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Abstract
Short (≤ 6 hr) and long (≥ 9 hr) sleep durations are both associated with risk factors for cardiovascular diseases and diabetes, depression, learning problems, accidents and excess mortality. However, little is known about factors associated with sleep duration in Korean adults. This study examined sleep patterns in Korean adults and identified factors associated with short and long sleep durations. This study analyzed cross-sectional data collected from 4,411 Korean adults aged 19 yr and older who participated in a community health survey conducted in Gwangju, Korea. Multinomial logistic regression analysis was used to identify associations between socio-demographic and health-related factors and short or long sleep durations. Of the population, 37.2% and 4.0% reported short and long sleep, respectively. Short sleep was associated with older age, lower levels of income, night or shift work, heavy smoking, and depression or anxiety; long sleep was associated with younger age, being divorced or widowed, heavy smoking, underweight, depression or anxiety, and poorer self-reported health. In conclusion, a relatively high prevalence of short sleep duration is identified in this population of Korean adults. Factors associated with short or long sleep may act as potential confounders of the relationship between sleep duration and health outcomes.
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INTRODUCTION
Both short (≤ 6 hr) and long (≥ 9 hr) sleep duration have been reported to be associated with increased risks of morbidity and mortality (1). Many studies suggest that sleep duration is associated with all-cause mortality (2-5). Other than mortality, inappropriate sleep duration has been associated with elevated body mass index (BMI), diabetes, cardiovascular disease, depression, accidents, obesity, learning and memory problems, and self-rated poor health (6-16).
In some studies, the relationship between sleep duration and health was presented as a correlation where sleep duration affected health (4), whereas in other studies, it was presented as a result of the expression of other characteristics relevant to poorer health (9). Thus, the mechanism of the relationship between sleep duration and health has not yet been explained (8). Despite the unknown mechanism, people with short or long sleep durations show distinct patterns in socio-demographic characteristics, lifestyle factors, and co-morbid diseases that are different from those of people with appropriate sleep duration (7-8 hr). Therefore, this information is useful for planning public health programs for the prevention and management of chronic disease.
Sleeping habits are multifaceted characteristics that reflect various factors, such as socio-demographic characteristics, economic status, lifestyle factors, psychological characteristics, and co-morbid diseases (8). Some studies have investigated characteristics associated with sleeping habits. Most, however, were performed on a particular population or small subject groups (18-20), and only a few studies were performed on more representative samples of the population. In particular, studies on sleep habits of Koreans have been primarily conducted on patients or shift workers (21, 22). Few studies on characteristics associated with the sleeping habits of the larger population have been conducted, except for studies on the relationship of sleeping with particular factors, like obesity (23).
In Korea, compared with previous trends, the proportion of the adult population with appropriate sleep duration, of approximately 7-8 hr per day has been reported to be decreasing (24). However, only a few studies have been conducted on the general population to investigate sleep duration distribution or factors associated with sleep duration. Accordingly, this study was performed to investigate sleep patterns in Koreans and to identify associations of short and long sleep duration with demographic, socio-economic, behavioral, and health characteristics using data from a community health survey conducted in five districts in Gwangju Metropolitan City in 2008.

MATERIALS AND METHODS
Subjects
This study was conducted using data collected from five districts in Gwangju from community health surveys conducted by the Korean Centers for Disease Control and Prevention (KCDC) and public health centers in 2008. The 2008 community health survey was conducted to obtain statistical data on health conditions, disease morbidity, injury and intoxication to be used as bases for the establishment of the health care policy of local governments as well as the development and assessment of health care programs. The community health survey was conducted on 800-900 subjects selected by a standardized sampling method of the adult aged 19 yr or older living in each area from September to November, 2008. The community health survey was conducted by trained interviewers as a one-to-one interview based on a protocol and questionnaires with 358 questions in 13 fields (25).
The 2008 community health survey in Gwangju was conducted on 4,433 adults aged 19 or older living in five districts. Data from 4,411 participants were analyzed in this study; 22 participants who did not provide important information including sleep duration were excluded.

