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ABSTRACT
Objective  Hypertension is a major risk factor and cause 
of many non-communicable diseases in China. While there 
have been studies on various diet and lifestyle risk factors, 
we do not know whether sleep duration has an association 
to blood pressure in southwest China. This predictor is 
useful in low-resource rural settings. We examined the 
association between sleep duration and hypertension in 
southwest China.
Design  Population-based cross-sectional study.
Setting  This study was part of the baseline survey of a 
large ongoing prospective cohort study, the China Kadoorie 
Biobank. Participants were enrolled in 15 townships of 
Pengzhou city in Sichuan province during 2004–2008.
Participants  55 687 participants aged 30–79 years were 
included. Sleep duration was assessed by a self-reported 
questionnaire.
Main outcome measures  Hypertension was defined 
as systolic blood pressure ≥140 mm Hg and/or diastolic 
blood pressure ≥90 mm Hg, or prior physician-diagnosed 
hypertension in hospitals at the township (community) 
level or above.
Results  The prevalence of hypertension was 25.17%. The 
percentages of subjects with sleep durations of <6, 6, 7, 
8 and ≥9 hours were 17.20%, 16.14%, 20.04%, 31.95% 
and 14.67%, respectively. In multivariable-adjusted 
analyses, the increased ORs of having hypertension 
were across those who reported ≥9 hours of sleep (men: 
1.16, 95% CI 1.04 to 1.30; women: 1.19, 95% CI 1.08 
to 1.32; general population: 1.17, 95% CI 1.08 to 1.26). 
The odds of hypertension was relatively flat until around 
6.81 hours of sleep duration and then started to increase 
rapidly afterwards in subjects and a J-shaped pattern was 
observed. There was a U-shaped relationship between 
sleep duration and hypertension in females.
Conclusion  Long sleep duration was significantly 
associated with hypertension and a J-shaped pattern 
was observed among rural adults in southwest China, 
independent of potential confounders. However, this 
association was not obvious between short sleep duration 
and hypertension.

INTRODUCTION
Hypertension is a condition in which the 
blood vessels have persistently raised pres-
sure.1 It is the leading risk factor for global 

cardiovascular disease (CVD) burden and 
mortality.2 In China, hypertension is also a 
serious public health problem. The China 
hypertension survey showed that the preva-
lence of hypertension and prehypertension 
was 23.2% and 41.3%, respectively, among 
Chinese adults, which means that there is one 
patient with hypertension per four people.3 
High systolic blood pressure (SBP) was the 
leading risk factor contributing to deaths 
and disability-adjusted life years.4 In addition, 
hypertension is a growing problem in urban 
and rural China. The prevalence of hyperten-
sion has sharply increased in rural China,5 
which is similar in rural and urban settings 
(23.4% vs 23.1%).3 Disease burden of hyper-
tension is increasing globally, especially as 
places of poverty become more prosperous.2

Previous studies about influencing factors 
of hypertension mainly focus on diet (high 
dietary sodium intake), exercise and other 

Strengths and limitations of this study

	⇒ This study examined the association between sleep 
duration and hypertension in southwest China, and 
this predictor was useful in low-resource rural 
settings.

	⇒ A large sample of rural population was obtained, 
which could represent most of the rural places in 
southwest China.

	⇒ A broad range of covariates were controlled in the 
analysis, including age, gender, education, occupa-
tion, marital status, income, tea consumption, smok-
ing, alcohol, metabolic equivalent, sedentary leisure 
time, fresh fruit consumption, insomnia, sleep snor-
ing, body mass index, waist circumference, diabetes 
mellitus, stroke and coronary heart disease.

	⇒ The dose–response relationship between sleep du-
ration and hypertension was explored and visualised 
by restricted cubic spline regression.

	⇒ The sleep duration was self-reported without more 
detailed and objective measures of sleep, which was 
less accurate than actigraphy and polysomnography.
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lifestyle factors,6 7 while some studies in recent years docu-
mented the relationship between sleep and hypertension. 
Sleep status influences blood pressure by altering auto-
nomic nervous system function and other physiological 
events. Unhealthy sleep status such as sleep apnoea, 
insomnia, long and short sleep duration could increase 
the risk of hypertension. Even though a variety of studies 
examined sleep duration to be associated with hyperten-
sion, the results were not completely consistent. Some 
studies showed that short sleep duration increased the 
risk of hypertension,8–14 others showed that long sleep 
duration was related to hypertension or the associations 
were J-shaped or U-shaped curves.15–18 However, most of 
the study populations were from western countries. A 
small number of studies were conducted in Asian coun-
tries,9 10 13 19 and there was limited information about the 
association between sleep duration and hypertension in 
southwest China. Therefore, the aim of this study is to 
analyse the baseline data from a large prospective cohort 
study of the China Kadoorie Biobank (CKB) to explore 
the association of sleep duration with hypertension 
among more than 50 000 adults in southwest China.

