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Abstract
Though various factors related to fluctuations in sleep duration have been identified, infor-

mation remains limited regarding the correlates of short and long sleep duration among the

Korean population. Thus, we investigated characteristics that could be associated with

short and/or long sleep duration among middle-aged and elderly Koreans. A total of 84,094

subjects (27,717 men and 56,377 women) who participated in the Health Examinees Study

were analyzed by using multinomial logistic regression models. To evaluate whether socio-

demographic factors, lifestyle factors, psychological conditions, anthropometry results, and

health conditions were associated with short and/or long sleep duration, odds ratios (ORs)

and 95% confidence intervals (CIs) were estimated with sleep duration of 6–7 hours as the

reference group, accounting for putative covariates. Regardless of sexual differences, we

found that adverse behaviors and lifestyle factors including low educational attainment, un-

employment, being unmarried, current smoking status, lack of exercise, having irregular

meals, poor psychosocial well-being, frequent stress events, and poor self-rated health

were significantly associated with abnormal sleep duration. Similarly, diabetes mellitus and

depression showed positive associations with abnormal sleep duration in both men and

women. Our findings suggest that low sociodemographic characteristics, adverse lifestyle

factors, poor psychological conditions, and certain disease morbidities could be associated

with abnormal sleep duration in middle-aged and elderly Koreans.

Introduction
Sleep is indispensable to human survival. Evidence suggests that sleep imbalance, such as depri-
vation and/or fluctuations in usual sleep episodes, is significantly associated with diminished
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quality of life [1] while influencing adverse physical and psychological health outcomes [2–4].
Studies have reported that short (generally less than 6 hours per day) or long (generally more
than 8–9 hours per day) sleep duration is related to an increased risk of chronic diseases such as
obesity [5,6], hypertension [7], diabetes [8,9], and metabolic syndrome [10–12]. Furthermore,
sleep imbalance is supposed to result in higher mortality rates across the lifespan [13–16].

Inadequate sleep duration is assumed to be detrimental to a person’s health and well-being.
To prevent the potential harm linked to inadequate sleep duration, factors highly correlated
with abnormal sleep duration should be investigated. Recently in epidemiology significant at-
tention has been paid to how adverse patterns are induced during usual sleep episodes; thus, re-
search examining the social and individual correlates of sleep duration continues to
accumulate. Previous studies have indicated that individual characteristics, such as eating pat-
terns [17], physical activity [18], socioeconomic status [19,20] and smoking habits [21], might
be meaningful correlates of short or long sleep duration. Nevertheless, given that sleep patterns
appear to be the result of complex interactions between sociocultural and individual factors
[3], there is still need for studies exploring the effects of diverse contexts on sleep duration.

Evidence of the potential correlates of sleep duration has been reported, but little informa-
tion exists for the Korean population. How adverse patterns are induced during usual sleep epi-
sodes in Koreans may provide valuable clues to understanding various cross-cultural aspects of
sleep episodes, because sociocultural patterns that have occurred in both developed and devel-
oping countries have coexisted in Korea due to the rapid economic growth. In the present
study, we conducted a cross-sectional analysis based on data from a large-scale cohort study in
Korea in order to identify the sex-specific putative correlates of short or long sleep duration.

Materials and Methods

Ethical statements
This study is based on a large-scale genomic cohort study—the Health Examinees (HEXA)
Study—which was approved by the Ethics Committee of the Korean Health and Genomic
Study of the Korean National Institute of Health and the institutional review boards of all par-
ticipating hospitals. Following a standardized study protocol, all study participants were pro-
spectively recruited and voluntarily signed an informed consent form before entering the study.

The HEXA Study
The HEXA study was launched to investigate the risk factors regarding epidemiological charac-
teristics, genomic features, and gene-environment interactions for major chronic diseases in
the Korean population. Between 2004 and 2008, a total of 85,323 participants aged 40–69 were
recruited from health examination centers and training hospitals across the country. Brief in-
formation on the study protocol is summarized as follows: (1) all participants voluntarily
signed an informed consent form before entering the study; (2) a survey using detailed, inter-
view-based questionnaires was conducted to collect information on individual characteristics,
including demographics, disease history, current medication use, lifetime consumption of to-
bacco and alcohol, dietary habits, physical activity, and reproductive history; (3) physical ex-
aminations covering anthropometric indices (height, weight, waist circumference (WC), body
mass index (BMI), and body compositions) and measurement of blood pressure were per-
formed by skilled medical staff; (4) biological samples (plasma, serum, buffy coat, blood cell,
DNA, and urine) were collected and stored under stable conditions; and (5) laboratory analy-
ses, such as liver function tests, lipid profiles, blood panels, and others were also conducted.
Based on the unique health insurance system in Korea, the HEXA study enables repeated
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measurements on a nationwide scale; thus, this study can assess chronological changes in
health status within the Korean population.

