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Age- and gender-specific associations between sleep duration
and incident hypertension in a Chinese population:
the Kailuan study
Q Song1,3, X Liu1,3, X Wang1 and S Wu2

The objective of this study was to explore the age- and sex-dependent association between sleep duration and incident
hypertension in a Chinese population. The Kailuan prospective cohort study recruited 101 510 participants. Those participants were
followed for an average of 3.98 years and the data obtained from 32 137 participants out of 101 510 were analyzed in this study.
Sleep duration was categorized as five groups of⩽ 5, 6, 7, 8 and ⩾ 9 h. Cox proportional-hazards models were used to analyze the
association of sleep duration with incident hypertension. The 3.98 years’ follow-up data showed that 12 732 out of 32 137
participants developed hypertension. Short duration of sleep (⩽5 h per night) was associated with an increased risk of hypertension
in woman (hazard ratio (HR) 1.27; 95% confidence interval (CI) 1.02 to 1.58) and participants aged o60 years (HR 1.11; 95% CI
1.02–1.21), when compared with the group reported with 7 h of sleep per day. This study suggested that short sleep duration could
cause an increased risk of hypertension in Chinese females and population aged o60 years.
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INTRODUCTION
The prevalence of hypertension has increased over the past
decade despite improvements in awareness, treatment and
disease prevention.1 It is well-known that hypertension in adults
enhances the risk of cardiovascular events.2–4 Increasing evidence
suggests that sleep plays an important role in the pathogenesis
and progression of cardiovascular disease5 and hypertension.6–12

Short sleep restriction for as little as 1 night has been reported to
increase blood pressure in both healthy13–15 and hypertensive16

subjects. Gangwisch et al.8 observed an increased risk of
hypertension in poor sleepers (⩽5 h per night) aged from 32–59.
No association between sleep duration and incident hypertension
in the elderly was found in this study. Other studies17–20 have also
shown an increased prevalence of hypertension among children
and adolescents. Cappuccio et al.21 reported a women-specific
associations of short sleep duration with prevalent and incident
hypertension in a cohort of 10 308 British subjects aged 35–55 at
baseline.22 However, the association between short sleep duration
and incident hypertension by the age and gender has not been
studied in China. Thus, the aim of this study was to evaluate the
associations between self-reported sleep duration and incident
hypertension during an average 3.98-year follow-up period from
2006 to 2011 in the Kailuan studying group in China.

MATERIALS AND METHODS
Study design and participants
The Kailuan study is a prospective cohort study, which was conducted in
the Kailuan community in the city of Tangshan, China. The city of Tangshan

has ~ 7.2 million inhabitants and situated about 150 km southeast of
Beijing city, and is a center of the coal mining industry in the Province
of Hebei. The Kailuan community is a functional and comprehensive
community owned and managed by the Kailuan Group. Eleven hospitals
are responsible for the healthcare of this community. The basic medical
service, such as annual physical examination including routine blood,
urine and biochemical tests for all of residents in the Kailuan community is
covered by medical insurance. From June 2006 to October 2007, the
residents of Kailuan community receiving routine medical examination
in 11 hospitals and meeting the following criteria were invited to
participate in the Kailuan study: (1) aged 18 years or older; (2) provided
informed consent. In total, 101 510 participants (81 110 men; age
range from18 to 98 years) were enrolled in the Kailuan study during this
period. The study protocol was approved by the ethics committee of
the Kailuan General Hospital and an informed written consent was
obtained from each participant.
All participants underwent a clinical examination and a standardized