SUBJECTS AND METHODS
Study population
This study uses a large, ongoing prospective cohort study, 
the CKB. The baseline survey of CKB was conducted in 
five urban and five rural areas across China from 2004 to 
2008. Our data were derived from the baseline survey of 
CKB in Sichuan province. A total of 55 687 residents aged 
30–79 years in 15 townships of Pengzhou city in Sichuan 
province had completed baseline information collection, 
including a questionnaire, anthropometric measure-
ments, blood sample collection and a written informed 
consent. More details about the study design are available 
in previous publications.20–22

Data collection
The baseline survey took place in temporary study 
clinics, specially set up near participants’ residential 
areas. Information on sociodemographic characteristics 
(age, gender, education level, occupation, marital status, 
annual household income), behavioural risk factors for 
chronic diseases (diet, tea consumption, smoking status, 
alcohol intake, physical activity, sedentary leisure time, 
sleep) and medical history was collected through an 
interviewer-administered computerised questionnaire by 
face-to-face interview with trained interviewers according 
to standard protocols and procedures. A range of physical 
measurements were also undertaken, including height, 
weight, waist circumference (WC) and so on.

Outcome measurement ascertainment
Participants were asked to report the number of hours 
they slept a day during the last 12 months. Sleep dura-
tion was assessed by a self-reported questionnaire with 
the following question: ‘On average, how many hours do 

you typically sleep per day (including daytime naps)?’. 
Respondents could report in only 1-hour increments. To 
maintain consistency with previous literatures,10 17 18 23 
sleep duration was categorised as five groups of <6, 6, 7 
(which regarded as the reference group for our analysis), 
8 and ≥9 hours.

As described in the previous study,22 blood pressure 
was measured twice using a UA-779 digital monitor 
recommended by the British Hypertension Society (A 
& D Instruments, Abingdon, UK). If the SBP difference 
between the first two measurements was more than 10 
mm Hg, a third measurement was obtained and the last 
two measurements were recorded. The mean of two blood 
pressure measurements was used for this study. Hyperten-
sion was defined as systolic blood pressure (SBP) ≥140 
mm Hg and/or diastolic blood pressure (DBP) ≥90 mm 
Hg, or prior physician-diagnosed hypertension in hospi-
tals at the township (community) level or above.

Several variables were used both as covariates in adjusted 
models and as variables for stratification. Sociodemo-
graphic characteristics included age at baseline survey 
(30–79 years old), gender (male or female), education 
level (no formal school, primary school, middle school, 
high school and above), occupation (farmer or others), 
marital status (married or never married/widowed/sepa-
rated/divorced) and annual household income (<¥5000, 
¥5000–¥9999, ≥¥10 000). Behavioural risk factors included 
tea consumption (never or almost never, only occasion-
ally, usually at least once a week), smoking status (never, 
ex-regular, occasionally, daily or almost every day), alcohol 
intake (never regular, ex-regular, occasionally or season-
ally, usually at least once a week), fresh fruit consumption 
(daily, 4–6 days/week, 1–3 days/week, monthly, never/
rarely), physical activity, sedentary leisure time (hours/
week), insomnia symptoms (yes or no), sleep snoring 
(never, occasionally, usually), WC and body mass index 
(BMI). Medical history included diabetes mellitus (DM), 
stroke and coronary heart disease (CHD). BMI was calcu-
lated as weight in kilograms (kg)/height in metres (m)2. 
According to the Guidelines for Prevention and Control 
of Overweight and Obesity in Adults in China,24 BMI was 
divided into four groups: underweight (BMI<18.5 kg/
m2), normal weight (18.5≤BMI<24 kg/m2), overweight 
(24≤BMI<28 kg/m2) and obesity (BMI≥28 kg/m2). WC 
beyond 85 cm for men and 80 cm for women was recom-
mended as central obesity.

Information about type, frequency and duration 
of occupational, commuting-related, household and 
active recreational (leisure-time) physical activities 
was used to calculate the total physical activity in meta-
bolic equivalents (MET, hours/day).25 26 Sedentary 
leisure time (hours/week) was assessed by the ques-
tion: ‘About how many hours per week did you watch 
TV or read?’. Insomnia symptoms were determined 
by three questions: taking >30 min to fall asleep after 
going to bed or waking up in the middle of the night; 
waking up early and not being able to go back to sleep; 
having difficulty staying alert while at work, eating or 

https://cnet.ctsu.ox.ac.uk/Kadoorie/DataRequest/Individual_variables/sleep_hours.html
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meeting people during daytime. Those reporting ‘Yes’ 
for one or more of the three questions were classi-
fied as having insomnia symptoms.27 Participants who 
consumed fresh fruits more than 3 days/week were 
defined as regular consumers, otherwise, those were 
never or occasionally consumers.25