Analytic study population
Among a total of 85,323 subjects aged 40–69 who had participated in the HEXA study, subjects
who did not provide information on sleep duration (N = 1,229) were excluded from the present
study. Thus, a total of 84,094 subjects including 27,717 men and 56,377 women were included
in the final analysis.

Assessment of sleep duration
As a measure of sleep quantity, sleep duration was elicited by posing the close-ended question,
“On average, how many hours of sleep did you get per day during the past year (including nap
times)?” Four response categories were given:<6 hours, 6–7 hours, 8–9 hours, and�10 hours.
Using ‘6–7 hours’ (a normal sleep duration) as the reference point, other groups were assumed
to represent the following: ‘less than 6 hours’ were short sleepers, ‘8–9 hours’ were moderately
long sleepers, and ‘10 hours or more’ were long sleepers.

Classification of variables
Characteristics that might be related to sleep duration were selected within five domains: socio-
demographic factors (i.e., age, educational attainment, occupational classification, marital sta-
tus, and menopausal status for women only), lifestyle factors (i.e., smoking status, alcohol
consumption, eating habits, multi-vitamin intake, and physical activity), psychological condi-
tions (i.e., psychosocial well-being status, stress events, and self-reported health status), and an-
thropometry results (i.e., BMI and WC).

Sociodemographic factors. Age was categorized into three groups: forties (40–49 years
old), fifties (50–59 years old), and sixties (60–69 years old). Educational attainment was classi-
fied into three categories: middle school or below (i.e., no schooling, dropped out of elementary
school, graduated elementary school or dropped out of middle school, and graduated middle
school or dropped out of high school), high school graduate (i.e., graduated high school or
technical/professional institution and dropped out of university), and college or above (i.e.,
graduated university or graduate school and above). Occupational status was classified accord-
ing to major professions based on the Korean Standard Classification of Occupations (KSCO)
derived from the International Standard Classification of Occupations (ISCO). Hierarchical oc-
cupational categories were classified into three groups: non-manual (i.e., legislators, senior offi-
cials and managers, professionals and related workers, clerks), manual (i.e., service and sale
workers, skilled agricultural, forestry and fishery workers, craft and related trades workers,
plant-machine operators/assemblers, and elementary occupations), and unemployed which in-
cluded housewives. Marital status was defined as married or single, the latter including subjects
who never married or were separated, divorced, and bereaved. Menopausal status was defined
as postmenopausal women who have gone a year with no flow or premenopausal women who
still experienced menstrual cycles.

Lifestyle factors. Smoking status was ascertained by posing the following question: “Have
you smoked more than 20 packs of cigarettes (400 cigarettes) in your lifetime?” People who
smoked a minimum of 400 cigarettes during their lifetime and continued to smoke were classi-
fied as current smokers; non-smokers who had never smoked in their lifetime and quitters
were both classified as non-current smokers. Drinking status was also divided into two catego-
ries: current drinkers and non-current drinkers. Usual eating habits were determined by how
many meals a subject had per day and were classified into two groups, having three meals a day
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vs. having irregular meals. Multi-vitamin users were defined as those who had been taking a
multi-vitamin supplement more than once per week for the purpose of nutritional and/or
health improvement; all others were regarded as non-users. Physical activity was assessed by
posing the following question: “Do you do any sports regularly until you sweat?” Subjects who
responded “yes” to the question were assigned to the regular exercise group; the respondents
who answered “no” were assigned to the non-regular exercise group.

