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Abstract

Background: In many Western populations, blood pressure varies moderately with sea-

son and outdoor temperature. Relatively little is known about effects of seasonal changes

in blood pressure on the detection and control of hypertension in general populations,

especially in low- and middle-income countries.

Methods: We analysed cross-sectional data of 57 375 (42% men) participants aged 30–79

(mean 52.3) years who were enrolled during 2004–08, as part of the China Kadoorie

Biobank, from a rural county in the south-east costal Zhejiang Province. Analyses related

daily mean outdoor temperature, obtained from local Meteorological Bureau, to mean

systolic (SBP) and diastolic blood pressure (DBP), rate of newly detected hypertension

and, among those with self-reported physician-diagnosed hypertension, rate of adequate

blood pressure control, using multiple linear and logistic regression models.

Results: The overall mean blood pressure was 135.9 mmHg for SBP and 80.5 mmHg for

DBP. Daily outdoor temperature ranged between �2.9 and 33.7�C, with July being the hot-

test month (mean 29.4�C) and January the coldest (mean 4.0�C). Comparing January (the

coldest month) with July (the warmest), the differences in the adjusted SBP/DBP were

19.2/7.7 mmHg. Each 10�C lower ambient temperature was associated with 6.9/2.9 mmHg
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higher SBP/DBP,14.1% higher prevalence of newly detected hypertension and, among

those with pre-diagnosed hypertension, 13.0% lower hypertension control rate.

Conclusion: In rural China, lower outdoor temperature is strongly associated with higher

mean blood pressure and hypertension prevalence as well as poorer hypertension con-

trol, and should be considered when conducting population-based hypertension surveys

and providing treatment for hypertensive patients.
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Introduction

Hypertension, or raised blood pressure, is a common, dan-

gerous and treatable condition, but its detection and control

remain a major health challenge in many parts of the world,

particularly in low- and middle-income countries such as

China. Several environmental and lifestyle factors are

known to be associated with raised blood pressure, includ-

ing cold temperature, alcohol drinking, adiposity and salt

intake. In Western populations where most people have

good access to adequate housing and health care, mean

blood pressure in adults tends to vary only moderately with

outdoor temperature.1–4 In China, the situation is quite dif-

ferent, with a recent study showing unusually large effects

of outdoor temperature on blood pressure.5 In that study

there was also a great heterogeneity in the strength of the

association across different regions of China, reflecting dif-

ferences not only in local climates but also in housing con-

ditions (e.g. access to central heating) and other known

determinants of blood pressure (e.g. age, adiposity, alcohol

drinking).5 Despite these findings, questions remain about

the patterns and correlates of seasonal changes of blood

pressure in specific regions of China, especially in rural

areas where no proper household heating during winter is

available, and about their relevance for detection and con-

trol of hypertension in the general population.

To fill in this knowledge gap, we report a detailed ana-

lysis of cross-sectional data of over 50 000 adults from a

rural coastal area in the south of Yangzi River, from the

China Kadoorie Biobank (CKB) study.6 The main object-

ives of the study are: (i) to examine the relationships of

season and outdoor temperature with blood pressure, both

overall and in various subgroups of individuals; and (ii) to

assess the likely changes in detection rate of hypertension

and, among those with known hypertension, control rates

of blood pressure by season and outdoor temperature.

Methods

Participants

Detailed information about the CKB study design and

recruitment strategy has been reported previously.6–8

Participants included in the present study were recruited

from Tongxiang, Zhejiang Province, which is one of the 10

study regions of CKB. All permanent residents aged 35–79

years from 104 administrative villages (accounting for

48.8% of the total Tongxiang population) were identified

through local population registries and were invited to at-

tend study assessment clinics set up specifically in each vil-

lage. In total, 57 704 men and women (�34% of those

invited) participated in the CKB baseline survey which

took place between August 2004 and January 2008. For

the present study, 329 people were excluded because of re-

ported use of heating in households during winter, leaving

57 375 participants in the current analysis.

