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ABSTRACT 

 

Introduction: Sleep quantity and quality may independently contribute 

to functional deficits in various physiological mechanisms and act as a 

significant predictor of future complications including mortality. This 

study aims 1) to provide an overview of the survey items for assessing 

habitual sleep characteristics and to evaluate the survey items‘ validity 

as a reliable measurement tool in the context of population health 

research in the Korean adults; 2) to identify the putative covariates that 

might be highly intercorrelated with both sleep characteristics and 

mortality in the Korean adult population; and 3) to investigate whether 

both sleep quantity and quality may be an independent predictor for all-

cause mortality and also to evaluate whether the composite sleep score 

covering both quantitative and qualitative evaluation of usual sleep 

behavior can determine the magnitude of the all-cause mortality risk in 

the Korean adults. 

Methods: Among a total of 162,142 men and women who had 

voluntarily participated in the Health Examinees (HEXA) study 

between 2004 and 2012, 158,147 participants (53,789 men and 104,358 

women, aged 40–69) who provided information on both sleep duration 

and sleep complaints were included in the present study. Sleep duration 
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was assessed through self-reported information that was collected by 

well-trained interviewers and categorized into < 6 hours (short sleep), 

6–7 hours (normal sleep), 8–9 hours (moderately long sleep), and ≥ 10 

hours (long sleep). Sleep complaints were estimated using two 

independent questions about how the study subject had felt physically 

and mentally in terms of insomnia: difficulty in initiating sleep and 

nonrestorative sleep. All cohort members were passively followed-up 

through record linkage to the national death certificate. A cross-

sectional analysis was conducted to evaluate the putative correlates—

sociodemographic factors, lifestyle factors, psychological conditions, 

anthropometric indices, and baseline health condition—of sleep 

characteristics by using multinomial logistic regression models. 

Moreover, Cox proportional hazards regression models were employed 

to estimate the relative risks for the associations of habitual sleep 

characteristics with all-cause mortality after taking into account for all 

putative correlates. Prior to the cross-sectional and cohort analyses, a 

preliminary validation study was conducted to assess the survey items‘ 

validity and usefulness.  

Results: 1) Sleep survey items adopted in the HEXA study 

corresponded with the valid international measurement tool. 

Furthermore, a composite sleep score exhibited a fair predictive power 

to discriminate poor sleepers who might have trouble with inadequate 
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sleep duration and/or low quality sleep from the normal healthy Korean 

adults. 2) Regardless of sexual differences, we found that adverse 

behaviors and lifestyle factors including low educational attainment, 

unemployment, being unmarried, current smoking status, lack of 

exercise, having irregular meals, poor psychosocial well-being status, 

frequent stress events, and poor self-rated health were significantly 

associated with abnormal sleep duration. 3) Both short sleep duration 

and frequent sleep complaints significantly increased the risk for all-

cause mortality; the results were more prominently exhibited among 

men. Poor sleepers were at a significantly higher risk for mortality 

regardless of sex. Additionally, habitual sleep characteristics might be 

independently involved in a higher risk of all-cause mortality, yielding 

associations independent of confounders including underlying medical 

condition and health status. 

Conclusions: Our findings suggest that 1) survey items for assessing 

habitual sleep characteristics adopted in the HEXA study can be a valid 

tool and a composite sleep score can estimate individuals‘ sleep status 

covering quantitative and qualitative evaluation of sleep behavior; 2) 

detrimental health behaviors, low socioeconomic status and medical 

treatment of specific diseases might be meaningful determinants for 

abnormal sleep duration in Korean adults; and 3) both short and long 

sleep duration, as well as frequent sleep complaints can place Korean 
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adults at an increased risk for all-cause mortality, which indicates there 

may be a substantial public health burden of sleep-related mortality in 

the Korean 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. Furthermore, tailor-made interventions 

that can assist people to cope with sleep disturbances as well as 

maintaining adequate sleep patterns in terms of both quantity and 

quality is warranted to reduce the latent disease burden. 

------------------------------------- 

Keywords: Sleep duration, Sleep quality, All-cause mortality, the 

Health Examinees (HEXA) Study  

Student number: 2012-31161
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A. GENERAL INTRODUCTION 

 

1. Sleep and circadian clock 

 

Sleep is an instinctive behavior and one that plays a crucial role in balancing 

the physiological and neurobehavioral functions of humans through a stable 

24-hour cycle, otherwise known as the circadian rhythm. Whether people are 

asleep or awake, this rhythm would sustain uniformly: the stability between 

the intrinsic circadian rhythm and the extrinsic 24-hour light-dark (day-night) 

cycle can lead to synchronized molecular oscillations and neural activity in 

regulating physiological, behavioral, and metabolic systems and finally, 

determining a balance of human body (Bass 2012). The circadian biological 

circuit is controlled by the suprachiasmatic nucleus (SCN), a cluster of brain 

cells located in the hypothalamus responding primarily to light-dark signals 

(Klein, Moore et al. 1991). SCN outputs conferring circadian rhythms are 

intimately involved in various bodily functions. Based on the rest-activity 

cycle (i.e., sleep-wake cycle), SCN emits timing signals to modulate core 

body temperature, blood pressure, secretion of a number of hormones, 

immune responses, cytokine levels and metabolism (Figure1): this 

complicated circadian programming of physiological and metabolic 
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processes is able to contribute substantially to maintaining human health and 

well-being (Maywood, O'Neill et al. 2007, Bass 2012, Cermakian, Lange et 

al. 2013, Silver and Kriegsfeld 2014). Given the impact of circadian rhythm 

on body functioning, it is possibly assumed that disruption of this sleep-

induced biological programming can be connected to various physical 

defects and the misaligned sleep-wake cycle (i.e., the shift in time and light-

dark signals) may put people in conflict with circadian synchronizations 

thereby, resulting in chronic enervation and illness. In other words, ensuring 

the biological balance between sleep-wake restorative process and circadian 

rhythm is necessary to achieve optimal health.   

 

 

 

Figure1. Human circadian biological clock: modified from Bass, 2012 
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2. Sleep epidemiology studies  

 

Sleep is not only vital for the preservation of life, but also important in 

maintaining the quality of life. The stability of sleep-wake cycle in everyday 

life, which underpins the balance of circadian rhythm, is basically achieved 

through adequate sleep. However, in modern societies, adequate sleep is not 

naturally acquired and is easily violated: there have been reports of a 

remarkable trend of a lack and/or excess of sleep duration as well as frequent 

sleep complaints (i.e., insomnia-related symptoms) worldwide (Kronholm, 

Partonen et al. 2008, Bixler 2009, Bin, Marshall et al. 2012, Bin, Marshall et 

al. 2013, Pallesen, Sivertsen et al. 2014, Ford, Cunningham et al. 2015). 

Under such circumstance, it is not surprising that more people may suffer 

from physical and psychological illnesses due to their impaired biological 

clock. Furthermore, this phenomenon will be a global public health issue at 

an epidemiological perspective in the near future.  

Indeed, a growing body of evidence has indicated that usual disruptions in 

circadian rhythm—a deviation from normal sleep quantity, low quality sleep, 

and a number of sleep disturbances—can place people at a higher risk of 

both morbidity and mortality (Cappuccio, Stranges et al. 2007, Cappuccio, 

Taggart et al. 2008, Cappuccio, Cooper et al. 2011). Generally, most of these 
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studies have focused on the deleterious effects of a deviation from normal 

sleep quantity (i.e., short and long sleep duration) and reported the U-shaped 

fashion in sleep-induced health outcomes. This implies that too little sleep as 

well as too much sleep is not good for healthy life. Recent studies have also 

indicted that poor sleep quality and sleep disturbances can progress to a 

higher risk of mortality throughout various risky conditions in both a 

physical and psychological aspect (Bernert, Turvey et al. 2014, Li, Zhang et 

al. 2014, Sofi, Cesari et al. 2014). Negative effects of abnormal sleep 

quantity have been widely discussed: short and/or long sleep duration can 

accompany many chronic diseases including obesity (Cappuccio, Taggart et 

al. 2008, Patel and Hu 2008), hypertension (Gottlieb, Redline et al. 2006, 

Gangwisch 2014), type 2 diabetes (Yaggi, Araujo et al. 2006, Cappuccio, 

D'Elia et al. 2010), metabolic syndrome (Hall, Muldoon et al. 2008, Chaput, 

McNeil et al. 2013, Lee, Choi et al. 2013), depression (Mezick, Hall et al. 

2011), cardiovascular diseases (Sabanayagam and Shankar 2010, Cappuccio, 

Cooper et al. 2011), and cognitive dysfunction (Ferrie, Shipley et al. 2011, 

Chen, Espeland et al. 2015). Furthermore, the chronic circadian 

misalignment due to inadequate sleep duration can be a trigger for higher 

likelihoods of mortality across the lifespan (Gallicchio and Kalesan 2009, 

Cappuccio, D'Elia et al. 2010, Chien, Chen et al. 2010, Grandner, Hale et al. 

2010, Chen, Su et al. 2013). Low quality sleep, sleep disturbances as well as 
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sleep complaints—insomnia-related symptoms including difficulty in 

initiating sleep (DIS), difficulty in maintaining sleep (DMS), nonrestorative 

sleep (NRS), and early morning awakening (EMA)—are increasingly 

recognized as determinants of the putative health defects. Sleep quality itself 

has been reported to be independently associated with a higher risk of 

diabetes (Cappuccio, D'Elia et al. 2010), metabolic syndrome (Hung, Yang et 

al. 2013), cognitive decline (Blackwell, Yaffe et al. 2014), and all-cause and 

cause-specific mortality (Nilsson, Nilsson et al. 2001, Rod, Vahtera et al. 

2011). Furthermore, there seems to exist a significant interaction of sleep 

quality and quantity on various health outcomes (Lou, Chen et al. 2014, Lu, 

Chen et al. 2015). At this point in time, the greatest concern is that the 

numbers of both short and long sleepers as well as sleep complaints are 

gradually increasing worldwide (Bin, Marshall et al. 2013, Roenneberg 

2013). This trend appears to be consistently more apparent in the modern 

social systems thus, it is possible to allow the assumption that more people 

will be exposed to an increased risk of future complications derived from 

their impaired biological clock, which can progress to an increased risk for 

morbidity and mortality. There is a need to pay attention to preventing the 

potential health harms of people escaping normalized sleep and to establish 

public health understandings of the scope of the challenges induced by a 

deviation from normal sleep quantity and quality.  
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3. Optimal sleep quantity  

 

The amount of sleep people get each night (or per day including nap) varies 

depending on their demographic factors—especially for age and sex—, 

lifestyle, genetic background, as well as individual preference and/or 

physical condition. Hence, there has been no convincing definition for 

sufficient and proper sleep quantity although numerous studies have 

consistently indicated the U-shaped association of sleep duration with 

diverse health outcomes, all of which corresponded with the possibility that 

the optimal range of sleep duration may exist. Furthermore, it is challenging 

to propose a ‗one size fits all‘ solution for determining the universal 

threshold because we are rarely able to distinguish the difference between 

natural short-long sleep (i.e., a healthy choice according to an individual 

circadian rhythmicity) and insufficient-overextended sleep (i.e., an 

unavoidable condition that people cannot control) (Grandner and Patel 2009). 

Until now, 7-8 hours of sleep per day has been conventionally assumed as a 

normal sleep duration. Recently, the National Sleep Foundation has released 

the guidelines on the appropriate amount of sleep people need each night to 

ensure health, performance, and safety, which is the age-specific 

recommended sleep durations developed by a multi-disciplinary expert panel. 
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In this updated version of the guideline, appropriate sleep ranges—the 

putative healthy ranges may be accepted—are also proposed based on 

scientific consensus with intensive literature review. According to the 

National Sleep Foundation‘s sleep duration recommendations (Hirshkowitz, 

Whiton et al. 2015), general adults aged 26-64 years old need to sleep at least 

seven to nine hours each night: too little (i.e., less than 6 hours) or too much 

(i.e., more than 10 hours) sleep would not be recommended (Table1).  

 

Table1. National Sleep Foundation’s sleep duration recommendations 
a
 

(Hirshkowitz, Whiton et al. 2015) 

Age groups 
Recommended 

sleep duration 

May be 

appropriate  

Not  

recommended 

Newborns (0-3months) 14-17 hours 11-13 hours 

18-19 hours 

Less than 11 hours 

More than19 hours 

Infants (4-11 months) 12-15 hours 10-11 hours 

16-18 hours 

Less than 10 hours 

More than18 hours 

Toddlers (1-2 years) 11-14 hours 9-10 hours 

15-16 hours 

Less than 9 hours 

More than16 hours 

Preschoolers (3-5 years) 10-13 hours 8-9 hours 

14 hours 

Less than 8 hours 

More than14 hours 

School-aged children (6-13 

years) 

9-11 hours 7-8 hours 

12 hours 

Less than 7 hours 

More than12 hours 

Teenagers (14-17 years) 8-10 hours 7 hours 

11 hours 

Less than 7 hours 

More than11 hours 

Young adults (18-25 years) 7-9 hours 6 hours 

10-11 hours 

Less than 6 hours 

More than11 hours 

Adults (26-64 years) 7-9 hours 6 hours 

10 hours 

Less than 6 hours 

More than10 hours 

Older adults (≥ 65 years) 7-8 hours 5-6 hours 

9 hours 

Less than 5 hours 

More than 9 hours 
 

a. Adapted from the article by Hirshkowitz et al. Sleep Health 1 (2015) 40–43 
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4. Sleep problems in a quality aspect  

 

Subjective complaints regarding dissatisfaction with sleep quality and/or 

quantity are more frequent than generally expected. Insomnia is the most 

commonly represented sleep problem in terms of low quality sleep including 

DIS, DMS, NRS, and EMA; it is often unrecognized and overlooked (Morin 

and Benca 2012). Globally, about 25% of adults reported a dissatisfaction in 

their usual sleep episode, 10-15% of adults exhibited insomnia-related 

symptoms associated with daytime dysfunctions, and 6-10% of adults 

corresponded to the clinical criteria for insomnia (Ohayon 2002, Morin, 

LeBlanc et al. 2006, Cho, Shin et al. 2009, Morin and Benca 2012). In 

parallel with the reports, a similar trend has been also reported among the 

Korean population (Cho, Shin et al. 2009, Kim, Kim et al. 2013). Though 

pathophysiological mechanisms which underlie from sleep complaints to 

final health outcomes remain not fully elucidated at present, numerous 

studies have indicated that chronic exposure of low quality sleep can result in 

various comorbidity regarding both a physical and psychological condition 

(Roth, Jaeger et al. 2006, Meng, Zheng et al. 2013, Sofi, Cesari et al. 2014, 

Goldman-Mellor, Caspi et al. 2015); and finally connect to a higher risk of 

mortality (Bernert, Turvey et al. 2014, Li, Zhang et al. 2014, Sivertsen, 

Pallesen et al. 2014). 
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5. Sleep patterns of the Korean population  

 

Although it is the global trend that more people tend to get less and poorer 

quality of sleep than they did in the past, there are obvious distinctions in 

sleep norms in different parts of the world. Social environment, cultural 

background, and ethical attributes have all been embedded in sleep attitudes 

and characteristics thereby, resulting in different sleeping patterns by each 

country, tradition, and society (Bliwise 2008).  

With regards to the Korean society, first of all, there is a need to consider the 

unique attributes—the rapid industrialization and economic growth over the 

past 50 years and hyper-competitive circumstances—in Korea; all of which 

are easily concluded in the virtue of sleep restriction. Many Koreans are 

encouraged to keep awake for longer hours in order to work more and/or 

study more. Sometimes, long sleepers are regarded as idle people. Under the 

social atmosphere, sleep itself tends to be undervalued and sleep deprivation 

is prevalent across the country (Yoon, Yang et al. 2015).  

This social trend towards decreased amount of sleep duration has been 

demonstrated in a scientific manner. A study carried out by the Organization 

for Economic Cooperation and Development (OECD) in 2009 reported that 

Koreans slept an average of 469 minutes per day, at the bottom of the 18 

countries (Organization for Economic Cooperation and Development 2009). 
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This means that Koreans slept about an hour a day shorter than the average 

French person each day, who slept the most among the OECD nations. In the 

national time-use survey, almost 20% of Korean adults aged over 20 slept 

less than 6.5 hours a day, whereas only 8.2% of the study sample reported 

themselves as long sleepers who slept more than 10 hours a day (Eun and 

Cha 2010). Most of studies derived from the Korea National Health and 

Nutrition Examination Surveys (KNHANES) have consistently indicated 

that average sleep duration of nationally representative samples was less than 

7 hours per day, ranged from 6.3 hours to 6.9 hours depending on age, sex, 

and individual characteristics (Park, Kim et al. 2009, Stefani, Kim et al. 2013, 

Hwang and Shin 2014, Kim, Choi et al. 2014). 

Along with the chronic sleep loss in Koreans, another concern regarding low 

quality sleep and sleep complaints is rising: the prevalence of insomnia has 

been dramatically increasing. According to the data from the Health 

Insurance Review and Assessment Service (HIRA), about 176,000 insomnia 

cases have increased from 2007 to 2011 and a 16.7 percent annual increase 

during the period has been marked. Moreover, a nationwide study carried out 

in 2009 found that nearly 20% of the Korean adult population 

(approximately 1 in 5 persons) was affected by insomnia, showing a higher 

prevalence compared to that of the 2002 study (Cho, Shin et al. 2009). The 

gradual increase of negative sleep patterns in the Korean population should 

gain more attention in the aspect of social and public health.  
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6. Need to sleep researches for the Korean population 

 

Sleep is a habit which has been inherited from the ancient times. Yet, it is 

uncertain why sleep is essential for the human survival. One thing that is 

certain, however, is that negative sleep patterns can result in deleterious 

health outcomes. Given that habitual sleep characteristics may be a 

significant predictor of individuals‘ health status, the majority of Koreans 

should be considered as vulnerable persons who are at high risk of sleep-

induced complications because 1) according to the recent OECD report 

regarding national and multinational time-use surveys, Korea was identified 

as the nation with the least amount of sleep (Organization for Economic 

Cooperation and Development 2009); 2) more than one in five Koreans are 

afflicted with nocturnal sleep disturbance (Cho, Shin et al. 2009); and 3) 

about 13~15% of middle-aged and elderly healthy Koreans have experienced 

a deprivation or an excess sleep duration (Yoon, Yang et al. 2015). In other 

words, it is possibly assumed that potential detrimental effects induced by 

sleep problems, which the Korean population will face in the near future, is 

enormous but until now, many Koreans regard sleep problems as an 

inconvenience in usual life and tend to underestimate its significance. There 

is still a need for intensive and integrated studies exploring the association of 

habitual sleep characteristics with diverse health consequences in the general 

Korean population. 
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7. The Health Examinees Study  

 

Studies on the association between sleep and health status are continuously 

accumulating to support the notion that maintaining a healthy sleep behavior 

may prevent negative health consequences. Although the sleep epidemiology 

study focused on the Korean population is imperative, until lately, sleep 

research has not been prioritized due to lack of epidemiological data in 

Korea. Now, along with the Health Examinees (HEXA) study, scientific and 

systematic approach to understanding the sleep-disease-death mechanism in 

the normal healthy Korean population may secure baseline data on sleep 

epidemiology through a population cohort.  

The 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 participating hospitals, was 

launched to investigate the risk factors regarding epidemiological 

characteristics, genomic features, and gene-environment interactions for 

major chronic diseases in the Korean population. Between 2004 and 2013, a 

total of 167,169 participants aged 40–69 were recruited from health 

examination centers and training hospitals nationwide. Detailed descriptions 

regarding the study protocol, rationale, and study design are elaborated in the 

literature (Health Examinees Study 2015). Brief information on the study 
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protocol is summarized as follows: 1) all participants voluntarily signed an 

informed consent form before entering the study; 2) a survey using detailed, 

interview-based questionnaires was conducted to collect information on 

individual characteristics, including demographic factors, past disease history, 

current medication use, lifetime consumption of tobacco and alcohol, dietary 

habits, physical activity, and reproductive history; 3) physical examinations 

covering anthropometric indices and measurement of blood pressure were 

performed by skilled medical staff; 4) biological samples (i.e., plasma, serum, 

buffy coat, blood cell, DNA, and urine) were collected and stored under 

stable conditions; and 5) laboratory analyses, 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 

measurements on a nationwide scale (i.e., active follow-up). Additionally, all 

cohort members are passively followed-up based on data linkages with the 

National Death Certificate, the National Cancer Registry, and the National 

Health Insurance Claim data. 

The HEXA study has several sleep-related questions for quantitative and 

qualitative evaluation of sleep behavior; thus, it can be used as a core 

infrastructure for sleep epidemiology in Korea. Based on the baseline data of 

this national infrastructure, we are at a point where we can embark on an era 

of sleep epidemiology through a large-scale population cohort. 
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B. HYPOTHESIS AND OBJECTIVES 

 

1. Hypothesis 

 

Chronic disruption of circadian programming in terms of sleep—short and/or 

long sleep duration and frequent sleep complaints—can result in various 

health defects and further, it may place normal people at a higher risk of 

mortality. Given that sleep is a crucial cause of physical and mental illness as 

well as a consequence of sociocultural environment of people‘s lives, there is 

a need to explore diverse factors such as environmental, socio-behavioral, 

and host-related factors in order to understand its physiology. Sleep patterns 

appear to be the result of complex interactions between sociocultural and 

individual factors. Furthermore, sleep may be linked to the sleep-disease-

death mechanism in several ways as a direct risk factor, a mediator, an effect 

modifier, and a surrogate marker. Thus, it is challenging to demonstrate the 

association of habitual sleep characteristics with the final health outcome of 

mortality.   

Based on the social-ecological framework to explore the relationship 

between sleep characteristics and mortality (Grandner, Hale et al. 2010), we 

attempt to conduct an integrated sleep research in a normal healthy Korean 

population. 
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Figure2. Social-ecological pathway from sleep to mortality 

: adapted from the sleep-outcome model proposed by Grandner et al. 2010 
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If causality is established, the population-attributable risk associated with the 

detrimental consequences of habitual sleep characteristics is potentially huge 

because sleep complaints and deviations in usual sleep episodes are highly 

prevalent in the Korean population. Based on the major hypothesis, therefore, 

several study issues in the context of population-based sleep research can be 

induced. 

In terms of study tool to measure the key exposure, despite the importance of 

precisely assessing sleep behavior, only three questions are available in 

whole study population of the HEXA study. This method may be prone to 

bias regarding validity, standardization, and precision; thus, validity of the 

study tool should be checked first. Furthermore, to conduct a population-

based sleep research in a scientific and ethical manner, survey items 

regarding habitual sleep characteristics adopted for the HEXA study must 

correspond, to some extent, with the internationally validated gold-standard: 

it implies that a preliminary validation study is required to assess and provide 

the degree of correlation between the HEXA sleep items and a validated tool. 

Given that sleep patterns appear to be the result of complex interactions 

between sociocultural and individual factors, and play a crucial role as both a 

cause of ill health and a consequence of the unhealthy condition, it can be 

reasonably allowed the assumption that sleep is intimately intercorrelated 

with other risk factors that lead to mortality: sleep alone may not be 
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associated with mortality (Grandner, Hale et al. 2010). Hence, it is important, 

first of all, to discern the putative correlates which might modify the actual 

association of usual sleep characteristics with individuals‘ health status 

including survival. Various factors which can be highly intercorrelated with 

both habitual sleep characteristics and mortality should first be investigated.  

