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Abstract
Background—Abnormal sleep duration, either long or short, is associated with disease risk and
mortality. Little information is available on sleep duration and its correlates among Chinese
women.

Methods—Using information collected from 68,832 women who participated in the Shanghai
Women’s Health Study (SWHS), we evaluated sleep duration and its correlations with
sociodemographic and lifestyle factors, health status, and anthropometric measurements and their
indexes using polynomial logistic regression.

Results—The mean age of the study population was 59.6 years (SD=9.0; range: 44.6–79.9 years)
at time of sleep duration assessment. Approximately 80% of women reported sleeping 6–8 hours
per day, 11.5% slept five hours or less, and 8.7% slept nine hours or more. As expected, age was
the strongest predictor for sleep duration and was negatively correlated with sleep duration. In
general, sleep duration was positively associated with energy intake, intakes of total meat and
fruits, body mass index (BMI), waist-hip ratio (WHR), and waist circumference (WC) after
adjustment for age and other factors. Both short and long sleep duration were negatively
associated with education level, family income, and leisure-time physical activity and positively
associated with number of live births, history of night shift work, and certain chronic diseases,
compared to sleep duration around seven hours/day (6.5–7.4 hours/day). Short sleep duration was
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related to tea consumption and passive smoking. Long sleep duration was related to menopausal
status and marital status.

Conclusions—In this large, population-based study, we found that sleep duration among
middle-aged and elderly Chinese women was associated with several sociodemographic and
lifestyle factors and with disease status. The main limitation of the study is the cross-sectional
design that does not allow us to draw any causal inference. However, this study provides
information for future investigation into the nature of these associations so that recommendations
can be developed to reduce sleep problems in middle-aged and elderly Chinese women. It also
provides important information on potential confounders for investigation of sleep duration on
health outcomes in this population.
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INTRODUCTION
Duration of sleep is an important parameter in predicting not only the quality of sleep, but
also quality of life, health status, and longevity [1–3]. Demographic characteristics such as
race, age and gender, lifestyle, and health status have been previously shown to be
associated with sleep duration [4]. Sleep duration and its correlates are known to vary from
country to country [5].

Socioeconomic status indicators, including marital status, financial strain, education level,
menopausal status, and history of night-shift work, have previously been related to sleep
duration [6–7]. Other lifestyle factors have also been related to sleep duration among
women, although the evidence is inconsistent. Smoking has been related to both short and
long duration of sleep among Iranian women [8], but it was negatively related to sleep
duration in England [9]. Total fat intake was associated with short sleep duration among
post-menopausal women in the United States [10] and China [11], whereas energy intake
was found to be unrelated to sleep duration among Greek women [12]. Recently, many
studies have focused on the relationship between sleep and obesity and have shown that
short sleep duration was associated with weight gain or obesity [13–15], while a study in
Spain reported no association of sleep duration with waist circumference [16]. In addition, in
a large US cohort study of adults aged 30–102 years, BMI was found to have a U-shaped
relationship to sleep duration in women [17]. More importantly, sleep duration has been
shown to relate to incidence and mortality from cancer and other common diseases, such as
hypertension, diabetes, and coronary heart disease [18–21].

Despite abundant literature on sleep duration and its correlates in various populations, little
information is available on sleep duration and its correlates among women in China. Using
data from a population-based cohort study, we evaluated sleep duration and its correlates
among middle-aged and elderly women in urban China. Our study did not provide any
information about the directions and complexity of causal pathways from relations of sleep
duration and various health factors. Therefore further cohort studies should be granted in
this field.

METHODS
Participants

Included in current analysis were participants of the Shanghai Women’s Health Study
(SWHS), a population-based prospective cohort study of women aged 40–70 years at
baseline survey and conducted in seven urban communities of Shanghai, China. Details of
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the SWHS survey have been reported elsewhere [22]. Briefly, study enrollment took place
between 1997 and 2000 with an overall response rate of 92.3%. Biennial in-person follow-
up of all living cohort members was conducted by in-person interview from 2000 to 2002,
2002 to 2004, and 2004 to 2006 with response rates of 99.8%, 98.7%, and 95.2%,
respectively. The study was approved by the relevant institutional review boards for human
research in China and the United States and written, informed consent was obtained from all
participants.

