating period in different latitudes. The details should be further 366 

studied based more human data. And this work needs the collaboration of multiple 367 

social efforts. 368 

There are some limitations in our study. First, we used isolated clinic blood 369 

pressure measurements instead of ambulatory blood pressure monitoring, due to the 370 
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large sample size of the cohort. This method decreased the reliability in the 371 

assessment of blood pressure, which may lead us to underestimate any patterns or 372 

associations (12). However, there was a high comparability in baseline characteristics 373 

between participants enrolled at different seasons or months in the cohort (11), 374 

suggested that seasonal or monthly variation in blood pressure is likely to be driven 375 

primarily by changes in temperature rather than by other lifestyle factors. Second, we 376 

did not obtained blood pressure during follow-up, so we were unable to verify the 377 

association between baseline follow-up blood pressure and cardio-cerebrovascular 378 

events risk. Third, we did not monitor the indoor temperature. The city of Harbin is 379 

mostly covered by central heating system in winter and the minimum indoor 380 

temperature should be kept over 18℃ according to the regulation of the government. 381 

So we can speculate the possible role of indoor temperature on blood pressure, but we 382 

can’t do more analysis due to the lack of indoor temperature data. 383 

Conclusions 384 

In conclusion, our findings suggest that there are inverse associations between 385 

outdoor temperature and the variations of blood pressure and cardio-cerebrovascular 386 

events morbidity, and temperature-driven blood pressure potentially mediates the 387 

association between outdoor temperature and cardio-cerebrovascular events risk. It is 388 

of importance to control the blood pressure in temperature-related 389 

cardio-cerebrovascular disease morbidity and mortality. In addition, providing indoor 390 

heating in winter can attenuate the increase in blood pressure, even reduce the risk of 391 

cardio-cerebrovascular events. Central heating system should be taken into account as 392 

a public health improvement in the prevention and control of hypertension and related 393 

cardio-cerebrovascular disease. 394 
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Table 1. Baseline characteristics of participants with and without 

cardio-cerebrovascular disease. 

Characteristics 

Without 

cardio-cerebrovascular 

disease 

With 

cardio-cerebrovascular 

disease 

P value 

N 30695 7894  

Age (years) 49.010.4 56.110.6 <0.001 

BMI (kg/m2) 24.13.3 25.03.4 <0.001 

Labor intensity 

(MET•hour/day) 
18.311.3 14.310.0 <0.001 

University or higher 

education (%) 
23.3 19.8 <0.001 

Married (%)  88.5 85.4 <0.001 

Household income ≥ 

20000 RMB (%) 
54.6 52.9 <0.001 

Regular drinking (%) 25.1 22.6 <0.001 

Regular smoking (%) 25.1 25.3 <0.001 

SBP (mmHg) 122.918.6 131.421.6 <0.001 

DBP (mmHg) 76.711.0 79.312.0 <0.001 

Hypertension (%) 21.0 37.1 <0.001 

Diabetes (%) 6.4 12.1 <0.001 

1. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 

pressure. 

2. One-way ANOVA are used for continuous variables; Chi-square tests are used 

for categorical variables. Values are mean ±  SD, or frequency (%). A 

two-sided P ≤ 0.05 is considered statistically significant. 
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Table 2. The association of hypertension with the risk of cardio-cerebrovascular events in Harbin. 

Outcomes Groups Cases/N Model 1 Model 2 Model 3 Model 4 

Cardio-cerebrovascular 

disease 

Non-hypertension 4969/29202 1.000(ref.) 1.000(ref.) 1.000(ref.) 1.000(ref.) 

Hypertension 2925/9387 1.474(1.405,1.546) 1.350(1.285-1.419) 1.357(1.291-1.426) 1.347(1.281-1.415) 

 P-value <0.001 <0.001 <0.001 <0.001 

CVD Non-hypertension 4929/29202 1.000(ref.) 1.000(ref.) 1.000(ref.) 1.000(ref.) 