Although a definite mechanism regarding sleep-health-death associations 

remains not fully understood, short and long sleep duration as well as low 

sleep quality is assumed to place people at a higher risk for all-cause 

mortality. Furthermore, the relationship between habitual sleep duration and 

sleep quality seems to provoke the risk of negative health outcomes 

including mortality. However, there still exists a question, ―Is sleep a risk 

factor for final health consequences or a proxy indicator of individuals‘ 

health status?‖ In the underlying mechanism for the transition from the 

disruption in sleep parameters to the distal health outcome, a human body 

would pass through various health status representing underlying medical 

conditions. Thus, it is imperative that the actual relationship between sleep 

and mortality should be investigated under the full adjustments for residual 

confounding effects of preexisting health problems and other risky 

behaviors/conditions. If habitual sleep characteristics—both short and long 

sleep duration as well as frequent sleep complaints—may be independently 

associated with final health outcomes regardless of putative correlates, it can 



20 

 

be possibly assumed that sleep may be a potent predictor of final health 

outcomes not as a proxy indicator of individuals‘ health status.  

Based on the study issues mentioned above, the specific study hypotheses are 

summarized as follows: 

1) Survey items assessing habitual sleep characteristics adopted in the 

HEXA study can correspond to some extent with the internationally 

validated gold-standard sleep measurement tool 

2) It is important to discern the putative correlates which might modify the 

actual association of usual sleep characteristics with health status because 

various factors can be highly intercorrelated with both habitual sleep 

characteristics and final health consequences 

3) Both sleep duration and sleep complaints can provoke the future risk of 

all-cause mortality, taking into account for all putative correlates above 

mentioned and discerned 

 

2. Objectives 

 

To comprehensively evaluate the study hypotheses, an integrated and 

systematic epidemiological study was conducted based on the large-scale 

cohort data derived from a normal healthy Korean adult population.  
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The specific aims of the present study are as follows:  

1) To provide an overview of the survey items for assessing habitual sleep 

characteristics appropriate for use in population-based studies for the 

Korean adult population and to evaluate the survey items‘ validity and 

usefulness as a reliable measurement tool in the context of population 

health research 

2) To identify the putative correlates within five domains—

sociodemographic factors, lifestyle factors, psychological conditions, 

anthropometry indices, and preexisting health conditions—that might be 

simultaneously and/or independently associated with short or long sleep 

duration among middle-aged and elderly Koreans 

3) To investigate whether both sleep duration and sleep complaints are 

independent predictors for all-cause mortality, with taking into account 

for all putative correlates; and to evaluate whether the composite sleep 

score covering quantitative and qualitative evaluation of sleep behavior 

can determine the magnitude of the risk for all-cause mortality among 

middle-aged and elderly Koreans 
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CHAPTER 1 
Validation of self-reported sleep 

characteristics in the HEXA Study 
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Introduction 
 

Habitual sleep characteristics in the aspects of both sleep quantity and 

quality has been the key issue of emerging epidemiological researches in 

recent times. A growing body of evidence has indicated that a deviation from 

normal sleep quantity, low quality sleep, and a number of sleep complaints 

can place people at a higher risk of morbidity and mortality (Cappuccio, 

Stranges et al. 2007, Cappuccio, Taggart et al. 2008, Cappuccio, Cooper et al. 

2011). Along with the current research trend in public health, Korea has paid 

much attention to the sleep researches focused on the general population. 

Now, the HEXA study, a large-scale genomic cohort study, renders a new 

opportunity to investigate the causal relationship between sleep and health 

outcomes. It is, therefore, timely and necessary to review the measurement 

methodology to assess habitual sleep characteristics in the context of 

population health research. 

In every epidemiological research including sleep studies, it is the most 

important requirement to secure accurate and valid methods for measuring 

the major exposure variable (Wong, Day et al. 1999). Establishing an 

accurate and valid method to secure comprehensive assessment of habitual 

sleep patterns is imperative. Generally, polysomnography is regarded as a 

reliable tool to acquire objective data on sleep parameters but it is at greater 
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financial and participant burden to use in a large-scale population (Girschik, 

Fritschi et al. 2012). In terms of subjectively assessing method for habitual 

sleep characteristics, the Pittsburgh Sleep Quality Index (PSQI) is considered 

to be a valid measurement tool used all over the world and has been recently 

introduced in Korea (Sohn, Kim et al. 2012). However, most of sleep studies 

carried out in a large-major proportion of scale general population—

including the HEXA study—have been conducted based on their own 

questionnaire, which is prone to potent problems regarding validity, 

standardization, precision, and comparability. Frequently, moreover, there 

has been only one question, estimate of usual sleep hours per night and/or 

day, included in these studies (Grandner and Patel 2009).  

To conduct a sleep epidemiological research in a scientific and ethical 

manner, survey items on habitual sleep characteristics adopted in the HEXA 

study must correspond, to some extent, with the internationally and nation-

specifically validated method. In doing so, a preliminary validation study is 

required to assess and provide the degree of agreement between the tools. 

Additionally, verification is needed to check how precise the survey items 

represent individuals‘ sleep behavior in both quantitative and qualitative 

aspects. The aims of the present study, thus, are 1) to provide an overview of 

the survey items for assessing habitual sleep characteristics appropriate for 

use in population-based studies for the Korean adults; and 2) to evaluate the 
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survey items‘ validity and usefulness as a reliable measurement tool in the 

context of population health research. 

 

Materials and Methods 

 

Study design and procedure 

This study is a preliminary validation study in which the study subjects were 

prospectively recruited from the HEXA follow-up study 2015. All 

participants for the current validation study were selected from the existing 

cohort members who participated to the active follow-up survey between 

April and June at six health examination centers and training hospitals (Seoul 

National University Hospital; Gachon Gil hospital; Dong-A University 

Hospital; Inje University Paik Hospital, Pusan; Inje University Paik Hospital, 

Haeundae; and Changwon Fatima Hospital). In accordance with the 

guidelines of the Declaration of Helsinki and the National Health and 

Medical Research Council, all participants provided written informed 

consent when they voluntarily determined to entering the study. The study 

protocol was approved by the Institutional Review Board of Seoul National 

University Hospital (C-1410-140-623).  

According to the study protocol, two interview-based questionnaire surveys 



27 

 

using the HEXA sleep questionnaire and the Korean version of PSQI (PSQI-

K) as the standard measurement method (i.e., gold standard) were conducted. 

Interviewers were selected from skillful medical staff and educated using 

standardized training program to minimize the inter-interviewer variability. 

In order to improve data quality and to secure systematic data management, 

data was entered and reviewed by a trained data manager: after confirming 

logical errors and entry errors, the data manager re-checked the data and 

modified all errors through the data cleaning process. 

 

Sample size calculation 

The sample size calculation was based on the Pearson‘s correlation 

coefficient using z-transformation (Lachin 1981). To detect a relevant simple 

correlation achieving specified significance level (α = 0.05) and power (at 

least 80%), the following hypothesis was used: 

𝐻0: ρ = 0 versus 𝐻𝑎: ρ = r ≠ 0 . Based on the Fisher‘s arctanh 

transformation to normalize the distribution of Pearson's correlation 

coefficient, the formula for calculating the sample Pearson's correlation 

coefficient was employed by  ( ) = 0        (   )  (   )   Given a 

sample correlation coefficient r based on N observations that is distributed 

about an actual correlation value (parameter) ρ, then  ( ) is normally 
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distributed with mean value of  (𝜌) and variance of   =     (   ). 

Under the null hypothesis, the test statistic is  =   ( )√    where 

   (0  ) and the sample size can be calculated as  = [( 𝑎     ) 

  ( )        

To determine the appropriate sample size for the present study, we assumed 

that a moderate correlation between the PSQI and the sleep questionnaire of 

the HEXA study could be regarded meaningful. Using the equation for 

estimating sample sizes suitable for Pearson's correlation at the 0.05 

significant level for a two-sided test, a minimum sample of 85 analyzable 

subjects would provide 80% statistical power (i.e., α = 0.05 and β = 0.20). 

Furthermore, we presumed that there may exist age and sex effects in usual 

sleep episodes thus, employing six strata (i.e., three age strata with forties, 

fifties, and sixties; and two sex strata with men and women), that target 

enrollment level was increased up to 510 subjects. As the present study was 

not demanded for long-term observation, a dropout rate was not considered.  

 

Sleep questionnaire form the HEXA study  

Sleep questionnaire of the HEXA study consists of three survey items on 

habitual sleep characteristics. First, as a measure of sleep quantity, sleep 

duration was elicited by posing the close-ended question, ―On average, how 
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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, which were determined based on an extensive 

literature review and suggestions according to expert panel discussion 

consisting of epidemiologists and clinicians. 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.  

In terms of sleep complaints, we employed two independent questions 

derived from the Psychosocial Well-Being Index (PWI) modified from the 

General Health Questionnaire score for Koreans. The PWI has been 

generally used to evaluate respondents‘ mental health and has been validated 

in a large community sample in Korea (Cronbach‘s α = 0.92) (Chang 2000). 

Among a total of 18 item scale in the PWI, two independent items could be 

used to estimate usual sleep complaints and were corresponded to the most 

common symptoms of insomnia: difficulty in initiating sleep and 

nonrestorative sleep. Difficulty in initiating sleep were addressed by the 

question, ―Do you ever feel that you cannot sleep comfortably because of 

anxieties and worries?‖ Answers were categorized as a four point response 

scale: ―not at all,‖ ―sometimes,‖ ―most of time,‖ and ―always.‖ 

Nonrestorative sleep were assessed by the question, ―Do you ever feel that 



30 

 

you don‘t feel vital even after sleeping?‖ Response categories were identical 

to those used for the previous question. 

Using this three simplified questions, we attempted to develop a composite 

sleep score, which could secure the modality covering both sleep duration 

and complaints. The composite sleep score comprised of three items that 

evaluate usual sleep duration, difficulty in initiating sleep, and nonrestorative 

sleep. Each of three items was rated on a four-point scale of 0-3. Based on 

the in-depth literature review on sleep duration, short sleep duration (less 

than 6 hours per day) rated on the highest score of 3 and long sleep duration 

(more than 10 hours per day) was classified into higher risk group with score 

2. Total scores ranged from 0 to 9 with a higher score indicating greater 

sleep disturbance in usual sleep episodes. 

 

The Pittsburgh Sleep Quality Index (PSQI) 

The PSQI has been generally regarded as a valid international measurement 

tool, which is subjectively assessing method for habitual sleep characteristics. 

Sleep represents a complex phenomenon which is rarely able to measure 

objectively and its quantitative and qualitative aspects cannot be easily 

determined (Buysse, Reynolds et al. 1989). To overcome the inherent 

difficulties in sleep measurement, the PSQI was developed based on the 

clinimetric properties such as accuracy, validity, and reliability for a 
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standardized instrument of sleep quality (Buysse, Reynolds et al. 1989). 

Considering that measuring of sleep quality should include both quantitative 

aspects (i.e., sleep duration, latency, and efficiency) and subjective aspects 

(i.e., relaxation and depth of sleep), the PSQI has 19 individual items to 

produce seven component scores—sleep duration, sleep latency, habitual 

sleep efficiency, subjective sleep quality, sleep disturbances, use of sleeping 

medication, and daytime dysfunction—designed to yield one global score 

(Table 1.1). The global score ranged from 0 to 21 with higher scores 

indicating lower sleep quality. Generally, the global score sum of over 5 

represents poor sleepers with diagnostic sensitivity of 89.6% and specificity 

of 86.5% (Buysse, Reynolds et al. 1989). The PSQI secures a high degree of 

internal consistency for its seven components (Cronbach‘s α = 0.83). 

Numerous epidemiology studies have been conducted using the PSQI and 

investigated overall sleep quality in a validly subjective manner (Martin, 

Fiorentino et al. 2011, Chen, Su et al. 2013, Hung, Yang et al. 2013, Okubo, 

Matsuzaka et al. 2014). The PSQI has been translated into more than 50 

languages throughout the world. The PSQI-K has been recently validated by 

Sohn and colleagues in 2012 (Sohn, Kim et al. 2012): with a high internal 

consistency (Cronbach‘s α = 0.84), diagnostic sensitivity of 94.3% and 

specificity of 84.4% using the best cut-off value of 8.5 in Korean population. 

In the present study, the PSQI-K was employed as the standard measurement 

method (i.e., gold standard instrument) measuring overall sleep quality and 



32 

 

its correlations with the HEXA sleep items were estimated. 

Table 1.1. The Pittsburgh Sleep Quality Index (PSQI) Scoring 

Component Score Question 

Sleep duration  > 7 hours per day 0 

Q4. How many hours of actual 

sleep do you get at night? 

 6 hours ≤ sleep < 7 hours 1 

 5 hours ≤ sleep < 6 hours 2 

 < 5 hours per day 3 

Sleep disturbance Sum (Q5b:Q5j) = 0 0 

Q5b-Q5j. How often have you 

had trouble sleeping a 

 Sum (Q5b:Q5j) = 1-9 1 

 Sum (Q5b:Q5j) = 10-18 2 

 Sum (Q5b:Q5j) = > 18 3 

Sleep latency 0-15 minutes (0)  
Q2. How long (in minutes) has it 

taken you to fall asleep each 

night? 

 16-30 minutes (1)  

 31-60 minutes (2)  

 > 60 minutes (3)  

 Q5a + Q2 = 0 0 Q2 scoring + Q5a  

 

Q5a.Cannot get to sleep within 

30 minutes 

 Q5a + Q2 = 1-2 1 

 Q5a + Q2 = 3-4 2 

 Q5a + Q2 = 5-6 3 

Daytime dysfunction Q8 + Q9 = 0 0 Q8. How often have you had 
trouble staying awake while 
driving, eating meals, or 
engaging in social activity? 
Q9. How much of a problem has 
it been for you to keep up 
enthusiasm to get things done? 

Due to sleepiness Q8 + Q9 = 1-2 1 

 Q8 + Q9 = 3-4 2 

 Q8 + Q9 = 5-6 3 

Sleep efficiency HSE ≥ 85 0 Q1 and Q3.  

Habitual sleep efficiency (HSE) 

= (actual sleep duration / time in  

bed) * 100 

 75 ≤ HSE < 85 1 

 65 ≤ HSE < 75 2 

 HSE < 65 3 

Subjective sleep quality Very good 0 

Q6. How would you rate your 

sleep quality overall? 

 Fairly good 1 

 Fairly bad 2 

 Very bad 3 

Need medications to sleep Not during the past month 0 

Q7. How often have you taken 

medicine (prescribed or ―over 

the counter‖) to help you sleep? 

 Less than once a week 1 

 Once or twice a week  2 

 
Three or more times a 

week 
3 

PSQI global score ≤ 5 : Good sleeper   > 5 : Poor sleeper 

PSQI-K 
b
 ≤ 8.5 : Good sleeper   > 8.5 : Poor sleeper 

 

a. Specific questions are as follows: Q5b. Wake up in the middle of the night or early 

morning; Q5c. Have to get up to use the bathroom; Q5d. Cannot breathe comfortably; 

Q5e. Cough or snore loudly; Q5f. Feel too cold; Q5g. Feel too hot; Q5h. Have bad 

dreams; Q5i. Have pain; Q5j. Other reason(s) 



33 

 

b. Best cut-off score of 8.5 in the Korean population (sensitivity of 0.943 and specificity of 

0.844)  

Statistical analysis 

Descriptive statistics regarding demographic factors and sleep characteristics 

among the study participants were presented based on the chi-square test and 

the student t-test yielding a p-value < 0.05 were considered statistically 

significant. The correlations between the HEXA questionnaire (i.e., each 

survey item on sleep and a composite variable) and the PSQI-K scores (i.e., 

total global score and seven component scores) were estimated by using the 

Pearson's correlation coefficients and intra-class correlation (ICC) 

coefficients. Additionally, Kappa statistics were calculated to assess the 

agreement in diagnoses derived from the HEXA questionnaire and the PSQI-

K scores. The diagnostic accuracy of the composite sleep score proposed by 

the HEXA study was evaluated based on the receiver operating characteristic 

(ROC) curves as calculated from multivariate logistic regression models 

using the C statistics. With the optimal cut-off score, sensitivity and 

specificity were graphically represented by ROC curves that plotted the true-

positive rate (sensitivity) against the false-positive rate (1-specificity). The 

discriminative ability of a composite sleep score was estimated with the 

values of area under the curve (AUC). According to the general terms, AUC 

values were determined as follows: over 0.90 excellent, 0.80 to 0.89 good, 

0.70 to 0.79 fair, 0.60 to 0.69 poor, and 0.50 to 0.59 no useful performance 
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(Greiner, Pfeiffer et al. 2000). All statistical analyses were performed using 

SAS software version 9.4 (SAS Institute, Cary, North Carolina), except for 

ICC estimation by using MedCalc version 15.6.1 (MedCalc Software, Inc, 

Mariakerke, Belgium). 

 

Results 

 

Basic characteristics of those included in the study (N=575) are summarized 

in Table 1.2. The mean age of men was 60.9 years old and that of women 

was 57.9 years old. A significantly higher proportion of non-manual job was 

observed among men compared to women. About twenty percent of men 

were current smokers, while 97.0% of the females were never or past 

smokers. The proportion of subjects who currently consumed alcohol was 

68.2% among men and 25.1% among women. Men engaged in regular 

exercise more frequently compared to women (59.5% vs. 49.3%, 

respectively). Men appeared to have more chronic diseases such as 

hypertension (29.5% in men vs. 22.1% in women) and diabetes mellitus 

(15.6% in men vs. 9.5% in women), but a prevalence of depression was 

higher among women (0.6% in men vs. 2.2% in women). In summary, higher 

proportions of order having non-manual occupation, current smokers, current 

drinkers, and regular exercisers were observed in male subjects. Whereas, 

women appeared to have poor psychological conditions compared than men 
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(Table 1.2). 

Table 1.2. Demographic characteristics of the study subjects  

 
     Total 

Total (N=575) 

 Men (N=173) Women (N=402)  

Age, years (mean ± SD) 58.8 ± 8.2 60.9 ± 7.5 57.9 ± 8.3 

   40 - 49 88 (15.3) 14 (8.1) 74 (18.4) 

   50 - 59 215 (37.4) 61 (35.3) 154 (38.3) 

   ≥ 60 272 (47.3) 98 (56.6) 174 (43.3) 

Marital Status 
a
    

   Married  465 (80.7) 154 (89.0) 311 (77.4) 

   Single 94 (16.3) 14 (8.1) 80 (19.9) 

Current occupation    

   Non-manual 123 (21.4) 63 (36.4) 60 (14.9) 

   Manual 136 (23.7) 56 (32.4) 80 (19.9) 

   Unemployed / housewife  290 (50.4) 45 (26.0) 245 (61.0) 

Smoking status 
b
    

   Never/Ex- smoker 471 (81.9) 81 (46.8) 390 (97.0) 

   Current smoker 37 (6.4) 34 (19.7) 3 (0.8) 

Alcohol drinking    

   Never/Ex-drinker 334 (58.1) 48 (27.8) 286 (71.1) 

   Current drinker 219 (38.1) 118 (68.2) 101 (25.1) 

Regular exercise    

   No 252 (43.8) 63 (36.4) 189 (47.0) 

   Yes 301 (52.4) 103 (59.5) 198 (49.3) 

Stress events    

   Not at all 404 (70.3) 136 (78.6) 268 (66.7) 

   Often 134 (23.3) 27 (15.6) 107 (26.6) 

   Frequent 15 (2.6) 3 (1.7) 12 (3.0) 

BMI, kg/m
2
 (mean ± SD) 23.5 ± 3.3 23.8 ± 2.3 23.4 ± 3.6 

   < 18.5 14 (2.4) 2 (1.2) 12 (3.0) 

   18.5 - 22.9 229 (39.8) 60 (34.7) 169 (42.0) 

   23.0 - 24.9 163 (28.4) 58 (33.5) 103 (26.1) 

   25.0 - 30.0 139 (24.2) 44 (25.4) 95 (23.6) 

   ≥ 30.0 8 (1.4) 2 (1.2) 6 (1.5) 

Comorbidity    

  Hypertension 
c
 140 (24.4) 51 (29.5) 89 (22.1) 

  Diabetes 
d
 65 (11.3) 27 (15.6) 38 (9.5) 

  Depression 
e
 10 (1.7) 1 (0.6) 9 (2.2) 

a. Married peoples including cohabits and single status including separated or divorced peoples 

b. Defined by lifetime smoking of more than 100 cigarettes or more 

c. SBP ≥ 140 mmHg or DBP ≥ 90 mmHg or antihypertensive treatment 

d. Fasting glucose ≥ 200 mg/dL or drug treatment 
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e. Diagnosed by doctors in a hospital  

  

The study subjects slept 6.86 hours per day (including nap): women appeared 

to sleep less compared than men. About 15% of study subjects slept less than 

6 hours a day (13.3% for men and 15.9% for women), whereas only 1.7% of 

the study sample slept more than 10 hours a day (1.7% for both men and 

women). In terms of sleep quality, women participants appeared to 

experience more sleep complaints such as difficulty in initiating sleep 

(―always‖ = 2.3% for men and 3.0% for women) and nonrestorative sleep 

(―always‖ = 4.6% for men and 9.4% for women), which were exhibited in 

statistically significant differences (Table 1.3).  

 

Table 1.3. Habitual sleep characteristics of the study subjects: from the 

HEXA questionnaire 

 
Total 

Total (N=575) 

 Men (N=173) Women (N=402)  

HEXA     

Sleep duration (mean ± SD)  6.86 ± 1.3 6.96 ± 1.5 6.82 ± 1.3 

< 6 hours 87 (15.1) 23 (13.3) 64 (15.9) 

6 - 7 hours 358 (62.3) 111 (64.2) 247 (61.4) 

8 - 9 hours 120 (20.9) 36 (20.8) 84 (20.9) 

≥ 10 hours 10 (1.7) 3 (1.7) 7 (1.7) 

Difficulty in initiating sleep      

Not at all  349 (60.7) 120 (69.4) 229 (57.0) 

Sometimes 169 (29.4) 43 (24.9) 126 (31.3) 

Most of time 41 (7.1) 6 (3.5) 35 (8.7) 

Always  16 (2.8) 4 (2.3) 12 (3.0) 

Nonrestorative sleep    

Not at all  232 (40.4) 83 (48.0) 149 (37.1) 

Sometimes 208 (36.2) 62 (35.8) 146 (36.3) 

Most of time 89 (15.5) 20 (11.6) 69 (17.2) 
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Always  46 (8.0) 8 (4.6) 38 (9.4) 

 

Habitual sleep characteristics, which were evaluated by using the PSQI-K, of 

those included in the study are summarized in Tables 1.4 and 1.5. The mean 

PSQI-K score was significantly higher than in women (4.25 for men vs. 5.02 

for women): all seven component scores, except for daytime dysfunction and 

use of sleeping medication, women exhibited higher mean scores than those 

of men. Moreover, 36.3% of women were defined as poor sleepers with a 

PSQI-K score of > 5 (Table 1.4). Actual sleep hours were less than 6.38 

hours a day but they took much longer time in bed, about 6.97 hours. Women 

needed much longer time to accomplish the transition from wakefulness to 

sleep than men: 12.9% of women could not fall asleep within 30 minutes 

more than three days a week, whereas 5.8% of men did (p = 0.008; Table 

1.5). 