Psychological conditions. The Psychosocial Well-Being Index (PWI), which was modi-
fied from the General Health Questionnaire score for Koreans, was used to evaluate respon-
dents’mental health and it has been validated in a large community sample in Korea
(Cronbach’s α = .92) [22]. The PWI questionnaire is an 18-item scale designed to evaluate
socio-psychological distress symptoms experienced using a four-point response scale (score of
0 = none of the time; score of 3 = all the time). Scores range from 0 to 54, with higher scores in-
dicating higher distress symptoms. Generally, stress levels are categorized into three groups:
positive well-being group (PWI� 8), moderate distress group (PWI 9–26), and severe distress
group (PWI� 27). Stress events were addressed with the following question: “Have you ever
felt stressed that was physically or mentally unbearable during the past month?” Response cate-
gories included, not at all, often, and a lot of the time. Self-reported health status was addressed
with the following question: “Which statement corresponds to your current health status?”
The five response choices were summarized into three categories: healthy (very healthy and
healthy), normal, and unhealthy (unhealthy and very unhealthy).

Anthropometry. Anthropometric data on height and weight was used to calculate BMI as
the Quetelet’s index (kg/m2). BMI was split into sex-specific quartiles as follows: Q1� 22.6,
22.6< Q2� 24.4, 24.4< Q3� 26.1, and 26.1< Q4 in men; and Q1� 21.8,
21.8< Q2� 23.5, 23.5< Q3� 25.5, 25.5< Q4 in women. In the same vein, WC (cm) was
also classified into quartile groups according to sex distribution: Q1� 81.3, 81.3< Q2� 86.0,
86.0< Q3� 91.0, and 91.0< Q4 in men; and Q1� 73.5, 73.5< Q2� 79.0,
79.0< Q3� 84.3, 84.3< Q4 in women.

Health conditions. The HEXA questionnaire covered personal medical history and cur-
rent medication use for diverse diseases. In the present study, a total of 21 diseases (i.e., pulmo-
nary tuberculosis, acute liver disease, chronic liver disease, cancer, diabetes mellitus, thyroid
disease, hyperlipidemia, depression, cataracts, hypertension, myocardial infarction, stroke,
asthma/chronic bronchitis, cholelithiasis, fatty liver disease, gastritis, intestinal polyps, peptic
ulcers, arthritis, osteoporosis, and bladder infection) were evaluated. Each disease status was
defined by responses to two separate questions: “Have you ever been diagnosed one of the fol-
lowing diseases by a doctor in a hospital?” and “Are you currently undergoing any treatment
for the disease?” Current health conditions were summarized into currently getting treatment
vs. no treatment (i.e., never diagnosed, completely cured, and receiving no more medication).

Statistical analysis
To ensure sex-specific differences across the whole analytic study population, baseline charac-
teristics regarding sociodemographic factors, lifestyle, psychological conditions, anthropome-
try results, and health conditions were first compared according to sex strata. After confirming
the statistical significance of sex differences, all analyses were stratified by sex to determine sex-
specific effects on the association between putative correlates and sleep duration (S1 and S2 Ta-
bles). Selected characteristics for the five domains across sleep duration (<6 hours, 6–7 hours,
8–9 hours, and�10 hours) were compared by using chi-square test for categorical variables
and analysis of variance (ANOVA) for continuous variables. All results yielding a p-value less
than 0.05 were considered statistically significant.
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Multinomial logistic regression analyses were used to identify the correlates that were signif-
icantly associated with short and/or long sleep duration. Along with 6–7 hours of sleep as the
comparison group, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. In all
multinomial analyses, the associations with sleep duration were adjusted for all other putative
correlates in four domains including sociodemographic factors, lifestyle factors, psychological
conditions, and anthropometry results. Correlates included in the fully adjusted models were
as follows: age (‘40–49’, ‘50–59’, and ‘60–69’ years), educational attainment (‘college degree or
higher’, ‘high school graduate’, and ‘middle school or below’), occupational classification
(‘non-manual’, ‘manual’, and ‘unemployed or housewives’), marital status (‘married’ and ‘sin-
gle’), menopausal status (‘premenopausal’ and ‘postmenopausal’), smoking status (‘non-cur-
rent smokers’ and ‘current smokers’), alcohol consumption (‘non-current drinkers’ and
‘current drinkers’), eating habits (‘having three meals a day’ and ‘having irregular meals’),
multi vitamin intake (‘multi-vitamin users’ and ‘non-users’), physical activity (‘regular exercis-
ers’ and ‘non-exercisers’), PWI status (‘positive wellbeing’, ‘moderate distress’, and ‘severe dis-
tress’), stress events (‘not at all’, ‘often’, and ‘frequent’), self-reported health status (‘healthy’,
‘normal’, and ‘unhealthy’), BMI (quartile groups by sex strata), and WC (quartile groups by sex
strata). To determine whether the variables were inter-correlated in the models, variance infla-
tion factors (VIFs) for multicollinearity were also computed. After confirming that no multi-
collinearity was detected (VIFs< 2.0; data not shown), multinomial logistic regression
analyses were carried out and nominal p-values were estimated. Additionally, considering the
multiple hypothesis testing in the present study, the False Discovery Rate (FDR) controlling
method was used to adjust spurious association with false positive results. Based on the Benja-
mini—Hochberg’s method, p-values were corrected for multiple comparisons.