Variables
Sleep duration was assessed from the question "How many hours of sleep do you get in a day?" and categorized as short sleep (≤ 6 hr), appropriate sleep (7-8 hr), and long sleep (≥ 9 hr) to be consistent with previous epidemiologic studies (6, 8, 10, 23, 26).
Age at the time of the survey was classified as 19-44 yr, 45-64 yr, 65-74 yr, and 75 yr or over. Marital status was classified as unmarried, married and divorced, or widowed. Subsequently, married status was classified as currently married or unmarried (i.e., never married, divorced, or widowed). Educational background was classified as uneducated, elementary school, middle school, high school, and university or higher. Average monthly family income of the subjects was classified as one million won or less, two million won or less, three million won or less and 3.01 million won or more. Job status was classified into unemployed, daytime work, and work other than daytime work.
Times (in day units) of performing moderate physical activity per week and average hours per activity were surveyed except for walking. If subjects participated in physical activity for 5 days or more per week and for 30 min or more per activity, they were classified as having moderate physical activity. If not, they were classified as having no physical activity group. Subjects who smoked fewer than five packs of cigarettes during their lifetime or never smoked were classified as non-smokers, those who had smoked more than five packs of cigarettes but did not currently smoke were classified as former smokers, and those who smoked more than five packs of cigarettes and currently smoked were classified as current smokers. Among current smokers, the average daily smoking amount was categorized as nine cigarettes or less, 10-19 cigarettes, and 20 cigarettes or more. The number of alcoholic drinks consumed per week was classified into 0, 1-2 glasses, 3-6 glasses, and 7 glasses or more after surveying drinking status for the past year and average drinking amount (glasses) per drinking occasion.
Body mass index (BMI) was calculated by dividing self-reported body weight (kg) by the square of self-reported height (m2) and classified into underweight (< 18.5 kg/m2), normal (18.5 ≤ BMI < 25.0 kg/m2), and overweight (≥ 25.0 kg/m2). Pain or discomfort was classified as no pain or discomfort, intermediate pain or discomfort, and severe pain or discomfort. Anxiety or depression was classified as no anxiety or depression, intermediate anxiety or depression, and severe anxiety or depression. Subjects who were diagnosed by a doctor with hypertension, diabetes mellitus, stroke, myocardial infraction, or angina pectoris were defined as patients with cardiovascular diseases. Self-rated health was ascertained from the question "In general, how do you feel about your health?" assessing health as very good, good, ordinary, poor, or very poor, and was categorized as good health, ordinary health, and poor health.

Statistical analysis
Data were analyzed using multinomial logistic regression to investigate the association of short (≤ 6 hr) and long (≥ 9 hr) sleep with various factors, using appropriate sleep (7-8 hr) as the reference group. To evaluate factors associated with sleep duration, four nested models were tested. Demographic characteristics (gender, age, marital status) were included in model 1. Socio-economic characteristics (educational background, average monthly income, job status) were added to model 2. Health behavior characteristics (moderate physical activity or higher, smoking status, drinking frequency) were added to model 3. Health condition characteristics (BMI, pain/discomfort, depression/anxiety, diagnosis of cardiovascular diseases, subjective health status) were added to model 4. The data were analyzed using SAS version 9.1 and weighted by the district population. Results are presented as odds ratios and 95% confidence intervals.

Ethics statement
The protocol of community health survey was reviewed and approved by the institutional review board of Korean Centers for Disease Control and Prevention (2010-02-CON-22-P). Written informed consent was obtained from all participants in community health survey.