 

Table 1.4. Habitual sleep characteristics of the study subjects: results 

from the PSQI-K component scores and overall decision  

 
Total 

Total (N=575) 

 Men (N=173) Women (N=402)  

Average score (mean ± SD)    

Sleep duration 0.93 ± 0.98 0.84 ± 0.97 0.96 ± 0.99 

Sleep disturbance 0.91 ± 0.52 0.86 ± 0.47 0.93 ± 0.54 

Sleep latency 0.83 ± 1.05 0.56 ± 0.89 0.95 ± 1.09 

Daytime dysfunction 0.51 ± 0.78 0.52 ± 0.77 0.50 ± 0.79 

Habitual sleep efficiency 0.36 ± 0.82 0.35 ± 0.78 0.37 ± 0.84 

Sleep quality 1.12 ± 0.77 1.00 ± 0.71 1.17 ± 1.09 

Use of sleeping medication   0.13 ± 0.57 0.13 ± 0.60 0.13 ± 0.57 
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Total score 4.78 ± 3.10 4.25 ± 2.75 5.02 ± 3.22 

Overall decision     

Good sleepers 386 (67.1) 130 (75.1) 256 (63.7) 

Poor sleepers 189 (32.9) 43 (24.9) 146 (36.3) 

Table 1.5. Habitual sleep characteristics of the study subjects: results 

from the distributions of each PSQI-K component 

 

Total 
Total (N=575) 

 Men (N=173) Women (N=402)  

Sleep duration (mean ± SD) 6.38 ± 1.3 6.46 ± 1.3 6.34 ± 1.4 

0 (≥ 7 hours) 245 (42.6) 82 (47.4) 163 (40.6) 

1 (6 hours) 185 (32.2) 51 (29.5) 134 (33.3) 

2 (5 hours) 87 (15.1) 25 (14.5) 62 (15.4) 

3 (<5 hours) 58 (10.1) 15 (8.6) 43 (10.7) 

Time in bed (mean ± SD) 6.97 ± 1.4 6.97 ± 1.6  6.97 ± 1.3 

0 (≥ 7 hours) 334 (58.1) 102 (59.0) 232 (57.7) 

1 (6 hours) 150 (26.1) 45 (26.0) 105 (26.1) 

2 (5 hours) 70 (12.2) 20 (11.5) 50 (12.4) 

3 (<5 hours) 21 (3.7) 6 (3.5) 15 (3.7) 

Sleep disturbance    

0 (none) 106 (18.4) 33 (19.1) 73 (18.2) 

1 (1-9) 418 (72.7) 132 (76.3) 286 (71.1) 

2 (10-18) 50 (8.7) 8 (4.6) 42 (10.5) 

3 (19-27) 1 (0.2) 0 (0.0) 1 (0.2) 

Sleep latency    

0 (≤15 min + none) 312 (54.3) 113 (65.3) 199 (49.5) 

1 (16-31 min + <1 per week) 111 (19.3) 33 (19.1) 78 (19.4) 

2 (31-60 min + 1-2 per week) 90 (15.7) 17 (9.8) 73 (18.2) 

3 (>60 min + ≥ 3 per week) 62 (10.8) 10 (5.8) 52 (12.9) 

Daytime dysfunction    

0 (none) 373 (64.9) 110 (63.6) 263 (65.4) 

1 (1-2 per week) 129 (22.4) 40 (23.1) 89 (22.1) 

2 (3-4 per week) 58 (10.1) 20 (11.6) 38 (9.5) 

3 (5-6 or more per week) 15 (2.6) 3 (1.7) 12 (3.0) 

Habitual sleep efficiency (%) 93.1 ± 23.0 95.8 ± 34.3  91.9 ± 15.8 

0 (> 85%) 457 (79.5) 137 (79.2) 320 (79.6) 

1 (75%-84%) 62 (10.8) 20 (11.6) 42 (10.4) 

2 (65%-74%) 20 (3.5) 8 (4.6) 12 (3.0) 

3 (<65%) 36 (6.3) 8 (4.6) 28 (7.0) 

Sleep quality    

0 (very good) 111 (19.3) 39 (22.5) 72 (17.9) 

1 (fairly good) 311 (54.1) 99 (57.2) 212 (52.7) 

2 (Fairly bad) 125 (21.7) 31 (17.9) 94 (23.4) 

3 (very bad) 28 (4.9) 4 (2.3) 24 (6.0) 

Use of sleeping medication    
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0 (none) 542 (94.3) 165 (95.4) 377 (93.8) 

1 (less than once a week) 11 (1.9) 1 (0.6) 10 (2.5) 

2 (Once or twice a week) 2 (0.4) 0 (0.0) 2 (0.5) 

3 (3 or more times a week) 20 (3.5) 7 (4.0) 13 (3.2) 

Correlation coefficients, which were estimated by using Pearson‘s 

correlation coefficients and ICC coefficients, between each survey items on 

usual sleep characteristics assessed in the HEXA study and PSQI-K 

global/component scores are presented in Table 1.6.  

To determine the strength of relationship, the magnitude of the correlation 

between 0.3 and 0.5 was considered as the value indicating a moderate 

correlation. The sleep duration question of the HEXA study was significantly 

correlated with the global PSQI-K score (r = 0.46, p < 0.001). In terms of 

each component score, it was well correlated with sleep duration (r = 0.63, p 

< 0.001) and final decision with cut-off point of 5 or 8.5 (r = 0.35, p < 0.001). 

Furthermore, ICC coefficients between the sleep duration question of the 

HEXA study and sleep duration component of the PSQI-K indicated a fair 

agreement (ICC = 0.57 for single ratings and ICC = 0.72 for average ratings). 

On the other hand, all correlation statistics, both Pearson‘s correlation 

coefficients and ICC coefficients between difficulty in initiating sleep and 

PSQI-K scores, showed relatively week relationships: all Pearson‘s 

correlation coefficients were lower than 0.3 and all ICC coefficients were 

lower than 0.5. With regard to nonrestorative sleep, significantly moderate 

correlations were presented with total PSQI-K score (r = 0.38, p < 0.001) and 
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overall sleep quality score (r = 0.40, p < 0.001). All ICC coefficients were 

also replicated in the similar trend (Table 1.6).  

Table 1.6. Correlations between each item of sleep characteristic from 

the HEXA questionnaire and PSQI-K scores 

 
Pearson’s 

correlation 
 ICC correlation (95% CI) 

PSIQ-K coefficient P  Single 
a
  Average 

b
  

    Sleep duration  

Total score 0.46372 <0.001  0.18 (0.10-0.25) 0.30 (0.17-0.41) 

Sleep duration 0.63355 <0.001  0.57 (0.51-0.62) 0.72 (0.67-0.76) 

Sleep disturbance 0.06991  0.094   0.07 (0.00-0.15) 0.13 (0.00-0.26) 

Sleep latency 0.29224 <0.001  0.25 (0.18-0.33) 0.40 (0.30-0.50) 

Daytime dysfunction 0.07780  0.062   0.08 (0.00-0.16) 0.14 (0.00-0.27) 

Habitual sleep efficiency 0.23930  <.0001  0.23 (0.15-0.31) 0.37 (0.26-0.47) 

Overall sleep quality 0.26297  <0.001   0.26 (0.18-0.33) 0.41 (0.30-0.50) 

Use of sleeping medication 0.01497   0.720   0.02 (0.00-0.10) 0.03 (0.00-0.18) 

Good vs. Poor by score 5 0.35411 <0.001  0.34 (0.27-0.41) 0.51 (0.42-0.58) 

Good vs. Poor by score 8.5 0.34590 <0.001  0.30 (0.22-0.37) 0.46 (0.36-0.54) 

 Difficulty in initiating sleep 

Total score 0.26605  <0.001  0.12 (0.04-0.20) 0.22 (0.08-0.34) 

Sleep duration 0.06320   0.130  0.06 (0.00-0.15) 0.12 (0.00-0.25) 

Sleep disturbance 0.16614 <0.001  0.16 (0.08-0.23) 0.27 (0.14-0.38) 

Sleep latency 0.22152  <0.001  0.21 (0.13-0.29) 0.35 (0.23-0.45) 

Daytime dysfunction 0.16759  <0.001  0.17 (0.09-0.25) 0.29 (0.16-0.40) 

Habitual sleep efficiency 0.09271   0.026  0.09 (0.01-0.17) 0.17 (0.02-0.30) 

Overall sleep quality 0.19856  <0.001  0.20 (0.12-0.28) 0.33 (0.21-0.43) 

Use of sleeping medication 0.14595  <0.001  0.14 (0.06-0.22) 0.25 (0.11-0.36) 

Good vs. Poor by score 5 0.22142  <0.001  0.20 (0.12-0.28) 0.33 (0.22-0.43) 

Good vs. Poor by score 8.5 0.23192   0.002  0.18 (0.10-0.25) 0.30 (0.17-0.40) 

  Nonrestorative sleep  

Total score 0.38320 <0.001  0.21 (0.13-0.29) 0.35 (0.23-0.45) 

Sleep duration 0.16661  <0.001  0.17 (0.09-0.25) 0.29 (0.16-0.39) 

Sleep disturbance 0.17673 <0.001  0.15 (0.07-0.23) 0.26 (0.13-0.37) 

Sleep latency 0.27587 <0.001  0.27 (0.20-0.35) 0.43 (0.33-0.52) 

Daytime dysfunction 0.25748 <0.001  0.25 (0.18-0.33) 0.40 (0.30-0.49) 

Habitual sleep efficiency 0.09430  0.024  0.09 (0.02-0.18) 0.17 (0.02-0.30) 

Overall sleep quality 0.40081 <0.001  0.39 (0.32-0.46) 0.57 (0.49-0.63) 

Use of sleeping medication 0.09636  0.021  0.09 (0.00-0.17) 0.16 (0.01-0.29) 
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Good vs. Poor by score 5 0.30066  <0.001  0.24 (0.16-0.32) 0.39 (0.28-0.48) 

Good vs. Poor by score 8.5 0.27823 <0.001  0.18 (0.10-0.26) 0.31 (0.18-0.41) 

a. Estimates the reliability of single ratings 

b. Estimates the reliability of averages of k ratings 

The magnitude of correlations between a composite sleep score —which 

could secure the modality covering both sleep duration and complaints— and 

PSQI-K global/component scores improved to some extent. A composite 

sleep score was significantly correlated with a global PSQI-K score (r = 0.52, 

p < 0.001), sleep duration (r = 0.34, p < 0.001), sleep latency (r = 0.39, p < 

0.001), overall sleep quality (r = 0.41, p < 0.001), and final decision with 

cut-off point of 5 or 8.5 (r = 0.40, p < 0.001 and r = 0.44, p < 0.001; 

respectively). Additionally, ICC coefficients between a composite sleep score 

and a global PSQI-K score indicated a fair agreement (ICC = 0.64 for 

average ratings; Table 1.7). 

 

Table 1.7. Correlations between a composite sleep score and PSQI-K 

scores 

 
Pearson’s 

correlation 
 ICC correlation (95% CI) 

PSIQ-K coefficient P  Single 
a
  Average 

b
  

Total score 0.52211 <0.001  0.47 (0.40-0.53) 0.64 (0.57-0.69) 

Sleep duration 0.34127 <0.001  0.28 (0.20-0.35) 0.43 (0.33-0.52) 

Sleep disturbance 0.22438 <0.001  0.11 (0.03-0.19) 0.20 (0.06-0.32) 

Sleep latency 0.38665 <0.001  0.33 (0.25-0.40) 0.50 (0.40-0.57) 

Daytime dysfunction 0.21716 <0.001  0.15 (0.07-0.23) 0.26 (0.13-0.37) 

Habitual sleep efficiency 0.22902 <0.001  0.17 (0.09-0.24) 0.28 (0.16-0.39) 

Overall sleep quality 0.41405 <0.001  0.29 (0.21-0.36) 0.44 (0.35-0.53) 

Use of sleeping medication 0.14401 <0.001  0.07 (0.00-0.16) 0.15 (0.00-0.28) 
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Good vs. Poor by score 5 0.40283 <0.001  0.19 (0.11-0.26) 0.31 (0.19-0.42) 

Good vs. Poor by score 8.5 0.44392 <0.001  0.15 (0.07-0.23) 0.27 (0.13-0.38) 

a. Estimates the reliability of single ratings 

b. Estimates the reliability of averages of k ratings 

Figures 1.1 and 1.2 illustrate the performance of the composite sleep score of 

HEXA sleep items as a putative discriminator for identifying poor sleepers 

on the basis of the PSQI cut-off values of 5 (i.e., a conventional threshold) 

and 8.5 (i.e., a newly proposed threshold in the Korean population). The 

optimal cut-off value of the composite sleep score was determined by 

considering a reasonable range of sensitivity, specificity, positive predictive 

values and negative predictive values with the maximized AUC values 

calculated in a logistic model. Cut-off scores of 5 and 6 on a composite sleep 

score was optimal for discriminating poor sleepers who might suffer from 

low sleep quality among normal healthy Korean adults. When poor sleepers 

were differentiated by the conventional PSQI cut-off value of 5, a composite 

sleep score demonstrated good validity in the form of AUC values of 0.70, 

which were almost identical regardless of its cut-off point at score 5 or 6 

(Figure 1.1). In the Korean cut-off model (i.e., with the PSQI cut-off value of 

8.5) adjusted for age, sex marital status, current occupation, smoking status, 

alcohol drinking, regular exercise, stress events, BMI, hypertension, diabetes, 

metabolic syndrome, and depression, a composite sleep score also showed a 

fair predictive power to discriminate poor sleepers from general healthy 
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adults: the AUC value for score 5 was 0.79 (95% CI 0.73-0.85) and the value 

for score 6 was 0.78 (95% CI 0.72-0.85; Figure 1.2).  

    

Figure 1.1. Receiver operating characteristic (ROC) curve for  

a composite sleep score with a cutoff value of scores 5 (a) and 6 (b) 

a. 
 
 
 
 

 
 
 
 

b. 
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: Overall decision according to the PSQI with cut-point 5  

AUC-ROC model adjusted for age, sex marital status, current occupation, smoking 

status, alcohol drinking, regular exercise, stress events, BMI, hypertension, diabetes, 

metabolic syndrome, and depression 

    

Figure 1.2. Receiver operating characteristic (ROC) curve for  

a composite sleep score with a cutoff value of scores 5 (a) and 6 (b)  

a.  

b.  
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: Overall decision according to the PSQI with cut-point 8.5  

AUC-ROC model adjusted for age, sex marital status, current occupation, smoking 

status, alcohol drinking, regular exercise, stress events, BMI, hypertension, diabetes, 

metabolic syndrome, and depression 

Discussion 

 

To conduct population-based sleep epidemiology researches in a scientific 

manner, first of all, verification is needed to check how precise the survey 

items represent individuals‘ sleep behavior in both quantitative and 

qualitative aspects; thus a preliminary validation study is imperative. 

Findings of the present validation study indicate that survey items on 

habitual sleep characteristics adopted in the HEXA study may correspond 

with the PSQI, the standard measurement method used worldwide. Moderate 

degrees of correlation between the each of three HEXA items and the global 

score of PSQI were secured (r > 0.40). Moreover, it is reasonably supported 

that a composite sleep score can assess individuals‘ sleep status covering 

quantitative and qualitative evaluation of sleep behavior: it exhibited a fair 

predictive power to discriminate poor sleepers from the normal healthy 

Korean adults (AUC > 0.70).  

Measuring sleep quality and patterns might be the most significant issue that 

remains a research challenge. As sleep is a complicated mixture including 

quantitative aspects (i.e., sleep duration, latency, and efficiency) as well as 
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more subjective aspects (i.e., relaxation, refreshment and depth of sleep) 

(Buysse, Reynolds et al. 1989, Akerstedt, Hume et al. 1994, Girschik, 

Heyworth et al. 2012), it is difficult to embrace a full range of sleep aspects 

by using the subjective methods. Most of epidemiology studies adopted to a 

questionnaire to obtain information on usual sleep patterns and quality. In 

this regard, given its efficiency and practicality, a sleep questionnaire survey 

can be an ideal method allowing to a larger study participants and greater 

statistical power than would be possible with other objective measurement 

tools (Girschik, Heyworth et al. 2012, Sohn, Kim et al. 2012). The HEXA 

study, in the same vein, needs to establish an accurate and valid 

questionnaire to secure comprehensive assessment of habitual sleep patterns 

and quality: our findings can support to its potential as a reliable instrument 

in the context of population health research. Although it may slightly limit 

the scope for exploring a full range sleep attributes, use of the survey items 

on habitual sleep characteristics included in the HEXA study is reasonable.  

There have been several controversies concerning the assessment of self-

reported sleep using only one or two questions. Previous studies indicated 

that self-reported sleep duration and quality did not closely correspond with 

actigraphically recorded sleep (Girschik, Fritschi et al. 2012, Herring, Foster 

et al. 2013). On the contrary, several studies found moderate and/or fair 

correlations between subjective and objective sleep duration (Monk, 
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Reynolds et al. 1994, Lockley, Skene et al. 1999, Wolfson, Carskadon et al. 

2003, Lauderdale, Knutson et al. 2008, Grutsch, Wood et al. 2011). The 

discrepancy between subjective and objective sleep episode is possibly 

explained by the multidimensional architecture of sleep that people cannot 

recognize and innate the vagueness of quantitative estimates of sleep patterns: 

the cognitive processes engaged in encoding and archiving sleep-related 

information may yield approximation of sleep behavior (Gehrman, Matt et al. 

2002). Because each single question of the HEXA study—usual sleep 

duration, difficulty in initiating sleep, and nonrestorative sleep—was not 

directly compared to objective measures of sleep parameters, we cannot be 

free of the residual discrepancy. There is still a need for the further study to 

verify the degree of agreement between the HEXA sleep questionnaire and 

objective sleep parameters and to improve the questionnaire response format 

considering the respondent‘s cognitive processing and recognition on actual 

sleep behaviors.  

Several limitations should be noted. First, the use of polysomnography, the 

gold standard for objectively assessing sleep parameters, could not be 

applied to the present validation study. Although the PSQI is considered a 

valid measurement tool that is used all over the world, it also assesses sleep 

quality in a subjective manner thereby, not totally eliminating the latent bias 

and/or residual confounders. Yet, considering a feature of the HEXA study—
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a large scale population-based cohort study carried out cross-nationally—and 

the future direction of sleep epidemiology studies attempting to deal with big 

data, polysomnography would not be an ideal method due to lack of 

practicality and low cost-effectiveness. Thus, adopting the PSQI as the gold 

standard in the present study might be plausible. Second, all study 

participants were selected among the healthy volunteers who were repeatedly 

recruited for the health examination studies. It is assumed that they might be 

more likely to be concerned with health status and to engage in health-

seeking behaviors compared to the general population thus, we could not 

detect the severe variations in sleep patterns. Additionally, any patients who 

suffered from clinically diagnosed sleep disorders and were in need of 

treatment were not included in the present study.  

In conclusion, each survey item measuring habitual sleep characteristics as 

well as a composite sleep score can be a valid tool for assessing the quality 

and patterns of sleep in the normal healthy Korean population. As a reliable 

measurement tool in the context of population health research, it can be 

supported that all of them are appropriate for use in population-based sleep 

studies for the Korean adult population. 
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CHAPTER 2 
Correlates of habitual sleep duration in 

middle-aged and elderly Koreans 
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Introduction 

 

Sleep is indispensable to human survival. Evidence suggests that sleep 

imbalance, such as deprivation and/or fluctuations in usual sleep episodes, is 

significantly associated with diminished quality of life (Franco, Wong et al. 

2012) while influencing adverse physical and psychological health outcomes 

(Stranges, Dorn et al. 2008, Hayashino, Yamazaki et al. 2010, Fang, 

Wheaton et al. 2012). 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 (Cappuccio, 

Taggart et al. 2008, Park, Kim et al. 2009), hypertension (Cappuccio, 

Stranges et al. 2007), diabetes (Knutson, Ryden et al. 2006, Yaggi, Araujo et 

al. 2006), and metabolic syndrome (Knutson, Spiegel et al. 2007, Arora, 

Jiang et al. 2011, Stefani, Kim et al. 2013). Furthermore, sleep imbalance is 

supposed to result in higher mortality rates across the lifespan (Kripke, 

Garfinkel et al. 2002, Patel, Ayas et al. 2004, Tamakoshi and Ohno 2004, Yeo, 

Ma et al. 2013). 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 
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attention has been paid to how adverse patterns are induced during usual 

sleep episodes; thus, research examining the social and individual correlates 

of sleep duration continues to accumulate. Previous studies have indicated 

that individual characteristics, such as eating patterns (Kim, DeRoo et al. 

2011), physical activity (Tu, Cai et al. 2012), socioeconomic status (Patel 

2007, Stamatakis, Kaplan et al. 2007) and smoking habits (Sabanayagam and 

Shankar 2011), might be meaningful correlates of short and/or long sleep 

duration. Nevertheless, given that sleep patterns appear to be the result of 

complex interactions between sociocultural and individual factors (Stranges, 

Dorn et al. 2008), there is still a need for studies exploring the effects of 

diverse contexts on sleep duration. 

Evidence of the potential correlates of sleep duration has been widely 

reported, but little information exists for the Korean population. How 

adverse patterns are induced during usual sleep episodes 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 developing countries have coexisted in Korea. Furthermore, it 

is important to discern the putative correlates which might modify the actual 

association of usual sleep characteristics with health status because various 

factors can be highly intercorrelated with both sleep patterns and final health 

consequences. Thus, in the present study, we conducted a cross-sectional 
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analysis in order to identify putative correlates of short and/or long sleep 

duration.  

Materials and Methods 

 

Analytic study population  

During the HEXA baseline survey from 2004 to 2013, a total of 167,169 

participants aged 40–69 years were recruited. However, data cleaning 

procedures for new enrollments collected in 2013 has not yet been completed 

thus, data analysis in the present study (both chapter 2 and 3) was restricted 

to the participants recruited between 2004 and 2012, whose data was fully 

cleaned according to the standardized HEXA protocol (N=162,142) (Health 

Examinees Study 2015).  

Among a total of 162,142 middle aged and elderly subjects (40-69 years old), 

4,040 men and women were excluded from the final analysis because they 

did not provide appropriate information on sleep duration (N=1,972) and 

sleep complaints such as difficulty in initiating sleep and nonrestorative sleep 

(N=1,907) or they wanted to withdraw from the study (N=161). Thus, a total 

of 158,147 subjects including 53,789 men and 104,358 women were selected 

as the final analytic study population in this cross-sectional analysis (Figure 

2.1).  
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Figure 2.1. Flow diagram of the analytical sample selection criteria for  

a cross-sectional study: the Health Examinees (HEXA) study, 2004-2012  
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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 intercorrelated with both sleep duration and 

health consequences were selected within five domains: sociodemographic 

factors (i.e., age, educational attainment, occupational classification, marital 

status, and menopausal status for women only), lifestyle factors (i.e., 

smoking status, alcohol consumption, eating habits, multi-vitamin intake, 

and physical activity), psychological conditions (i.e., psychosocial well-

being status, stress events, and self-reported health status), anthropometry 

indices (i.e., BMI and WC) and health conditions (i.e., current medication 

use for 20 diseases). 

Sociodemographic factors: Age was categorized into three groups: forties 

(40-49), fifties (50-59), and sixties (60-69). Educational attainment was 
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classified 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 according to major professions based on 

the Korean Standard Classification of Occupations (KSCO) derived from the 

International Standard Classification of Occupations (ISCO). Hierarchical 

occupational categories were classified into three groups: non-manual (i.e., 

legislators, senior officials 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 

included 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) 
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in your lifetime?‖ People who smoked a minimum of 400 cigarettes during 

their lifetime and continued to smoke were classified 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 

categories: 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 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 PWI, which was modified from the General 

Health Questionnaire score for Koreans, was used to evaluate respondents‘ 

mental health and it has been validated in a large community sample in 

Korea (Cronbach‘s α = 0.92) (Chang 2000). 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 
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indicating 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 

categories 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/m
2
). According to the 

classification proposed by World Health Organization (WHO), BMI was 

split into four groups: underweight (BMI < 18.5), normal range (18.5-24.9), 

overweight (25.0-29.9), and obese (BMI ≥ 30.0). WC was classified into sex-

specific quartiles as follows: Quartile 1: WC ≤ 81.0 cm, Quartile 2: 81.1-86.0 

cm, Quartile 3: 86.1-91.0 cm, and Quartile 4: WC > 91.0 cm in men; 

Quartile 1: WC ≤ 73.0 cm, Quartile 2: 73.1-78.0 cm, Quartile 3: 78.1-84.0 

cm, Quartile 4: 84.0 cm < WC in women. 