interview during enrollment. Physical activity was evaluated based on the
responses to questions regarding the types and frequencies of physical
activity at work and during leisure time. Physical activity was classified as
⩾ 4 times per week and ⩾ 20min each time, o80min per week or none.
Smoking and drinking status were classified as never, former or current
according to self-reported information. Salt intake amount was classified
into three categories of low, medium or high, with a definition of o6 g
per day, 6–10 g per day or410 g per day. Diabetes mellitus was defined as
a self-reported history, currently treated with insulin or oral hypoglycemic
agents. Anthropomorphic parameters such as body height and weight and
waist circumference were measured. A 10-s, 12-lead electrocardiography
was used to measure the resting heart rate (RHR) after the individual had
rested in the supine position for 5 min. Sleep duration was elicited by
the question ‘How many hours of sleep do you have on an average night in
the preceding 3 months?’. The responses of sleep duration were
categorized as ⩽ 5, 6, 7, 8 and ⩾ 9 h.
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Follow-up
All participants were followed up from a baseline examination from June
2006 through December 31, 2010. The blood pressures from all of
participants were re-examined every 2 years (2008–2009 and 2010–2011).
At the same time, participants received interviews and clinical
examinations by hospital physicians or research nurses, who were blanked
to the results obtained previously.23

Assessment of hypertension
Blood pressure and RHR were assessed with the person sitting for at least
5 mins. The participants were refrained from smoking, drinking caffeine
containing beverages and alcohol for at least 3 h, and any kind of exercise
performed in 30mins prior to the examination. Blood pressure was
measured twice in 5-min intervals on the left arm to the nearest 2 mmHg
using a mercury sphygmomanometer. The average of two readings was
used in the data analysis. If the difference between two measurements was
45mm Hg, an additional reading was taken and the average of all three
readings was used in the data analysis.
New onset hypertension was defined as systolic blood pressure

of o140mm Hg, diastolic blood pressure o90mm Hg, no history of
hypertension and no use of antihypertensive drugs at baseline of the
study, and as systolic blood pressure of ⩾ 140mm Hg, diastolic blood
pressure ⩾ 90mm Hg and/or use of antihypertensive drugs during the
follow-up period.23

Statistical analysis
Statistical analysis was performed using SAS software (version 9.3; SAS
Institute Inc., Cary, NC, USA). First, we defined continuous variables by their
means± s.d. and categorical variables as percentages. We then compared
the parameters according to the sleep duration. Analysis of variance test
was used for non-paired samples of normally distributed parameters,
Kruskal–Waillis test for non-parametric variables and Χ2-test for the
comparison of categorical variables. In addition, we also performed a
multivariate analysis using three models. The data in Model 1 were
unadjusted. In Model 2, the data were adjusted for age, gender, body
mass index, RHR, smoking status, drinking status, physical activity, salt
intake status, history of diabetes, hyperlipidemia, and antidiabetic
and cholesterol-lowering medication. In addition to the independent
parameters analyzed in Model 2, Model 3 also included baseline systolic
blood pressure, diastolic blood pressure and family history of hypertension.
Cox proportional-hazards modeling was used to calculate the hazard ratio
(HR) and 95% confidence interval (CI) of hypertension. Finally, we analyzed
the joint effects of sleep duration and gender/age (ageo60 vs age⩾ 60)
on the risk of hypertension. The interactions of sleep duration with gender
and age on their risk of hypertension were analyzed by multiplicative Cox
proportional-hazards modeling. All statistical tests were two tailed, with a
significance level set at Po0.05.

RESULTS
Among 101 510 participants in the Kailuan study, we excluded
participants with hypertension history (44 653) and those lacking
sleep duration data (2592). We also excluded 22 128 participants
who did not participate in face-to-face follow-up examinations in
2008–2009 or 2010–2011. Finally, 32 137 participants meeting the
criteria were eligible for the present study. The mean age of
participants was 46.32 ± 11.50 years (median: 46.63 years; range:
38.65–53.54 years).
The study participants were divided into five groups based on

sleep duration ⩽ 5 h, 6 h, 7 h, 8 h and⩾ 9 h. Table 1 shows the
baseline characteristics of participants according to their sleep
duration. Since 7 h is conventionally considered to be the
appropriate duration of sleep in Chinese adults, we appointed
7 h per night as the reference group in our study.7,8,21,24 In
comparison to self-reported sleep durations of 7 h, sleep durations
of ⩽ 5 h were associated with older age, high systolic blood
pressure, high diastolic blood pressure, excessive consumption
of cigarettes and alcohol, past high salt intake and history of
diabetes. Sleep durations of ⩾ 9 h were associated with younger
age, low physical activity, low alcohol consumption, high salt
intake and higher heart rate.
Tables 2 and 3 showed the hazard ratios of participants