Statistical analysis
Continuous variables were expressed as mean and 
SD. Frequency and percentage distributions were 
reported for categorical variables. Continuous vari-
ables included age, MET, sedentary leisure time, BMI, 
WC, SBP and DBP. Categorical variables included age 
groups, gender, education level, occupation, marital 
status, income, tea consumption, smoking status, 
alcohol intake, fresh fruit consumption, insomnia, 
sleep snoring, BMI groups, DM, stroke and CHD. Prev-
alence of hypertension was calculated for the overall 
population and different subgroups, including sleep 
duration and some potential confounding factors. χ2 
tests were conducted to test for group differences in 
prevalence or percentage, and the Cochran-Armitage 
tests for trend were used to examine the trends for 
ordered categorical variables. After examining the 
normality of the continuous covariates, the analysis 
of variance was used for continuous variables of study 
participants by different sleep durations. The statis-
tical significance of associations for the continuous 
and categorical variables with sleep duration was esti-
mated. Multivariable logistic regression models were 
used to calculate the ORs and 95% CIs for hyper-
tension between sleep duration subgroups adjusted 
for potential confounders, including age, gender, 
education level, occupation, marital status, income, 
tea consumption, smoking status, alcohol intake, 
MET, sedentary leisure time, fresh fruit consumption, 
insomnia, sleep snoring, BMI, WC, DM, stroke and 
CHD. In addition, we performed subgroup analysis 
stratified by health-related factors, such as age, gender, 
tea consumption, smoking status, alcohol intake and 
insomnia. Potential non-linear association between 
sleep duration and hypertension was examined with 
restricted cubic spline regression. We used restricted 
cubic spline regression with five knots at the 5th, 35th, 
50th, 65th and 95th centiles to flexibly model the 
association of sleep duration and hypertension.28–30 
Multiple linear regression model was used to explore 
the relationship for sleep duration with SBP and DBP. 
A two-tailed p value <0.05 was considered statistically 
significant. All data processing and statistical analyses 
were performed using Statistical Analysis Software 
V.9.4 (SAS Institute) and R V.4.0.3 (R Foundation for 
Statistical Computing, Vienna, Austria).

Patient and public involvement
No patients were involved in the present study, the inter-
pretation of study results or write-up of the manuscript. 
The results were presented to study participants on the 

CKB website (http://www.ckbiobank.org/site/) and 
newsletters.

RESULTS
Different demographic characteristics of study population 
across sleep duration groups
The baseline characteristics of study population for 
subgroups according to sleep duration were presented 
in table  1. A total of 55 687 adults completed baseline 
information, including 34 372 women and 21 315 men. 
The mean (±SD) age of study population was 51.03±10.54 
years (range: 30–79 years). The mean (±SD) sleep dura-
tion was 7.05±1.68 hours, which were 7.07±1.61 hours in 
men and 7.04±1.72 hours in women. The overall means 
(±SD) of SBP and DBP were 129.24±19.01 and 77.23±10.23 
mm Hg, respectively. The percentages of the subjects with 
sleep durations of <6, 6, 7, 8 and ≥9 hours were 17.20%, 
16.14%, 20.04%, 31.95% and 14.67%, respectively.

Individuals with less hours of sleep per day were 
more likely to be female, elderly, low education level, 
farmer, single, low annual household income, never or 
almost never tea consumers, low frequency of fresh fruit 
consumption and low BMI. Short sleepers were more 
likely to be DM, CHD, stroke or hypertensive subjects. 
With the increase in age, the proportion of subjects who 
slept for equal to or more than 8 hours decreased, while 
the proportion of subjects who slept for equal to or less 
than 6 hours increased. With the increase in education 
level, the proportion of subjects with less than 6 hours 
of sleep duration decreased. With the increase in annual 
household income and tea consumption, the proportion 
of subjects who slept for less than 6 hours decreased. 
With the increase in BMI and fresh fruit consumption, 
the proportion of subjects who slept for less than 6 hours 
decreased, while the proportion of subjects who slept for 
equal to or more than 9 hours increased.

The prevalence of hypertension among adults in southwest 
China
The results of prevalence of hypertension in different 
gender groups among 55 687 adults were presented in 
table  2. 25.17% of 55 687 adults had hypertension. A 
quarter of participants were considered hypertensive, 
slightly more in men (28.67%) than in women (22.99%). 
The prevalence of hypertension in both men and women 
increased with age. The prevalence of hypertension in 
both genders decreased with increased education level, 
annual household income and tea consumption. Among 
different alcohol intake and smoking status groups, the 
highest prevalences of hypertension were observed in 
ex-regular drinker and ex-regular smoker in both males 
and females.

The prevalence of hypertension increased with 
decreased fresh fruit consumption in males and females. 
The prevalence of hypertension in both males and 
females increased with BMI and sleep snoring frequency. 
Higher prevalence of hypertension was also associated 

http://www.ckbiobank.org/site/
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with insomnia, DM, stroke and CHD in both males and 
females. The prevalence of hypertension in patients 
with DM (48.98%) was twice as high as that in non-DM 
subjects (24.23%). The prevalence of hypertension in 
patients who had a stroke (73.54%) was nearly triple of 
that in non-stroke subjects (24.91%). The prevalence of 
hypertension in both males and females decreased with 
sleep duration.

The results of prevalence of hypertension and distri-
bution of patients with hypertension in different sleep 
duration groups were presented in table 3. In different 
sleep groups, the prevalences of hypertension were more 
in men than in women. The prevalence of hyperten-
sion increased with age. The prevalence of hypertension 
decreased with increased fresh fruit consumption. Among 
different alcohol intake and smoking status groups, the 
highest prevalences of hypertension were observed in 
ex-regular drinkers and ex-regular smokers in different 
sleep duration groups. Among 7 and 8 hours’ sleepers, the 
prevalence of hypertension was higher among insomnia 
subjects than that among non-insomnia groups.