Finally, sensitivity analyses were conducted to ensure robustness of the results. Using the
three-phase approach to rule out the residual effects of medication use on usual sleep duration,
we conducted sensitivity analyses as follows: 1) subjects who were currently taking medication
for the diseases that had exhibited a significant association with sleep duration in a univariate
analysis, regardless of sex, were excluded from the primary analysis; 2) considering sex-specific
associations between medication use and sleep duration, diseases were differently selected by
sex strata in univariate analyses and subjects on the medications were excluded accordingly;
and 3) subjects who were currently taking any medications for 21 selected diseases above men-
tioned were wholly excluded from the primary analysis.

All statistical analyses were performed using SAS software version 9.3 (SAS Institute, Cary,
North Carolina).

Results
Baseline characteristics regarding sleep duration, sociodemographic factors, lifestyle, psycho-
logical conditions, anthropometry results, and disease-related treatment status are summa-
rized in S1 and S2 Tables. Approximately 65% of men and 60% of women reported a normal
sleep duration (6–7 hours); but short or long sleep durations appeared to be fairly common;
among men, the proportion of short (<6 hours) and long sleepers (�10 hours) were 10.4%
and 1.9%, respectively; among women, there was a relatively greater proportion of short and
long sleepers (12.9% and 2.0%, respectively); the mean age of men was 53.9 years and for
women 52.4 years; higher proportions of subjects with a college degree or higher, non-manual
occupation, current smokers, current drinkers, and regular exercisers were observed among
men (p<0.001); while women appeared to have poorer psychological conditions compared
to men (p<0.001, S1 Table). Prevalence of currently receiving treatment of chronic liver dis-
eases, diabetes mellitus, hypertension, and fatty liver diseases was significantly higher among
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men; while those of thyroid diseases, depression, and arthritis were significantly higher
among women (p<0.001, S2 Table).

Distributions of the selected correlates across categories of sleep duration are presented in Ta-
bles 1 and 2. Age was inversely correlated with sleep duration for both sexes. Higher proportions
of subjects with the lowest education attainment, severe distress, frequent stress events, and self-
reported unhealthy status were observed in short and long sleep duration regardless of sex. Cur-
rent smokers were more frequent in both men and women who slept more than 10 hours per
day (Table 1). Subjects who were currently taking medications for diabetes mellitus, depression,
hypertension, stroke, peptic ulcer, and arthritis exhibited a significant association with sleep du-
ration regardless of sex. Treatments for cancer and thyroid disease were significantly associated
with sleep duration among men; for women, significant associations with sleep duration were
observed in medication use on hyperlipidemia, cataract, myocardial infarction, asthma/chronic
bronchitis, fatty liver disease, gastritis, osteoporosis, and bladder infection (Table 2).