The study was approved centrally by the ethics commit-

tees of the University of Oxford and the Chinese Center for

Disease Control and Prevention (CDC). In addition, ethics

approval was also obtained from the institutional research

board at the Zhejiang Provincial CDC and Tongxiang

CDC. All participants provided written informed consent.

Key Messages

• The significant seasonal variations in blood pressure were primarily driven by changes in outdoor temperature.

• When outdoor temperature dropped, blood pressure increase dramatically and a higher prevalence of hypertension

could be detected. This should be taken into account when conducting and evaluating population-based hypertension

survey.

• Lower outdoor temperature could attenuate the blood pressure control rate in people with known hypertension. This

should be considered by hypertensive patients and their care/treatment providers.
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Data collection

Information about socio-demographic, lifestyle and med-

ical history was collected using an interviewer-adminis-

tered laptop-based electronic questionnaire.6 Blood

pressure was measured twice by trained clinicians using a

UA-779 digital monitor, after at least 5 min rest of the par-

ticipant in a seated position with feet on the floor and the

arm supported at heart level. The interval between the two

measurements was at least 1 min. If the difference between

the two measurements was more than 10 mmHg for sys-

tolic blood pressure (SBP), a third measurement was under-

taken and the mean of the last two measurements was used

for analyses.

In the present analysis, hypertension detection rate

was defined as proportion of people who had mean

SBP �140 mmHg or mean diastolic blood pressure

(DBP) �90 mmHg among those without self-reported

physician diagnosed hypertension. Hypertension control

rate was defined as proportion of people with prior hyper-

tension whose measured SBP <140 mmHg and DBP

<90 mmHg.

Local daily outdoor temperature data collected at four

time points (02:00, 08:00, 14:00 and 20:00 h) during the

day for whole of the study period was provided by

Tongxiang Meteorological Bureau. Mean monthly, spring

(March, April and May), summer (June, July and August),

autumn (September, October and November), and winter

(December, January and February) outdoor temperature

was calculated as the average of outdoor temperatures dur-

ing the days when participants were surveyed in that

month or season.

Sedentary leisure time was defined as time spent in sit-

ting-down activities outside work, such as watching TV,

reading a newspaper and using a computer. Height and

weight were measured following standard protocols and

BMI was calculated as weight (in kg) divided by the square

of standing height (in m).6

Statistical methods

Least squared means of SBP and DBP were calculated for

each season (regardless of the year) and calendar month

during the 3.5 years’ study period, with adjustment for

age, sex and education level. In additional analyses, out-

door temperature was also adjusted for.

The least square means of SBP in each calendar month

were also analysed separately in certain subgroups, includ-

ing by age (in 10-year intervals), BMI categories, smoking

status (for male participants only), alcohol drinking status

(for male participants only), hypertensive status and fruit

intake. Analyses were adjusted for mean age, sex and edu-

cation level, where appropriate.

Multiple linear regression models were used to estimate

changes in blood pressure per 10�C lower outdoor tem-

perature, adjusting for age, sex and education level. In add-

itional analyses, season, physical activity (daily hours spent

on sedentary leisure activities), dietary factors (i.e. fruit

and pickled vegetable intake) and BMI were adjusted for,

first individually and then jointly.

Using logistic regression models, age-, sex- and educa-

tion-adjusted hypertension detection and control rates

were calculated for each calendar month and season (re-

gardless of the year). To estimate changes in detection and

control rates per 10�C temperature, parameters of linear

regression lines were obtained from plots of age-, sex- and

education- adjusted rates in each month against monthly

outdoor temperature. All analyses were performed using

SAS 9.3 (SAS Institute, Cary, NC, USA).