Health conditions: The HEXA questionnaire covered personal medical 

history and current medication use for diverse diseases. In the present study, 
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a total of 20 diseases (i.e., 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 following 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 characteristics regarding sociodemographic factors, lifestyle factors, 

psychological conditions, anthropometry indices, 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. 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 
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(ANOVA) for continuous variables. All results yielding a p-value less than 

0.05 were considered statistically significant. 

Multinomial logistic regression analyses were used to identify the correlates 

that were significantly 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 ‗single‘), menopausal status (‗premenopausal‘ 

and ‗postmenopausal‘), smoking status (‗non-current 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 exercisers‘ and ‗non-exercisers‘), PWI status 

(‗positive wellbeing‘, ‗moderate distress‘, and ‗severe distress‘), stress 

events (‗not at all‘, ‗often‘, and ‗frequent‘), self-reported health status 
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(‗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 inflation factors (VIFs) for 

multicollinearity were also computed. After confirming that no 

multicollinearity 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 

Benjamini–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 

20 selected diseases above mentioned were wholly excluded from the 
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primary analysis. All statistical analyses were performed using SAS software 

version 9.4 (SAS Institute, Cary, North Carolina). 

 

Results 

 

Baseline characteristics regarding sleep duration, sociodemographic factors, 

lifestyle, psychological conditions, and anthropometry results are 

summarized in Tables 2.1 and 2.2. 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 10.8% and 1.7%, respectively; 

among women, there was a relatively greater proportion of short and long 

sleepers (12.9% and 1.8%, respectively). 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. Current smokers were more frequent in both men and 

women who slept more than 10 hours per day. Means of WC were 

significantly higher in both short and long sleepers: the U-shaped association 

of sleep duration was exhibited regardless of sex differences (Tables 2.1A 

and 2.1B).  
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Table 2.1A. Basic characteristics of the study population across 

categories of sleep duration in the HEXA study 2004-2012 (N=158,147) 

 

Men (N=53,789) 

< 6 hours 
(N=5,823) 

6 - 7 hours 
(N=34,728) 

8 - 9 hours 
(N=12,345) 

≥ 10 hours 
 (N=893) 

P a 

Sociodemographic factors 
    

 

Age (years, mean±SD) 54.3 ± 8.4 53.1 ± 8.2 54.7 ± 8.1 56.8 ± 7.8 < 0.001 

Education attainment, n (%)      

College degree or higher 1,979 (34.0) 13,597 (39.2) 3,493 (28.3) 144 (16.1) < 0.001 
High school graduate 2,267 (38.9) 13,757 (39.6) 5,156 (41.8) 356 (39.9)  
Middle school or below 1,497 (25.7) 6,985 (20.1) 3,587 (29.1) 384 (43.0)  

Occupational classification, n (%) 
    

 
Non-manual 1,826 (31.4) 12,375 (35.6) 3,086 (25.0) 121 (13.6) < 0.001 
Manual 2,810 (48.3) 15,805 (45.5) 6,065 (49.1) 438 (49.1)  
Unemployed / housewife 996 (17.1) 5,302 (15.3) 2,699 (21.9) 296 (33.2)  

Married, n (%) 5,342 (91.7) 32,718 (94.2) 11,679 (94.6) 827 (92.6) < 0.001 
Postmenopausal, n (%) - - - -    N.A. 

Lifestyle factors 
 

    

Current smoker, n (%) 1,912 (32.8) 10,819 (31.2) 3,969 (32.2) 328 (36.7) < 0.001 

Current drinker, n (%) 4,080 (70.1) 25,695 (74.0) 8,750 (70.9) 616 (69.0) < 0.001 

Having three meals a day, n (%)  4,727 (81.2) 30,012 (86.4) 10,695 (86.6) 739 (82.8) < 0.001 

Multi-vitamin user, n (%) 964 (16.6) 5,991 (17.3) 2,069 (16.8) 92 (10.3) < 0.001 

Regular exerciser, n (%) 3,129 (53.7) 20,237 (58.3) 6,763 (54.8) 421 (47.1) < 0.001 

Psychological condition 
 

    

PWI status b, n (%)      

Positive wellbeing 822 (14.1) 5,070 (14.6) 1,805 (14.6) 112 (12.5) < 0.001 

Moderate distress 4,187 (71.9) 26,335 (75.8) 9,180 (74.4) 602 (67.4)  

Severe distress 667 (11.5) 2,563 (7.4) 1,054 (8.5) 143 (16.0)  

Stress events, n (%) 
    

 

Not at all 3,198 (54.9) 21,485 (61.9) 7,715 (62.5) 509 (57.0) < 0.001 

Often 2,010 (34.5) 11,071 (31.9) 3,769 (30.5) 269 (30.1)  

Frequent 546 (9.4) 1,789 (5.2) 681 (5.5) 97 (10.9)  

Self-reported health status, n (%) 
    

 

Healthy 2,547 (43.7) 15,767 (45.4) 5,364 (43.5) 323 (36.2) < 0.001 

Normal 2,264 (38.9) 14,747 (42.5) 5,219 (42.3) 364 (40.8)  

Unhealthy 986 (16.9) 4,062 (11.7) 1,702 (13.8) 202 (22.6)  

Anthropometry 
    

 

BMI (kg/m2, mean±SD) 24.6 ± 2.9 24.4 ± 2.7 24.3 ± 2.7 24.4 ± 2.7 < 0.001 

WC (cm, mean±SD) 86.3 ± 7.9 85.8 ± 7.4 85.8 ± 7.5 86.7 ± 7.6 < 0.001 
 

Note: N.A., not applicable; PWI, psychosocial well-being index; BMI, body mass index; WC, waist 

circumference;  

a. Calculated by chi-square test for categorical variables or analysis of variance (ANOVA) for 

continuous variables 

b. Defined as Positive wellbeing group: PWI score ≤ 8, Moderate distress group: PWI score 8 - 27, 

and Severe distress group: PWI score ≥ 27 
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Table 2.1B. Basic characteristics of the study population across 

categories of sleep duration in the HEXA study 2004-2012 (N=158,147) 

 

Women (N=104,358) 

< 6 hours 
(N=13,504) 

6 - 7 hours 
(N=63,028) 

8 - 9 hours 
(N=25,958) 

≥ 10 hours 
(N=1,868) 

P a 

Sociodemographic factors 
    

 

Age (years, mean±SD) 54.1 ± 7.7 52.3 ± 7.5 52.4 ± 7.7 52.5 ± 7.8 < 0.001 

Education attainment, n (%)      

College degree or higher 2,083 (15.4) 12,138 (19.3) 4,232 (16.3) 227 (12.2) < 0.001 
High school graduate 5,004 (37.1) 26,753 (42.5) 10,750 (41.4) 733 (39.2)  
Middle school or below 6,218 (46.1) 23,422 (37.2) 10,648 (41.0) 891 (47.7)  

Occupational classification, n (%) 
   

 
Non-manual 1,501 (11.1) 8,542 (13.6) 2,361 (9.1) 108 (5.8) < 0.001 
Manual 3,957 (29.3) 16,825 (26.7) 6,028 (23.2) 380 (20.3)  
Unemployed / housewife 7,707 (57.1) 35,852 (56.9) 16,717 (64.4) 1,310 (70.1)  

Married, n (%) 11,001 (81.5) 54,685 (86.8) 22,507 (86.7) 1,542 (82.6) < 0.001 
Postmenopausal, n (%) 9,045 (67.0) 36,990 (58.7) 15,200 (58.6) 1,091 (58.4) < 0.001 

Lifestyle factors 
 

    

Current smoker, n (%) 376 (2.8) 1,213 (1.9) 609 (2.4) 79 (4.2) < 0.001 

Current drinker, n (%) 4,068 (30.1) 19,813 (31.4) 8,036 (31.0) 569 (30.5) 0.033 

Having three meals a day, n (%)  9,683 (71.7) 49,655 (78.8) 20,333 (78.3) 1,297 (69.4) < 0.001 

Multi-vitamin user, n (%) 2,756 (20.4) 13,709 (21.8) 5,262 (20.3) 357 (19.1) < 0.001 

Regular exerciser, n (%) 6,397 (47.4) 32,544 (51.6) 13,112 (50.5) 876 (46.9) < 0.001 

Psychological condition 
 

    

PWI status b, n (%)      

Positive wellbeing 1,197 (8.9) 6,386 (10.1) 2,748 (10.6) 157 (8.4) < 0.001 

Moderate distress 9,388 (69.5) 47,288 (75.0) 19,153 (73.8) 1,242 (66.5)  

Severe distress 2,468 (18.3) 7,487 (11.9) 3,282 (12.6) 403 (21.6)  

Stress events, n (%) 
    

 

Not at all 5,671 (42.0) 31,811 (50.5) 13,540 (52.2) 871 (46.6) < 0.001 

Often 5,562 (41.2) 24,751 (39.3) 9,739 (37.5) 715 (38.3)  

Frequent 2,134 (15.8) 5,732 (9.1) 2,320 (8.9) 241 (12.9)  

Self-reported health status, n (%) 
    

 

Healthy 3,999 (29.6) 21,910 (34.8) 8,854 (34.1) 544 (29.1) < 0.001 

Normal 5,861 (43.4) 29,517 (46.8) 11,764 (45.3) 781 (41.8)  

Unhealthy 3,558 (26.4) 11,196 (17.8) 5,166 (19.9) 528 (28.3)  

Anthropometry 
    

 

BMI (kg/m2, mean±SD) 24.0 ± 3.1 23.6 ± 2.9 23.7 ± 2.9 24.0 ± 3.2 < 0.001 

WC (cm, mean±SD) 79.5 ± 8.5 78.5 ± 8.1 78.7 ± 8.1 79.8 ± 8.8 < 0.001 
 

Note: N.A., not applicable; PWI, psychosocial well-being index; BMI, body mass index; WC, waist 

circumference;  

a. Calculated by chi-square test for categorical variables or analysis of variance (ANOVA) for 

continuous variables 

b. Defined as Positive wellbeing group: PWI score ≤ 8, Moderate distress group: PWI score 8 - 27, 

and Severe distress group: PWI score ≥ 27 
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Subjects who were currently taking medications for diabetes mellitus, 

depression, hypertension, myocardial infarction, stroke, asthma/chronic 

bronchitis, gastritis, and arthritis exhibited a significant association with 

sleep duration regardless of sex (p < 0.05). Prevalence of currently receiving 

treatment of cancer and peptic ulcer were significantly associated with sleep 

duration among men (p < 0.05). Moreover, medication use for chronic liver 

disease, thyroid disease, and hyperlipidemia showed a marginally significant 

association with sleep duration (0.05 ≤ p < 0.10). In terms of women, 

significant associations with sleep duration were observed in medication use 

on chronic liver disease, hyperlipidemia, cataract, gastritis, osteoporosis, and 

bladder infection (p < 0.05). Currently getting treatments for acute liver 

disease and fatty liver disease was associated with sleep duration in 

statistically marginal significance (0.05 ≤ p < 0.10; Tables 2.2A and 2.2B). 
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Table 2.2A. Prevalence of study population currently receiving treatment 

of diseases across categories of sleep duration 

 

Men (N=53,789) 

< 6 hours 

(N=5,823) 

6 - 7 hours 

(N=34,728) 

8 - 9 hours 

(N=12,345) 

≥ 10 hours 

  (N=893) 
  P a 

Viral infections-skin & mucous membrane  

Acute liver disease, n (%) 11 (0.2) 48 (0.1) 16 (0.1) 3 (0.3) 0.534 

Chronic liver disease, n (%) 57 (1.0) 285 (0.8) 138 (1.1) 9 (1.0) 0.078 

Neoplasms      

Cancer, n (%) 30 (0.5) 228 (0.7) 100 (0.8) 11 (1.2) 0.030 

Endocrine, nutritional & metabolic disease 

Diabetes mellitus, n (%) 460 (7.9) 2,480 (7.1) 1,076 (8.7) 104 (11.7) < 0.001 

Thyroid disease, n (%) 19 (0.3) 202 (0.6) 71 (0.6) 9 (1.0) 0.066 

Hyperlipidemia, n (%) 215 (3.7) 1,271 (3.7) 516 (4.2) 43 (4.8) 0.089 

Mental & behavioral disorders      

Depression, n (%) 33 (0.6) 101 (0.3) 57 (0.5) 6 (0.7) 0.002 

Diseases of the eye & adnexa      

Cataract, n (%) 38 (0.7) 191 (0.6) 87 (0.7) 7 (0.8) 0.393 

Diseases of the circulatory system      

Hypertension, n (%) 1,220 (21.0) 6,549 (18.9) 2,527 (20.5) 197 (22.1) < 0.001 

Myocardial infarction, n (%) 150 (2.6) 782 (2.3) 342 (2.8) 31 (3.5) 0.006 

Stroke, n (%) 65 (1.1) 297 (0.9) 157 (1.3) 20 (2.2) < 0.001 

Diseases of the respiratory system      

Asthma / Chronic bronchitis, n (%) 35 (0.6) 165 (0.5) 73 (0.6) 11 (1.2) 0.048 

Diseases of the digestive system      

Cholelithiasis, n (%) 8 (0.1) 37 (0.1) 18 (0.2) 2 (0.2) 0.600 

Fatty liver disease, n (%) 56 (1.0) 277 (0.8) 121 (1.0) 12 (1.3) 0.191 

Gastritis, n (%) 89 (1.5) 396 (1.1) 168 (1.4) 19 (2.1) 0.026 

Intestinal polyp, n (%) 11 (0.2) 45 (0.1) 19 (0.2) 0 (0.0) 0.755 

Peptic Ulcer, n (%) 44 (0.8) 230 (0.7) 124 (1.0) 5 (0.6) 0.010 

Diseases of the musculo-skeletal system       

Arthritis, n (%) 78 (1.3) 363 (1.1) 173 (1.4) 26 (2.9) < 0.001 

Osteoporosis, n (%) 17 (0.3) 51 (0.2) 23 (0.2) 2 (0.2) 0.154 

Diseases of the genitoruinary system      

Bladder infection, n (%) 3 (0.1) 16 (0.1) 13 (0.1) 0 (0.0) 0.494 
 

a. Chi-square test for categorical variables 
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Table 2.2B. Prevalence of study population currently receiving treatment 

of diseases across categories of sleep duration 

 

Women (N=104,358) 

< 6 hours 

(N=7,260) 

6 - 7 hours 

(N=33,950) 

8 - 9 hours 

(N=14,009) 

≥ 10 hours 

(N=1,158) 
  P a 

Viral infections-skin & mucous membrane  

Acute liver disease, n (%) 10 (0.1) 24 (0.0) 22 (0.1) 0 (0.0) 0.053 

Chronic liver disease, n (%) 48 (0.4) 270 (0.4) 124 (0.5) 16 (0.9) 0.014 

Neoplasms      

Cancer, n (%) 136 (1.0) 705 (1.1) 320 (1.2) 32 (1.7) 0.107 

Endocrine, nutritional & metabolic disease 

Diabetes mellitus, n (%) 725 (5.4) 2,548 (4.0) 1,244 (4.8) 124 (6.6) < 0.001 

Thyroid disease, n (%) 337 (2.5) 1,485 (2.4) 651 (2.5) 49 (2.6) 0.739 

Hyperlipidemia, n (%) 654 (4.8) 2,496 (4.0) 1,114 (4.3) 90 (4.8) < 0.001 

Mental & behavioral disorders      

Depression, n (%) 171 (1.3) 445 (0.7) 301 (1.2) 66 (3.5) < 0.001 

Diseases of the eye & adnexa      

Cataract, n (%) 140 (1.0) 421 (0.7) 148 (0.6) 17 (0.9) < 0.001 

Diseases of the circulatory system      

Hypertension, n (%) 2,525 (18.7) 9,638 (15.3) 4,169 (16.1) 336 (18.0) < 0.001 

Myocardial infarction, n (%) 224 (1.7) 656 (1.0) 291 (1.1) 20 (1.1) < 0.001 

Stroke, n (%) 54 (0.4) 254 (0.4) 139 (0.5) 22 (1.2) < 0.001 

Diseases of the respiratory system      

Asthma / Chronic bronchitis, n (%) 96 (0.7) 315 (0.5) 161 (0.6) 10 (0.5) < 0.001 

Diseases of the digestive system      

Cholelithiasis, n (%) 14 (0.1) 77 (0.1) 21 (0.1) 3 (0.2) 0.557 

Fatty liver disease, n (%) 58 (0.4) 200 (0.3) 78 (0.3) 12 (0.6) 0.061 

Gastritis, n (%) 288 (2.1) 969 (1.5) 430 (1.7) 39 (2.1) < 0.001 

Intestinal polyp, n (%) 9 (0.1) 36 (0.1) 21 (0.1) 0 (0.0) 0.680 

Peptic Ulcer, n (%) 102 (0.8) 341 (0.5) 156 (0.6) 12 (0.6) 0.116 

Diseases of the musculo-skeletal system  

Arthritis, n (%) 782 (5.8) 2,621 (4.2) 1,226 (4.7) 116 (6.2) < 0.001 

Osteoporosis, n (%) 486 (3.6) 1,819 (2.9) 798 (3.1) 72 (3.9) < 0.001 

Diseases of the genitoruinary system      

Bladder infection, n (%) 39 (0.3) 118 (0.2) 53 (0.2) 8 (0.4) < 0.001 
 

a. Chi-square test for categorical variables 
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After considering the putative effects of habitual characteristics, several 

correlates were selected as having a significant, direct association with both 

short and long sleep duration among men (represented by ORs): being older 

(OR = 1.46, 95% CI = 1.35-1.59 and OR = 1.95, 95% CI = 1.57-2.41, 

respectively), having the lowest education attainment (OR = 1.26, 95% CI = 

1.15-1.37 and OR = 2.81, 95% CI = 2.26-3.49, respectively), not eating three 

meals a day (OR = 1.42, 95% CI = 1.31-1.53 and OR = 1.40, 95% CI = 1.17-

1.68, respectively), being a non-exerciser (OR = 1.10, 95% CI = 1.04-1.16 

and OR = 1.26, 95% CI = 1.10-1.46, respectively), severe distress based on 

PWI status (OR = 1.22, 95% CI = 1.08-1.39 and OR = 1.49, 95% CI = 1.12-

1.99, respectively), having frequent stress events (OR = 1.69, 95% CI = 

1.51-1.89 and OR = 1.39, 95% CI = 1.09-1.77, respectively) and having poor 

self-rated health (OR = 1.12, 95% CI = 1.02-1.23 and OR = 1.45, 95% CI = 

1.18-1.78, respectively). Single correlates for short or long sleep duration 

among men were as follows: being single (OR = 1.31, 95% CI = 1.18-1.47), 

and being in the highest BMI quartile group (OR = 1.67, 95% CI = 1.42-1.98) 

raised the odds of having short sleep duration. In contrast, being unemployed 

or housewives (OR = 2.85, 95% CI = 2.24-3.61), consuming multi-vitamins 

(OR = 1.55, 95% CI = 1.16-2.07), and being in the highest viscerally obese 

group (OR = 1.35, 95% CI = 1.06-1.71) raised the odds of having long sleep 

duration (Table 2.3A). 
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Table 2.3A. Odd ratios (95% CIs)
a
 for short or long sleep duration 

compared to normal sleep (6-7 hours) according to selected correlates 

 

Men (N=53,789) 

< 6 hours 
OR (95% CI) 

8 - 9 hours 
OR (95% CI) 

≥ 10 hours 
OR (95% CI) 

P 
nominal b 

P 
corrected c 

Sociodemographic factors      

Age (years)      

40-49 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

50-59 1.08 (1.00-1.15) 1.16 (1.10-1.22) 1.52 (1.25-1.84)   

60-69 1.46 (1.35-1.59) 1.28 (1.20-1.36) 1.95 (1.57-2.41)   

Educational attainment      

College degree or higher 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

High school graduate 1.07 (1.00-1.15) 1.31 (1.24-1.38) 1.82 (1.48-2.24)   

Middle school or below 1.26 (1.15-1.37) 1.60 (1.50-1.71) 2.81 (2.26-3.49)   

Occupational classification     

Non-manual 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Manual 1.04 (0.97-1.12) 1.21 (1.15-1.28) 1.55 (1.24-1.93)   

Unemployed / housewife 0.97 (0.88-1.06) 1.55 (1.44-1.66) 2.86 (2.25-3.63)   

Marital status      

Married 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Single or separated 1.31 (1.18-1.47) 0.88 (0.80-0.96) 0.98 (0.75-1.29)   

Lifestyle factors      

Smoking status      

Non-current smoker 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Current smoker 1.06 (1.00-1.13) 1.08 (1.03-1.14) 1.30 (1.13-1.51)   

Alcohol consumption      

Non-current drinker 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Current drinker 0.87 (0.81-0.92) 0.92 (0.88-0.97) 0.94 (0.81-1.09)   

Eating habits      

Having 3 meals a day 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Having irregular meals 1.42 (1.31-1.53) 1.05 (0.99-1.12) 1.40 (1.17-1.68)   

Intake of multi vitamin      

Multi-vitamin user 1 (ref.) 1 (ref.) 1 (ref.) 0.005  0.011 

Non-users 1.01 (0.93-1.09) 0.96 (0.91-1.01) 1.52 (1.22-1.89)   

Physical activity      

Regular exerciser 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Non-exerciser 1.10 (1.04-1.16) 1.08 (1.04-1.13) 1.26 (1.10-1.46)   

Psychological condition      

PWI status d      

Positive wellbeing 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Moderate distress 0.94 (0.87-1.02) 0.97 (0.91-1.03) 0.96 (0.77-1.18)   

Severe distress 1.22 (1.08-1.39) 1.04 (0.94-1.15) 1.49 (1.12-1.99)   

Stress events      

Not at all 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Often 1.19 (1.12-1.27) 0.94 (0.89-0.98) 0.93 (0.79-1.09)   

Frequent 1.69 (1.51-1.89) 0.93 (0.85-1.03) 1.39 (1.09-1.77)   

Self-reported health status     

Healthy 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Normal 0.88 (0.83-0.94) 1.01 (0.97-1.06) 1.06 (0.91-1.25)   

Unhealthy 1.12 (1.02-1.23) 1.08 (1.00-1.16) 1.45 (1.18-1.78)   
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(continued) 

 

Men (N=53,789) 

< 6 hours 
OR (95% CI) 

8 - 9 hours 
OR (95% CI) 

≥ 10 hours 
OR (95% CI) 

P 
nominal b 

P 
corrected c 

Anthropometry      

Body mass index (kg/m2)      

Underweight, BMI>18.5 1.19 (0.93-1.52) 1.16 (0.97-1.40) 0.46 (0.20-1.04) < 0.001 < 0.001 

Normal range, 18.5-24.9 1 (ref.) 1 (ref.) 1 (ref.)   

Overweight, 25.0-29.9 1.17 (1.09-1.26) 0.92 (0.87-0.97) 0.94 (0.79-1.12)   

Obese, ≥ 30.0 1.67 (1.42-1.98) 0.92 (0.79-1.06) 0.72 (0.43-1.20)   

Waist circumference e (cm)     

Quartile 1 (Lowest) 1.05 (0.97-1.14) 0.99 (0.93-1.05) 0.97 (0.79-1.18) 0.167 0.279 

Quartile 2 1 (ref.) 1 (ref.) 1 (ref.)   