The percentages of the patients with hypertension 
with sleep durations of <6, 6, 7, 8 and ≥9 hours were 
21.74%, 17.56%, 19.17%, 28.00% and 13.53%, respec-
tively. Patients with less hours of sleep were more likely to 
be female, elderly, never or almost never tea consumers 
and low frequency of fresh fruit consumption. With the 
increase in age, the proportion of patients with hyper-
tension who slept for equal to or more than 8 hours 
decreased.

The relationship between sleep duration and hypertension
The results of the multivariable logistic regression anal-
yses examined the relationship between sleep duration 
and hypertension were presented in table 4. Compared 
with 7-hour sleepers (reference group), the unadjusted 
analyses showed that short sleepers (<6 and 6 hours) 
had higher odds of hypertension (OR=1.47 and 1.19, 
respectively; p<0.05). After adjustment for age, sex, 
education level, occupation, marital status, annual 
household income, tea consumption, smoking status, 
alcohol intake, MET, sedentary leisure time, fresh fruit 
consumption, insomnia, sleep snoring, BMI, WC, DM, 
stroke and CHD, the increased odds of having hyper-
tension was across those who reported ≥9 hours of 
sleep (OR=1.17, 95% CI 1.08 to 1.26; p<0.05). However, 
short sleep duration was no longer associated with 
hypertension.

There were similar results in men and women after 
adjustment for potential confounding factors. Long 
sleep duration was associated with elevated hypertension 
prevalence, with long sleepers (≥9 hours) having higher 
odds of hypertension in men (OR=1.16, 95% CI 1.04 to 
1.30; p<0.05) and women (OR=1.19, 95% CI 1.08 to 1.32; 
p<0.05). The observed association between sleep dura-
tion and hypertension was slightly attenuated among 
men compared with women.Va
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Table 2  Prevalence of hypertension in different gender groups among 55 687 adults in southwest China

Variables

Male Female Overall

n (Prevalence %) P value n (Prevalence %) P value n (Prevalence %) P value

Total 6111 (28.67) – 7903 (22.99) – 14 014 (25.17) <0.0001

Age (years)

 � 30–39 417 (12.76) <0.0001 331 (5.13) <0.0001 748 (7.69) <0.0001

 � 40–49 905 (17.47) 1259 (12.82) 2164 (14.42)

 � 50–59 1965 (28.45) 3243 (29.04) 5208 (28.81)

 � 60–69 2115 (45.98) 2361 (42.75) 4476 (44.22)

 � 70–79 709 (52.21) 709 (50.43) 1418 (51.30)

Education level

 � No formal school 847 (41.52) <0.0001 2410 (36.78) <0.0001 3257 (37.91) <0.0001

 � Primary school 3481 (31.07) 3994 (24.12) 7475 (26.92)

 � Middle school 1235 (21.21) 1190 (13.13) 2425 (16.29)

 � High school and above 548 (24.37) 309 (14.08) 857 (19.28)

Annual household income (¥)

 � <5000 2129 (37.15) <0.0001 3000 (31.83) <0.0001 5129 (33.84) <0.0001

 � 5000–9999 1852 (26.25) 2563 (20.29) 4415 (22.43)

 � ≥10 000 2130 (24.97) 2340 (19.00) 4470 (21.44)

Tea consumption

 � Never or almost never 482 (33.04) 0.0207 2335 (27.89) <0.0001 2817 (28.66) 0.0281

 � Only occasionally 1908 (28.19) 4396 (21.56) 6304 (23.22)

 � Usually at least once a week 3721 (28.43) 1172 (20.87) 4893 (26.16)

Smoking status

 � Never 726 (28.96) <0.0001 5737 (20.95) <0.0001 6463 (21.62) <0.0001

 � Ex-regular smoker 857 (35.34) 520 (38.63) 1377 (36.52)

 � Occasional smoker 527 (25.41) 710 (30.14) 1237 (27.92)

 � Smoked daily or almost every day 4001 (27.96) 936 (28.54) 4937 (28.07)

Alcohol intake

 � Never regular drinker 663 (28.54) <0.0001 4175 (24.88) <0.0001 4838 (25.33) <0.0001

 � Ex-regular drinker 572 (40.97) 257 (38.47) 829 (40.16)

 � Occasional or seasonal drinker 1646 (24.00) 2830 (19.14) 4476 (20.68)

 � Usually at least once a week 3230 (30.08) 641 (29.91) 3871 (30.05)

Fresh fruit consumption

 � Daily 549 (26.99) <0.0001 819 (18.84) <0.0001 1368 (21.44) <0.0001

 � 4–6 days/week 482 (26.41) 755 (19.92) 1237 (22.03)

 � 1–3 days/week 2387 (26.61) 3249 (21.59) 5636 (23.46)

 � Monthly 1957 (30.08) 2364 (26.25) 4321 (27.86)

 � Never/rarely 736 (37.13) 716 (32.87) 1452 (34.90)

Insomnia

 � No 4650 (27.66) <0.0001 5244 (21.01) <0.0001 9894 (23.69) <0.0001

 � Yes 1461 (32.42) 2659 (28.24) 4120 (29.59)

Sleep snoring

 � Never 2007 (25.39) <0.0001 3391 (18.08) <0.0001 5398 (20.25) <0.0001

 � Occasionally 1481 (27.88) 1870 (24.94) 3351 (26.16)

 � Usually 2623 (32.39) 2642 (32.54) 5265 (32.47)

BMI (kg/m2)