diagnosed with hypertension over an average 3.98 years follow-up
period as computed using Cox proportional-hazards models.
There were total 12 732 cases of hypertension incidence over this
study period. Among them,10 774 participants were o60 years
old. The correlation between age category and sleep duration was
significant (Po0.001). Analysis in the unadjusted data using
Model 1 (ages between 18 and 98) indicated that participants of
⩽ 5 h group were more likely (HR, 1.11; 95% CI, 1.03–1.20) to
develop hypertension than those of 7 h group. However, these
results varied with the age. The incidence of hypertension was
significantly high in younger participants who slept ⩽ 5 h per night
(HR, 1.18; 95% CI, 1.08–1.28).
The significance of the association between short sleep

duration and hypertension incidence was attenuated after
adjustment of age, body mass index, RHR, smoking, alcohol
drinking, physical activity, salt intake, gender, history of diabetes
and hyperlipidemia, and antidiabetic and cholesterol-lowering
medication (HR,1.06; 95% CI, 0.98–1.14; Table 2). The Same result
was seen in the Model 3 following additional adjustment of
baseline blood pressure level. However, the results also revealed
an age-dependent tendency. Younger participants of ⩽ 5 h group

Table 1. Baseline characteristics according to sleep duration

Sleep duration P-value

⩽ 5 h 6 h 7 h 8 h ⩾ 9 h

No. of participants 1892 5489 6212 17 954 590
Male, % 81.29 82.04 77.16 68.82 68.14 o0.001
Age (years) 50.06± 11.34 48.01± 11.11 45.88± 11.51 45.72± 11.47 41.43± 12.00 o0.001
Body mass index (kgm−2) 24.20± 3.14 24.48± 3.28 24.46± 3.23 24.36± 3.36 24.22± 3.45 o0.001
Resting heart rate (beats per min) 72.17± 9.43 72.05± 9.38 72.35± 9.81 72.73± 9.48 73.52± 10.26 o0.001
Systolic blood pressure (mm Hg) 117.53± 11.28 117.66± 10.98 116.94± 11.25 116.65± 11.02 114.54± 11.69 o0.001
Diastolic blood pressure (mm Hg) 76.55± 6.99 76.73± 6.78 76.36± 6.96 76.19± 6.80 74.68±7.40 o0.001
Physical activity 44 times per week, % 19.71 18.47 17.42 8.08 14.75 o0.001
Past/current smoker, % 57.40 57.44 54.52 28.73 49.49 o0.001
Past/current alcohol drinker, % 60.25 63.05 60.21 30.82 54.07 o0.001
Salt intake, (high)% 17.34 16.20 14.04 6.50 14.43 o0.001
Family history of hypertension, % 19.71 20.77 21.33 11.83 21.69 o0.001
History of diabetes mellitus, % 3.07 2.42 2.29 1.09 2.20 o0.001
Antidiabetic medication, % 2.33 1.80 1.95 0.82 1.86 o0.001
History of hyperlipidemia, % 7.14 5.96 5.31 2.04 3.73 o0.001
Cholesterol-lowering medication, % 1.32 0.71 0.61 0.24 0.85 o0.001
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aged o60 were significantly more likely (HR, 1.11; 95% CI,
1.02–1.21) to develop hypertension than participants who
got 7 h of sleep. The older participants (ages⩾ 60) who slept
⩽ 5 h were less likely (HR, 0.91; 95% CI, 0.75–1.10) to develop
hypertension.
Table 4 showed the HRs of women and men who developed

hypertension during 3.98-year follow-up. Women who reported
sleeping ⩽ 5 h per night were significantly more likely (HR, 1.27;
95% CI, 1.02–1.58; model3) to develop hypertension than the
participants who reported getting 7 h of sleep per night, whereas
men who slept ⩽ 5 h were actually slightly less likely (HR, 1.02; 95%
CI, 0.94–1.12; model3) to develop hypertension.
After adjusting all the variables in the Model 3, significant

interaction of sleep duration with gender/age was found in their
effects on the incident hypertension (Po0.0001).