After considering the putative effects of habitual characteristics, several correlates were se-
lected as having a significant, direct association with both short and long sleep duration among
men (represented by ORs): being older (OR = 1.74, 95% CI = 1.55–1.95 and OR = 2.07, 95%
CI = 1.58–2.72, respectively), having the lowest education attainment (OR = 1.38, 95%
CI = 1.22–1.56 and OR = 2.74, 95% CI = 2.04–3.68, respectively), having a manual job
(OR = 1.15, 95% CI = 1.03–1.28 and OR = 1.76, 95% CI = 1.30–2.37, respectively), having irreg-
ular meals (OR = 1.41, 95% CI = 1.26–1.58 and OR = 1.57, 95% CI = 1.24–2.00, respectively),
being a non-exerciser (OR = 1.09, 95% CI = 1.00–1.18 and OR = 1.48, 95% CI = 1.23–1.78, re-
spectively), and having poor self-reported health (OR = 1.28, 95% CI = 1.12–1.45 and
OR = 1.61, 95% CI = 1.24–2.09, respectively). Among women, both short and long sleep dura-
tion were associated with having the lowest education attainment (OR = 1.34, 95% CI = 1.21–
1.48 and OR = 1.99, 95% CI = 1.57–2.50, respectively), having irregular meals (OR = 1.50, 95%
CI = 1.41–1.59 and OR = 1.59, 95% CI = 1.39–1.82, respectively), severe distress based on PWI
status (OR = 1.18, 95% CI = 1.05–1.32 and OR = 1.40, 95% CI = 1.08–1.83, respectively), and
poor self-rated health (OR = 1.38, 95% CI = 1.28–1.50 and OR = 1.46, 95% CI = 1.22–1.74, re-
spectively). Interestingly, compared to middle-aged women, elderly women showed a 1.81-fold
increase in the odds for short sleep (95% CI = 1.64–2.00) but approximately 40% decrease in
the odds for long sleep duration (OR = 0.61, 95% CI = 0.50–0.77; Table 3).

Single correlates for short or long sleep duration among men were as follows: being single
(OR = 1.26, 95% CI = 1.07–1.48), having severe distress based on PWI status (OR = 1.24, 95%
CI = 1.04–1.48), having frequent stress events (OR = 1.84, 95% CI = 1.58–2.13) and being in
the highest BMI quartile group (OR = 1.32, 95% CI = 1.15–1.51) raised the odds of having
short sleep duration. In contrast, being unemployed (OR = 2.77, 95% CI = 2.01–3.83), being a
current smoker (OR = 1.22, 95% CI = 1.01–1.48), consuming multi-vitamins (OR = 1.53, 95%
CI = 1.14–2.04), and being in the highest viscerally obese group (OR = 1.66, 95% CI = 1.23–
2.23) raised the odds of having long sleep duration. Most of the selected correlates for short or
long sleep duration among men were reproduced in women: being single (OR = 1.19, 95%
CI = 1.11–1.27), frequent stress events (OR = 1.59, 95% CI = 1.46–1.73), and being in the high-
est BMI quartile group (OR = 1.09, 95% CI = 1.00–1.19) raised the odds of having short sleep
duration, whereas being unemployed or housewives (OR = 2.88, 95% CI = 2.14–3.88), being a
current smoker (OR = 1.40, 95% CI = 1.00–1.94), and not exercising (OR = 1.26, 95%
CI = 1.11–1.42) raised the odds of having long sleep duration. Postmenopausal status was in-
versely correlated with sleep duration (OR = 1.14, 95% CI = 1.06–1.24 for short sleep and
OR = 0.79, 95% CI = 0.67–0.94 for long sleep; Table 3).

Those currently receiving treatment for diabetes had significantly increased odds of having
long sleep duration, regardless of sex (OR = 1.37, 95% CI = 1.04–1.81 for men and OR = 1.43,
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95% CI = 1.11–1.85 for women). Men who were undergoing treatment for thyroid disease were
less likely to be short sleepers (OR = 0.39, 95% CI = 0.17–0.90), but men taking medication for
depression were more likely to be short sleepers (OR = 1.69, 95% CI = 1.01–2.85). Treatment
for depression appeared to be associated with increased odds of having both short and long
sleep duration among women (OR = 1.54, 95% CI = 1.21–1.97 for short sleep and OR = 2.85,
95% CI = 1.92–4.25 for long sleep). Among men, medical treatments for stroke and arthritis
was associated with higher odds of having long sleep duration (OR = 1.77, 95% CI = 1.01–3.10
and OR = 1.90, 95% CI = 1.15–3.15; Table 4).

After adjusting for multiple comparisons, significant associations between putative corre-
lates and sleep duration were still observed, especially for sociodemographic factors and psy-
chological conditions in both sexes. However, all adjusted p-values for health conditions failed
to reach the level of statistical significance among men. Among women, current treatments for
diabetes mellitus and depression appeared to be correlated with variations in the usual sleep
duration when multiple comparisons were controlled (p corrected = 0.009 and< 0.001, respec-
tively; Tables 3 and 4).