 � <18.5 177 (19.80) <0.0001 254 (16.13) <0.0001 431 (17.46) <0.0001

Continued
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The relationship between sleep duration and hypertension 
stratification by health-related factors
The results of covariate-adjusted analyses stratified by 
health-related factors examining relationship between 
sleep duration and hypertension were displayed in 
figure 1. Long sleep was associated with elevated hyper-
tension prevalence for subgroups aged 45–59 and 60–79 
years, though the relationship was nominally stronger 
among 45–59 individuals. However, this association was 
not found among subgroups aged 30–44 years. Among 
those usually at least once-a-week tea consumers, long 
sleep was associated with hypertension, and the rela-
tionship was not present across never/almost never or 
only occasionally tea consumers. Among those who were 
never regular alcohol drinkers, ex-regular or usually at 
least once-a-week alcohol drinkers, long sleep duration 
was associated with elevated hypertension prevalence. 
However, among occasional or seasonal alcohol drinkers, 
the relationship with long sleep was not present. Among 
different smoking status subgroups, long sleep was asso-
ciated with hypertension among never smokers and daily 
or almost everyday smokers, and this association was not 
observed among ex-regular and occasional smokers. 
Long sleep was associated with elevated hypertension 
prevalence for non-regular fresh fruit consumers, while 
not among regular fresh fruit consumers. Long sleep 
was associated with elevated hypertension prevalence 

for insomnia subgroup, while not among non-insomnia 
subgroups.

The dose–response relationship between sleep duration and 
hypertension by restricted cubic spline regression
The results of restricted cubic spline regression to calcu-
late and visualise the relationship of sleep duration with 
hypertension were displayed in figure  2. The odds of 
hypertension was relatively flat until around 6.81 hours of 
sleep duration and then started to increase rapidly after-
wards in subjects and a J-shaped pattern was observed 
(p for non-linearity=0.0023). Similar patterns were also 
observed in male subjects and more than 45-year-old 
subgroups. However, the non-linear tests were not signif-
icant for males and subjects more than 60 years old (p 
for non-linearity >0.05). There was a U-shaped relation-
ship between sleep duration and hypertension in females 
(p for non-linearity=0.0081). A similar pattern was also 
observed in subjects aged 30–44 years, but the non-linear 
test was not significant (p for non-linearity=0.2481).

The relationship between sleep duration and blood pressure
Age and gender-specific linear regression coefficients 
of sleep duration for SBP and DBP were presented in 
table  5. We estimated regression models separately for 
different age groups in two genders and then in the 
general population. After adjusting for covariates as 

Variables

Male Female Overall

n (Prevalence %) P value n (Prevalence %) P value n (Prevalence %) P value

 � 18.5–23.9 3331 (24.51) 3170 (17.34) 6501 (20.40)

 � 24–27.9 1999 (35.59) 3080 (27.68) 5079 (30.33)

 � ≥28 604 (49.67) 1399 (41.28) 2003 (43.50)

DM

 � No 5726 (27.90) <0.0001 7252 (21.94) <0.0001 12 978 (24.23) <0.0001

 � Yes 385 (48.67) 651 (49.17) 1036 (48.98)

CHD

 � No 6049 (28.54) <0.0001 7839 (22.91) <0.0001 13 888 (25.06) <0.0001

 � Yes 62 (52.99) 64 (40.51) 126 (45.82)

Stroke

 � No 5999 (28.35) <0.0001 7801 (22.79) <0.0001 13 800 (24.91) <0.0001

 � Yes 112 (73.20) 102 (73.91) 214 (73.54)

Sleep duration (hours)

 � <6 1113 (33.68) <0.0001 1933 (30.82) <0.0001 3046 (31.81) <0.0001

 � 6 1108 (29.83) 1353 (25.66) 2461 (27.38)

 � 7 1263 (27.67) 1423 (21.58) 2686 (24.07)

 � 8 1803 (26.16) 2122 (19.47) 3925 (22.06)

 � ≥9 824 (29.03) 1072 (20.09) 1896 (23.20)

‘n (Prevalence %)’ represents the number of hypertension and the prevalence.χ2 tests were conducted to test for differences in 
prevalence for unordered categorical variables and χ2 tests for trend were used to examine the trends for ordered categorical variables.
BMI, body mass index; CHD, coronary heart disease; DM, diabetes mellitus.

Table 2  Continued
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mentioned in table  4, sleep duration showed signifi-
cant and positive associations with SBP and DBP both in 
males and females. Regression coefficients (SEs) of sleep 
duration and SBP were 0.474 (0.088), 0.417 (0.070) and 
0.408 (0.055) in males, females and general population, 
respectively. Regression coefficients (SEs) of sleep dura-
tion and DBP were 0.203 (0.051), 0.102 (0.039) and 0.131 
(0.031) in males, females and general population, respec-
tively. There was a positive relationship between sleep 
duration and blood pressure, with 1-hour higher sleep 
duration associated with 0.474/0.203, 0.417/0.102 and 
0.408/0.131 mm Hg higher SBP/DBP in males, females 
and general population, respectively. Age-specific linear 
regression coefficients of sleep duration for SBP and DBP 
were elevated with age. The association patterns were 
substantially similar for SBP in two genders. However, no 
significant associations were found between sleep dura-
tion and SBP in 30–44 years group among males. Only 
the association parameters for DBP were significant in 
males aged 45–59 years and in females aged 30–44 years.