Quartile 3 1.02 (0.94-1.11) 1.01 (0.95-1.08) 1.19 (0.98-1.45)   

Quartile 4 (Highest) 1.03 (0.94-1.14) 1.05 (0.98-1.13) 1.28 (1.02-1.61)   
 

Note: Unknown values were wholly included in the statistical models but were not presented in the 

table 

a. All ORs were adjusted for sociodemographic factors (i.e., age, education attainment, 

occupational classification, marital status, and menopausal status for women only), lifestyle 

factors (i.e., smoking status, alcohol consumption, eating habits, intake of multi vitamin, and 

physical activity), psychological conditions (i.e., PWI status, stress events, and self-reported 

health status), anthropometry (i.e., body mass index and waist circumference), and enrollment 

year 

b. Estimated in multinomial logistic regression models according to a nominal scale 

c. Computed by using the Benjamini–Hochberg‘s FDR controlling method 

d. Defined as Positive wellbeing group: PWI score ≤ 8, Moderate distress group: PWI score 8 - 27, 

and Severe distress group: PWI score ≥ 27 

e. Defined as Quartile 1: WC ≤ 81.0 cm, Quartile 2: 81.0 cm < WC ≤ 86.0 cm, Quartile 3: 86.0 cm 

< WC ≤ 91.0 cm, and Quartile 4: WC > 91.0 cm in men; Quartile 1: WC ≤ 73.0 cm, Quartile 2: 

73.0 cm < WC ≤ 78.0 cm, Quartile 3: 78.0 cm < WC ≤ 84.0 cm, Quartile 4: WC > 84.0 cm in 

women 
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Among women, both short and long sleep duration were associated with 

having the lowest education attainment (OR = 1.17, 95% CI = 1.09-1.25 and 

OR = 1.66, 95% CI = 1.40-1.96, respectively), current smokers (OR = 1.15, 

95% CI = 1.02-1.30 and OR = 1.70, 95% CI = 1.33-2.16, respectively), not 

eating three meals a day (OR = 1.45, 95% CI = 1.39-1.52 and OR = 1.63, 95% 

CI = 1.47-1.80, respectively), severe distress based on PWI status (OR = 

1.19, 95% CI = 1.10-1.30 and OR = 1.46, 95% CI = 1.19-1.80, respectively), 

and poor self-rated health (OR = 1.28, 95% CI = 1.21-1.36 and OR = 1.35, 

95% CI = 1.18-1.56, respectively). Interestingly, compared to middle-aged 

women, elderly women showed a 1.51-fold increase in the odds for short 

sleep (95% CI = 1.40-1.62) but approximately 16% decrease in the odds for 

long sleep duration (95% CI = 0.70-1.00). Frequent stress events (OR = 1.60, 

95% CI = 1.50-1.70) and being in the highest BMI quartile group (OR = 1.25, 

95% CI = 1.12-1.39) raised the odds of having short sleep duration; whereas 

being unemployed or housewife (OR = 2.50, 95% CI = 2.02-3.08) raised the 

odds of having long sleep duration. Postmenopausal status was inversely 

correlated with sleep duration (OR = 1.06, 95% CI = 1.00-1.12 for short 

sleep and OR = 0.84, 95% CI = 0.73-0.97 for long sleep; Table 2.3B). After 

adjusting for multiple comparisons, significant associations between putative 

correlates and sleep duration were still observed, especially for 

sociodemographic factors and psychological conditions in both sexes. 
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Table 2.3B. Odd ratios (95% CIs)
a
 for short or long sleep duration 

compared to normal sleep (6-7 hours) according to selected correlates 

 

Women (N=104,358) 

< 6 hours 
OR (95% CI) 

8 - 9 hours 
OR (95% CI) 

≥ 10 hours 
OR (95% CI) 

P 
nominal b 

P 
corrected c 

Sociodemographic factors      

Age (years)      

40-49 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

50-59 1.15 (1.09-1.22) 0.94 (0.90-0.98) 0.84 (0.73-0.97)   

60-69 1.51 (1.40-1.62) 0.96 (0.91-1.02) 0.84 (0.70-1.00)   

Educational attainment      

College degree or higher 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

High school graduate 1.01 (0.95-1.07) 1.07 (1.02-1.12) 1.25 (1.07-1.47)   

Middle school or below 1.17 (1.09-1.25) 1.21 (1.15-1.27) 1.66 (1.40-1.96)   

Occupational classification      

Non-manual 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Manual 1.08 (1.01-1.17) 1.20 (1.13-1.28) 1.37 (1.09-1.73)   

Unemployed / housewife 1.00 (0.94-1.07) 1.63 (1.54-1.72) 2.50 (2.02-3.08)   

Marital status      

Married 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Single or separated 1.21 (1.14-1.27) 1.02 (0.97-1.06) 1.25 (1.10-1.42)   

Menopausal status      

Premenopausal 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Postmenopausal 1.06 (1.00-1.12) 0.92 (0.88-0.96) 0.84 (0.73-0.97)   

Lifestyle factors      

Smoking status      

Non-current smokers 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Current smokers 1.15 (1.02-1.30) 1.20 (1.09-1.33) 1.70 (1.33-2.16)   

Alcohol consumption      

Non-current drinkers 1 (ref.) 1 (ref.) 1 (ref.) 0.647  0.728 

Current drinkers 0.98 (0.94-1.03) 1.00 (0.97-1.03) 0.94 (0.84-1.04)   

Eating habits      

Having 3 meals a day 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Having irregular meals 1.45 (1.39-1.52) 1.05 (1.02-1.09) 1.63 (1.47-1.80)   

Intake of multi vitamin      

Multi-vitamin users 1 (ref.) 1 (ref.) 1 (ref.) 0.048  0.083 

Non-users 1.05 (1.00-1.10) 1.05 (1.01-1.09) 1.04 (0.93-1.18)   

Physical activity      

Regular exercisers 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Non-exercisers 1.06 (1.02-1.10) 1.08 (1.05-1.12) 1.17 (1.07-1.29)   

Psychological condition      

PWI status d      

Positive wellbeing 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Moderate distress 0.96 (0.89-1.02) 0.93 (0.89-0.98) 0.99 (0.83-1.18)   

Severe distress 1.19 (1.10-1.30) 0.94 (0.88-1.00) 1.46 (1.19-1.80)   

Stress events      

Not at all 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Often 1.16 (1.11-1.21) 0.92 (0.89-0.95) 0.92 (0.83-1.02)   

Frequent 1.60 (1.50-1.70) 0.90 (0.85-0.95) 1.02 (0.87-1.20)   
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(continued) 

 

Women (N=104,358) 

< 6 hours 
OR (95% CI) 

8 - 9 hours 
OR (95% CI) 

≥ 10 hours 
OR (95% CI) 

P 
nominal b 

P 
corrected c 

Self-reported health status     

Healthy 1 (ref.) 1 (ref.) 1 (ref.) < 0.001 < 0.001 

Normal 1.01 (0.97-1.06) 0.98 (0.95-1.01) 0.95 (0.85-1.07)   

Unhealthy 1.28 (1.21-1.36) 1.12 (1.07-1.17) 1.35 (1.18-1.56)   

Anthropometry      

Body mass index (kg/m2)      

Underweight, BMI>18.5 1.22 (1.07-1.41) 0.99 (0.89-1.11) 1.39 (1.00-1.94) < 0.001 < 0.001 

Normal range, 18.5-24.9 1 (ref.) 1 (ref.) 1 (ref.)   

Overweight, 25.0-29.9 1.08 (1.02-1.13) 0.98 (0.94-1.02) 0.95 (0.84-1.08)   

Obese, ≥ 30.0 1.25 (1.12-1.39) 0.91 (0.83-1.00) 1.21 (0.94-1.56)   

Waist circumference e (cm)      

Quartile 1 (Lowest) 0.98 (0.92-1.03) 0.99 (0.95-1.03) 0.92 (0.80-1.06) 0.308 0.410 

Quartile 2 1 (ref.) 1 (ref.) 1 (ref.)   

Quartile 3 1.01 (0.96-1.07) 1.00 (0.96-1.04) 1.07 (0.93-1.23)   

Quartile 4 (Highest) 1.05 (0.98-1.12) 1.03 (0.98-1.08) 1.20 (1.02-1.41)   
 

Note: Unknown values were wholly included in the statistical models but were not presented in the 

table 

a. All ORs were adjusted for sociodemographic factors (i.e., age, education attainment, 

occupational classification, marital status, and menopausal status for women only), lifestyle 

factors (i.e., smoking status, alcohol consumption, eating habits, intake of multi vitamin, and 

physical activity), psychological conditions (i.e., PWI status, stress events, and self-reported 

health status), anthropometry (i.e., body mass index and waist circumference), and enrollment 

year 

b. Estimated in multinomial logistic regression models according to a nominal scale 

c. Computed by using the Benjamini–Hochberg‘s FDR controlling method 

d. Defined as Positive wellbeing group: PWI score ≤ 8, Moderate distress group: PWI score 8 - 27, 

and Severe distress group: PWI score ≥ 27 

e. Defined as Quartile 1: WC ≤ 81.0 cm, Quartile 2: 81.0 cm < WC ≤ 86.0 cm, Quartile 3: 86.0 cm 

< WC ≤ 91.0 cm, and Quartile 4: WC > 91.0 cm in men; Quartile 1: WC ≤ 73.0 cm, Quartile 2: 

73.0 cm < WC ≤ 78.0 cm, Quartile 3: 78.0 cm < WC ≤ 84.0 cm, Quartile 4: WC > 84.0 cm in 

women 
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Those currently receiving treatment for depression had significantly 

increased odds of having both short and long sleep duration for women (OR 

= 1.26, 95% CI = 1.05-1.51 and OR = 3.53, 95% CI = 2.69-4.64, 

respectively). Men who were undergoing treatment for diabetes mellitus and 

arthritis were likely to be long sleepers (OR = 1.22, 95% CI = 0.99-1.52 and 

OR = 1.74, 95% CI = 1.15-2.63, respectively). Treatment for followed 

diseases appeared to be associated with increased odds of long sleep duration 

among women; chronic liver disease (OR = 1.83, 95% CI = 1.10-3.05), 

cancer (OR = 1.50, 95% CI = 1.04-2.15), diabetes mellitus (OR = 1.42, 95% 

CI = 1.17-1.72), and stroke (OR = 2.05, 95% CI = 1.32-3.21; Tables 2.4A 

and 2.4B). All adjusted p-values for health conditions failed to reach the 

level of statistical significance among men (p corrected > 0.05). Among 

women, current treatments for diabetes mellitus (p corrected < 0.001), 

depression (p corrected < 0.001), stroke (p corrected = 0.002), 

asthma/chronic bronchitis (p corrected = 0.018), and arthritis (p corrected = 

0.002) appeared to be correlated with variations in the usual sleep duration 

when multiple comparisons were controlled (Tables 2.4A and 2.4B). 

Three-phase sensitivity analyses indicate that all results are robust to residual 

effects of medication use on usual sleep duration. Generally comparable 

trends were achieved regardless of underlying assumptions, though minor 

variations in each effect size were observed (Data not shown). 
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Table 2.4A. Odd ratios (95% CIs)
a
 for short or long sleep duration 

compared to normal sleep (6-7 hours) according to currently receiving 

treatment of diseases 

 

Men (N=53,789) 

< 6 hours 8 - 9 hours ≥ 10 hours P 
nominal b 

P 
corrected c OR (95% CI) OR (95% CI) OR (95% CI) 

Acute liver disease 1.09 (0.56-2.12) 0.78 (0.44-1.38) 1.29 (0.39-4.27) 0.791 0.871 

Chronic liver disease 1.07 (0.80-1.43) 1.23 (1.00-1.51) 0.90 (0.46-1.76) 0.459 0.698 

Cancer 0.65 (0.44-0.95) 1.05 (0.83-1.34) 1.35 (0.73-2.52) 0.116 0.203 

Diabetes mellitus 0.98 (0.88-1.09) 1.10 (1.01-1.18) 1.22 (0.99-1.52) 0.048 0.106 

Thyroid disease 0.56 (0.35-0.89) 0.97 (0.74-1.27) 1.69 (0.85-3.34) 0.079 0.154 

Hyperlipidemia 0.92 (0.79-1.07) 1.17 (1.05-1.30) 1.27 (0.92-1.74) 0.028 0.065 

Depression 1.28 (0.86-1.92) 1.34 (0.96-1.87) 1.04 (0.44-2.42) 0.563 0.761 

Cataract 1.04 (0.73-1.47) 1.08 (0.83-1.39) 0.97 (0.45-2.09) 0.846 0.871 

Hypertension 1.01 (0.94-1.09) 1.00 (0.95-1.06) 0.91 (0.77-1.08) 0.490 0.715 

Myocardial infarction 0.95 (0.79-1.14) 1.04 (0.92-1.19) 1.02 (0.70-1.48) 0.688 0.803 

Stroke 1.01 (0.77-1.32) 1.18 (0.97-1.44) 1.30 (0.81-2.08) 0.616 0.768 

Asthma / Chronic bronchitis 1.04 (0.72-1.51) 1.05 (0.79-1.38) 1.64 (0.88-3.08) 0.831 0.871 

Cholelithiasis 0.99 (0.46-2.15) 1.10 (0.62-1.94) 1.16 (0.27-4.91) 0.824 0.871 

Fatty liver disease 1.09 (0.81-1.46) 1.15 (0.93-1.43) 1.34 (0.74-2.41) 0.634 0.768 

Gastritis 1.21 (0.96-1.53) 1.04 (0.87-1.26) 1.37 (0.85-2.19) 0.565 0.761 

Intestinal polyp 1.30 (0.66-2.54) 1.12 (0.65-1.93)  - d 0.955 0.955 

Peptic Ulcer 0.97 (0.70-1.34) 1.29 (1.03-1.61) 0.53 (0.22-1.29) 0.099 0.183 

Arthritis 1.05 (0.82-1.35) 1.09 (0.91-1.31) 1.74 (1.15-2.63) 0.214 0.640 

Osteoporosis 1.59 (0.91-2.77) 1.02 (0.62-1.67) 0.92 (0.22-3.85) 0.636 0.768 

Bladder infection 0.90 (0.26-3.12) 1.73 (0.82-3.61)  - d 0.079 0.154 
 

Note: Unknown values were wholly included in the statistical models but were not presented in the 

table 

a. All ORs were adjusted for sociodemographic factors (i.e., age, education attainment, 

occupational classification, marital status, and menopausal status for women only), lifestyle 

factors (i.e., smoking status, alcohol consumption, eating habits, intake of multi vitamin, and 

physical activity), psychological conditions (i.e., PWI status, stress events, and self-reported 

health status), anthropometry (i.e., body mass index and waist circumference), and enrollment 

year 

b. Estimated in multinomial logistic regression models according to a nominal scale 

c. Computed by using the Benjamini–Hochberg‘s FDR controlling method 

d. Estimate was not provided due to the cell with zero count 
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Table 2.4B. Odd ratios (95% CIs)
a
 for short or long sleep duration 

compared to normal sleep (6-7 hours) according to currently receiving 

treatment of diseases 

 

Women (N=104,358) 

< 6 hours 8 - 9 hours ≥ 10 hours   P 
   nominal b 

P 
corrected c OR (95% CI) OR (95% CI) OR (95% CI) 

Acute liver disease 1.54 (0.73-3.26) 2.07 (1.16-3.71)  - d 0.182 0.266 

Chronic liver disease 0.75 (0.55-1.02) 1.08 (0.87-1.34) 1.83 (1.10-3.05) 0.032 0.060 

Cancer 0.85 (0.71-1.03) 1.09 (0.96-1.25) 1.50 (1.04-2.15) 0.082 0.130 

Diabetes mellitus 1.05 (0.97-1.15) 1.13 (1.05-1.21) 1.42 (1.17-1.72) < 0.001 <0.001 

Thyroid disease 1.01 (0.90-1.15) 1.05 (0.96-1.15) 1.07 (0.80-1.43) 0.793 0.800 

Hyperlipidemia 1.00 (0.91-1.09) 1.08 (1.00-1.16) 1.19 (0.95-1.48) 0.228 0.316 

Depression 1.26 (1.05-1.51) 1.55 (1.34-1.80) 3.53 (2.69-4.64) < 0.001 <0.001 

Cataract 1.15 (0.95-1.40) 0.79 (0.66-0.96) 1.10 (0.67-1.79) 0.038 0.068 

Hypertension 1.01 (0.95-1.06) 1.02 (0.98-1.07) 1.07 (0.94-1.22) 0.758 0.800 

Myocardial infarction 1.15 (0.98-1.34) 1.00 (0.87-1.15) 0.79 (0.51-1.25) 0.559 0.670 

Stroke 0.70 (0.52-0.95) 1.20 (0.97-1.48) 2.05 (1.32-3.21) < 0.001 0.002 

Asthma / Chronic bronchitis 1.13 (0.89-1.42) 1.17 (0.97-1.42) 0.83 (0.44-1.56) 0.009 0.018 

Cholelithiasis 0.75 (0.42-1.33) 0.62 (0.38-1.01) 1.15 (0.36-3.67) 0.582 0.676 

Fatty liver disease 1.08 (0.80-1.45) 0.89 (0.68-1.15) 1.57 (0.87-2.83) 0.443 0.550 

Gastritis 1.12 (0.98-1.29) 1.02 (0.91-1.15) 1.07 (0.77-1.48) 0.324 0.416 

Intestinal polyp 0.96 (0.46-2.00) 1.37 (0.80-2.35)  - d 0.799 0.800 

Peptic Ulcer 1.09 (0.87-1.37) 1.03 (0.85-1.25) 0.82 (0.46-1.47) 0.748 0.800 

Arthritis 1.06 (0.98-1.16) 1.06 (0.99-1.14) 1.15 (0.95-1.41) 0.001 0.002 

Osteoporosis 0.97 (0.88-1.08) 1.01 (0.92-1.10) 1.15 (0.90-1.48) 0.083 0.130 

Bladder infection 1.32 (0.92-1.91) 1.03 (0.74-1.43) 1.65 (0.80-3.41) 0.185 0.266 
 

Note: Unknown values were wholly included in the statistical models but were not presented in the 

table 

a. All ORs were adjusted for sociodemographic factors (i.e., age, education attainment, 

occupational classification, marital status, and menopausal status for women only), lifestyle 

factors (i.e., smoking status, alcohol consumption, eating habits, intake of multi vitamin, and 

physical activity), psychological conditions (i.e., PWI status, stress events, and self-reported 

health status), anthropometry (i.e., body mass index and waist circumference), and enrollment 

year 

b. Estimated in multinomial logistic regression models according to a nominal scale 

c. Computed by using the Benjamini–Hochberg‘s FDR controlling method 

d. Estimate was not provided due to the cell with zero count 
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Discussion 

 

The present study attempted to identify characteristics within five domains 

(i.e., sociodemographic factors, lifestyle factors, psychological conditions, 

anthropometry, and health conditions) 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 

behaviors and lifestyle factors including being unmarried, having low 

socioeconomic status, currently 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 findings have indicated that a substantial proportion of the 

middle-aged and elderly Korean populations 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 KNHANES IV (2007–2009); but 
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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 general 

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 architecture due to physiological age-dependent changes in 

circadian rhythms, homeostatic regulation, respiratory functioning, and 

endocrine functioning (Espiritu 2008). Age appears to be a predictor of short 

and long sleep duration, but the influence of age may differ by sex. Studies 

have consistently reported that total sleep duration decreases with age 

(Ohayon, Carskadon et al. 2004, Campbell and Murphy 2007), particularly 

among women (Tu, Cai et al. 2012). 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 
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elderly men (Magee, Caputi et al. 2011, Patel, Blackwell et al. 2012). 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 socioeconomic status has been shown to correlate with both 

short and long sleep duration even after adjusting for other 

physical/psychological health-related characteristics (Van Cauter and Spiegel 

1999, Patel 2007, Stamatakis, Kaplan et al. 2007), 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 (Pampel, Krueger et al. 2010). In the same vein, higher 

socioeconomic status would mediate the association between adverse sleep 

duration and healthy behaviors. 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 unemployed 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 
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than employed individuals. Consistent with our findings, study in Finland 

demonstrated that occupation was associated with both short and long sleep 

duration (Kronholm, Harma et al. 2006); being unemployed predicted a 2.42-

fold increase in longer sleep duration (Patel, Malhotra et al. 2006). 

Furthermore, being a housewife was associated with both short and long 

sleep duration among a sample of Chinese women (Tu, Cai et al. 2012). 

In terms of marital status, being unmarried was a significant correlate of 

short sleep duration for both men and women; this is consistent with other 

studies (Moore, Adler et al. 2002, Stranges, Dorn et al. 2008). Marital status 

was reported 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 

(Haseli-Mashhadi, Dadd et al. 2009, Gu, Sautter et al. 2010). Marriage is 

generally regarded as a key social relationship in adulthood, which can be a 

protective factor against risks of morbidity and/or mortality (Holt-Lunstad, 

Birmingham et al. 2008). Notably, support from other relationships cannot 

fully compensate for the effect of being single (Holt-Lunstad, Birmingham et 

al. 2008); 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 
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the postmenopausal period are reported to have sleep problems such as 

shorter duration, low sleep efficiency, overall low quality, and insomnia 

complaints (Kravitz, Ganz et al. 2003, Kalleinen, Polo-Kantola et al. 2008, 

Polo-Kantola 2011). This phenomenon may be explained by hormonal 

changes, climacteric symptoms, or ageing effect accompanying changes in 

circadian rhythms and physiological 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 (Nakata, Takahashi et al. 2008, Sabanayagam and 

Shankar 2011, Tu, Cai et al. 2012) —in contrast to our findings, current 

smoking has been reported as a correlate of short sleep duration. 

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 architecture for both men and women 

(Zhang, Samet et al. 2006, Nakata, Takahashi et al. 2008). An integrated 

approach to understand the underlying dynamics between smoking and sleep 

duration is necessary. Although alcohol consumption was not associated with 
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abnormal sleep duration in the present study, previous studies have 

demonstrated associations between alcohol consumption and short (Krueger 

and Friedman 2009) and long sleep duration (Patel, Malhotra et al. 2006). 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 (Peuhkuri, 

Sihvola et al. 2012). Long sleep duration has been also reported to correlate 

with unconventional eating rhythms (Kim, DeRoo et al. 2011). 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 reverse causation: 

unhealthy individuals with sleep problems might take health supplements 

(like multi-vitamins) (Tu, Cai et al. 2012); thus, multi-vitamin intake may be 

associated with general abnormal sleep duration. Further studies that include 

detailed information are needed to clarify their association with sleep 

patterns. Regular exercise was revealed to be associated with a lower 
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likelihood of abnormal sleep duration. It is generally thought that physical 

exercise can be a therapy comparable to pharmacological treatments for 

treating sleep disorders and depression (Atkinson and Davenne 2007, Dinas, 

Koutedakis et al. 2011). 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, shortened sleep latency, fewer awakenings, and better psychological 

functioning (Brand, Gerber et al. 2010). These associations can be explained 

via several biological mechanisms (Goldfarb and Jamurtas 1997, Atkinson 

and Davenne 2007, Brand, Gerber et al. 2010, Dinas, Koutedakis et al. 2011): 

exercise is assumed to (1) affect endogenous concentration of melatonin, 

which is related to circadian rhythms; (2) promote 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 alterations, 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 
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associations with abnormal sleep duration. These results confirm past results 

showing that (1) psychosocial stressors could be a key component 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 awakening) that are closely correlated with impaired and 

disturbed sleep (Akerstedt 2006, Kim and Dimsdale 2007, Lemma, Gelaye et 

al. 2012); 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 conditions 

(Magee, Caputi et al. 2011, Geiger, Sabanayagam et al. 2012). Sleep 

disturbances also show a significantly inverse association with fair self-rated 

health (Ban and Lee 2001). 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 distress and sleep problems is assumed to be mediated by 

emotional stability; diverse supportive relationships can provide emotional 

comfort and attenuate stress responses in sleep (Morin, Rodrigue et al. 2003, 

Troxel, Buysse et al. 2010). Such factors are also able to buffer against the 

harms of psychological distress and risky health behaviors (Cohen 2004). 
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Additionally, health-promoting effects can be induced even with fair sleep 

conditions. In order to draw a definitive conclusion regarding causal 

associations, future studies assessing more detailed psychological health 

information and other confounding factors, including disease comorbidity, 

quality of life, and social networks, should be conducted with objective 

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 associated 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, hyperlipidemia, fatty liver, and a history of 

cancer were significantly associated with short and/or long sleep duration 

among Chinese women population (Tu, Cai et al. 2012); (2) short sleep 

duration was more frequently observed among elderly Taiwanese who had 

high depression scores while heart disease was related to long sleep duration 

(Pampel, Krueger et al. 2010); and (3) some chronic diseases, including 
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obesity, diabetes, hypertension, and cardiovascular disease, were associated 

with short and long sleep duration among U.S. adults (Buxton and Marcelli 

2010). 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 

(Van Cauter, Spiegel et al. 2008); (2) altered hormones levels are linked to 

abnormal appetite regulation, impaired glucose metabolism, and disturbances 

in immune function (Suarez 2008, Van Cauter, Spiegel et al. 2008, 

Mullington, Haack et al. 2009, Cappuccio, D'Elia et al. 2010); and (3) 

cortisol secretion is remarkably increased, which promotes the development 

of the metabolic and cognitive consequences of glucocorticoid excess 

(Leproult, Copinschi et al. 1997, Hori, Teraishi et al. 2011). 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 relationships and chronological variations 

between sleep duration and its correlates. Second, although a regular intake 

of pharmaceutical drugs such as sleeping pills and antidepressants is known 
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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 disruption (Roehrs and Roth 2008) 

could not be explored in the present study due to lack of details on caffeine 

use including 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 provides adequate power. Hence, we were 

able to conduct an analysis on sleep duration by assessing 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 understanding of other Asian populations regarding 

sleep duration. Moreover, considering how individual characteristics appear 
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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.  