Three-phase sensitivity analyses indicate that all results are robust to residual effects of med-
ication use and/or comorbidity status on usual sleep duration. Generally comparable trends
were achieved regardless of underlying assumptions, though minor variations in each effect
size were observed (S3 and S4 Tables).

Discussion
The present study attempted to identify characteristics within five domains (i.e., sociodemo-
graphic factors, lifestyle factors, psychological conditions, anthropometry, and health condi-
tions) that might be simultaneously and/or independently associated with short or long sleep
duration among middle-aged and elderly Koreans. Regardless of sexual differences, adverse be-
haviors and lifestyle factors including being unmarried, having low socioeconomic status, cur-
rently smoking, not exercising, having irregular meals, and having poor psychosocial well-
being, experiencing frequent stress events, or having poor self-rated health all raised the odds
of having an abnormal sleep duration. Furthermore, diabetes mellitus and depression were
positively associated with abnormal sleep duration in both men and women. The present find-
ings have indicated that a substantial proportion of the middle-aged and elderly Korean popu-
lations may be affected by deleterious effects of inadequate sleep duration. We found that
12.1% of the study population slept less than 6 hours (10.4% for men and 12.9% for women)
and 2.0% slept 10 hours and more (1.9% for men and 2.0% for women). Overall prevalence of
short and long sleepers followed a similar trend when compared to the statistics derived from
the Fourth Korea National Health and Nutrition Examination Survey (KNHANES IV, 2007–
2009); but absolute proportions for short and long sleep duration were higher than those of
ours (data not shown). This can be explained by the healthy volunteer effect in the HEXA
study: our participants recruited for the health examination centers may be more likely to be
concerned with health status and to engage in health-seeking behaviors compared to the gener-
al population. In order to encourage good physical health and psychosocial well-being, people
who sleep too little or too much should be treated as at-risk populations and a target for tailor-
made interventions involving risk modification on sleep.

Sociodemographic factors
In general, aging is assumed to influence certain variations in sleep duration, quality, and archi-
tecture due to physiological age-dependent changes in circadian rhythms, homeostatic regula-
tion, respiratory functioning, and endocrine functioning [23]. Age appears to be a predictor of
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short and long sleep duration, but the influence of age may differ by sex. Studies have consis-
tently reported that total sleep duration decreases with age [24,25], particularly among women
[18]. However, the controversy as to whether aging is significantly linked to long sleep duration
has not been resolved; some studies continue to show that long sleepers are more prevalent in
elderly men [26,27]. Further studies focusing on the biological mechanisms of sleep structure
by age are warranted.

Socioeconomic status is assumed to play a crucial role in sleep duration; having a low socio-
economic status has been shown to correlate with both short and long sleep duration even after
adjusting for other physical/psychological health-related characteristics [19,20,28], which is in
line with the present findings. Socioeconomic status might help stimulate the motivation for
healthy behaviors; additionally, higher socioeconomic status is assumed to provide individuals
with health-promoting resources to avoid risky behaviors [29]. In the same vein, higher socio-
economic status would mediate the association between adverse sleep duration and healthy be-
haviors. This in turn helps avoid inadequate sleep duration. Although we could not clarify the
underlying mechanisms linking socioeconomic status to sleep structure, our findings suggest
that socioeconomic disparities are detrimental to sleep duration. Interestingly, being unem-
ployed appeared to be associated with a nearly threefold increase in the odds of having longer
sleep duration in both sexes. This can be reasonably explained by unemployed individuals being
undeterred by a fixed work schedule; thus, these subjects can have the opportunity to sleep
more than employed individuals. Consistent with our findings, study in Finland demonstrated
that occupation was associated with both short and long sleep duration [30]; being unemployed
predicted a 2.42-fold increase in longer sleep duration [31]. Furthermore, being a housewife was
associated with both short and long sleep duration among a sample of Chinese women [18].

In terms of marital status, being unmarried was a significant correlate of short sleep dura-
tion for both men and women; this is consistent with other studies [3,32]. Marital status was re-
ported to be an independent risk factor for low sleep quality, while those living with a spouse
or family member tend to have better sleep quality [33,34]. Marriage is generally regarded as a
key social relationship in adulthood, which can be a protective factor against risks of morbidity
and/or mortality [35]. Notably, support from other relationships cannot fully compensate for
the effect of being single [35]; we suppose that sleep deprivation and disturbance might be
greater in single people because they might have overall poorer psychological conditions and/
or engage in more unhealthy behaviors.