DISCUSSION
This study examined the relationship between sleep 
duration and hypertension among more than 50 000 
rural adults in southwest China. Long sleep duration 
was associated with hypertension among men, women 
and the general population, which was consistent with 
several previous studies in different countries.16–18 31 For 
example, the first study assessed the association between 
sleep duration and hypertension conducted by Gottlieb et 
al17 and reported that compared with subjects sleeping 7 
to less than 8 hours per night, the adjusted ORs (95% CIs) 
for hypertension of those sleeping 8 hours and more than 
9 hours were 1.19 (1.04 to 1.37) and 1.30 (1.04 to 1.62), 
respectively. Long sleep duration of equal to or more 
than 8 hours per night was associated with hypertension 
in participants aged 40–100 years. The Nurses’ Health 
Study31 found long sleep duration (≥9 hours) was asso-
ciated with elevated hypertension prevalence in a cross-
sectional study. A systematic review and meta-analysis 
conducted by Guo et al32 also found that long sleep dura-
tion was associated with hypertension (OR=1.11, 95% CI 
1.04 to 1.18). Another meta-analysis conducted by Wang 
et al33 indicated that the OR for long sleep duration and 
hypertension was 1.11 (95% CI 1.05 to 1.17).

However, numerous studies showed that compared 
with normal sleep duration, short sleep duration was 
more likely to be associated with hypertension than long 
sleep duration.9–12 34 35 A cross-sectional study conducted 
among rural population in China showed that short sleep 
duration was associated with hypertension in women.35 
Another cross-sectional study in China including 43 655 
participants found that short sleep duration of less than 
6 hours was related to hypertension in both genders.10 
Results from the Kaiyuan study showed that short sleep 
duration (≤5 hours) was associated with an increased inci-
dence of hypertension during the 3.98 years of follow-up Va
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period among women and those aged less than 60 years.9 
A prospective study conducted by Gangwisch et al reported 
that short sleep duration (≤5 hours) could significantly 
elevate the risk of hypertension (HR=2.10, 95% CI 1.58 to 
2.79) in subjects between 32 and 59 years old.11

In this study, restricted cubic spline regression was 
conducted to visualise the relationship of sleep dura-
tion and hypertension. The odds of hypertension was 
relatively flat until around 6.81 hours of sleep duration 
and then started to increase rapidly afterwards and a 
J-shaped pattern was observed among adults. There was a 
U-shaped association between sleep duration and hyper-
tension in females. However, inconsistent with many 
previous studies,15–17 36 the association between short 
sleep duration and hypertension was not obvious in this 
study. There were plausible explanations for the different 
results of these studies. First, different definition of sleep 
duration groups and adjustment of different possible 
influencing factors would lead to differences in statistical 
analysis. Second, the discrepancy may be due to the differ-
ence of study population. Different demographic factors 

and behavioural habits also would lead to the differences 
of the relationship between sleep duration and hyperten-
sion. Previous studies indicated that both insomnia37 and 
snoring38 could elevate the risk of hypertension, and our 
study adjusted these factors for multivariate analysis. In 
addition, the relationship of sleep duration and blood 
pressure was also explored in this study. After adjusting 
for potential confounders, sleep duration showed posi-
tive associations with blood pressure both in females 
and males. Regression coefficients of sleep duration and 
SBP/DBP were 0.474/0.203 in males and 0.417/0.102 in 
females. These results revealed that sleep duration was 
more closely associated with SBP than DBP.

The association between sleep duration and hyperten-
sion could reflect a variety of mechanisms. Several studies 
indicated that a potential pathophysiological mechanism 
supporting the association between short sleep duration 
and hypertension in humans may be sleep deprivation. 
Sleep deprivation has been reported as a cause of overac-
tivity of the sympathetic nervous system, which may elevate 
blood pressure.11 39 Sleep deprivation could disrupt 

Table 4  Multivariable-adjusted OR by logistic regression analyses of sleep duration associated with hypertension

Population

Sleep duration (hours)

<6 6 7 8 ≥9

Total,* n/N 3046/9576 2461/8988 2686/11 159 3925/17 790 1896/8174

 � Model 1 1.47 (1.38 to 1.56) 1.19 (1.12 to 1.27) 1 0.89 (0.84 to 0.94) 0.95 (0.89 to 1.02)

 � Model 2 1.02 (0.96 to 1.09) 0.99 (0.93 to 1.06) 1 1.05 (0.99 to 1.11) 1.19 (1.10 to 1.27)

 � Model 3 1.02 (0.95 to 1.09) 0.99 (0.93 to 1.06) 1 1.05 (0.99 to 1.11) 1.18 (1.10 to 1.27)

 � Model 4 0.98 (0.91 to 1.05) 0.98 (0.92 to 1.05) 1 1.05 (0.99 to 1.12) 1.16 (1.08 to 1.24)

 � Model 5 0.96 (0.89 to 1.04) 0.96 (0.90 to 1.03) 1 1.06 (0.99 to 1.12) 1.17 (1.08 to 1.26)