In conclusion, detrimental health behaviors and lifestyle factors, such as 

being unmarried, having low socioeconomic status, currently smoking, not 

exercising, having irregular meals, having poor psychosocial 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 architecture) beyond 

sleep duration. 
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CHAPTER 3 
Associations of sleep duration and sleep 

complaints with risk of all-cause mortality 

in middle aged- and elderly Koreans 
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Introduction 

 

Sleep is an instinctive behavior and plays a crucial role in balancing human‘s 

physiological functions through a stable 24-hour cycle or circadian rhythm. 

Studies have indicated that the disruption in sleep parameters—insufficient 

and/or overextended sleep in a quantitative aspect and various sleep 

complaints in a quality aspect—can induce deteriorative alterations in the 

neuroendocrine systems (Meerlo, Sgoifo et al. 2008), memory and cognitive 

ability (Ferrie, Shipley et al. 2011), hormone secretion (Redwine, Hauger et 

al. 2000), glucose metabolism (Spiegel, Leproult et al. 1999, Knutson, 

Spiegel et al. 2007), and immune and inflammatory functions (Aldabal and 

Bahammam 2011, Faraut, Boudjeltia et al. 2012). Negative sleep patterns 

were cumulative in usual life, therefore, human‘s behavioral and 

physiological functions was damaged and finally, it can be connected to a 

higher likelihood of mortality. Although the exact trajectory from sleep to 

further health consequences still remains the major issues to be elucidated, 

accumulating evidence has implicated that habitual sleep patterns can place 

people at a higher risk for all-cause and/or cause specific mortality: both 

short (Garde, Hansen et al. 2013, Kim, Wilkens et al. 2013) and long 

(Castro-Costa, Dewey et al. 2011, Kakizaki, Kuriyama et al. 2013, Kim, 

Wilkens et al. 2013) sleep duration could predict a future risk of mortality; 
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and several sleep complaints—especially difficulty initiating sleep and 

nonrestorative sleep—and insomnia resulted in an increased mortality risk 

(Chien, Chen et al. 2010, Chen, Su et al. 2013, Li, Zhang et al. 2014). These 

findings propose an ambivalent hypothesis. The act of sleeping that humans 

usually attain would be a potent predictor of final health outcome: habitual 

sleep characteristics might be an independent risk factor, not acting as a 

proxy indicator of individuals‘ health status. On the contrary, considering 

that sleep aspects appear to be the result of complex interactions between 

sociocultural and individual factors and play a crucial role as both a cause of 

ill health and a consequence of unhealthy conditions, sleep might be just 

intimately intercorrelated with other risk factors lead to mortality but is not 

itself associated with mortality (Grandner, Hale et al. 2010). In the 

underlying mechanism for the transition from the disruption in sleep 

parameters to the distal health outcome, death, a human body would pass 

through various health status representing underlying medical conditions. 

This means that the actual relationship between sleep and mortality should 

be investigated under the full adjustments for residual confounding effects of 

preexisting health problems. However, so far, epidemiologic findings fully 

controlling for baseline health status and other correlates (i.e., effect 

modifiers) are limited, especially for the Korean populations. Thus, in the 

present study, we attempted to examine whether habitual sleep duration and 
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sleep complaints can provoke the future risk of all-cause mortality after 

taking into account for all putative correlates—sociodemographic factors, 

lifestyle, psychological conditions, anthropometry, and baseline health 

conditions—which might modify the actual association of usual sleep 

characteristics with mortality. Additionally, the magnitude of the association 

between each putative correlate and all-cause mortality was also evaluated 

adjusting for all correlates and usual sleep characteristics. 

 

Material and Methods  

 

Analytic study population  

According to the same methodology regarding subject selection in the cross-

sectional analysis (chapter 2), a total of 162,142 middle aged and elderly 

subjects (40-69 years old) was defined as eligible study population. Of these, 

4,040 men and women were excluded from the final analysis because they 

did not provide appropriate information on sleep duration (N=1,972) and 

sleep complaints such as difficulty initiating and nonrestorative sleep 

(N=1,907) or they wanted to withdraw from the study (N=161). Thus, a total 

of 158,147 subjects including 53,789 men and 104,358 women were selected 

as the final analytic study population. Of these, 1,470 deaths were passively 

ascertained on December 31, 2012 according to the data linkage with the 

National Death Certificate (Figure 3.1).  
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Figure 3.1. Flow diagram of the analytical sample selection criteria for 

 a cohort study: the Health Examinees (HEXA) study, 2004-2012  

 

 



96 

 

Assessment of sleep characteristics in the present study 

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. 

Sleep complaints were estimated by two independent questions about how 

the study subject had felt physically and mentally regarding the most 

common symptoms of insomnia, difficulty initiating sleep and nonrestorative 

sleep. Difficulty in initiating sleep was defined by the question, ―Do you ever 

feel that you cannot sleep comfortably because of anxieties and worries?‖ 

The answers that correspond to each study subjects were in four categories 

such as not at all, sometimes, most of time, and always. Nonrestorative sleep 

was defined by the question, ―Do you ever feel that you don‘t feel vital even 

after sleeping?‖ Response categories were the same as previously mentioned; 

not at all, sometimes, most of time, and always. Using this three simplified 

questions, we attempted to develop a composite sleep score, which could 

secure the modality covering both sleep duration and complaints. A 

composite sleep score comprised three items that evaluate usual sleep 

duration, difficulty in initiating sleep, and nonrestorative sleep. Each of three 
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items was rated on a four-point scale of 0-3. Based on the in-depth literature 

review on sleep duration, short sleep duration (less than 6 hours per day) 

rated on the highest score of 3 and long sleep duration (more than 10 hours 

per day) was classified into higher risk group with score 2. Total scores 

ranged from 0 to 9 with a higher score indicating greater sleep disturbance in 

usual sleep episodes. Moreover, according to the results derived from the 

previous validation study, poor sleepers were defined as individuals who 

exhibited higher than a composite sleep score of 6.  

 

Literature review of sleep assessment in previous researches 

Most of previous studies which investigated the relationship between sleep 

duration and mortality was conducted based on a subjective method, using 

questionnaire; but Dew and colleagues adopted objective measurement of 

sleep duration (Dew, Hoch et al. 2003). Sleep duration was investigated as 

both continuous and categorical scale. There was no standard world unit for 

a reference hour (i.e., the optimal sleep hour a day) thus, diverse references 

were adopted depending on studies: < 6 (Burazeri, Gofin et al. 2003), 7 

hours (Kripke, Garfinkel et al. 2002, Mallon, Broman et al. 2002, Patel, Ayas 

et al. 2004, Tamakoshi and Ohno 2004, Ferrie, Shipley et al. 2007, 

Gangwisch, Heymsfield et al. 2008, Shankar, Koh et al. 2008, Ikehara, Iso et 

al. 2009, Suzuki, Yorifuji et al. 2009, Chien, Chen et al. 2010, Mesas, Lopez-
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Garcia et al. 2010, Kakizaki, Kuriyama et al. 2013, Kim, Wilkens et al. 2013), 

8 hours (Ayas, White et al. 2003), 9 hours (Gale and Martyn 1998), ≥8 (Rhee, 

Kim et al. 2012) on continuous scale and 5.5–7.4 (Eguchi, Iso et al. 2012), 

6.0-7.0 (Goto, Yasumura et al. 2003, Garde, Hansen et al. 2013), 6.0-8.0 

(Stone, Ewing et al. 2009), 7.0-7.9 (Amagai, Ishikawa et al. 2004, Lan, Lan 

et al. 2007, Castro-Costa, Dewey et al. 2011), 7.0-8.9 (Kojima, Wakai et al. 

2000), 7.0-8.0 (Heslop, Smith et al. 2002, Hublin, Partinen et al. 2007), 7.0-

9.0 (Ruigomez, Alonso et al. 1995), <6.0 vs. >8.0 (Odegaard, Koh et al. 

2011), and < 7.0 vs. > 8.0 (Kaplan, Seeman et al. 1987, Tsubono, Fukao et al. 

1993). Moreover, sleep complaints including difficulty in initiating sleep, 

frequent awakening, and early morning awakening were investigated as the 

risk factor for mortality (Suzuki, Yorifuji et al. 2009). 

 

Ascertainment of all-cause mortality  

All cohort members were passively followed-up through data linkages with 

the National Death Certificate and health insurance medical records 

databases. Causes of death were coded according to the 10
th

 revision of the 

International Classification of Disease (ICD-10). December 31, 2012, a total 

of 1,470 deaths (882 death in men and 588 deaths in women) were 

ascertained. Of these, 191 deaths occurred within 1 year after cohort 

enrollment.  
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Putative correlates  

Putative correlates which might modify the actual association of usual sleep 

characteristics with mortality were selected within five domains: 

sociodemographic factors (i.e., age, educational attainment, occupational 

classification, marital status, and menopausal status for women only), 

lifestyle (i.e., smoking status, alcohol consumption, eating habits, multi-

vitamin intake, and physical activity), psychological conditions (i.e., 

psychosocial well-being status, stress events, and self-reported health status), 

anthropometry indices (i.e., BMI and WC) and health conditions (i.e., current 

medication use for 20 diverse diseases). 

Sociodemographic factors: Age was categorized into three groups: forties 

(40–49), fifties (50–59), and sixties (60–69). Educational attainment was 

classified 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). 

Hierarchical occupational categories were also classified into three groups: 

non-manual (i.e., legislators, senior officials and managers, professionals and 

related workers, clerks), manual (i.e., service and sale workers, skilled 
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agricultural, forestry and fishery workers, craft and related trades workers, 

plant-machine operators/assemblers, and elementary occupations), and 

unemployed which included 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 classified 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 

categories: 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 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 
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question were assigned to the regular exercise group; the respondents who 

answered ―no‖ were assigned to the non-regular exercise group. 

Psychological conditions: Using the PWI score, 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 

categories 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/m
2
). According to the WHO BMI 

classification, BMI was split into four groups: underweight (BMI < 18.5), 

normal range (18.5-24.9), overweight (25.0-29.9), and obese (BMI ≥ 30.0). 

WC (cm) was classified into sex-specific quartiles as follows: Quartile 1: 

WC ≤ 81.0 cm, Quartile 2: 81.0 cm < WC ≤ 86.0 cm, Quartile 3: 86.0 cm < 

WC ≤ 91.0 cm, and Quartile 4: WC > 91.0 cm in men; Quartile 1: WC ≤ 73.0 

cm, Quartile 2: 73.0 cm < WC ≤ 78.0 cm, Quartile 3: 78.0 cm < WC ≤ 84.0 

cm, Quartile 4: 84.0 cm < WC in women. 
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Health conditions: A total of 20 diseases (i.e., 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 selected as the putative correlates. Each disease status was defined by 

responses to two separate questions: ―Have you ever been diagnosed one of 

the following 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 

Baseline characteristics of the study population between deceased and alive 

were compared by the chi-square test for categorical variables and the 

Student‘s t-test for continuous variables. Multiple Cox proportional hazards 

regression models were employed to estimate the hazard ratios (HRs) and 95% 

confidence intervals (95% CIs) for the associations of habitual sleep 

characteristics with all-cause mortality. All HRs represented after adjusting 

for relevant covariates mentioned above: sociodemographic factors, lifestyle 

factors, psychological conditions, anthropometry, health conditions, and 
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enrollment year.  

To avoid the possibility of which residual effects of underline medical 

condition might have involved in usual sleep patterns and/or mortality risk, 

sub-group analyses excluding deceased subjects whose death was occurred 

within 1 or 2 years after cohort enrollment were carried out in the same vein. 

Furthermore, sensitivity analyses were conducted to ensure robustness of the 

results. Using the two-phase approach to rule out the residual effects of ill-

health unrelated to individuals‘ sleep behaviors, 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 on 

all-cause mortality (i.e., chronic liver disease, cancer, diabetes mellitus, and 

myocardial infarction) regardless of sex, were excluded from the primary 

analysis; and 2) considering sex-specific associations between sleep patterns 

and final health outcome, diseases were selected sex according to and 

subjects on medications were excluded accordingly (i.e., persons who were 

currently getting treatments for acute liver disease, chronic liver disease, 

cancer, diabetes mellitus, myocardial infarction, stroke, asthma / chronic 

bronchitis, and fatty liver disease among male subjects; and chronic liver 

disease, cancer, diabetes mellitus, depression, myocardial infarction, 

cholelithiasis, and arthritis disease among female subjects). All statistical 

analyses were performed using SAS version 9.4 (SAS Inc., Cary, NC, USA). 
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Results 

 

During a total of 644,322 person-years (a median follow-up time of 3.99 

years for men and 4.12 years for women), 1,470 deaths (882 deaths in men 

and 588 deaths in women) were observed among the HEXA study. Baseline 

characteristics of the study population according to deceased and alive status 

are summarized in Table 3.1A and 3.1B. Deceased subjects were more likely 

to be older, less educated, smokers, having irregular meals, lack of exercise, 

exposed to severe distress, having frequent stress events, poor self-reported 

health status; those were identical regardless of sex. A higher proportion of 

underweight was exhibited among deceased men; whereas both underweight 

and obese was significantly associated with death among women. Higher 

proportions of negative sleep characteristics were more frequently observed 

in deceased subjects, regardless of sex differences. Short and long sleepers 

were appeared to be more common in deceased subjects compared than alive 

subjects (men: 10.8% vs. 14.9% for short sleep and 1.6% vs. 3.0% for long 

sleep; women: 12.9% vs. 16.5% for short sleep and 1.8% vs. 2.6% for long 

sleep). Similarly, deceased subjects reported more sleep complaints such as 

difficulty in initiating sleep and nonrestorative sleep, regardless of sex; the 

differences between deceased and alive subjects were statistically significant 

(p < 0.05; Table 3.1A and 3.1B). 
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Table 3.1A. Baseline characteristics of the study population according to 

alive and deceased status in the HEXA study 2004-2012 (N=158,147)  

  
Men (N=53,789) 

  Alive  

(N=52,907) 

Deceased 

(N=882) 

P a 

Sociodemographic factors     

Age      

    40-49  18,239 (34.5) 129 (14.6) < 0.0001  

    50-59  20,042 (37.9) 270 (30.6)  

    60-69  14,626 (27.6) 483 (54.8)  

Education attainment, n (%)     

College degree or higher  19,042 (36.0) 171 (19.4) < 0.0001  

High school graduate  21,220 (40.1) 316 (35.8)  

Middle school or below  12,075 (22.8) 378 (42.9)  

Occupational classification, n (%)     

Non-manual  17,279 (32.7) 129 (14.6) < 0.0001  

Manual  24,719 (46.7) 399 (45.2)  

Unemployed / housewife  8,976 (17.0) 317 (35.9)  

Single or separated, n (%)  2,998 (5.7) 81 (9.2) < 0.0001  

Lifestyle factors     

Current smoker, n (%)  16,688 (31.5) 340 (38.6) < 0.0001  

Current drinker, n (%)  38,583 (72.9) 558 (63.3) < 0.0001  

Having irregular meals, n (%)   7,352 (13.9) 122 (13.8) 0.2096 

Non multi-vitamin user, n (%)  43,593 (82.4) 751 (85.2) 0.0058 

Non exerciser, n (%)  22,737 (43.0) 448 (50.8) < 0.0001  

Psychological condition     

PWI status b, n (%)     

Positive wellbeing  7,689 (14.5) 120 (13.6) < 0.0001  

Moderate distress  39,698 (75.0) 606 (68.7)  

Severe distress  4,293 (8.1) 134 (15.2)  

Stress events, n (%)     

Not at all  32,433 (61.3) 474 (53.7) < 0.0001  

Often  16,829 (31.8) 290 (32.9)  

Frequent  3,011 (5.7) 102 (11.6)  

Self-reported health status, n (%)     

Healthy  23,703 (44.8) 298 (33.8) < 0.0001  

Normal  22,272 (42.1) 322 (36.5)  

Unhealthy  6,701 (12.7) 251 (28.5)  

Anthropometry     

BMI (kg/m2)     

Underweight, BMI>18.5  607 (1.2) 37 (4.2) < 0.0001 

Normal range, 18.5-24.9  30,497 (57.6) 533 (60.4)  

Overweight, 25.0-29.9  20,136 (38.1) 284 (32.2)  

Obese, ≥ 30.0  1,457 (2.8) 23 (2.6)  

WC (cm) c     

Quartile 1 (Lowest)  13,898 (26.3) 249 (28.2) 0.0629 

Quartile 2  13,642 (25.8) 215 (24.4)  

Quartile 3  12,978 (24.5) 188 (21.3)  

Quartile 4 (Highest)  11,778 (22.3) 216 (24.5)  
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(continued) 

  
Men (N=53,789) 

  Alive  

(N=52,907) 

Deceased 

(N=882) 

P a 

Sleep characteristics     

Sleep duration     

< 6 hrs.  5,692 (10.8) 131 (14.9) < 0.0001  

6 – 7 hrs.  34,250 (64.7) 478 (54.2)  

8 - 9 hrs.  12,098 (22.9) 247 (28.0)  

≥ 10 hrs.  867 (1.6) 26 (3.0)  

Difficulty in initiating sleep     

Not at all   35,890 (67.8) 538 (61.0) < 0.0001  

Sometimes  14,150 (26.8) 251 (28.5)  

Most of time  2,152 (4.1) 66 (7.5)  

Always   7,15 (1.4) 27 (3.1)  

Nonrestorative sleep     

Not at all   24,368 (46.1) 385 (43.7) < 0.0001  

Sometimes  19,557 (37.0) 295 (33.5)  

Most of time  6,623 (12.5) 127 (14.4)  

Always   2,359 (4.5) 75 (8.5)  
 

Note: N.A., not applicable; PWI, psychosocial well-being index; BMI, body mass index; WC, waist 

circumference;  

a. Calculated by chi-square test for categorical variables or analysis of variance (ANOVA) for 

continuous variables 

b. Defined as Positive wellbeing group: PWI score ≤ 8, Moderate distress group: PWI score 8 - 27, 

and Severe distress group: PWI score ≥ 27 

c. Defined as Quartile 1: WC ≤ 81.0 cm, Quartile 2: 81.0 cm < WC ≤ 86.0 cm, Quartile 3: 86.0 cm 

< WC ≤ 91.0 cm, and Quartile 4: WC > 91.0 cm in men; Quartile 1: WC ≤ 73.0 cm, Quartile 2: 

73.0 cm < WC ≤ 78.0 cm, Quartile 3: 78.0 cm < WC ≤ 84.0 cm, Quartile 4: WC > 84.0 cm in 

women 
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Table 3.1B. Baseline characteristics of the study population between 

alive and deceased status in the HEXA study 2004-2012 (N=158,147) 

  
Women (N=104,358) 

  Alive  

(N=103,770) 

Deceased 

(N=588) 

P a 

Sociodemographic factors     

Age      

    40-49  39,259 (37.8) 106 (18.0) < 0.0001  

    50-59  42,875 (41.3) 213 (36.2)  

    60-69  21,636 (20.9) 269 (45.8)  

Education attainment, n (%)     

College degree or higher  18,622 (18.0) 58 (9.9) < 0.0001  

High school graduate  43,075 (41.5) 165 (28.1)  

Middle school or below  40,828 (39.3) 351 (59.7)  

Occupational classification, n (%)     

Non-manual  12,476 (12.0) 36 (6.1) < 0.0001  

Manual  27,063 (26.1) 127 (21.6)  

Unemployed / housewife  61,190 (59.0) 396 (67.4)  

Single or separated, n (%)  14,205 (13.7) 134 (22.8) < 0.0001  

Postmenopausal, n (%)  61,863 (59.6) 463 (78.7) < 0.0001  

Lifestyle factors     

Current smoker, n (%)  2,258 (2.2) 19 (3.2) 0.1630 

Current drinker, n (%)  32,340 (31.2) 146 (24.8) 0.0041 

Having irregular meals, n (%)   23,100 (22.3) 109 (18.5) 0.0958 

Non multi-vitamin user, n (%)  80,988 (78.1) 464 (78.9) 0.0014 

Non exerciser, n (%)  50,992 (49.1) 330 (56.1) 0.0027 

Psychological condition     

PWI status b, n (%)     

Positive wellbeing  10,431 (10.1) 57 (9.7) 0.0001 

Moderate distress  76,675 (73.9) 396 (67.4)  

Severe distress  13,530 (13.0) 110 (18.7)  

Stress events, n (%)     

Not at all  51,634 (49.8) 259 (44.1) < 0.0001  

Often  40,544 (39.1) 223 (37.9)  

Frequent  10,336 (10.0) 91 (15.5)  

Self-reported health status, n (%)     

Healthy  35,159 (33.9) 148 (25.2) < 0.0001  

Normal  47,684 (46.0) 239 (40.7)  

Unhealthy  20,250 (19.5) 198 (33.7)  

Anthropometry     

BMI (kg/m2)     

Underweight, BMI>18.5  1,869 (1.8) 17 (2.9) < 0.0001  

Normal range, 18.5-24.9  70,479 (67.9) 335 (57.0)  

Overweight, 25.0-29.9  27,937 (26.9) 203 (34.5)  

Obese, ≥ 30.0  3,134 (3.0) 27 (4.6)  

WC (cm) c     

Quartile 1 (Lowest)  27,326 (26.3) 110 (18.7) < 0.0001  

Quartile 2  24,874 (24.0) 117 (19.9)  

Quartile 3  26,579 (25.6) 142 (24.2)  

Quartile 4 (Highest)  24,047 (23.2) 210 (35.7)  
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(continued) 

  
Women (N=104,358) 

  Alive  

(N=103,770) 

Deceased 

(N=588) 

P a 

Sleep characteristics     

Sleep duration     

< 6 hrs.  13,407 (12.9) 97 (16.5) 0.0137 

6 – 7 hrs.  62,704 (60.4) 324 (55.1)  

8 - 9 hrs.  25,806 (24.9) 152 (25.9)  

≥ 10 hrs.  1,853 (1.8) 15 (2.6)  

Difficulty in initiating sleep     

Not at all   62,339 (60.1) 299 (50.9) < 0.0001  

Sometimes  32,640 (31.5) 200 (34.0)  

Most of time  6,310 (6.1) 61 (10.4)  

Always   2,481 (2.4) 28 (4.8)  

Nonrestorative sleep     

Not at all   40,900 (39.4) 204 (34.7) 0.0424 

Sometimes  38,543 (37.1) 228 (38.8)  

Most of time  16,819 (16.2) 100 (17.0)  

Always   7,508 (7.2) 56 (9.5)  
 

Note: N.A., not applicable; PWI, psychosocial well-being index; BMI, body mass index; WC, waist 

circumference;  

a. Calculated by chi-square test for categorical variables or analysis of variance (ANOVA) for 

continuous variables 

b. Defined as Positive wellbeing group: PWI score ≤ 8, Moderate distress group: PWI score 8 - 27, 

and Severe distress group: PWI score ≥ 27 

c. Defined as Quartile 1: WC ≤ 81.0 cm, Quartile 2: 81.0 cm < WC ≤ 86.0 cm, Quartile 3: 86.0 cm 

< WC ≤ 91.0 cm, and Quartile 4: WC > 91.0 cm in men; Quartile 1: WC ≤ 73.0 cm, Quartile 2: 

73.0 cm < WC ≤ 78.0 cm, Quartile 3: 78.0 cm < WC ≤ 84.0 cm, Quartile 4: WC > 84.0 cm in 

women 

 

 

 

 

 

 

 

 

 

 

 



109 

 

Before investigating the association of sleep and all-cause mortality, the 

magnitude of the association between each putative correlate and all-cause 

mortality was first evaluated adjusting for all correlates‘ residual effects and 

usual sleep characteristics. When all putative risk factors were fully 

accounted for, the risk for all-cause mortality gradually increased with older 

age regardless of sex. Older age, lower education attainment, unemployment, 

smoking, irregular eating habits, lack of exercise, frequent stress events, poor 

self-rated health, and underweight significantly increased the risk for all-

cause mortality in men. In terms of women, the significant association of 

mortality was observed with older age, single, smoking, lack of exercise, 

poor self-rated health, and underweight (Tables 3.2A and 3.2B). 