RESULTS
A total of 37.2% of the subjects had short sleep and 4.0% had long sleep. A total of 36.4% of male subjects had short sleep, and 2.9% had long sleep. In contrast, 27.9% of the female subjects had short sleep and 5.1% had long sleep. As age increased, the prevalence of both short sleep and long sleep tended to increase. Of subjects currently without a spouse, 33.8% had short sleep, and 5.7% had long sleep. On the other hand, 39.0% of the subjects currently with a spouse had short sleep, and 3.1% had long sleep. As educational level increased, long sleep decreased and appropriate sleep increased. More subjects with low average monthly income tended to have short or long sleep. Among unemployed subjects, 6.8% had long sleep. A total of 61.8% of the daytime workers had appropriate sleep. Among subjects with nighttime or shift work, 54.6% had appropriate sleep; 42.2% had short sleep; and 3.2% had long sleep. Associations of sleep duration with gender, age, marital status, educational level, average monthly income, and work type were all statistically significant (Table 1).
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  Socio-demographic status by self-reported sleep hours in 4,411 Korean adults, 19 yr or older (Community Health Survey in Gwangju, 2008)

*Data are weighted percents and standard errors.





As the smoking amount of current smokers increased, appropriate sleep tended to decrease. As the degree of obesity increased, short sleep increased, and appropriate sleep or long sleep decreased. As pain or discomfort, or anxiety or depression increased, long sleep tended to increase. Subjects who were diagnosed with cardiovascular diseases showed less appropriate sleep and more short or long sleep than subjects not diagnosed with a cardiovascular disease. Subjects who considered their subjective health status to be poor tended to have short or long sleep. The association of sleep duration with smoking status, alcohol intake, obesity, pain/discomfort, depression/anxiety, diagnosis of cardiovascular diseases, and subjective health status were all statistically significant, but the association with moderate physical activity or higher was not (Table 2).
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  Health-related characteristics by self-reported sleep hours in 4,411 Korean adults, 19 yr or older (Community Health Survey in Gwangju, 2008)

*Data are weighted percents and standard errors.





The results of the four nested models are shown in Table 3. In model 1, compared with the male, the odds ratio (95% confidence interval) was 1.68 (1.17-2.40) in female for long sleep. Compared with subjects aged 19-44 yr, the odds ratio for short sleep was 1.30 (1.14-1.51) in subjects aged 45-64 yr, 1.91 (1.53-2.38) for 65-74 yr, and 1.85 (1.35-2.54) for 75 yr or over, showing a significant increase in the odds ratio for short sleep as age increased. The odds ratio for long sleep was 1.84 (1.01-3.36) in subjects aged 65-74 yr and 4.77 (3.12-7.30) in subjects aged 75 yr or older. Compared with subjects without a spouse, the odds ratio for long sleep was 0.62 (0.43-0.90) in subjects with a spouse.
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  Odds ratios (OR) and 95% confidence intervals (CI) from 4 nested multinomial logistic regression for the relation between the covariates and self-reported sleep hours in Korean adults, 19 yr or older (Community Health Survey in Gwangju, 2008)



In model 2, socio-economic characteristics were added and analyzed, controlling for demographic characteristics. In this analysis, compared to subjects with an educational level of university graduation or higher, the odds ratio for long sleep was 3.27 (1.35-7.92) in those with no formal education, 1.61 (0.74-3.51) with elementary school, 2.42 (1.13-5.20) with middle school, and 1.27 (0.83-1.97) with high school. However, no significant association of short sleep with educational level was found. No statistical significance was found in the odds ratio of average monthly income for short or long sleep. The odds ratio for short sleep was 1.30 (1.05-1.60) in subjects with nighttime or shift work, which was significantly higher than in subjects working during the daytime. The odds ratio for long sleep was 2.50 (1.66-3.75) in subjects without a job, which was significantly higher than in subjects working during the daytime.
The association of health behavior-related factors with sleep duration was analyzed in model 3, after adjusting for demographic and socio-economic factors. In this analysis, the odds ratio for short sleep was 1.52 (1.08-2.15) in current smokers smoking 20 cigarettes or more a day, which was significantly higher than in non-smokers. Additionally, the odds ratio for long sleep was 4.37 (2.34-8.18), which was also significantly higher. No significant association of sleep duration with moderate physical activity or drinking status was found.
The association of health condition-related factors with sleep duration was analyzed in model 4, controlling for demographic characteristics, socio-economic characteristics, and health behavior. The odds ratio for long sleep was 3.11 (2.02-4.79) in the underweight, which was significantly higher than in subjects with a normal BMI. No statistically significant association of sleep duration with obesity was found. Compared with no depression or anxiety in subjects, the odds ratio for short sleep increased significantly in subjects with more severe depression or anxiety. The odds ratio for long sleep was 5.27 (1.72-16.10) in subjects with very severe depression or anxiety, which was significantly higher than in subjects with no depression or anxiety. The odds ratio for long sleep increased significantly in subjects with fair or poor self-rated health compared with subjects with good self-rated health (Table 3).
The results of the full model are presented in Table 4. Being female, older age, living with a spouse, working at night or being a shift worker, current heavy smoking, and having anxiety or depression were all associated with greater odds of short sleep. Subjects without a job, current heavy smokers, underweight subjects, those with severe anxiety or depression, and those with poor self-rated health had higher odds of long sleep.
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  Odds ratios (OR) and 95% confidence intervals (CI) from full multinomial logistic regression for the relation between the covariates and self-reported sleep hours in Korean adults, 19 yr or older (Community Health Survey in Gwangju, 2008)