Postmenopausal women appear to frequently experience a significant decrease in sleep
quantity. Generally, women in menopausal transition and in the postmenopausal period are re-
ported to have sleep problems such as shorter duration, low sleep efficiency, overall low quality,
and insomnia complaints [36–38]. This phenomenon may be explained by hormonal changes,
climacteric symptoms, or ageing effect accompanying changes in circadian rhythms and physi-
ological functions. Studies focused on sleep physiology at different stages of a woman's life
cycle will further clarify the complex mechanism.

Lifestyle factors
In the present study, current smoking was related to long sleep duration for both men and
women. The association between smoking and long sleep has been controversial [18,21,39]—in
contrast to our findings, current smoking has been reported as a correlate of short sleep dura-
tion. Nevertheless, smokers appear more likely to suffer from disturbed sleep, regardless of sex.
Studies have consistently indicated that smoking can independently lead to disturbed sleep ar-
chitecture for both men and women [39,40]. An integrated approach to understand the under-
lying dynamics between smoking and sleep duration is necessary. Although alcohol
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consumption was not associated with abnormal sleep duration in the present study, previous
studies have demonstrated associations between alcohol consumption and short [41] and long
sleep duration [31]. To better clarify the association between alcohol consumption and sleep
duration, the quantity of alcohol consumption should be considered in further studies.

Having irregular meals was a meaningful correlate of both short and long sleep duration in
the present study. Generally, short sleepers are assumed to engage in more irregular meals and
frequent snacking [42]. Long sleep duration has been also reported to correlate with unconven-
tional eating rhythms [17]. Given that sleep irregularity, uncontrolled diet, and psychological
stress are interrelated, this cycle may be alleviated by behavioral sleep modification or simple
diet modifications. The association between multi-vitamin intake and sleep duration differed
by sex; men showed significant associations with long sleep duration while women participants
showed associations with short sleep duration. A plausible explanation of these findings is re-
verse causation: unhealthy individuals with sleep problems might take health supplements (like
multi-vitamins) [18]; thus, multi-vitamin intake may be associated with general abnormal
sleep duration. Further studies that include detailed information are needed to clarify their as-
sociation with sleep patterns.

Regular exercise was revealed to be associated with a lower likelihood of abnormal sleep du-
ration. It is generally thought that physical exercise can be a therapy comparable to pharmaco-
logical treatments for treating sleep disorders and depression [43,44]. Furthermore, a recent
study demonstrated a dose-response relationship between exercise and sleep episodes, whereby
higher levels of exercise influence favorable sleep patterns, including higher sleep quality, short-
ened sleep latency, fewer awakenings, and better psychological functioning [45]. These associa-
tions can be explained via several biological mechanisms [43–46]: exercise is assumed to (1)
affect endogenous concentration of melatonin, which is related to circadian rhythms; (2) pro-
mote sleep-wake homeostatic regulation; (3) play a crucial role in thermoregulation linked to
sleep; and (4) increase the secretion of endogenous opioid peptides (β- endorphin) in the brain.
Common benefits of physical exercise appear to activate physiological and/or psychological al-
terations, which can produce positive alterations connected with improved sleep duration.

Psychological conditions
Poor psychological conditions, such as severe distress as measured by the PWI, frequent stress
events, and poor self-rated health, had consistent associations with abnormal sleep duration.
These results confirm past results showing that (1) psychosocial stressors could be a key com-
ponent to changes in sleep architecture (i.e., increased sleep latency, decreased sleep efficiency,
decreased rapid eye movement (REM) and slow-wave sleep, and increased frequency of awak-
ening) that are closely correlated with impaired and disturbed sleep [47–49]; and (2) short and
long sleep are positively associated with poor self-rated health, even after adjusting for other
confounding factors such as age, gender, socioeconomic status, lifestyle habits, and mental con-
ditions [27,50]. Sleep disturbances also show a significantly inverse association with fair self-
rated health [51]. These psychological factors systematically interfere with each other, leading
to impaired sleep duration in both a dependent and/or independent manner. Furthermore,
given that mental health directly affects physiological health, psychological factors may act as a
modifier for typical sleep episodes. Hypothetically, the causal link between psychological dis-
tress and sleep problems is assumed to be mediated by emotional stability; diverse supportive
relationships can provide emotional comfort and attenuate stress responses in sleep [52,53].
Such factors are also able to buffer against the harms of psychological distress and risky health
behaviors [54]. Additionally, health-promoting effects can be induced even with fair sleep con-
ditions. In order to draw a definitive conclusion regarding causal associations, future studies
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assessing more detailed psychological health information and other confounding factors, in-
cluding disease comorbidity, quality of life, and social networks, should be conducted with ob-
jective measures of sleep structure.