Data collection
A structured questionnaire was used at the baseline survey to collect information on
socioeconomic status, living conditions, history of chronic disease, physical activity, family
history, reproductive history, supplement intake, including vitamins and calcium, dietary
habits, and anthropometric measurements. The follow-up surveys collected information on
history of night-shift work, passive smoking, and occurrence of cancer and other chronic
diseases, as well as survival status. Information on dietary intake, menopausal status,
physical activity, and other lifestyle factors were updated at the follow-up surveys. History
of night-shift work was defined as starting work after 10 PM at least three times per month
for one year or longer. Dietary intake was assessed using a validated food frequency
questionnaire (FFQ). For each food or food group, participants were asked how frequently
(daily, weekly, monthly, yearly, or never) they consumed the food or food groups over the
preceding year, followed by a question on the amount consumed in liang (1 liang=50g) per
unit of time. The Chinese Food Composition Tables published in 2002 was used to estimate
energy intake (kcal/day) and nutrients consumption based on information obtained from the
FFQ. Anthropometric measurements, including height, weight, and circumferences of waist
and hip, were taken at the baseline survey by trained interviewers. BMI was calculated as
weight in kilograms divided by the square of height in meters, and WHR was calculated as
waist circumference divided by hip circumference.

At the third follow-up, approximately four years after study enrollment, information on
sleep duration was collected based on the following question: “In the past two years, how
many hours did you sleep each day (including sleeping during the day and night, but not
including time if you woke up between two periods of sleep)?” Participants reported their
sleep duration and fractional-hour responses were rounded off at interview (e.g., seven hours
represented responses from 6.5 hours and 7.4 hours). Among 69,775 participants who
completed the third follow-up survey, we excluded 943 who did not provide sleep
information. The remaining 68,832 participants were included in the current analysis.

Statistical analyses
Sleep duration each day was classified into seven categories: ≤four hours, five hours, six
hours, seven hours, eight hours, nine hours, and ≥10 hours. Educational attainment level was
divided into four categories: elementary school or under, middle school, high school, and
college or above. Occupational status was categorized into four groups: professional,
clerical, manual laborer, and housewife. Annual family income was reported in four
categories: <10,000 yuan, 10,000–19,999 yuan, 20,000–29,999 yuan, and ≥30,000 yuan. A
dichotomous variable was created for self-reported night-shift work history, Passive
smoking, tea consumption, vitamin supplement, disease history (yes/no) and marital status:
married or living together vs. single (not married, widowed, divorced, or separated). Number
of live births was categorized into three groups: none or one, two, and ≥three. Hours spent
watching television per day were classified into four groups: ≤two, three, four, ≥five.
Dietary intake (total energy intake [kcal/day] and intakes of total meat [g/day], fruits [g/
day], and vegetables [g/day]) and anthropometric measurements and their indexes (WC,
BMI, and WHR) were all divided into quartiles. For the current analyses, data on education
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level, occupational status, family income, marital status, number of live births, and hours
spent watching TV were collected at the baseline survey. Information for other variables
were collected during follow-up surveys to minimize the interval of data collection between
sleep duration assessment.

Variation of sleep duration by sociodemographic factors, lifestyle factors, and health status
were adjusted for age at sleep duration assessment, i.e., time at the third follow-up, in a
continuous scale. Odds ratios (ORs) for each sleep duration compared with the reference
group (seven hours/day) and associated 95% confidence intervals (CIs) were calculated by
using polynomial logistic regression models adjusted for potential confounders. We chose
the sleep duration of seven hours/day as the reference group in the analysis because average
sleep duration was 7.0 hours/day in our study. Variables were included in the multivariate
analysis if they were related to sleep duration with adjustment for age (P<0.05) and if they
were associated with sleep duration in the literature. In the analysis of lifestyle factors, we
adjusted for the following covariates: education level, occupational status, history of night-
shift work, family income, menopausal status, marital status, and number of live births. In
analyses evaluating associations with health status and anthropometric measurements, the
model was further adjusted for physical activity, passive smoking (exposure to smoking at
home or at work), tea consumption, energy intake, hours spent watching TV per day, and
vitamin supplement intake. Categorical variables were treated as continuous variables to
obtain P-values for trend tests. P-values for all tests were two-tailed with a significance level
of P <0.05. All analyses were performed using SAS statistical software (version 9.2; SAS
Institute Inc. NC).

RESULTS
Table 1 presents selected characteristics of participants in the study. The average sleep
duration was 7.0 hours in our study population. Approximately 80% of study participants
reported daily sleep duration between six and eight hours, 11.5% reported short sleep
duration (≤ five hours/day), and 8.7% reported long sleep duration (≥nine hours/day ). The
mean age was 59.6 (SD=9.0). Among participants, 58% of them had low education levels
and half of them had a family income under 20,000 yuans/year. Most of them were married
and were in the post-menopausal stage. Figure 1 depicts the relations between age and sleep
duration (hours/day). As expected, age was inversely correlated with sleep duration.

