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Abstract
Background—There are limited data about the role of gender on the relationship between sleep
duration and blood pressure (BP) from rural populations.

Methods—We conducted a cross-sectional rural population-based study. This report includes
1,033 men and 783 women aged 18–65 years from a cohort of twins enrolled in Anhui, China,
between 2005 and 2008. Sleep duration was derived from typical bedtime, wake-up time, and
sleep latency as reported on a standard sleep questionnaire. Primary outcomes included measured
systolic blood pressure (SBP) and diastolic blood pressure (DBP). High blood pressure (HBP) was
defined as SBP≥130 mmHg, DBP ≥85 mmHg, or physician diagnosed hypertension. Linear and
logistic regression models were used to assess gender-specific associations between sleep duration
and BP or HBP, respectively, with adjustment for known risk factors including adiposity and
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sleep-related disorder risk from the questionnaires. Generalized estimating equations were used to
account for intra-twin pair correlations.

Results—Compared with those sleeping 7 to less than 9 hours, women sleeping <7 hours had a
higher risk of HBP (odds ratios [ORs] 3.0, 95% confidence interval [CI], 1.4–6.6); men sleeping
≥9 hours had a higher risk of HBP (ORs=1.5, 95%CI: 1.1–2.2).

Conclusions—Among rural Chinese adults, a gender-specific association of sleep duration with
BP exists such that HBP is associated with short sleep duration in women and long sleep duration
in men. Longitudinal studies are needed to further examine the temporal relationship and
biological mechanisms underlying sleep duration and BP in this population. Our findings
underscore the potential importance of appropriate sleep duration for optimal blood pressure.
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Introduction
Increasing evidence suggests that adequate duration and quality of sleep are important for
overall health. Studies that have examined the relationship between sleep duration and blood
pressure (BP) have had mixed results.1–4 For example, Gottlieb et al 3 found that usual sleep
duration above or below the median of 7–8 hours per night was associated with an increased
prevalence of hypertension in a population aged 40–100 years. In contrast, another study 4

reported that sleep duration was not associated with hypertension in the elderly (58–98
years).

A few studies examined the role of gender on these relationships in groups at particular risk
for poor cardio-metabolic outcomes. 5, 6 There are prominent gender differences in sleep
with women showing longer sleep duration, longer sleep latency, lower rates of sleep apnea,
and higher rates of insomnia in comparison to men.7 Furthermore, some evidence suggests
that short sleep duration may be associated with more detrimental effects on cardiovascular
outcomes among women than men. 8, 9 These findings, together with well-known gender
differences in the prevalence of hypertension, 10 led us to explore gender-specific
associations between sleep duration and BP.

Most sleep studies to date were conducted in western urban populations. Residents of rural
areas constitute a large segment of the world’s total population, particularly in developing
countries. In China, 57% of the population lived in rural agricultural regions in 2005. 11

Compared with urban and suburban dwellers, rural populations are more commonly
employed in agriculture and small business, are more physically active, and potentially have
a higher prevalence of risky health behaviors (eg, smoking, poor diet). However, limited
data on sleep duration and health outcomes are available from rural populations. In a rural
U.S. sample, one study 6 found an association between short sleep duration and higher body
mass index (BMI). In a rural Japanese population, Amagai et al 5 found that males with
short sleep and females with long sleep were at an elevated risk of death. Besides the lower
prevalence of obesity in rural China compared to western/developed countries, 12, 13

lifestyle patterns that affect nutrition, physical activity, work hours, and sleep in China may
differ from those of other countries.

In this report, we examined gender-specific associations between sleep duration and blood
pressure in a rural Chinese population aged 18–65 years. We also assessed whether sleep-
related disorders and adiposity influence the association between sleep duration and BP.
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Methods
Study Population

This study is part of a community-based prospective twin cohort enrolled in 1998–2000
(baseline study) in the rural area of the Anqing region in Anhui province, China. From 2005
to 2008, twins who participated in the baseline study were followed to identify precursors to
metabolic syndrome (follow-up study). Detailed information on the enrollment criteria of
twins at the baseline and follow-up study has been described previously.14 Sleep-related
data were collected at the follow-up visit only. Written informed consent was obtained from
each participant. This study was approved by the Institutional Review Boards of Children’s
Memorial Hospital, Northwestern University and the Ethics Committee of Anhui Medical
University.