Results

Of the participants analysed, the overall mean [standard

deviation (SD)] age was 52.3 (9.9) years, 41.6% were men

and 55.9% had formal education, which was higher in

men than in women (73% vs 43.7%) (Table 1). Among

men, 64.5% were current smokers and 38.2% reported

drinking alcohol at least weekly, as opposed to 1.2% and

1.5%, respectively, in women. Overall, 35.5% participants

had BMI �24 kg/m2 and 6.4%had BMI �28 kg/m2 (cut-off

points often used to define overweight and obesity in

China9), with the mean BMI slightly higher in women than

in men. In both sexes, about 19% (n¼ 8216) reported hav-

ing physician-diagnosed hypertension, and of these 90.7%

reported taking antihypertensive drugs. A further 26.9%

(29.5% in men and 25% in women) had measured SBP

�140 and/or DBP �90 mmHg (i.e. newly detected hyper-

tension) at the baseline survey. The overall mean (SD) SBP

and DBP were 135.9 (21.4) and 80.5 (10.7) mmHg, re-

spectively, with SBP and DBP both being about 2 mmHg

higher in men than in women (Table 1).

Participants recruited in different seasons were very

similar in terms of age and BMI. For both men and

women, those recruited in spring had the highest preva-

lence of physician-diagnosed hypertension and antihyper-

tensive treatment, and those in autumn had the lowest

(eTable 1, available as Supplementary data at IJE online).

Average daily outdoor temperature during the study

period ranged from �2.9 (�C) to 33.7�C (data not shown),

with the highest mean monthly temperature observed in

July (29.4�C) and the lowest in January (4.0�C) (Figure 1).

When outdoor temperature dropped, both SBP and DBP

rose and the pattern was consistent across different years
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and in each month during survey period (eFigure 1, avail-

able as Supplementary data at IJE online). In general, SBP

reached a peak (146.1 mmHg) in January and dropped to

the lowest level (126.9 mmHg) in July. This variation

was slightly larger in men than in women (20.3 vs

18.1 mmHg), increased with age (from 16.1 mmHg in those

aged 30–39 years to 22.9 mmHg in those aged 70–79 years),

and was more extreme among those with BMI <18.5 kg/m2

Table 1. Main characteristics of study participants

Characteristics Men Women Overall

(n¼23 883) (n¼33 492) (n¼57 375)

Age (years), %

30�39 8.5 11.0 10.0

40�49 31.0 31.8 31.4

50�59 33.0 35.5 34.5

60�69 20.0 16.8 18.1

70�79 7.6 4.8 6.0

Mean (SD) 53.2 (10.2) 51.8 (9.7) 52.3 (9.9)

Highest education, %

No normal education 27.0 56.3 44.1

Primary school 45.2 30.0 36.3

Middle school 22.2 11.4 15.9

High school or higher 5.7 2.4 3.8

Smoking, %

Never 9.5 97.9 61.1

Ex-regular 17.7 0.3 7.6

Occasional 8.3 0.6 3.8

Current regular 64.5 1.2 27.5

Alcohol drinking, %

Never regular 31.6 88.6 64.9

Ex-weekly 4.9 0.4 2.3

Occasional 25.3 9.6 16.1

Current weekly 38.2 1.5 16.8

BMI (kg/m2), %

<18.5 5.7 6.3 6.1

18.5–23.9 61.6 56.2 58.4

24.0–27.9 27.6 30.2 29.1

�28.0 5.1 7.3 6.4

Mean (SD) 22.7 (3.0) 23.1 (3.3) 23.0 (3.2)

Hypertension status, %

Normotensive 51.3 55.8 54.0

Physician-diagnosed hypertension 19.2 19.1 19.1

Newly detected hypertensiona 29.5 25.0 26.9

Antihypertensive treatment, % of diagnosed hypertension 88.8 92.1 90.7

Fruit intake, %

�4 days/wk 15.2 18.9 17.3

1–3 days/wk 38.6 38.1 38.3

<1 day/wk 46.2 43.0 44.4

Pickled vegetable intake, %

�4 days/wk 9.7 10.7 10.3

1–3 days/wk 38.8 38.5 38.6

<1 day/wk 51.5 50.7 51.0

Total physical activity, MET-h/day 33.7 (15.4) 32.4 (15.0) 32.9 (15.2)