DISCUSSION
We observed an association between short sleep duration and the
incident hypertension in a large prospective cohort study in China.
The participants aged o60 years at baseline who reported an
average sleeping ⩽ 5 h per night had an increased risk for
developing hypertension during the up to 3.98 years follow-up
period. We failed to detect the association between sleep duration
and incident hypertension in the participants aged ⩾ 60 years at
baseline. Moreover, Sex-stratified analysis showed a marked
association of sleep duration with incident hypertension in

women participants. In addition, our data showed that long sleep
duration of⩾ 9 h per night was not associated with hypertension
incidence in the Chinese population.
Gangwisch et al.8 reported that sleep durations of ⩽ 5 h per

night were associated with a significantly increased risk of
hypertension in participants aged 32–59 years, but the sleep
duration and incident hypertension were not related in people
aged ⩾ 60 years. Our findings are in agreement with this result.
Some factors may explain the differential association between
short sleep duration and the incident hypertension in the younger
and older age groups. First, participants experiencing hyperten-
sion, obesity and diabetes would be less likely to survive into their
later years. Second, sleep-disordered breathing was associated
with hypertension in participants below ages of 60 but not in
those aged 60 or older.25 Third, advanced age is associated with
changes in sleep architecture with increased difficulties in sleep
initiation and maintenance.26 Elderly participants, who are often
retired, also have more opportunities to take midday naps. In
addition, the number of recruited older participants was smaller
than that of younger participants. Therefore, lack of an association
between short sleep duration and incident hypertension in the
older participants could be due to a lower statistical power and
resulted high probability of a type II error to detect the difference.
In contrast to our study, Miguel-Angel and co-workers27

reported an association between sleep-breathing disorders and
cardiovascular diseases in elderly subjects. The discrepancy may
be due to the difference of study population. Their participants

Table 3. Hazard ratios (95% CI) for hypertension according to sleep duration in different age groups

Sleep duration

⩽ 5 h 6 h 7 h 8 h ⩾ 9 h

Ageo60
No. 1559 4764 5595 16 225 553
NOH cases (%) 707 (45.35) 1966 (41.27) 2124 (37.96) 5803 (35.77) 174 (31.46)
Model 1 1.18 (1.08–1.28) 1.10 (1.03–1.17) Reference 0.98 (0.93–1.03) 0.83 (0.71–0.97)
Model 2 1.11 (1.02–1.21) 1.02 (0.96–1.08) Reference 1.04 (0.98–1.09) 0.97 (0.83–1.13)
Model 3 1.11 (1.02–1.21) 1.02 (0.96–1.08) Reference 1.04 (0.98–1.09) 0.97 (0.83–1.13)

Age⩾ 60
No. 333 725 617 1729 37
NOH cases (%) 172 (51.65) 426 (58.76) 362 (58.67) 975 (56.39) 23 (62.16)
Model 1 0.86 (0.72–1.03) 1.05 (0.92–1.21) Reference 1.14 (1.01–1.29) 1.17 (0.76–1.78)
Model 2 0.91 (0.75–1.10) 1.09 (0.94–1.26) Reference 1.07 (0.94–1.22) 1.16 (0.76–1.78)
Model 3 0.91 (0.75–1.10) 1.09 (0.94–1.26) Reference 1.07 (0.94–1.22) 1.16 (0.76–1.78)

Abbreviations: CI, confidence interval; NOH, new onset hypertension. Model 1: unadjusted. Model 2: adjusted for age, gender, resting heart rate, body mass
index, smoking, alcohol drinking, physical activity, salt intake, history of diabetes and hyperlipidemia, and antidiabetic and cholesterol-lowering medication.
Model 3: adjusted for the variables in Model 2 plus baseline systolic blood pressure, diastolic blood pressure and family history of hypertension.