Epidemiological Information
At both the baseline and follow up study, a comprehensive questionnaire was used to collect
the participants’ demographic, occupational, lifestyle, and dietary information, as well as
medical history. In addition, physical activity was assessed using the short version of the
International Physical Activity Questionnaire (IPAQ-short, http://www.ipaq.ki.se), and
classified as low, moderate or high physical activity as described elsewhere. 15

Blood Pressure Measurements and Definition of High Blood Pressure
BP and heart rate (HR) were assessed in subjects who were seated and rested for at least 10
minutes as previously described.16 The mean of three measurements was used in the final
analysis. Pulse Pressure (PP) was calculated as systolic BP (SBP) minus diastolic BP (DBP).
Based on the observation that the risk of developing hypertension and cardiovascular disease
is reported to be higher in subjects with a high-normal BP (130-139/85-89mmHg) compared
to those with a normal BP (120-129/80-84mmHg), 17 high BP (HBP) was defined as SBP ≥
130 mmHg and/or DBP≥85 mmHg or physician diagnosed hypertension. Further, subjects
with HBP were divided into 3 sub-categories: isolated high SBP (IHSBP, SBP≥130 and
DBP<85mmHg), isolated high DBP (IHDBP, SBP<130 and DBP≥85mmHg) and high
systolic-diastolic BP (HSDBP, SBP≥130 and DBP≥85mmHg). Five subjects with a reported
history of hypertension were found to have normal measured BP and were excluded in sub-
category analysis.

Sleep Duration and Sleep-Related Variables
We used the following standard sleep questionnaires for measures of sleep duration, sleep
quality, risk of sleep apnea, and daytime sleepiness. The Pittsburgh Sleep Quality Index
(PSQI), for which a Chinese version has proven to have excellent sensitivity and
reliability, 18, 19 was used to assess sleeping habits in the last month, including bedtime,
wake-up time, and sleep latency. We calculated total sleep time (TST) as sleep duration
from bedtime to wake-up time minus sleep latency. The PSQI consists of nineteen
individual items that generate seven “component” scores: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleeping
medication, and daytime dysfunction. A global PSQI score >5 indicates a “poor” sleeper.20

The Epworth sleepiness scale (ESS) and the Berlin questionnaire are two screening tools
that are widely used in the clinical evaluation of the risk of sleep disorders. The content of
the ESS and Berlin questionnaires have been described in detail and used previously with
reasonable sensitivity and reliability for subjective sleepiness and obstructive sleep
apnea. 21, 22 In brief, determination of high risk and low risk for sleep apnea was based on
responses in three symptom categories from the Berlin questionnaire. In category 1, high
risk was defined as persistent symptoms (>3 to 4 times/week) in two or more questions
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about snoring. In category 2, high risk was defined as persistent (>3 to 4 times/week) wake-
time sleepiness, drowsiness while riding a bicycle (item modified to fit Chinese rural
conditions), or both. In category 3, high risk was defined as a history of hypertension or a
BMI ≥25 kg/m2 (obesity has been defined as BMI ≥25.0 kg/m2 in Asian populations 23).
Considering that BP is the primary outcome in the current study, a positive response in
category 3 was based only on the presence of a BMI ≥25.0 kg/m2. To be considered at high
risk for sleep apnea, a patient had to qualify for at least two symptom categories.21 For the
ESS, subjects were asked to rate on a scale of 0–3 how likely they would be to doze off or
fall asleep in the eight situations, based on their usual way of life in recent times. The scale
ranges from 0 to 24 and scores >10 were considered to reflect a high level of daytime
sleepiness.22

Anthropometric and Body Fat Measurements
Height and weight were measured using standard protocols without shoes or outerwear.14

Final anthropometric values used in the analysis were the mean of two measures. BMI was
calculated as weight (Kg)/height squared (m2). A standard whole-body scan was performed
by dual-energy x-ray absorptiometry (DEXA) including total body and three regional fat
measures: trunk (chest, abdomen, and pelvis), arms, and legs. Standard software (Lunar
V4.6 DPX; GE Medical Systems, Madison, WI, USA) was used to calculate total body fat
(TBF).24 Percent body fat (%BF) was calculated by dividing TBF by body weight and
multiplying by 100.