Sedentary leisure time(h/wk), mean (SD) 13.9 (8.3) 11.4 (8.2) 12.4 (8.3)

SBP (mmHg), mean (SD) 137.0 (20.6) 135.2 (21.9) 135.9 (21.4)

DBP (mmHg), mean (SD) 81.8 (11.0) 79.6 (10.4) 80.5 (10.7)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MET, metabolic equivalent.
aDefinition of hypertension: SBP �140 mmHg and/or DBP �90 mmHg.
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(24.5 vs 18.5–19.8 mmHg in the other three groups), but

not much affected by other factors (Figure 2). The seasonal

variation of blood pressure disappeared after additional ad-

justment for outdoor temperature (data not shown).

Table 2 shows the measured SBP, DBP, hypertension

detection rate in the overall population and hypertension

control rate among those with self-reported physician-

diagnosed hypertension, by season. The overall winter-

summer difference was 15.7 mmHg for SBP and 6.8 mmHg

for DBP. Likewise, the hypertension detection rate was

more than twice as high in winter (50.6%) as in summer

(19.4%), whereas the converse was true for hypertension

control rate, with the rate being about four times as high in

summer as in winter (41.6% vs 11.0%), although the pro-

portion of participants taking antihypertensive treatment

did not vary much by season (eTable 1, available as

Supplementary data at IJE online).

There was an almost perfect linear inverse association

between mean monthly outdoor temperature and mean

monthly BP, regardless of study year (eFigure 2, available

as Supplementary data at IJE online). Using individual

data in the model, each 10�C lower temperature was

associated with 6.9/2.9 mmHg higher SBP/DBP. These

associations hardly changed after additional adjustment

for season, physical activity, fruit intake, pickled vegetable

intake and BMI (data not shown).

The highest hypertension detection rate was seen in

January (56.0%) and the lowest in July (16.7%) (Figure 3).

By contrast, among people with prior history of hyperten-

sion, only about 8% had their blood pressure adequately

controlled (i.e. SBP/DBP <140/90 mmHg) in January,

more than 5-fold lower than that in July (45.5%). It

was estimated that each 10�C lower temperature was

associated with 14.1% higher hypertension detection rate

but 13.0% lower hypertension control rate (Figure 4). As

shown in the radar plots (Figure 5), the hypertension detec-

tion rates in months from May to October were lower, and

in months from December to March were higher, than the

yearly average. Similarly, the proportion of newly detected

severe hypertension (i.e. SBP �160 mmHg and/or DBP

�100 mmHg) was more than four times as high in cold

months (December to March) as in warm months (May to

October) (12.8% vs 3.1%). With regard to the monthly

hypertension control rate, this was higher during May to

September and lower during November to April as com-

pared with the yearly average control rate.
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Table 2. Mean outdoor temperature, blood pressure and detection and control rates of hypertension

by season

Seasona N Temperature (�C) SBP

(mmHg)b
DBP

(mmHg)b
Detection

rate (%)b,c,d

Control

rate (%)b,c,e

Men

Spring 4878 16.3 137.2 82.0 36.8 27.7

Summer 5504 28.2 128.5 77.5 19.8 46.4

Autumn 6917 18.8 135.3 81.5 32.5 26.9

Winter 6584 6.3 145.1 85.6 54.3 11.9

DWinter-summer – �21.9 16.6 7.9 34.5 �34.5

Women

Spring 8050 16.2 135.7 79.2 33.1 21.8

Summer 8488 28.1 127.2 76.4 18.9 38.5

Autumn 10 471 18.8 133.3 79.3 28.7 22.4

Winter 6483 5.6 142.1 82.1 47.6 10.4

DWinter-summer – �22.5 14.9 5.7 28.7 �28.1

Overall

Spring 12 928 16.2 136.7 80.7 34.5 24.2

Summer 13 992 28.1 128.1 77.2 19.4 41.6

Autumn 17 388 18.8 134.5 80.6 30.3 24.2

Winter 13 067 6.0 143.8 84.0 50.6 11.0

DWinter-summer – �22.1 15.7 6.8 31.2 �30.6

SBP, systolic blood pressure; DBP, diastolic blood pressure; Dwinter-summer: winter-summer difference.
aSpring: March, April and May; summer: June, July and August; autumn: September, October and November; winter:

December, January and February.
bValues were adjusted for age, sex and education, where appropriate.
cHypertension was defined as SBP �140 mmHg and/or DBP �90 mmHg.
dDetection rate was calculated as the proportion of newly detected hypertension among those participants without prior phys-

ician-diagnosed hypertension.
eControl rate was calculated as the proportion of participants with measured SBP/DBP <140/90 mmHg among those with self-

reported physician-diagnosed hypertension.
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portional to the standard errors of the point estimates.
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Discussion

In this large study of rural farmers from the south-east

coastal region of China, we observed large seasonal vari-

ations in blood pressure, driven primarily by changes in

outdoor temperature. Each 10�C lower outdoor tempera-

ture was associated with 6.9/2.9 mmHg higher SBP/DBP, a

14.1% absolute increase in hypertension detection rate

and, among those with self-reported physician-diagnosed

hypertension, a 13.0% absolute decrease in hypertension

control rate. Comparing with the hottest month (July),

participants recruited in the coldest month (January) were

three times more likely to be diagnosed with hypertension
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dots represent mean hypertension detection/control rates in every month; solid lines without dots represent yearly average hypertension detection/

control rates; dashed lines from centre to periphery represent 20%, 40% and 60%, respectively.
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(56.0% vs 16.7%), and six times less likely to have appro-

priate control of blood pressure if they had had hyperten-

sion (7.9% vs 45.5%).

Several studies have previously reported on the seasonal

variation of blood pressure, using either spot clinic blood

pressure,10,11 home blood pressure12 or mean 24-h blood

pressure measurements.3 Most of these studies were based

on Western populations where people tended to have ad-

equate access to central heating both at home and at work

during winter. So, the magnitude of the seasonal variability

of blood pressure observed was much smaller than that

seen in the present study. For example, in a study of 18 770

individuals living in Oslo, Norway, where the summer-

winter temperature difference was about 17�C (14.8 vs

�1.9�C), a 10�C lower outdoor temperature was associ-

ated only with 1.5 mmHg higher mean SBP in men and

2.4 mmHg in women.11 In a recent small study of 79 sub-

jects conducted in north-east Japan where the mean

monthly outdoor temperature varies between �0.7�C in

January and 23.9�C in August, each 10�C lower outdoor

temperature was associated with 4.0/2.8 mmHg higher

SBP/DBP.12 In the present study the temperature variation

(25.4�C between July and January and 22.1�C between

summer and winter) was not much larger than that

observed in the above-mentioned two studies. However,

none of our study participants had access to proper house-

hold heating during winter, which may explain largely the

much stronger associations observed.13 Other characteris-

tics of our participants, such as a relatively low mean BMI

and frequent outdoor activities, may also contribute to the

observed association, but only marginally.