Table 2 presents associations between sleep duration and selected demographic
characteristics. Age, occupation, history of night-shift work, and number of live births were
associated with increased ORs for short sleep duration. Age showed the strongest
correlation, with women aged 70 years or older having a 3-fold higher OR (OR=3.6, 95%
CI=3.0–4.2) for sleep duration≤four hours, compared with women aged less than 50 years.
Housewives had an about two-fold increased OR for short sleep duration compared with
women who had professional jobs. Age, marriage, and menopausal status were associated
with decreased ORs for long sleep duration, while occupation, history of night shift work,
and number of live births were associated with increased ORs for long sleep duration.
Education level and family income were inversely associated with both short and long sleep
duration. Interestingly, there was no association between age and sleep duration among
women aged 70 years or older.

Table 3 presents associations between sleep duration and lifestyle factors. Exercise was
negatively related with both short and long sleep duration. Tea consumption, energy, and
intake of fruit were inversely associated with short sleep duration. Passive smoking, and
spending more than five hours per day watching TV were positively associated with short
sleep duration. Different association patterns were observed for long duration of sleep. Time
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spent watching TV, tea consumption, intakes of meat, fruits, and vegetables, and total
energy intake were not related to long sleep duration, whereas vitamin supplement users
were less likely to report long sleep duration.

Table 4 presents relationships between sleep duration and health conditions and
anthropometric measurements. There were U-shaped associations between prevalence of
hypertension, coronary disease, stroke, diabetes, hyperlipidemia, fatty liver, cancer, and
bone fracture and sleep duration. Gout, asthma, and chronic bronchitis were only correlated
with short sleep duration. Participants who had higher measurements for BMI, WHR, or WC
were less likely to have short sleep duration and more likely to have long sleep duration. We
conducted additional analyses stratified by age and found no modification of the
associations presented in Tables 2 to 4 (data not shown).

DISCUSSION
In this cohort of women aged 44.6–79.9 years living in urban Shanghai, we found that
79.8% of women slept about six-eight hours per day, 11.5% slept five hours or less, and
8.7% slept nine hours or more. These statistics are similar to those reported in Krueger’s
study of 110,441 people in America, in which 8.5% of them slept 9 or more hours [23]. As
expected, we found that age was the most significant predictor and was inversely correlated
with sleep duration. Several sociodemographic factors, lifestyle factors, medical conditions,
and anthropometric measurements were found to be correlated with either short or long
sleep duration. To our knowledge, this is the first study to comprehensively evaluate sleep
duration and its correlates in a population-based study of middle-aged and older Chinese
women.

A finding of negative correlation between age and sleep duration in our study was consistent
with previous studies showing that changes in sleep quality and quantity accompany aging
[24]. In a meta-analysis of 65 studies involving 3,577 subjects aged 5–102 years, it was
found that both total sleep duration and sleep efficiency decreased with age because of
increase with age of time awake after sleep onset or sleep latency [25]. Lauderdale and
colleagues reported that age was inversely related with time in bed and sleep duration
among the 699 participants of the Coronary Artery Risk Development in Young Adults
(CARDIA) study [26]. However, in the National Health Interview Survey (NHISs) of
71,455 participants aged 18 years and above, Fang and colleagues found that sleep duration
was positively associated with age [27]. This association was also found by Magee et al.
among middle aged and elderly Australians [28]. But in the Whitehall II study in France an
association between age and sleep duration was found only in male participants [29].
Krueger and colleagues reported that ORs for long sleep duration were highest among both
the youngest and oldest individuals and were lowest among those aged 45 years [23]. These
inconsistent results may be due to different ethnic and cultural influences or lifestyles.
Further studies are required to investigate these influences on association between age and
sleep duration.

In our study, we found that sleep duration was associated with several lifestyle factors and
these findings are, in general, consistent with prior research findings [26,30]. We found that
short sleep duration was inversely associated with tea consumption. This finding is
comparable to findings of a French study in which habitual consumption of up to seven cups
of coffee per day was not associated with decreased duration of sleep, although caffeine in
both tea and coffee is known to have sleep-reducing effects [31]. A possible explanation for
our finding and the finding from the French study is the development of a tolerance to the
sleep-reducing effects of caffeine, since the women in these studies were habitual consumers
of tea or coffee [32]. This result expressed that tea consumption is one of the correlates of
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sleep duration in Chinese women. Further study on the association between sleep duration
and tea consumption is necessary to get causal inference. In the US Nurses’ Health Study,
night-shift workers were found to sleep less [33]. Ohayon and colleagues reported that
regular night-shift workers and those who worked night shifts regularly but on a rotating
schedule reported short sleep duration (<six hours), with significant ORs of 1.7 and 1.9,
respectively [34]. Data from our study support the finding mentioned above. Night-shift
work may disrupt the body’s circadian rhythm and has a wide range of health impacts on
night-shift workers [35], since a long history of night-shift work may induce sleep disorders.
Previous studies have shown that exercises such as Tai Chi increased sleep duration [36] and
that women who were physically active slept longer than sedentary women [37], which is
similar to our finding that exercise (including Tai Chi) appeared to improve sleep duration
among participants with short sleep duration. In our study, 30% of participants regularly
used nutritional supplements, including multi-vitamins. Vitamin users were more likely to
sleep less than non-users of vitamins. Lichstein also found that use of a multi-vitamin or
multiple single vitamins was associated with poorer sleep maintenance in a survey of 772
participants in the US [38]. A plausible explanation for this association is reverse causation
– that is, women with insomnia or poor health took vitamin supplements to improve their
sleep quality.