Statistical Methods
This report includes a total of 1,816 adults aged 18–65 years who completed the follow-up
study. The central focus of the analyses was to examine the gender-specific relationship
between sleep duration and BP in rural Chinese adults. The relationships between sleep
duration and BP adjusted for age were first explored by gender using a non-parametric SAS
procedure, LOESS. 25 The crude relationships were further assessed by multiple linear
regression analysis with adjustment for age, smoking (active+passive), alcohol intake,
physical activity (low/moderate/high/missing), occupation (physical labor/no), and
menopause in females. Next, we used multiple-logistic regression analysis to evaluate the
associations between sleep duration and the odds of HBP (SBP ≥ 130 mmHg, DBP ≥ 85
mmHg, or diagnosed hypertension), with adjustment for the above listed covariates. In
addition, we evaluated whether BMI and direct adiposity measures, and sleep-related
variables—risk of sleep apnea (Berlin questionnaire), daytime sleepiness (ESS), or sleep
quality (PSQI)—influence the relationship of sleep duration with BP.

Due to the U-shape relationship between sleep duration and BP, we also analyzed sleep as a
categorical variable. Sleep duration was divided into three categories for all of the regression
analyses: short (<7 hours), median (7 to less than 9 hours), and long (≥9 hours). The cutoff
value of TST was based on two considerations: 1) previous articles have suggested that
sleep duration of 7 to 8 hours confers lowest risk3; and 2) in our cohort, sleep duration is
longer (median TST: 8.4 hours), and the lowest SBP appeared in TSTs that ranged from 7 to
less than 9 hours (Figure 1). Considering this, we used 7 to less than 9 hours as the reference
category in the analysis. For the sleep categories, the regression coefficients reflect
differences in BP between short or long sleepers and the reference group (average sleepers).
Such analysis addressed the question “Are long or short sleepers associated with higher
BP?” We have used two-sided P<0.025 to guard against type I error using Bonferroni
correction: 0.05/2 tests.

All the analyses were conducted separately by gender. All twins were treated as individuals.
To account for inter-pair correlation among the twins, robust estimates of the variances were
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calculated using the generalized estimating equation (GEE) implemented in the SAS
Procedure Genmod. Furthermore, we repeated the analyses by including only one twin per
family (the first-born twin) (eFigure 1, eTable1–3). Since the results were very similar to
those including both twins, this report presented findings using data from all of the twins. To
assess if there was any association affected by menopausal status, we repeated regression
analysis to evaluate the relationship between sleep duration and BP in women by
menopausal status. All of the analyses were performed using SAS V9.1 (SAS Institute Inc.,
Cary, NC, USA).

Results
This report included 1,816 Chinese adults aged 18–65 years (men: 57%). The prevalence of
HBP was 20.2% (209/1033) in men and 9.2% (72/783) in women. Table 1 shows gender-
specific characteristics, adiposity measures, BP, HR, and sleep variables for the short-,
median-, and long-sleep duration groups. Men with long sleep duration were more likely to
have higher BP, and women with short sleep duration had higher BP, %BF and BMI than
did individuals in the other same-sex sleep duration groups. In both genders, the short sleep
group, in comparison to the other groups, was at higher risk of poor sleep quality.

Figure 1 shows the association between sleep duration and BP in this cohort. The lowest
SBP appeared in the subjects who slept from 7 to less than 9 hours, and BP levels were
higher with longer sleep duration in men and with shorter sleep duration in women.

Table 2 shows the association between sleep duration categories and BP by multiple linear
regression analysis with adjustment for common covariates. Among men, subjects in the
long sleep duration group (≥9hours) as compared to the reference group had higher SBP
(β(se): 2.5(1.2), p=0.037). Among women, a U-shaped relationship was observed between
sleep duration and SBP: subjects with sleep duration above or below the reference group per
night had higher SBP [β(se): 6.6(1.9) for short sleep duration, and 3.3(1.2) for long sleep
duration, respectively, p<0.025]. The relationships between sleep duration and SBP in both
genders did not change after adjustment for adiposity and sleep-related disorders including
risk of sleep apnea, daytime sleepiness and sleep quality as assessed by the questionnaires.