Characteristics that showed a significant association with short and long sleep were gender, age, marital status, working type, smoking status, obesity, depression or anxiety, and subjective health condition (Table 4).

DISCUSSION
In this analysis of sleep duration distribution in adult aged 19 yr or older living in Gwangju, 37.2% had short sleep and 4.0% had long sleep durations. Approximately 40% of the population did not have appropriate sleep duration. Appropriate sleep duration was less frequent in the population studied here than in populations of Americans (7) and Australians (6) reported previously, where short sleep duration accounted for 28.3% and 16.6% of the population, respectively, and long sleep duration accounted for 8.5% and 13.9%, respectively. According to data from the Korean National Health and Nutrition Examination Survey (KNHNES) in 2001 (23), sleep durations of Korean adults were 39.8% in short sleep and 7.3% in long sleep. Compared with the result of KNHANES in 2001, this study showed that both the population with short sleep duration and the population with long sleep duration had decreased.
Socio-economic factors associated with short or long sleep were gender, age, marital status, average monthly income, and working type. The odds ratio for short sleep was significantly higher for women, older subjects, those with lower levels of income, and those performing night or shift work. The odds ratio for long sleep was significantly higher in younger subjects and those who were unemployed, divorced, or widowed. The associations of sleep duration with socio-economic characteristics in this study were similar to the results of previous studies targeting various population groups (1, 2, 6, 7, 11, 27-29). Poor socio-economic status was particularly associated with short sleep.
Smoking status was associated with sleep duration. Compared with non-smokers, a significant association with short sleep duration was shown in current smokers smoking ≥ 40 cigarettes a day, and a significant association with long sleep was shown in current smokers smoking ≥ 20 cigarettes a day. No significant association of sleep duration with excess drinking or physical activity was demonstrated; these factors have been associated with sleep duration in previous studies (6, 7, 30). Health behaviors such as smoking seem to interfere with appropriate sleep duration by disturbing good sleep hygiene or increasing physiological stimulation (7).
Among health conditions associated with sleep duration, depression or anxiety was associated with short sleep, whereas underweight, severe depression or anxiety, and poor self-reported health were associated with long sleep. According to studies on the association of sleep with depression targeting the elderly, depression is closely associated with subjective sleep disorders such as poor quality of sleep, excess drowsiness during the daytime, and increased sleep induction time, and was reported to appear primarily in subjects with long sleep duration (10, 12). In this study, as the complaint of depression or anxiety increased, the odds ratios for short and long sleep increased significantly, indicating that emotional instability affected both sleep quality and duration.
In some studies, the risk of obesity was reported to increase as sleep duration became shorter or longer than appropriate sleep duration. This result was identical to the results of studies with various measurement methods, such as sleep duration or structure (13, 23). The association of obesity with sleep duration is believed to be caused by energy consumption change and appetite stimulation due to the change in hormone secretion, and the lack of physical activity due to disturbance in emotional condition for short sleep duration rather than for long sleep duration (14). However, no significant association of obesity with short sleep duration was found in this study. Additionally, the odds ratio for long sleep was significantly increased in underweight subjects compared with subjects with normal BMI. The association of underweight with long sleep was reported in a previous study targeting Americans (7), but no detailed explanation was provided. This long sleep may be attributable to reduced activity duration due to decreased stamina in underweight subjects.