Male,† n/N 1113/3305 1108/3715 1263/4565 1803/6892 824/2838

 � Model 1 1.33 (1.21 to 1.46) 1.11 (1.01 to 1.22) 1 0.93 (0.85 to 1.01) 1.07 (0.96 to 1.19)

 � Model 2 0.97 (0.87 to 1.07) 0.97 (0.88 to 1.07) 1 1.03 (0.94 to 1.13) 1.19 (1.07 to 1.33)

 � Model 3 0.96 (0.86 to 1.06) 0.97 (0.87 to 1.07) 1 1.03 (0.95 to 1.13) 1.19 (1.07 to 1.33)

 � Model 4 0.92 (0.82 to 1.03) 0.95 (0.86 to 1.05) 1 1.04 (0.95 to 1.14) 1.17 (1.05 to 1.31)

 � Model 5 0.89 (0.79 to 1.00) 0.93 (0.84 to 1.03) 1 1.04 (0.95 to 1.14) 1.16 (1.04 to 1.30)

Female,† n/N 1933/6271 1353/5273 1423/6594 2122/10 898 1072/5336

 � Model 1 1.62 (1.50 to 1.75) 1.25 (1.15 to 1.37) 1 0.88 (0.82 to 0.95) 0.91 (0.84 to 1.00)

 � Model 2 1.05 (0.97 to 1.15) 1.01 (0.92 to 1.11) 1 1.07 (0.98 to 1.15) 1.20 (1.09 to 1.32)

 � Model 3 1.05 (0.96 to 1.14) 1.01 (0.92 to 1.11) 1 1.07 (0.99 to 1.16) 1.20 (1.09 to 1.32)

 � Model 4 1.01 (0.91 to 1.11) 1.00 (0.91 to 1.09) 1 1.07 (0.98 to 1.16) 1.17 (1.06 to 1.29)

 � Model 5 1.00 (0.90 to 1.11) 0.98 (0.89 to 1.07) 1 1.07 (0.99 to 1.17) 1.19 (1.08 to 1.32)

Data were analysed as ORs (95% CIs) for the ‘presence of hypertension’ relative to ‘without hypertension’ by logistic regression models using 
the 7-hour sleep duration as the reference group.
‘n/N’ represents the number of hypertension and the number of participants in each subgroup.
In bold are presented the statistically significant results (p value < 0.05).
*Model 1 was unadjusted; model 2 was adjusted for age and sex; model 3 was adjusted for model 2+education level, occupation, marital 
status and annual household income; model 4 was adjusted for model 3+tea consumption, smoking status, alcohol intake, metabolic 
equivalent (MET), sedentary leisure time, fresh fruit consumption, insomnia and sleep snoring; model 5 was adjusted for model 4+body mass 
index (BMI), waist circumference (WC), diabetes mellitus (DM), stroke and coronary heart disease (CHD).
†Model 1 was unadjusted; model 2 was adjusted for age; model 3 was adjusted for model 2+education level, occupation, marital status and 
annual household income; model 4 was adjusted for model 3+tea consumption, smoking status, alcohol intake, MET, sedentary leisure time, 
fresh fruit consumption, insomnia and sleep snoring; model 5 was adjusted for model 4+BMI, WC, DM, stroke and CHD.
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Figure 1  Adjusted relationships between sleep duration and hypertension stratified by health-related factors. ORs in each 
group are presented as points with 95% CIs represented by extended lines. The horizontal reference dashed line represents 
an OR value of ‘1’. The full line represents the effects of different sleep durations on hypertension. (A) Subgroup aged 30–44 
years. (B) Subgroup aged 45–59 years. (C) Subgroup aged 60–79 years. (D) Never or almost never tea consumers. (E) Only 
occasionally tea consumers. (F) Usually at least once-a-week tea consumers. (G) Never regular alcohol drinker. (H) Ex-regular 
alcohol drinker. (I) Occasional or seasonal alcohol drinker. (J) Usually at least once-a-week alcohol drinker. (K) Never smoker. 
(L) Ex-regular smoker. (M) Occasional smoker. (N) Daily or almost every day smoker. (O) Non-regular fresh fruit consumers. (P) 
Regular fresh fruit consumers. (Q) Insomnia subgroup. (R) Non-insomnia subgroup. Multivariable logistic model adjusted for 
age, sex, education level, occupation, marital status, income, tea consumption, smoking status, alcohol intake, MET, sedentary 
leisure time, fresh fruit consumption, insomnia, sleep snoring, BMI, WC, DM, stroke and CHD.
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circadian rhythmicity, and contribute to overactivity of 
the renin-angiotensin aldosterone system, proinflamma-
tory responses, endothelial dysfunction and renal impair-
ment. Furthermore, sleep deprivation could increase 
appetite and suppress renal salt fluid excretion, leading 
to elevated caloric consumption, excessive salt intake 
and weight gain, which were proved to be risk factors 
of hypertension.11 40 However, the mechanisms of long 
sleep duration with hypertension were even not known. 
Possible explanations may be as follows. First, some other 
risk factors might impact this association. Long sleepers 
may have less physical activities,41 and be related to sleep 
disorders (sleep apnoea, etc) or poor sleep quality, which 
could lead to adverse healthy outcomes.16 In previous 
studies, long sleep was associated with increased all-cause 
mortality, high risk of diabetes and other unhealthy 
outcomes.41–43 Second, sleep duration may reflect sleep 
need, which is different in individuals due to genetic, 
behavioural and environmental factors.17 Individuals 
with increased sleep needs may have a reduced physio-
logical reserve, reducing their ability to survive serious 
illness.41 Third, sleep habits may be a marker of health 
status rather than a cause for disease, so it is likely that 
long sleep duration is an epiphenomenon instead of an 
aetiological factor for hypertension.18 44