Table 2. Hazard ratios (95% CI) for incident hypertension according to sleep duration in total participants

Sleep duration

⩽ 5 h 6 h 7 h 8 h ⩾ 9 h

No. 1892 5489 6212 17 954 590
NOH cases (%) 879 (46.46) 2392 (43.58) 2486 (40.02) 6778 (37.35) 197 (33.39)
Model 1 1.11 (1.03–1.20) 1.09 (1.03–1.16) Reference 0.99 (0.95–1.04) 0.85 (0.73–0.98)
Model 2 1.06 (0.98–1.14) 1.03 (0.97–1.09) Reference 1.03 (0.98–1.08) 0.95 (0.82–1.10)
Model 3 1.06 (0.98–1.14) 1.03 (0.97–1.09) Reference 1.03 (0.98–1.08) 0.95 (0.82–1.10)

Abbreviations: CI, confidence interval; NOH, new onset hypertension. Model 1: unadjusted. Model 2: adjusted for age, gender, resting heart rate, body mass
index, smoking status, drinking status, physical activity, salt intake, history of diabetes and hyperlipidemia, and antidiabetic and cholesterol-lowering
medication. Model 3: adjusted for the variables in Model 2 plus baseline systolic blood pressure, diastolic blood pressure and family history of hypertension.
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were all patients diagnosed with obstructive sleep apnea
syndrome (OSAS), while our data were obtained from the general
population in China. Moreover, a study conducted by Gangwisch
et al.24 showed that short sleep duration was associated with
mortality in elderly but not in middle-aged adults. There may be
two possible explanations for this discrepancy. First, our study did
not observe an association between sleep duration and incident
hypertension in elderly because the number of older participants
was relatively smaller than that of younger participants, which
resulted in a lower statistical power. Second, in Gangwisch’s
study,24 the association between short sleep duration and
mortality was only modestly attenuated when hypertension was
included in Model 3 compared with Model 2. The slight changes in
the HRs could be due to the fact that the sleep duration was not
associated with incident hypertension in elderly subjects in the
study by Gangwisch et al.8

The Whitehall II Study reported by Cappuccio et al.21 presented
a gender-specific association of short sleep duration with
prevalent and incident hypertension in a London population.
Specifically, their cross-sectional analyses showed a significant
association between short sleep duration (⩽5 h per night) and risk
of hypertension only among women, which was attenuated in
prospective analyses after multivariate adjustment. However, in
our findings, this association was sustained after taking into
account potential confounders. Women who sleep 6 or 8 h per
night had also increased risk of incident hypertension, when
compared with those who slept 7 h. In addition, Cappuccio et al.21

did not observe an association between sleep duration and
incident hypertension in men, which is consistent with our finding.
There may be two possible explanations for this discrepancy in
men and women. First, female participants (mean age: 49 years)
were around the premenopausal period. Women in premenopau-
sal period are associated with major hormonal turmoil and
psychosocial stresses that may in turn lead to hypertension.28

Second, sleep problems are particularly common in people with
anxiety, depression, bipolar disorder and attention deficit.
Compared with men, women are more likely to develop
depression. Therefore, factors like depression may have impact
on the gender-specific associations.
Gottlieb et al.7 reported that sleep durations of ⩾ 9 h per night

were associated with a significantly increased risk of hypertension
in participants aged 40–100 years. However, our study did not
observe this association, as well as in the NHANES I study.8