Both men and women who were currently taking medication for chronic 

liver disease, cancer, diabetes mellitus, and myocardial infarction exhibited a 

significantly increased risk for all-cause mortality. Drug treatments for acute 

liver disease, chronic liver disease, cancer, diabetes mellitus, myocardial 

infarction, stroke, asthma / chronic bronchitis, and fatty liver disease 

significantly increased the risk for all-cause mortality in men. Women 

seemed to be more likely to have a higher risk for mortality if they had 

reported to be currently taking medication for chronic liver disease, cancer, 

diabetes mellitus, depression, myocardial infarction, cholelithiasis, and 

arthritis (Tables 3.3A and 3.3B).  
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Table 3.2A. Hazard ratios (95% CIs) of all-cause mortality according to 

sleep correlates 

 Men (N=53,789) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) a HR (95% CI) b 

Sociodemographic factors     

Age      

40 - 49 74,144 129 reference reference 

50 - 59 79,961 270 1.95 (1.58-2.41) 1.87 (1.51-2.31) 

60 - 69 60,316 483 4.63 (3.82-5.63) 4.41 (3.60-5.40) 

Educational attainment     

College degree or higher 70,727 171 reference reference 

High school graduate 86,373 316 1.48 (1.23-1.78) 1.31 (1.08-1.58) 

Middle school or below 54,320 378 2.76 (2.30-3.30) 1.77 (1.47-2.13) 

Occupational classification     

Non-manual 64,454 129 reference reference 

Manual 102,295 399 1.91 (1.56-2.33) 1.37 (1.12-1.69) 

Unemployed / housewife 37,441 317 4.17 (3.40-5.12) 2.10 (1.68-2.62) 

Marital status     

Married 201,691 796 reference reference 

Single or separated 11,947 81 1.73 (1.38-2.18) 1.70 (1.35-2.14) 

Lifestyle factors     

Smoking status     

Non-current smoker 146,229 534 reference reference 

Current smoker 67,472 340 1.39 (1.21-1.59) 1.66 (1.44-1.91) 

Alcohol consumption     

Non-current drinker 59,424 321 reference reference 

Current drinker 154,638 558 0.68 (0.59-0.77) 0.83 (0.72-0.95) 

Eating habits     

Having three meals a day 185,605 755 reference reference 

Having irregular meals 28,145 122 1.08 (0.89-1.31) 1.25 (1.03-1.52) 

Intake of multi vitamin     

Multi-vitamin user 36,090 121 reference reference 

Non-users 176,348 751 1.27 (1.05-1.54) 1.23 (1.01-1.50) 

Physical activity     

Regular exerciser 120,396 432 reference reference 

Non-exerciser 93,729 448 1.32 (1.16-1.51) 1.24 (1.09-1.42) 

Psychological condition     

PWI status c     

Positive wellbeing 31,633 120 reference reference 

Moderate distress 157,102 606 1.02 (0.84-1.24) 1.00 (0.82-1.22) 

Severe distress 20,002 134 1.69 (1.32-2.17) 1.37 (1.06-1.78) 

Stress events     

Not at all 127,770 474 reference reference 

Often 69,380 290 1.11 (0.96-1.28) 1.11 (0.95-1.28) 

Frequent 13,032 102 2.06 (1.66-2.55) 1.71 (1.38-2.13) 

Self-reported health status     

Healthy 94,858 298 reference reference 

Normal 89,206 322 1.15 (0.98-1.34) 1.14 (0.97-1.33) 

Unhealthy 28,846 251 2.73 (2.31-3.23) 2.35 (1.97-2.80) 
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(continued) 

 Men (N=53,789) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) a HR (95% CI) b 

Anthropometry     

Body mass index (kg/m2)     

Underweight, BMI>18.5 2,483 37 3.49 (2.50-4.87) 2.74 (1.95-3.85) 

Normal range, 18.5-24.9 123,245 533 reference reference 

Overweight, 25.0-29.9 81,641 284 0.80 (0.69-0.93) 0.87 (0.74-1.03) 

Obese, ≥ 30.0 5,704 23 0.94 (0.62-1.42) 1.12 (0.73-1.73) 

Waist circumference d (cm)     

Quartile 1 (Lowest) 54,132 249 1.17 (0.98-1.41) 1.14 (0.95-1.37) 

Quartile 2 54,323 215 reference reference 

Quartile 3 52,855 188 0.89 (0.73-1.08) 0.84 (0.69-1.02) 

Quartile 4 (Highest) 48,946 216 1.10 (0.91-1.33) 1.01 (0.83-1.22) 
 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sleep duration, sociodemographic factors 

(i.e., age, education attainment, occupational classification, marital status, and menopausal 

status for women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating 

habits, intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and waist 

circumference), and enrollment year 

c. Defined as Positive wellbeing group: PWI score ≤ 8, Moderate distress group: PWI score 8 - 27, 

and Severe distress group: PWI score ≥ 27 

d. Defined as Quartile 1: WC ≤ 81.0 cm, Quartile 2: 81.0 cm < WC ≤ 86.0 cm, Quartile 3: 86.0 cm 

< WC ≤ 91.0 cm, and Quartile 4: WC > 91.0 cm in men; Quartile 1: WC ≤ 73.0 cm, Quartile 2: 

73.0 cm < WC ≤ 78.0 cm, Quartile 3: 78.0 cm < WC ≤ 84.0 cm, Quartile 4: WC > 84.0 cm in 

women 
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Table 3.2B. Hazard ratios (95% CIs) of all-cause mortality according to 

sleep correlates 

 Women (N=104,358) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) a HR (95% CI) b 

Sociodemographic factors     

Age      

40 - 49 168,991 106 reference reference 

50 - 59 172,374 213 2.03 (1.61-2.57) 1.94 (1.53-2.46) 

60 - 69 88,535 269 5.03 (4.01-6.30) 4.47 (3.51-5.70) 

Educational attainment     

College degree or higher 68,678 58 reference reference 

High school graduate 173,988 165 1.09 (0.81-1.47) 0.97 (0.72-1.31) 

Middle school or below 180,563 351 2.20 (1.67-2.90) 1.24 (0.93-1.66) 

Occupational classification     

Non-manual 45,274 36 reference reference 

Manual 109,014 127 1.42 (0.98-2.06) 1.00 (0.69-1.46) 

Unemployed / housewife 258,394 396 1.84 (1.31-2.59) 1.09 (0.77-1.56) 

Marital status     

Married 367,514 449 reference reference 

Single or separated 60,718 134 1.80 (1.48-2.18) 1.33 (1.09-1.63) 

Menopausal status     

Premenopausal 171,255 116 reference reference 

Postmenopausal 253,860 463 2.73 (2.22-3.34) 1.10 (0.84-1.43) 

Lifestyle factors     

Smoking status     

Non-current smoker 417,502 565 reference reference 

Current smoker 9,325 19 1.52 (0.96-2.40) 1.65 (1.04-2.61) 

Alcohol consumption     

Non-current drinker 295,340 440 reference reference 

Current drinker 132,347 146 0.74 (0.61-0.89) 0.98 (0.81-1.19) 

Eating habits     

Having three meals a day 337,120 478 reference reference 

Having irregular meals 91,853 109 0.85 (0.69-1.04) 0.97 (0.78-1.19) 

Intake of multi vitamin     

Multi-vitamin user 87,068 112 reference reference 

Non-users 337,667 464 1.05 (0.86-1.29) 1.05 (0.85-1.29) 

Physical activity     

Regular exerciser 219,341 258 reference reference 

Non-exerciser 209,916 330 1.35 (1.14-1.59) 1.30 (1.10-1.53) 

Psychological condition     

PWI status c     

Positive wellbeing 43,135 57 reference reference 

Moderate distress 307,526 396 0.97 (0.73-1.28) 0.95 (0.72-1.25) 

Severe distress 63,953 110 1.23 (0.89-1.69) 1.07 (0.76-1.49) 

Stress events     

Not at all 204,331 259 reference reference 

Often 171,523 223 1.00 (0.84-1.20) 0.95 (0.79-1.14) 

Frequent 45,591 91 1.52 (1.20-1.93) 1.27 (0.99-1.62) 
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(continued) 

 Women (N=104,358) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) a HR (95% CI) b 

Self-reported health status     

Healthy 139,683 148 reference reference 

Normal 197,263 239 1.13 (0.92-1.39) 1.08 (0.87-1.32) 

Unhealthy 88,638 198 2.05 (1.66-2.54) 1.60 (1.28-1.99) 

Anthropometry     

Body mass index (kg/m2)     

Underweight, BMI>18.5 7,014 17 2.14 (1.32-3.49) 2.42 (1.47-3.97) 

Normal range, 18.5-24.9 288,719 335 reference reference 

Overweight, 25.0-29.9 118,765 203 1.46 (1.23-1.74) 1.17 (0.96-1.42) 

Obese, ≥ 30.0 13,167 27 1.75 (1.19-2.60) 1.34 (0.89-2.03) 

Waist circumference d (cm)     

Quartile 1 (Lowest) 107,010 110 0.91 (0.70-1.18) 1.09 (0.84-1.42) 

Quartile 2 101,628 117 reference reference 

Quartile 3 110,914 142 1.11 (0.87-1.42) 0.94 (0.74-1.21) 

Quartile 4 (Highest) 103,908 210 1.74 (1.39-2.18) 1.24 (0.99-1.57) 
 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sleep duration, sociodemographic factors 

(i.e., age, education attainment, occupational classification, marital status, and menopausal 

status for women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating 

habits, intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and waist 

circumference), and enrollment year 

c. Defined as Positive wellbeing group: PWI score ≤ 8, Moderate distress group: PWI score 8 - 27, 

and Severe distress group: PWI score ≥ 27 

d. Defined as Quartile 1: WC ≤ 81.0cm, Quartile 2: 81.0cm < WC ≤ 86.0cm, Quartile 3: 86.0cm < 

WC ≤ 91.0cm, and Quartile 4: WC > 91.0cm in men; Quartile 1: WC ≤ 73.0cm, Quartile 2: 

73.0cm < WC ≤ 78.0cm, Quartile 3: 78.0cm < WC ≤ 84.0cm, Quartile 4: WC > 84.0cm in 

women 
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Table 3.3A. Hazard ratios (95% CIs) of all-cause mortality according to 

currently receiving treatment of diseases 

 Men (N=53,789) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) a HR (95% CI) b 

Health condition c     

Acute liver disease 329 10 7.23 (3.88-13.5) 6.20 (3.30-11.7) 

Chronic liver disease 1,966 43 5.52 (4.06-7.50) 5.11 (3.75-6.96) 

Cancer 1,232 37 7.92 (5.70-11.0) 5.54 (3.96-7.73) 

Diabetes mellitus 15,635 142 2.48 (2.07-2.96) 1.82 (1.51-2.19) 

Thyroid disease 1,204 3 0.60 (0.19-1.87) 0.57 (0.19-1.79) 

Hyperlipidemia 6,881 24 0.88 (0.59-1.32) 0.78 (0.52-1.17) 

Depression 823 7 2.02 (0.96-4.25) 1.45 (0.69-3.06) 

Cataract 1,418 14 2.35 (1.39-3.98) 1.56 (0.91-2.65) 

Hypertension 40,065 227 1.53 (1.31-1.78) 1.14 (0.97-1.33) 

Myocardial infarction 4,794 41 2.18 (1.60-2.99) 1.50 (1.09-2.07) 

Stroke 2,170 22 2.46 (1.61-3.76) 1.52 (0.99-2.33) 

Asthma / Chronic bronchitis 1,183 14 2.86 (1.68-4.84) 1.96 (1.15-3.33) 

Cholelithiasis 289 4 3.26 (1.22-8.70) 2.32 (0.87-6.20) 

Fatty liver disease 2,213 17 1.78 (1.10-2.87) 1.81 (1.11-2.94) 

Gastritis 3,120 22 1.65 (1.08-2.52) 1.32 (0.86-2.02) 

Intestinal polyp 267 3 2.78 (0.90-8.65) 2.32 (0.74-7.21) 

Peptic Ulcer 2,082 16 1.75 (1.06-2.87) 1.37 (0.83-2.26) 

Arthritis 2,768 16 1.38 (0.84-2.26) 0.88 (0.54-1.45) 

Osteoporosis 379 5 3.16 (1.31-7.62) 2.04 (0.84-4.92) 

Bladder infection 189 3 3.48 (1.12-10.8) 1.92 (0.61-6.05) 
 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sleep duration, sociodemographic factors 

(i.e., age, education attainment, occupational classification, marital status, and menopausal 

status for women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating 

habits, intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and waist 

circumference), and enrollment year 

c. Diagnosed by a doctor in a hospital and currently getting treatment  
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Table 3.3B. Hazard ratios (95% CIs) of all-cause mortality according to 

currently receiving treatment of diseases 

 Women (N=104,358) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) a HR (95% CI) b 

Health condition c     

Acute liver disease 226 1 3.23 (0.46-22.9) 2.56 (0.36-18.4) 

Chronic liver disease 1,837 10 4.09 (2.19-7.63) 4.05 (2.16-7.58) 

Cancer 3,902 28 5.94 (4.06-8.69) 6.17 (4.20-9.05) 

Diabetes mellitus 18,536 71 3.09 (2.41-3.96) 2.02 (1.57-2.62) 

Thyroid disease 10,039 9 0.65 (0.34-1.26) 0.63 (0.33-1.21) 

Hyperlipidemia 14,581 22 1.19 (0.77-1.82) 0.80 (0.52-1.22) 

Depression 3,909 12 2.27 (1.28-4.03) 1.88 (1.06-3.33) 

Cataract 3,096 7 1.63 (0.78-3.44) 0.87 (0.41-1.85) 

Hypertension 67,249 141 1.74 (1.44-2.10) 1.09 (0.89-1.33) 

Myocardial infarction 4,663 25 4.12 (2.76-6.14) 2.43 (1.62-3.64) 

Stroke 2,074 7 2.42 (1.15-5.10) 1.43 (0.68-3.03) 

Asthma / Chronic bronchitis 2,494 5 1.44 (0.60-3.47) 1.03 (0.43-2.49) 

Cholelithiasis 483 5 7.55 (3.13-18.1) 6.36 (2.64-15.4) 

Fatty liver disease - - - - 

Gastritis 8,091 7 0.60 (0.29-1.27) 0.47 (0.22-1.00) 

Intestinal polyp - - - - 

Peptic Ulcer 3,329 6 1.20 (0.54-2.69) 0.95 (0.43-2.14) 

Arthritis 21,759 65 2.27 (1.76-2.94) 1.49 (1.14-1.94) 

Osteoporosis 13,390 31 1.72 (1.20-2.47) 1.04 (0.72-1.49) 

Bladder infection 1,343 2 0.99 (0.25-3.98) 0.86 (0.21-3.42) 
 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sleep duration, sociodemographic factors 

(i.e., age, education attainment, occupational classification, marital status, and menopausal 

status for women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating 

habits, intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and waist 

circumference), and enrollment year 

c. Diagnosed by a doctor in a hospital and currently getting treatment  
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Short sleep duration significantly increased the risk for all-cause mortality in 

men (HR = 1.44, 95% CI 1.19-1.75), while long sleep duration did not 

exhibit a statistically significant association with mortality after adjusting for 

all putative correlates including baseline health condition (HR = 1.32, 95% 

CI 0.89-1.97). Moreover, men who had frequently suffered from difficulty in 

initiating sleep were at a higher risk for mortality (HR = 1.58, 95% CI 1.06-

2.34 for always and HR = 1.53, 95% CI 1.18-1.99 for most of time). Men‘s 

mortality risk gradually increased with higher composite sleep scores (p for 

trend < 0.001): male poor sleepers showed a 1.94-folds increased risk for all-

cause mortality (95% CI 1.48-2.55; Table 3.4A). In terms of women, both 

short and long sleep duration did not significantly affect the women‘s 

mortality risk in the fully adjusted models (HR = 1.17, 95% CI 0.93-1.47 and 

HR = 1.31, 95% CI 0.78-2.20, respectively). Like men, however, women 

who had frequently suffered from difficulty in initiating sleep were at a 

higher risk for mortality (adjusted HR = 1.51, 95% CI 1.02-2.25 for always 

and adjusted HR = 1.39, 95% CI 1.05-1.85 for most of time). Female poor 

sleepers defined as a composite sleep score ≥ 6 exhibited the significant 

association with all-cause mortality (HR = 1.40, 95% CI 1.04-1.89; Table 

3.4B). In the sub-analyses excluding deceased subjects whose death was 

occurred within 1 or 2 years after cohort enrollment, all results were 

replicated in generally comparable trends of the original ones (Tables 3.5 and 

3.6).  
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Table 3.4A. Hazard ratios (95% CIs) for all-cause mortality according to 

sleep characteristics  

 Men (N=53,789) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 22,471 131 1.68 (1.39-2.04) 1.44 (1.19-1.75) 

6-7 hours 137,111 478 1 (ref.) 1 (ref.) 

8-9 hours 50,949 247 1.37 (1.17-1.60) 1.20 (1.03-1.40) 

≥ 10 hours 3,891 26 1.87 (1.26-2.77) 1.32 (0.89-1.97) 

Difficulty in initiating sleep     

Not at all 139,682 538 1 (ref.) 1 (ref.) 

Sometimes 61,797 251 1.02 (0.88-1.19) 1.10 (0.94-1.28) 

Most of time 9,527 66 1.73 (1.34-2.23) 1.53 (1.18-1.99) 

Always 3,415 27 1.95 (1.32-2.86) 1.58 (1.06-2.34) 

Nonrestorative sleep     

Not at all 90,818 385 1 (ref.) 1 (ref.) 

Sometimes 82,692 295 0.81 (0.69-0.94) 0.87 (0.75-1.02) 

Most of time 29,572 127 0.96 (0.78-1.17) 0.91 (0.74-1.12) 

Always 11,340 75 1.45 (1.13-1.86) 1.17 (0.91-1.51) 

Composite sleep score     

0 50,083 163 1 (ref.) 1 (ref.) 

1 55,764 218 1.16 (0.95-1.43) 1.15 (0.94-1.42) 

2 45,585 180 1.15 (0.93-1.42) 1.15 (0.93-1.43) 

3 31,769 156 1.44 (1.15-1.79) 1.31 (1.04-1.63) 

4 16,075 54 0.97 (0.71-1.32) 0.87 (0.64-1.20) 

5 8,404 48 1.66 (1.20-2.29) 1.42 (1.03-1.97) 

6 4,042 33 2.36 (1.62-3.43) 2.04 (1.39-2.98) 

7 1,732 16 2.65 (1.59-4.43) 1.99 (1.18-3.61) 

8 546 8 4.20 (2.07-8.55) 2.92 (1.43-5.99) 

9 421 6 3.91 (1.73-8.84) 2.42 (1.06-5.51) 

P trend    < 0.001 < 0.001 

Overall decision 
c 

     

Good sleepers 207,681 819 1 (ref.) 1 (ref.) 

Poor sleepers 6,741 63 2.29 (1.78-2.96) 1.94  (1.48-2.55) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, 

intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and 

waist circumference), health conditions (i.e. currently getting treatments for any kind of the 

20 diseases) and enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good 

sleepers with score < 6  
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Table 3.4B. Hazard ratios (95% CIs) for all-cause mortality according to 

sleep characteristics 

 Women (N=104,358) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 54,447 97 1.43 (1.14-1.79) 1.17 (0.93-1.47) 

6-7 hours 257,360 324 1 (ref.) 1 (ref.) 

8-9 hours 109,556 152 1.08 (0.89-1.32) 1.10 (0.91-1.34) 

≥ 10 hours 8,537 15 1.35 (0.80-2.26) 1.31 (0.78-2.20) 

Difficulty in initiating sleep     

Not at all 243,620 299 1 (ref.) 1 (ref.) 

Sometimes 145,282 200 1.08 (0.90-1.29) 1.06 (0.88-1.28) 

Most of time 28,880 61 1.64 (1.24-2.16) 1.39 (1.05-1.85) 

Always 12,117 28 1.77 (1.20-2.61) 1.51 (1.02-2.25) 

Nonrestorative sleep     

Not at all 152,209 204 1 (ref.) 1 (ref.) 

Sometimes 165,787 228 0.98 (0.81-1.18) 1.07 (0.88-1.29) 

Most of time 75,823 100 0.92 (0.73-1.17) 0.93 (0.73-1.19) 

Always 36,080 56 1.07 (0.80-1.44) 1.02 (0.76-1.39) 

Composite sleep score     

0 72,836 90 1 (ref.) 1 (ref.) 

1 100,092 124 0.96 (0.73-1.26) 0.99 (0.76-1.31) 

2 96,086 126 0.99 (0.75-1.30) 1.03 (0.78-1.36) 

3 71,397 84 0.89 (0.66-1.20) 0.88 (0.65-1.19) 

4 40,923 71 1.30 (0.95-1.77) 1.23 (0.89-1.69) 

5 23,758 38 1.21 (0.82-1.76) 1.08 (0.73-1.58) 

6 13,806 27 1.46 (0.95-2.25) 1.26 (0.81-1.95) 

7 6,675 17 1.89 (1.13-3.18) 1.51 (0.89-2.56) 

8 2,398 7 2.15 (1.00-4.64) 1.80 (0.83-3.91) 

9 1,928 4 1.52 (0.56-4.14) 1.11 (0.41-3.05) 

P trend    <0.001 0.063 

Overall decision 
c 

     

Good sleepers 405,092 533 1 (ref.) 1 (ref.) 