Sleep duration longer or shorter than 7-8 hr was relatively consistently reported to be associated with the morbidity or mortality from cardiovascular disease or diabetes in some studies (3, 4, 7, 15, 16, 19). However, in this study, for cardiovascular disease including hypertension, diabetes mellitus, stroke, and cardiac diseases, the odds ratio for both short and long sleep increased, but the results were not statistically significant. As the association of sleep duration with chronic diseases including cardiovascular diseases has not been studied previously in Korea, it is difficult to assess the meaning of this finding. Studies on the association of sleep duration with chronic diseases including cardiovascular diseases and mortality from these diseases are needed.
The association of long sleep duration with chronic diseases was less clear than the association of short sleep with chronic diseases. Some previous studies reported that long sleep duration was associated with excess drinking, depression, characteristics related to cancer treatment, and self-rated health. However, those results have been inconsistent among studies. In general, long sleep duration was considered not to be a risk factor for poor health but rather a result of poor health, although this needs further study (5, 8, 10).
There are some limitations to this study. First, sleep duration was self-reported without measurements of objective sleep duration. It is impossible to measure objective sleep duration in a large-scale study. Furthermore, in many studies on factors associated with sleep duration, self-reported sleep duration has been used. Napping, nap duration, and sleep quality were not considered in this study. This information should be considered in further studies. Second, it is difficult to interpret correlations as temporal associations because cross-sectional data were used. Third, information on height, body weight, and the diagnosis of diseases was collected from self-reports from the subjects. Thus, data used in this study were based on subjective responses from the subjects. That is, physical conditions such as height and body weight, and health conditions perceived or remembered by the subjects were used, but were not verified. Fourth, this study was conducted on residents of Gwangju, which may restrict their representativeness of the population of Korea. However, as the subjects in this study were selected from a population sample that represented the residents of the corresponding local government, they were suitable for the explanation of the resident characteristics. To investigate the association of sleep duration with the general population's characteristics in Korea, expansion of the population by integration with community health surveys conducted in other areas will be required. Fifth, the association of sleep duration with job activities or ordinary activities related to sleep duration was not analyzed. Such data were not available from the community health survey. Collection of information on job activities or ordinary activities related to sleep duration should be supplemented in further studies.
Nevertheless, this study is meaningful in that it was the first study targeting Koreans using large-scale data to investigate factors associated with sleep duration, and reported the association of sleep duration with various factors such as socio-economic characteristics, lifestyle factors, and health-related characteristics.
In conclusion, a relatively high prevalence of short sleep duration is identified in this population of Korean adults. Socio-economic characteristics, lifestyle factors such as smoking, and health-related characteristics, such as depression, are shown to be associated with short sleep duration. Socio-economic characteristics and depression are also shown to be associated with long sleep duration. Factors associated with short or long sleep may act as potential confounders of the relationship between sleep duration and health outcomes. Further studies in more diverse populations and using various study methods will be required to investigate the effect of sleep duration on health and the relevant mechanism as well as to additionally explore the role of sleep duration as an index that reflects health conditions.
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  Socio-demographic status by self-reported sleep hours in 4,411 Korean adults, 19 yr or older (Community Health Survey in Gwangju, 2008)

*Data are weighted percents and standard errors.
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  Health-related characteristics by self-reported sleep hours in 4,411 Korean adults, 19 yr or older (Community Health Survey in Gwangju, 2008)
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