 Hypertension 2909/9387 1.476(1.407-1.548) 1.352(1.287-1.421) 1.358(1.292-1.427) 1.347(1.282-1.416) 

 P-value <0.001 <0.001 <0.001 <0.001 

MACE Non-hypertension 2156/29202 1.000(ref.) 1.000(ref.) 1.000(ref.) 1.000(ref.) 

 Hypertension 1764/9387 1.850(1.733-1.976) 1.690(1.578-1.809) 1.688(1.577-1.807) 1.670(1.560-1.788) 

 P-value <0.001 <0.001 <0.001 <0.001 

Stroke Non-hypertension 2116/29202 1.000(ref.) 1.000(ref.) 1.000(ref.) 1.000(ref.) 

 Hypertension 1739/9387 1.861(1.742-1.988) 1.702(1.589-1.823) 1.701(1.588-1.822) 1.683(1.571-1.803) 

 P-value <0.001 <0.001 <0.001 <0.001 

1. Adjusted for gender and age in mode 1; adjusted for smoking, drinking, BMI, labor intensity, diabetes in mode 2 based on mode 1; 

adjusted for highest education, marital status and household income in mode 3 based on mode 2; adjusted for parental history of stroke 

and heart attack in mode 4 based on mode 3. 
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2. Cases refer to the number of cases of cardio-cerebrovascular disease, CVD, MACE or stroke; N refers to the number of total 

population. 

3. CVD, cardiovascular disease; MACE, major adverse cardiovascular events. 

4. P < 0.05 is considered statistically significant. 
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Table 3. Mediation effect of blood pressure on the association between outdoor temperature 

and cardio-cerebrovascular events. 

Mediator Outcome Indirect effect (95% CI) P-value 

SBP    

 Cardio-cerebrovascular disease -0.000314(-0.000355,-0.000273) <0.001 

 CVD -0.000309(-0.000355,-0.000263) <0.001 

 MACE -0.000282(-0.000316,-0.000247) <0.001 

 Stroke -0.000281(-0.000313,-0.000249) <0.001 

DBP    

 Cardio-cerebrovascular disease -0.000205(-0.000238,-0.000172) <0.001 

 CVD -0.000203(-0.000240,-0.000165) <0.001 

 MACE -0.000210(-0.000235,-0.000184) <0.001 

 Stroke -0.000212(-0.000238,-0.000186) <0.001 

1. Adjusted for gender, age, smoking, drinking, BMI, labor intensity, diabetes, highest 

education, marital status, household income, and parental history of stroke and heart 

attack in mediation analysis. 

2. SBP, systolic blood pressure; DBP, diastolic blood pressure; CVD, cardiovascular 

disease; MACE, major adverse cardiovascular events. 

3. P ≤ 0.05 is considered statistically significant. 
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Legends for figures 

Figure 1. The flow chart of this study. 

Figure 2. Liner regression relationship between mean outdoor temperature and blood 

pressure. A SBP (Systolic Blood Pressure). B DBP(Diastolic Blood Pressure). 

Figure 3. Monthly variations in mean outdoor temperature and blood pressure. A SBP 

(Systolic Blood Pressure). B DBP (Diastolic Blood Pressure). Jan/Feb = January and 

February combined (recruitment dropped in January and February due to the Chinese 

New Year). For both outdoor temperature and blood pressure, the mean monthly 

values are the mean for all participants whose baseline survey happened during that 

month (regardless of the year). 

Figure 4. Monthly variation in cardio-cerebrovascular events morbidity. A 

Cardio-cerebrovascular disease. B Cardiovascular disease. C MACE (major adverse 

cardiovascular events). D Stroke. To make the curve smoother, two calendar months 

are combined. Vertical lines indicate the corresponding 95% CI (confidence intervals). 

Numbers above confidence intervals are of mortalities (per 100000 person-years) and 

those below are the cases of various cardio-cerebrovascular events. 

Cardio-cerebrovascular events morbidities are calculated using population excluding 

those taking antihypertensive drugs. 