Total energy intake and total fruit intake were associated with long sleep duration and were
inversely associated with short sleep duration, while intakes of total meat and vegetables
were not associated with sleep duration in our study. Our results are similar to Shi and
colleagues’ study conducted in China, which indicated that total energy intake is positively
correlated with self-reported sleep duration [11]. However, a negative correlation between
actigraphic sleep duration and energy intake was found among post-menopausal women in
the US [10] and no relation was found among Greek women [12]. Many studies have
investigated the association between sleep duration and obesity but the results were
inconsistent. In our study, high body mass index (BMI), waist-hip ratio (WHR), and waist
circumference (WC) were associated with long sleep duration after adjustment for energy
intake and other confounders. In a cohort study evaluating cancer risk in Japan, short sleep
duration was associated with lower BMI [39]. Other studies have reported no association [5,
40–41], a U-shaped association [17,42], or an inverse association [43–44] between sleep
duration and BMI or other anthropometric measurements. Interestingly, in America, several
studies reported that short sleep duration is a risk factor for obesity in children, adolescents,
and adults in both cross-sectional studies and cohort studies [45–47]. A recent study in
America, which included 56,507 observations in patients aged 18–85 years in the US
National Health Interview Survey during 2005–2006, reported that short sleep is strongly
associated with obesity after adjusting for individual characteristics, health behaviors, family
environment, and census region [48]. Sleep is a complicated physical process. The low rate
of obesity and lack of morbid obesity in our study population may result in different
association patterns between sleep duration and BMI compared to studies in Anerica. In
addition, the relation between sleep duration and BMI could be reciprocal. Thus, further
physiologic studies are warranted to better understand the effect of sleep duration on weight
regulation, especially among different countries.

Impaired ability to initiate, maintain, and ultimately achieve good quality, optimal sleep may
be a marker of increased mortality and neurocognitive dysfunction in the elderly [49]. Our
study revealed that many chronic diseases, such as hypertension, diabetes, and coronary
heart disease, were positively associated with short and long sleep duration. Tuomilehto and
colleagues reported that both short and long sleep duration were associated with diabetes
and serum levels of lipids and lipoproteins [21]. Increasing sleep duration was associated
with lower breast cancer risk among Chinese women in Singapore [18], but with a higher
risk among American women [19]. Short and long sleep duration have been associated with
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not only incidence, but also mortality from cardiovascular disease in various countries
[20,50]. Sleep duration has been related to overall mortality in numerous prospective studies
[3–4,35].

Advantages of our study include its large size, population-based design, and comprehensive
assessment of a wide range of lifestyle factors and health conditions. However, there are
also some limitations to consider. 1) Sleep duration is a complex physical process that is
strongly influenced by many factors, such as psychology, sleeping habits, sleep disorders,
sleep medication, and type and severity of disease and associated treatments. These
unmeasured factors could confound the associations under study. 2) Current study is more
likely to be a cross-sectional design that does not allow us to draw any causal inference.
Therefore, future prospective studies should be applied to confirm the association between
exposures and sleep duration. 3) In our study population, most women practice exercise,
including Tai Chi, outdoors in the early morning. It is likely that these women would have
more exposure to daylight. But we did not collect the information on when women went to
bed and got up in the morning and, therefore, can’t access the influence of daylight exposure
on sleep duration. 4) Sleep duration was derived from a self-reported questionnaire item
without investigating questionnaire reliability or objective sleep patterns, which may also
have introduced bias. Lauderdale and colleagues reported a moderate correlation between
self-reported sleep duration and actigraph-measures of sleep duration of 0.47 [51].
Categorizing sleep duration in the data analysis would reduce bias in association estimates.

In conclusion, we evaluated sleep duration and its correlates in middle-aged and elderly
Chinese women participating in a population-based cohort study and found that age is the
strongest predictor of sleep duration in this population. Less than optimal
sociodemographics, an unhealthy lifestyle and poor health conditions were related to short
and long sleep duration. Obesity was associated with long sleep duration. These findings
provide important information for future investigation of the causes of sleep duration and
sleep quality, as well as sleep-health risk associations.
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Figure 1.
Means and 95% confidence intervals of sleep duration (hours/day) in each 5-year age group
in the Shanghai Women’s Health Study
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