A similar analysis was performed for a binary BP outcome (HBP, yes or no) with results
shown in Table 3. Compared to the reference group, males with long sleep duration and
females with short sleep duration showed increased odds of HBP (odds ratios [ORs]: 1.5,
95% confidence interval [CI]: 1.1–2.2 in males with sleep duration ≥9hours; ORs: 3.0,
95%CI: 1.4–6.6 in females with sleep duration<7hours). These associations appeared to be
independent of sleep disorders and were slightly attenuated after adjustment for adiposity in
women. The logistic regression analysis was performed for three BP sub-categories and a
significant association was observed between sleep duration and IHSBP (data not shown).

We also performed additional analyses to ensure that our findings were not affected by
potential confounders. Our above analyses treated all twins as individuals. We also explored
the relationship between sleep and blood pressure in the same manner with a single twin per
family. As shown in the online figure (eFigure 1) and tables (eTable 1–3), the results from a
single twin per family are similar to those including both twins. Our study included subjects
both before and after menopause. We examined if the association varies by menopause and
found that the strongest association between short sleep and BP in women is in pre-
menopausal women (ORs : 4.8, 95%CI: 2.1–10.9; eTable 4). There were 19 subjects with
high BP requiring drug therapy, and 5 subjects (1 man and 4 women) used hypnotics>1/
week. The relationship between sleep duration and BP did not change after we removed
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these subjects from the analysis or adjusted for the treatment of hypertension/use of
hypnotics (data not shown).

Discussion
This is the first study to explore gender-specific associations of sleep duration with BP in a
large sample of rural Chinese adults. This report complements and builds upon previous
research examining sleep duration, sleep disorders, adiposity and BP in adults.3 Like other
groups, we found that sleep duration was associated with HBP in this population.
Interestingly, however, high blood pressure was associated with short sleep durations among
women, in contrast to long sleep durations among men.

Of note, on average the subjects in this study had longer sleep duration as compared to their
counterparts in developed countries (the Gottlieb study3 reported a median of 7 hours of
sleep and only 7.6% of the subjects slept ≥ 9 hours, as opposed to this study in which about
30% of the subjects slept ≥ 9 hours). This could be due to differences in lifestyle wherein
those who live in Chinese rural areas tend to have higher levels of physical activity, and less
stressful lifestyles. This is a relatively lean sample which provides a unique opportunity to
investigate the sleep duration-BP relationship in a study population less confounded by
obesity.

Gender difference in the relationship between sleep duration and BP
Gender differences in the relationship between sleep duration and cardiovascular risk factors
have been reported before. In a previous study, Cappuccio et al26 found that short sleep
duration (≤ 5 hour per night) was associated with a higher risk of hypertension in women but
not in men. Similarly, another study reported an association between short sleep duration
and incident myocardial infarction in middle-aged women, but not men.27 In the Nurse
Health Study, 8, 9 a U-shape curve described the association between sleep duration and an
increased risk of diabetes and death in women, but was less so among men.28 Consistent
with these past results within diverse ethnicities, our study found a U-shape relationship
between sleep duration and SBP in Chinese women. We found that high blood pressure was
associated with short sleep durations among women, in contrast to long sleep durations
among men.

Potential explanations for the observed gender differences
Though the mechanism underlying the gender-specific association between sleep duration
and BP is unclear, it has been suggested that certain gender differences in sleep habits could
be influenced by environmental (psychosocial) and/or biological (sex hormone) factors. 29

First, we suspect that in the cultural context of rural China, women’s roles/expectations (i.e.
childcare), education, and access to health care, as compared to men,30 may affect the
gender-specific association between sleep duration and BP. Second, for women,
perimenopause and menopause were associated with major hormonal fluctuations. In our
female participants with HBP, the mean age of 46 years coincides with the perimenopausal-
menopausal period, supporting a potential role for sex hormone changes. We speculate that
sex hormone changes may help to explain the gender-specific relationship between sleep
duration and BP. Consistent with a previous study,31 we found that the strongest association
between short sleep and BP in women was in pre-menopausal women. Of note, the sample
size of menopausal women in our study was small. As such, this finding needs to be
confirmed in a larger sample. On the other hand, we found that short sleep duration also had
a significant positive relationship with adiposity in females. This is consistent with the
results of our previous study of adolescents, among whom short sleep duration also was
significantly associated with higher adiposity in girls.15 Our current study showed that the
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relationship between sleep duration and HBP was slightly attenuated after adjustment for
adiposity in women. It may be reasonable to speculate that the association between short
sleep duration and BP is partly due to the strong relationship between sleep duration and the
degree of adiposity in women.