A few mostly hospital-based studies have also reported

on the association of season or ambient temperature with

detection and control of hypertension. In a small study of

275 women aged 18–40 years in Delhi, India, where the

mean outdoor temperature differed by about 19�C

between winter and summer, mean SBP increased by

11 mmHg from summer (114 mmHg) to winter

(125 mmHg) and at the same time the detection rate of

hypertension almost doubled, from 16% to 31%.14 In an-

other study of 1202 male workers aged 44 6 10 years in

Tokai, Japan, where the winter-summer difference in mean

outdoor temperature was �17�C, the overall prevalence of

hypertension (SBP/DBP �130/85 mmHg) increased from

37% in summer to 49% in winter.15 A study using a data-

base of >660 000 hypertensive adults in Southern

California, USA, found that the hottest month had a 2%

higher hypertension control rate than the coldest month,

consistently over 5–6 years, although the temperature dif-

ference between the two was about 9�C.16 In another large

study of 582 881 US hypertensive patients followed for 10

years, the average hypertension control rate was 6.8%

higher in summer than in winter.17 Most of the above-

mentioned studies did not assess directly the relationship

of ambient temperature with hypertension detection and

control rates. In a study of 73 873 patients who had visited

cardiac clinics in North India over a 5-year period,18 there

was a �1% decrease in the detection of new hypertension

for each 10�C higher mean monthly outdoor tempera-

ture.18 Though consistent with overall study findings in

previous studies, the strength of the association in our

study was much stronger than that reported previously,

implying that lower outdoor temperature will not only

lead to increased blood pressure in the general population

but will also attenuate the blood pressure control rate in

people with known hypertension, thereby contributing to

the surge of cardiovascular mortality during winter.19,20

Seasonal variation in blood pressure is not a new phe-

nomenon and is probably mediated mainly by ambient

temperature.21 Indeed in our study, seasonal variations in

blood pressure disappeared completely after additional ad-

justment for temperature, although the limitations of the

effect decomposition approach used should be recog-

nised.22,23 Cold environment may affect blood pressure

through several mechanisms, among which activation of

the sympathetic nervous system accompanied by secretion

of catecholamine and other substances involved in heat

production play a major role.13 Several other factors,

including dietary factors (e.g. fruit, alcohol and salt in-

take), physical inactivity and adiposity, may also poten-

tially contribute to the seasonal variation in blood

pressure. In the present study, however, there were only

modest seasonal variations in measured BMI and self-re-

ported ‘usual’ level of physical activity and intake of cer-

tain specific foodstuffs such as fruits and pickled

vegetables. Consequently, additional adjustment for these

variables did not materially modify the association be-

tween blood pressure and outdoor temperature (data not

shown), in spite of the possibility of residual confounding.

In this study, we used the average of two blood pressure

measurements made at the study clinics during daytime,

which may not provide a good estimate of an individual’s

usual level of blood pressure in a given condition, including

season. Moreover, we used daily temperatures measured at

the nearest meteorological offices from survey sites, which

may not be a perfect measure of the ambient temperature

to which the study participants had recently been exposed.

Furthermore, no information was available on indoor tem-

perature at home, workplace or survey clinics, nor about

the time each participant spent indoors, so their effects

could not be assessed directly. If, however, the measured

outdoor temperatures were only partially correlated with

the usual temperature to which participants were exposed

during the day, our study findings may greatly
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underestimate the real association between ambient tem-

perature and blood pressure.

Our study findings have implications for assessing the

population burden and evaluating the clinical management

of hypertension, even though the study population is not

intended to be representative of the general population

in China or in Zhejiang Province.24–26 In the past few

decades, several large surveys have been undertaken in

China to assess the long-term trend and burden of hyper-

tension.27–30 These surveys usually lasted only a few

months and tended to be done under different ambient

temperature in different provinces,29,30 making the com-

parison of the results and trends difficult, if not impossible.

Moreover, for practical reasons, hardly any such surveys

have covered winter months, so the results from them may

have substantially underestimated the real burden of

hypertension in the population. In future, sampling distri-

bution of surveys across four seasons should be

considered.31 Similarly, for people who are already on

treatment for hypertension, blood pressure should be

closely monitored throughout the year, especially during

winter; if necessary higher doses or additional drug(s) may

be considered when temperatures drop, to achieve ad-

equate control of blood pressure as at other times of the

year. This, along with better home heating,5 should help to

reduce the adverse effects of cold temperature on blood

pressure. The continuation of long-term follow-up for

mortality and morbidity in our study should help to assess

any seasonal variations of cardiovascular diseases and rele-

vance for blood pressure.
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Supplementary data are available at IJE online.
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