The biological mechanisms behind the association of short
sleep duration and incident hypertension are still unclear. Sleep
deprivation has been reported to cause an increase in sympathetic
nervous system activity.16,29 The sympathetic nervous system
plays an important role in the regulation of arterial pressure, and
increased sympathetic nervous system activity has been impli-
cated as a contributor of hypertension in humans. Sleep restriction
has also been shown to compromise insulin sensitivity29 and
increase appetite by decreasing leptin and increasing ghrelin,30

which could eventually induce type 2 diabetes and obesity. Both
type 2 diabetes and obesity are common risk factors for
hypertension. Besides these, polymorphism of the glucocorticoid
receptor gene,31 environment,32 unhealthy behavior or factors33

and depression34 were found to associate with incident hyperten-
sion through various different mechanisms.
The strengths of our study include a prospective cohort design,

large sample size, Asian ethnicity of the participants and a broad
spectrum of potential confounding parameters. However, poten-
tial limitations of our study should also be discussed here. One
limit of this study is that all of participants in this study were from
Kailuan community. Their educational and cultural background
reflects a regional status in northeast China and is slightly different
from the country as a whole. The second limit is that our study did
not assess the OSAS, so we did not exclude participants with
OSAS. OSAS was found to associate with hypertension by various
different mechanisms. Apnea-induced hypoxia, hypercapnia,
micro-arousals, sympathetic hyperactivity, oxidative stress and
hyper-coagulability play a central role in the increase of arterial
blood pressure.35 The third limit is that the information on sleep
duration was collected by self-reported questionnaire without
more detailed and objective measures of sleep, such as
actigraphic or polysomnographic measures. In addition, data of
midday nap assessment were not undertaken in our study. Thus,
nocturnal sleep duration may be different from the whole day
sleep duration, especially in China where napping is not unusual.
Another limit is that we did not collect sufficient information on
the pre- or post-menopause status of women, which appears to
be an important determinant of hypertension in women.28

CONCLUSIONS
In summary, our findings from the Kailuan cohort study suggest
that short sleep duration could cause an increased risk of
hypertension in Chinese females and population aged o60

Table 4. Hazard ratios (95% CI) for hypertension according to sleep duration in different gender groups

Sleep duration

⩽ 5 h 6 h 7 h 8 h ⩾ 9 h

Women
No. 354 986 1419 5598 188
NOH cases (%) 125 (35.31) 308 (31.24) 332 (23.40) 1336 (23.87) 22 (11.70)
Model 1 1.46 (1.19–1.79) 1.37 (1.17–1.60) Reference 1.19 (1.06–1.35) 0.56 (0.37–0.87)
Model 2 1.27 (1.02–1.58) 1.23 (1.05–1.45) Reference 1.25 (1.10–1.42) 0.82 (0.53–1.28)
Model 3 1.27 (1.02–1.58) 1.23 (1.05–1.45) Reference 1.25 (1.10–1.42) 0.82 (0.53–1.28)

Men
No. 1538 4503 4793 12 356 402
NOH cases (%) 754 (49.02) 2084 (46.28) 2154 (44.94) 5442 (44.04) 175 (43.53)
Model 1 1.03 (0.95–1.12) 1.02 (0.96–1.08) Reference 1.02 (0.97–1.07) 0.98 (0.84–1.14)
Model 2 1.02 (0.94–1.12) 1.00 (0.94–1.06) Reference 1.01 (0.96–1.06) 1.00 (0.86–1.17)
Model 3 1.02 (0.94–1.12) 1.00 (0.94–1.06) Reference 1.01 (0.96–1.06) 1.00 (0.86–1.17)

Abbreviations: CI, confidence interval; NOH, new onset hypertension. Model 1: unadjusted. Model 2: adjusted for age, resting heart rate, body mass index,
smoking status, drinking status, physical activity, salt intake, history of diabetes and hyperlipidemia, and antidiabetic and cholesterol-lowering medication.
Model 3: adjusted for the variables in Model 2 plus baseline systolic blood pressure, diastolic blood pressure and family history of hypertension.
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years. Further investigations are needed to provide reliable
evidence for sleep behavioral interventions by investigating the
biological mechanisms that link short sleep duration to incident
hypertension.

What is known about the topic?
● Sleep plays an important role in the pathogenesis and progression

of cardiovascular disease and hypertension. Sleep restriction for as
little as one night has been reported to increase blood pressure in
both healthy and hypertensive subjects.

● Women and men are different in various aspects related to several
diseases.

What this study adds?
● Short sleep duration was associated with an increased risk of

hypertension in Chinese females and population aged o60 years.
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