Health conditions
Although we cannot clarify the causal relationships due to the limits of a cross-sectional study
design, our findings revealed that sleep duration could be negatively influenced by the presence
of disease and/or drug treatment. In the present study, diabetes mellitus was significantly asso-
ciated with long sleep duration in both men and women; furthermore, depression was linked
to adverse sleep duration regardless of sex. Previous studies have reported that (1) several
health conditions, such as hypertension, coronary heart disease, stroke, diabetes, gout, hyper-
lipidemia, fatty liver, and a history of cancer were significantly associated with short and/or
long sleep duration among Chinese women population [18]; (2) short sleep duration was more
frequently observed among elderly Taiwanese who had high depression scores while heart dis-
ease was related to long sleep duration [29]; and (3) some chronic diseases, including obesity,
diabetes, hypertension, and cardiovascular disease, were associated with short and long sleep
duration among U.S. adults [55]. The link between sleep and adverse health outcomes can be
explained by biological alterations related to inadequate sleep duration: (1) sleep impairments
significantly affect the normal functioning of daily metabolic and hormonal processes by
changes in circulating levels of various hormones [56]; (2) altered hormones levels are linked
to abnormal appetite regulation, impaired glucose metabolism, and disturbances in immune
function [56–59]; and (3) cortisol secretion is remarkably increased, which promotes the devel-
opment of the metabolic and cognitive consequences of glucocorticoid excess [60,61]. Further
longitudinal follow-up and biological studies will help evaluate the long-term effects of adverse
sleep duration on health.

Several study limitations should be noted. First, because the present study was based on a
cross-sectional analysis from a prospective cohort study, we could not determine the causal re-
lationships and chronological variations between sleep duration and its correlates. Second, al-
though a regular intake of pharmaceutical drugs such as sleeping pills and antidepressants is
known to affect sleep quantity as well as quality, we could not consider pharmaceutical status
in our analyses due to lacking the information. Furthermore, the caffeine effects in sleep dis-
ruption [62] could not be explored in the present study due to lack of details on caffeine use in-
cluding dietary sources of caffeine and the average amount of caffeine consumed in everyday
life. Given this limitation, our findings should be interpreted with caution. Third, we collected
sleep duration data based on a single question separated into specific categories:<6 hours, 6–7
hours, 8–9 hours, and�10 hours. This limited information made it difficult to provide more
specific analyses for evaluating the relationships between sleep duration and its correlates,
thereby resulting in less accurate results. For example, we did not calculate mean sleep duration
nor did we distinguish sleep duration on weekdays from that on weekends. In spite of these
limitations however, the cross-sectional analysis of a large-scale, population-based cohort pro-
vides adequate power. Hence, we were able to conduct an analysis on sleep duration by assess-
ing a wide range of sociodemographic factors, lifestyles, psychological factors, and various
health conditions. Our approach allowed us to reveal significant correlates of sleep duration
among the middle-aged and elderly Korean population, which may help extend our under-
standing of other Asian populations regarding sleep duration. Moreover, considering how indi-
vidual characteristics appear to be inter-correlated with sociocultural aspects in a complex
manner, the study findings could provide clues to estimate the sociocultural factors involved
with inadequate sleep duration in a developed, non-Western society.
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Conclusion
Detrimental health behaviors and lifestyle factors, such as being unmarried, having low socio-
economic status, currently smoking, not exercising, having irregular meals, having poor psy-
chosocial conditions, and receiving medical treatment for diabetes and depression, might be
meaningful correlates of abnormal sleep duration among middle-aged and elderly Koreans.
Further studies assessing factors related to sleep and its proximal and distal consequences
should be explored in depth while considering other dimensions (e.g., sleep structure and ar-
chitecture) beyond sleep duration.
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