The relationship between sleep duration and hyper-
tension may vary by health-related factors. This study 

made stratified analyses of sleep duration and hyperten-
sion stratified by age, tea consumption, alcohol intake, 
smoking status, fresh fruit consumption and insomnia. 
Long sleep was associated with elevated hyperten-
sion prevalence among participants aged 45–79 years. 
However, this association was not found among those 
aged 30–44 years. By restricted cubic spline regression, a 
J-shaped pattern was observed in subgroups aged 45–59 
years. These findings were different from several previous 
studies. For example, a Korean study found that short 
sleep duration was associated with hypertension preva-
lence only in those aged less than 60 years.45 A Spanish 
study demonstrated that sleep duration was not associ-
ated with hypertension in older adults.46 A cross-sectional 
study conducted in northeast China observed an associ-
ation between short sleep duration and hypertension in 
young adults aged 18–44 years, and the relationship was 
not found for participants aged 45–79 years subgroup.19 
Changes in sleep quality and quantity in different stage 
of life may be related to this age-dependent associa-
tion.47 In addition, healthy sleep was influenced by a lot 
of factors. Besides sleep duration, sleep disorders such 
as insomnia,48 49 obstructive sleep apnoea50 and other 
sleep quality problems51–53 have also been shown to be 
risk factors for hypertension. Moreover, the number of 
younger subjects was larger than that of older subjects, 
so the lack of an association between long sleep duration 

Figure 2  Adjusted relationships between sleep duration and hypertension by using restricted cubic spline regression 
in different gender and age subgroups, adjusted by age, sex, education level, occupation, marital status, income, tea 
consumption, smoking status, alcohol intake, MET, sedentary leisure time, fresh fruit consumption, insomnia, sleep snoring, 
BMI, WC, DM, stroke and CHD. ORs are presented as full line with 95% CIs represented by grey area. The horizontal reference 
dashed line represents an OR value of ‘1’. The vertical dashed line represents the sleep duration where OR equals 1.
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and hypertension in the younger subjects could be attri-
bute to a lack of statistical power.

In this study, long sleep was associated with elevated 
hypertension prevalence for non-regular fresh fruit 
consumers, while not among subjects who ate fresh 
fruits regularly. Fresh fruit intake could reduce the risk 
and mortality of CVD. Results from previous prospective 
analyses of CKB showed that compared with participants 
who never or rarely consumed fresh fruits, those who ate 
fresh fruits daily had lower SBP (by 4 mm Hg, p<0.001). 
The adjusted HRs for daily consumers were 0.60 (95% CI 
0.54 to 0.67) for cardiovascular death, and 0.66 (95% CI 
0.58 to 0.75), 0.75 (95% CI 0.72 to 0.79) and 0.64 (95% 
CI 0.56 to 0.74) for incident major coronary events, isch-
aemic stroke and haemorrhagic stroke, respectively.54 
Another prospective study of CKB found that fresh 
fruit intake reduced all-cause mortality, CVD, cancer 
and chronic obstructive pulmonary disease mortality.55 
These results may explain the difference of relationship 
between long sleep duration and hypertension among 
non-regular and regular fresh fruit consumers. The asso-
ciation between long sleep duration and hypertension was 
more pronounced in individuals who had insomnia than 
non-insomnia subgroups. Two factors may explain the 
differential associations. First, insomnia has been proved 
to be a risk factor for hypertension.37 Among insomnia 
participants, long sleep duration was more likely to be an 
unusual schedule, which could affect health outcomes 
in humans. Second, the sample size of non-insomnia 
subgroup was much higher than that of the insomnia 
group, which may lead to a statistical difference.

Our study had several strengths. This study was part 
of CKB, which was a large prospective cohort study in 
China. CKB had a series of standardised procedures and 
good quality control measures, so the data were relatively 
reliable. The sample size was large in this study, which 
could be a representative rural population in south-
west China. Although this study revealed an association 
between long sleep duration and hypertension, several 
potential limitations of this study should be noted and 
need to be addressed in future work. First, our study was a 
cross-sectional study, so the directionality of the causation 
could not be established which did not allow for infer-
ences regarding causation to be made. Further prospec-
tive cohort studies would be needed to confirm this 
association. Second, the data for sleep duration were self-
reported without more detailed and objective measures 
of sleep, which might have information bias and were 
less accurate than actigraphy and polysomnography. 
Third, although we have attempted to adjust for various 
potential confounders, our results may still be subject 
to residual confounding from unmeasured or unknown 
influencing factors.

CONCLUSIONS
In conclusion, this study identified that long sleep dura-
tion was significantly associated with hypertension and a 

J-shaped pattern was observed among adults in southwest 
China. However, this association was not found between 
short sleep duration and hypertension. It is important 
to sustain a proper amount of sleep duration for health. 
Further prospective studies are required to confirm these 
findings.
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