In contrast to the women in our study, men with sleep duration ≥ 9 hours per night had an
increased risk of HBP. Long sleep duration also has been associated with hypertension and
mortality in previous studies. 3, 9, 32 Few data exist to explain biological mechanisms that
may link long sleep duration and BP in men. As men are at a higher risk than women for
obstructive sleep apnea,7 potential explanations33 for an association between long sleep
duration and cardiovascular risk can include sleep apnea that could increase sleep duration
to compensate for sleep fragmentation. However, in our study, the association of long TST
with BP was independent of sleep apnea risk, and no significant relationship between sleep
apnea risk and sleep duration was noted in men (data not shown). This may be due to the
fact that, in this population, the number of individuals who are at high risk of sleep apnea
(men: 5.0%, women: 3.6%) was low compared to other populations. 21, 34, 35 Furthermore, it
also is possible that worsening physical conditions in men might contribute to increases in
both sleep duration and BP. Although men had a higher prevalence of chronic disease than
women (data not shown), the history of chronic obstructive pulmonary disease, heart
diseases and arthritis showed no significant differences between the three TST groups.

Our data suggest that the association between sleep duration and HBP is mainly driven by
the strong relationship between sleep duration and isolated high SBP. In a past experimental
study, sleep deprivation increased SBP more than DBP.36 However, recent studies found
self-reported/objectively measured sleep durations were more likely associated with SBP
than DBP. 1, 37 Factors including study population, nutritional status, and environmental and
demographic characteristics could contribute to these different findings.

We also explored other sleep variables (subjective sleep quality, daytime sleepiness and
sleep apnea risk) as partial mediators in the relationship of sleep duration and BP. This is
supported by findings that these other sleep variables may affect sleep duration and are
linked with hypertension.38 However, in the current study the association between sleep
duration and HBP remains significant after adjustment for these sleep variables, and these
sleep variables have no relationship with HBP. Therefore, our observed sleep-BP
relationship appears to be independent of these other sleep variables.

Limitations
This cross-sectional analysis only allows for the establishment of associations and cannot
identify causal relationships between sleep duration and high blood pressure. In addition,
sleep duration was determined from self-reported sleep measures, although good correlation
exists between questionnaire results and sleep diary data. 15 While self-reported data may
introduce measurement error, neither the study subjects nor the field staff were aware of the
relationship between sleep duration and BP at the time of data collection. Thus, recall bias
should be non-differential and therefore might bias results toward the null. A unique aspect
of this study is that the population under investigation (Chinese rural cohort) had a relatively
low BMI (mean 21.6 kg/m2) compared to that of other similar studies,3, 26 which provides a
unique opportunity to investigate the sleep duration-BP relationship in a relatively lean
population. However, this also may reduce the generalization of our findings to other
populations. Finally, mental health and depression were not assessed in detail. However, in
this population, only one person responded “yes” when asked whether “you often feel
depressed”.
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In summary, the relationship between HBP and short or long sleep duration is gender-
specific among rural Chinese adults: HBP is associated with short sleep duration in women,
but part of the relationship is adiposity dependent, whereas HBP is associated with longer
sleep duration in men. While reverse causality is a possibility to explain cross-sectional
associations, one prospective analysis26 found that sleep deprivation may produce
detrimental cardiovascular effects among women. This rural Chinese population, in
comparison to American rural6 and urban populations, is relatively lean, has a lower
incidence of sleep disorders, is more physically active, and has, on average, longer sleep
duration. Longitudinal studies are needed to determine how much sleep per night will be
optimal for health in this rural Chinese cohort.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Blood pressure and sleep duration in Chinese population aged 18–65 years by gender
adjusted by age
Smoothing plots of systolic blood pressure (SBP)/diastolic blood pressure (DBP) by gender
against total sleep time (TST). The X-axis represents total sleep time; the Y-axis displays
Systolic/Diastolic Blood pressure, respectively.
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