Poor sleepers 24,807 55 1.63 (1.24-2.15) 1.40 (1.04-1.89) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, 

intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and 

waist circumference), health conditions (i.e. currently getting treatments for any kind of the 

20 diseases) and enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good 

sleepers with score < 6  
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Table 3.5A. Hazard ratios (95% CIs) for all-cause mortality according to 

sleep characteristics: a sub-analysis incorporating a 1-year lag time 

 Men (N=51,595) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 16,820 117 1.72 (1.40-2.11) 1.48 (1.20-1.81) 

6-7 hours 103,285 420 1 (ref.) 1 (ref.) 

8-9 hours 38,909 204 1.28 (1.08-1.51) 1.12 (0.95-1.32) 

≥ 10 hours 3,018 21 1.68 (1.09-2.61) 1.20 (0.77-1.86) 

Difficulty in initiating sleep     

Not at all 104,313 467 1 (ref.) 1 (ref.) 

Sometimes 47,663 219 1.01 (0.86-1.18) 1.09 (0.92-1.29) 

Most of time 7,368 52 1.53 (1.15-2.04) 1.36 (1.01-1.83) 

Always 2,689 24 1.93 (1.28-2.90) 1.59 (1.04-2.41) 

Nonrestorative sleep     

Not at all 66,884 332 1 (ref.) 1 (ref.) 

Sometimes 63,236 259 0.80 (0.68-0.94) 0.87 (0.74-1.03) 

Most of time 22,963 105 0.89 (0.71-1.10) 0.85 (0.68-1.06) 

Always 8,950 66 1.42 (1.09-1.85) 1.15 (0.88-1.51) 

Composite sleep score     

0 36,547 143 1 (ref.) 1 (ref.) 

1 41,980 188 1.12 (0.90-1.39) 1.12 (0.90-1.39) 

2 35,023 152 1.07 (0.85-1.35) 1.08 (0.86-1.36) 

3 24,300 141 1.43 (1.14-1.81) 1.32 (1.04-1.67) 

4 12,450 44 0.87 (0.62-1.21) 0.79 (0.56-1.11) 

5 6,470 40 1.52 (1.07-2.16) 1.32 (0.93-1.89) 

6 3,137 28 2.19 (1.46-3.29) 1.91 (1.27-2.89) 

7 1,355 13 2.34 (1.33-4.14) 1.80 (1.01-3.20) 

8 427 8 4.58 (2.25-9.34) 3.34 (1.63-6.85) 

9 343 5 3.46 (1.42-8.45) 2.19 (0.89-5.39) 

P trend    <0.001 0.001 

Overall decision 
c 

     

Good sleepers 156,771 708 1 (ref.) 1 (ref.) 

Poor sleepers 5,262 54 2.23 (1.69-2.94) 1.83 (1.36-2.45) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, 

intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and 

waist circumference), health conditions (i.e. currently getting treatments for any kind of the 

20 diseases) and enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good 

sleepers with score < 6  
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Table 3.5B. Hazard ratios (95% CIs) for all-cause mortality according to 

sleep characteristics: a sub-analysis incorporating a 1-year lag time 

 Women (N=99,342) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 41,389 80 1.31 (1.02-1.67) 1.07 (0.84-1.38) 

6-7 hours 196,290 293 1 (ref.) 1 (ref.) 

8-9 hours 84,398 132 1.03 (0.84-1.27) 1.06 (0.86-1.30) 

≥ 10 hours 6,710 12 1.17 (0.66-2.08) 1.16 (0.65-2.07) 

Difficulty in initiating sleep     

Not at all 183,316 269 1 (ref.) 1 (ref.) 

Sometimes 113,156 173 1.02 (0.84-1.23) 1.02 (0.84-1.24) 

Most of time 22,671 53 1.54 (1.15-2.07) 1.35 (1.00-1.84) 

Always 9,645 22 1.50 (0.96-2.31) 1.33 (0.85-2.08) 

Nonrestorative sleep     

Not at all 112,992 184 1 (ref.) 1 (ref.) 

Sometimes 127,872 199 0.92 (0.75-1.13) 1.02 (0.83-1.26) 

Most of time 59,278 85 0.84 (0.65-1.09) 0.87 (0.67-1.13) 

Always 28,646 49 1.00 (0.73-1.37) 0.99 (0.71-1.37) 

Composite sleep score     

0 53,264 83 1 (ref.) 1 (ref.) 

1 75,783 109 0.90 (0.67-1.19) 0.94 (0.70-1.25) 

2 74,515 117 0.96 (0.72-1.27) 1.02 (0.77-1.36) 

3 55,260 73 0.81 (0.59-1.11) 0.82 (0.60-1.13) 

4 31,911 58 1.10 (0.79-1.54) 1.08 (0.76-1.51) 

5 18,498 31 1.02 (0.68-1.55) 0.94 (0.62-1.43) 

6 10,837 25 1.40 (0.90-2.20) 1.26 (0.80-1.98) 

7 5,267 13 1.50 (0.83-2.69) 1.23 (0.68-2.23) 

8 1,907 5 1.58 (0.64-3.90) 1.39 (0.56-3.45) 

9 1,546 3 1.17 (0.37-3.70) 0.90 (0.28-2.86) 

P trend    0.060 0.419 

Overall decision 
c 

     

Good sleepers 309,231 471 1 (ref.) 1 (ref.) 

Poor sleepers 19,556 46 1.52 (1.12-2.05) 1.33 (0.96-1.85) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, 

intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and 

waist circumference), health conditions (i.e. currently getting treatments for any kind of the 

20 diseases) and enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good 

sleepers with score < 6  
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Table 3.6A. Hazard ratios (95% CIs) for all-cause mortality according to 

sleep characteristics: a sub-analysis incorporating a 2-year lag time 

 Men (N=44,602) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 11,757 93 1.81 (1.44-2.28) 1.54 (1.22-1.95) 

6-7 hours 72,774 319 1 (ref.) 1 (ref.) 

8-9 hours 27,916 153 1.24 (1.02-1.50) 1.09 (0.90-1.33) 

≥ 10 hours 2,203 19 1.95 (1.23-3.09) 1.37 (0.86-2.18) 

Difficulty in initiating sleep     

Not at all 72,478 360 1 (ref.) 1 (ref.) 

Sometimes 34,714 160 0.91 (0.76-1.10) 1.01 (0.83-1.22) 

Most of time 5,442 42 1.52 (1.10-2.09) 1.37 (0.99-1.90) 

Always 2,016 22 2.15 (1.40-3.30) 1.76 (1.13-2.73) 

Nonrestorative sleep     

Not at all 45,438 249 1 (ref.) 1 (ref.) 

Sometimes 45,607 197 0.77 (0.64-0.93) 0.85 (0.70-1.03) 

Most of time 16,902 79 0.83 (0.64-1.07) 0.81 (0.62-1.04) 

Always 6,703 59 1.55 (1.17-2.06) 1.26 (0.94-1.69) 

Composite sleep score     

0 24,492 110 1 (ref.) 1 (ref.) 

1 29,511 129 0.96 (0.74-1.23) 0.97 (0.75-1.25) 

2 25,403 120 1.02 (0.79-1.33) 1.06 (0.81-1.38) 

3 17,489 115 1.43 (1.10-1.85) 1.34 (1.02-1.75) 

4 9,142 34 0.80 (0.55-1.18) 0.74 (0.50-1.10) 

5 4,710 31 1.43 (0.96-2.12) 1.26 (0.84-1.89) 

6 2,312 24 2.24 (1.44-3.49) 1.99 (1.27-3.12) 

7 1,006 10 2.14 (1.12-4.09) 1.66 (0.86-3.20) 

8 318 6 4.06 (1.79-9.25) 3.00 (1.31-6.88) 

9 267 5 3.95 (1.61-9.67) 2.53 (1.02-6.26) 

P trend    <0.001 0.001 

Overall decision 
c 

     

Good sleepers 110,748 539 1 (ref.) 1 (ref.) 

Poor sleepers 3,903 45 2.34 (1.73-3.17) 1.91 (1.38-2.64) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, 

intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and 

waist circumference), health conditions (i.e. currently getting treatments for any kind of the 

20 diseases) and enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good 

sleepers with score < 6  
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Table 3.6B. Hazard ratios (95% CIs) for all-cause mortality according to 

sleep characteristics: a sub-analysis incorporating a 2-year lag time 

 Women (N=85,276) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 29,702 61 1.30 (0.99-1.72) 1.05 (0.79-1.40) 

6-7 hours 141,567 226 1 (ref.) 1 (ref.) 

8-9 hours 61,702 111 1.11 (0.89-1.40) 1.15 (0.92-1.45) 

≥ 10 hours 5,025 11 1.35 (0.74-2.46) 1.36 (0.74-2.50) 

Difficulty in initiating sleep     

Not at all 129,735 206 1 (ref.) 1 (ref.) 

Sometimes 83,909 138 1.02 (0.82-1.26) 1.05 (0.84-1.30) 

Most of time 17,028 46 1.66 (1.21-2.29) 1.53 (1.10-2.13) 

Always 7,324 19 1.59 (1.00-2.55) 1.50 (0.93-2.43) 

Nonrestorative sleep     

Not at all 78,240 135 1 (ref.) 1 (ref.) 

Sometimes 93,867 157 0.94 (0.75-1.19) 1.08 (0.86-1.37) 

Most of time 44,189 75 0.95 (0.72-1.26) 1.02 (0.76-1.36) 

Always 21,699 42 1.08 (0.76-1.53) 1.12 (0.79-1.60) 

Composite sleep score     

0 36,064 54 1 (ref.) 1 (ref.) 

1 54,145 85 1.02 (0.73-1.44) 1.10 (0.78-1.55) 

2 54,999 99 1.16 (0.83-1.61) 1.28 (0.92-1.80) 

3 40,653 59 0.93 (0.64-1.35) 0.99 (0.68-1.44) 

4 23,743 50 1.35 (0.92-1.98) 1.38 (0.93-2.04) 

5 13,700 24 1.13 (0.70-1.83) 1.07 (0.66-1.75) 

6 8,097 20 1.59 (0.95-2.65) 1.49 (0.88-2.51) 

7 3,960 11 1.78 (0.93-3.41) 1.55 (0.80-2.99) 

8 1,450 4 1.76 (0.64-4.87) 1.62 (0.58-4.51) 

9 1,185 3 1.62 (0.51-5.19) 1.33 (0.41-4.30) 

P trend    0.018 0.121 

Overall decision 
c 

     

Good sleepers 223,305 371 1 (ref.) 1 (ref.) 

Poor sleepers 14,691 38 1.54 (1.10-2.15) 1.45 (1.01-2.07) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, 

intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and 

waist circumference), health conditions (i.e. currently getting treatments for any kind of the 

20 diseases) and enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good 

sleepers with score < 6  
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Two-phase sensitivity analyses indicate that all results are robust to residual 

effects of underline medical condition and/or baseline health status on final 

outcome. Generally comparable trends were achieved regardless of 

underlying assumptions, though minor variations in each effect size were 

observed (Tables 3.7A and 3.7B; 3.8A and 3.8B).  

Although substantial numbers of subjects were excluded due to their ill-

health at baseline survey—1) all study subjects who were currently taking 

medication for chronic liver disease, cancer, diabetes mellitus, and 

myocardial infarction; 2) men who were currently getting treatments for 

acute liver disease, chronic liver disease, cancer, diabetes mellitus, 

myocardial infarction, stroke, asthma / chronic bronchitis, and fatty liver 

disease; and 3) women who were treated for chronic liver disease, cancer, 

diabetes mellitus, depression, myocardial infarction, cholelithiasis, and 

arthritis disease among female subjects—and the results were somewhat 

hindered, our findings indicate that individual sleep characteristics could be 

independently connected to the risk of all-cause mortality. Furthermore, the 

combined effects between sleep duration and sleep quality may act as crucial 

roles in both a dependent and/or independent manner in the etiology of final 

health outcome, mortality.  
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Table 3.7A. Hazard ratios (95% CIs) for all-cause mortality according to 

sleep characteristics: sensitivity analysis 1 

 Men (N=47,921) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 20,010 102 1.75 (1.41-2.18) 1.51 (1.21-1.89) 

6-7 hours 123,927 364 1 (ref.) 1 (ref.) 

8-9 hours 44,993 176 1.31 (1.09-1.57) 1.15 (0.96-1.38) 

≥ 10 hours 3,331 11 1.09 (0.60-1.99) 0.77 (0.42-1.41) 

Difficulty in initiating sleep     

Not at all 125,075 404 1 (ref.) 1 (ref.) 

Sometimes 55,755 176 0.94 (0.79-1.13) 1.02 (0.85-1.22) 

Most of time 8,400 47 1.66 (1.23-2.25) 1.49 (1.09-2.03) 

Always 3,031 26 2.50 (1.68-3.72) 1.98 (1.31-2.97) 

Nonrestorative sleep     

Not at all 81,605 301 1 (ref.) 1 (ref.) 

Sometimes 74,488 213 0.74 (0.62-0.88) 0.81 (0.67-0.96) 

Most of time 26,235 89 0.86 (0.68-1.09) 0.85 (0.66-1.08) 

Always 9,933 50 1.26 (0.93-1.70) 1.02 (0.75-1.38) 

Composite sleep score     

0 45,326 131 1 (ref.) 1 (ref.) 

1 50,231 165 1.09 (0.87-1.38) 1.09 (0.86-1.37) 

2 40,786 129 1.03 (0.81-1.31) 1.05 (0.82-1.35) 

3 28,247 112 1.30 (1.01-1.67) 1.21 (0.93-1.35) 

4 14,361 36 0.81 (0.56-1.17) 0.74 (0.51-1.07) 

5 7,325 32 1.43 (0.97-2.10) 1.26 (0.85-1.87) 

6 3,596 24 2.15 (1.39-3.33) 1.93 (1.24-3.01) 

7 1,563 12 2.46 (1.36-4.45) 1.82 (1.00-3.32) 

8 470 6 4.09 (1.80-9.21) 2.78 (1.21-6.39) 

9 356 6 5.16 (2.28-11.7) 3.37 (1.47-7.71) 

P trend    <0.001 0.004 

Overall decision 
c 

     

Good sleepers 186,276 605 1 (ref.) 1 (ref.) 

Poor sleepers 5,984 48 2.38 (1.78-3.20) 1.91 (1.40-2.62) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, 

intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and 

waist circumference), health conditions (i.e. currently getting treatments for any kind of the 

20 diseases) and enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good 

sleepers with score < 6  
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Table 3.7B. Hazard ratios (95% CIs) for all-cause mortality according to 

sleep characteristics: sensitivity analysis 1 

 Women (N=97,172) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 50,148 76 1.39 (1.08-1.79) 1.16 (0.90-1.50) 

6-7 hours 241,892 267 1 (ref.) 1 (ref.) 

8-9 hours 102,196 115 1.00 (0.81-1.25) 1.02 (0.82-1.27) 

≥ 10 hours 7,831 9 1.00 (0.52-1.95) 0.99 (0.51-1.94) 

Difficulty in initiating sleep     

Not at all 228,664 240 1 (ref.) 1 (ref.) 

Sometimes 135,968 154 1.04 (0.85-1.27) 1.02 (0.83-1.26) 

Most of time 26,348 51 1.76 (1.30-2.38) 1.52 (1.11-2.08) 

Always 11,087 22 1.78 (1.15-2.76) 1.52 (0.97-2.38) 

Nonrestorative sleep     

Not at all 142,412 164 1 (ref.) 1 (ref.) 

Sometimes 155,861 181 0.96 (0.78-1.19) 1.04 (0.84-1.29) 

Most of time 70,524 80 0.93 (0.71-1.21) 0.93 (0.71-1.23) 

Always 33,269 42 1.02 (0.72-1.43) 0.98 (0.69-1.39) 

Composite sleep score     

0 68,583 75 1 (ref.) 1 (ref.) 

1 94,062 103 0.96 (0.71-1.29) 1.00 (0.74-1.34) 

2 90,251 100 0.95 (0.70-1.28) 0.99 (0.73-1.34) 

3 66,841 60 0.77 (0.55-1.08) 0.76 (0.54-1.08) 

4 37,860 57 1.28 (0.90-1.80) 1.21 (0.85-1.73) 

5 21,887 28 1.09 (0.71-1.69) 1.00 (0.64-1.55) 

6 12,653 19 1.27 (0.77-2.10) 1.12 (0.67-1.87) 

7 6,072 17 2.36 (1.39-4.00) 1.93 (1.13-3.31) 

8 2,153 6 2.33 (1.01-5.35) 2.01 (0.87-4.66) 

9 1,704 2 0.98 (0.24-3.99) 0.75 (0.18-4.66) 

P trend    0.008 0.125 

Overall decision 
c 

     

Good sleepers 379,485 423 1 (ref.) 1 (ref.) 

Poor sleepers 22,581 44 1.70 (1.24-2.31) 1.43 (1.02-2.00) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, 

intake of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, 

stress events, and self-reported health status), anthropometry (i.e., body mass index and 

waist circumference), health conditions (i.e. currently getting treatments for any kind of the 

20 diseases) and enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good 

sleepers with score < 6  
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Table 3.8A. Hazard ratios (95% CIs) for all-cause mortality according to 

sleep characteristics: sensitivity analysis 2 

 Men (N=46,957) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 19,529 93 1.69 (1.35-2.13) 1.47 (1.16-1.85) 

6-7 hours 121,477 345 1 (ref.) 1 (ref.) 

8-9 hours 43,895 165 1.30 (1.08-1.57) 1.15 (0.95-1.38) 

≥ 10 hours 3,204 11 1.18 (0.65-2.15) 0.85 (0.46-1.55) 

Difficulty in initiating sleep     

Not at all 122,533 381 1 (ref.) 1 (ref.) 

Sometimes 54,520 169 0.96 (0.80-1.15) 1.04 (0.86-1.25) 

Most of time 8,123 41 1.56 (1.13-2.16) 1.41 (1.01-1.96) 

Always 2,929 23 2.39 (1.57-3.64) 1.90 (1.23-2.92) 

Nonrestorative sleep     

Not at all 80,083 286 1 (ref.) 1 (ref.) 

Sometimes 72,923 202 0.74 (0.62-0.89) 0.81 (0.67-0.97) 

Most of time 25,450 81 0.84 (0.66-1.08) 0.82 (0.64-1.06) 

Always 9,649 45 1.21 (0.89-1.66) 0.98 (0.71-1.35) 

Composite sleep score     

0 44,573 126 1 (ref.) 1 (ref.) 

1 49,228 159 1.10 (0.87-1.39) 1.09 (0.86-1.38) 

2 39,884 120 1.01 (0.78-1.29) 1.02 (0.79-1.32) 

3 27,499 103 1.26 (0.97-1.63) 1.17 (0.90-1.52) 

4 14,008 35 0.83 (0.57-1.20) 0.75 (0.51-1.10) 

5 7,161 27 1.26 (0.83-1.92) 1.12 (0.73-1.71) 

6 3,502 22 2.08 (1.32-3.28) 1.86 (1.18-2.95) 

7 1,462 11 2.48 (1.34-4.60) 1.87 (1.00-3.49) 

8 457 6 4.32 (1.90-9.80) 3.02 (1.31-6.96) 

9 331 5 4.74 (1.94-11.6) 3.08 (1.25-7.60) 

P trend    <0.001 0.016 

Overall decision 
c 

     

Good sleepers 182,353 570 1 (ref.) 1 (ref.) 

Poor sleepers 5,753 44 2.37 (1.74-3.22) 1.95 (1.41-2.71) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, intake 

of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, stress events, 

and self-reported health status), anthropometry (i.e., body mass index and waist circumference), 

health conditions (i.e. currently getting treatments for any kind of the 20 diseases) and 

enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good sleepers 

with score < 6  
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Table 3.8B. Hazard ratios (95% CIs) for all-cause mortality relative to 

sleep characteristics: sensitivity analysis 2 

 Women (N=92,077) 

 
Person- 

year 

No. of 

deaths 
HR (95% CI) 

a
 HR (95% CI) 

b
 

Sleep duration     

< 6 hours 46,373 63 1.33 (1.01-1.75) 1.12 (0.84-1.48) 

6-7 hours 229,319 237 1 (ref.) 1 (ref.) 

8-9 hours 96,270 104 1.03 (0.82-1.30) 1.05 (0.83-1.32) 

≥ 10 hours 7,105 4 0.53 (0.20-1.41) 0.52 (0.20-1.41) 

Difficulty in initiating sleep     

Not at all 217,899 218 1 (ref.) 1 (ref.) 

Sometimes 127,809 137 1.03 (0.84-1.28) 1.03 (0.82-1.28) 

Most of time 23,720 39 1.57 (1.12-2.21) 1.39 (0.98-1.98) 

Always 9,638 14 1.38 (0.80-2.36) 1.22 (0.71-1.98) 

Nonrestorative sleep     

Not at all 135,752 153 1 (ref.) 1 (ref.) 

Sometimes 147,936 159 0.91 (0.73-1.14) 1.00 (0.80-1.26) 

Most of time 65,260 65 0.83 (0.62-1.11) 0.86 (0.64-1.16) 

Always 30,119 31 0.85 (0.58-1.25) 0.85 (0.57-1.27) 

Composite sleep score     

0 65,980 70 1 (ref.) 1 (ref.) 

1 89,759 93 0.94 (0.69-1.28) 0.98 (0.72-1.34) 

2 85,736 91 0.94 (0.69-1.28) 1.00 (0.73-1.38) 

3 62,623 56 0.79 (0.56-1.13) 0.81 (0.57-1.16) 

4 34,934 44 1.11 (0.76-1.62) 1.08 (0.74-1.59) 

5 19,970 24 1.06 (0.67-1.69) 1.00 (0.63-1.61) 

6 11,346 16 1.24 (0.72-2.13) 1.13 (0.65-1.97) 

7 5,354 9 1.47 (0.73-2.94) 1.24 (0.39-3.95) 

8 1,938 3 1.34 (0.42-4.25) 1.24 (0.39-3.95) 

9 1,425 2 1.22 (0.30-4.98) 0.96 (0.23-3.96) 

P trend    0.253 0.661 

Overall decision 
c 

     

Good sleepers 359,004 378 1 (ref.) 1 (ref.) 

Poor sleepers 20,063 30 1.38 (0.96-2.01) 1.16 (0.78-1.72) 

a. Crude hazard ratio 

b. Estimates from fully adjusted models: adjusted for sociodemographic factors (i.e., age, 

education attainment, occupational classification, marital status, and menopausal status for 

women only), lifestyle factors (i.e., smoking status, alcohol consumption, eating habits, intake 

of multi vitamin, and physical activity), psychological conditions (i.e., PWI status, stress events, 

and self-reported health status), anthropometry (i.e., body mass index and waist circumference), 

health conditions (i.e. currently getting treatments for any kind of the 20 diseases) and 

enrollment year 

c. Defined as individuals‘ composite sleep score: poor sleepers with score ≥ 6 vs. good sleepers 

with score < 6  
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Discussion 

 

The present study aimed to examine whether habitual sleep duration and 

sleep complaints can provoke the future risk of all-cause mortality, taking 

into account for all putative correlates—sociodemographic factors, lifestyle, 

psychological conditions, anthropometry, and baseline health conditions—

which might modify the actual association of usual sleep characteristics with 

mortality. Our findings, which parallel with previous reports, support that 

both short sleep duration and frequent sleep complaints significantly 

increased the risk for all-cause mortality: moreover, the results were more 

prominently exhibited among men. Poor sleepers were at significantly higher 

risk for mortality regardless of sex. Additionally, it is a noteworthy finding 

that habitual sleep characteristics might be independently involved in all-

cause mortality, yielding associations independent of putative confounders 

including underline medical condition and health status.  

The disruption in sleep parameters—insufficient and/or overextended sleep 

in a quantitative aspect and various sleep complaints in a quality aspect—can 

induce deteriorative health conditions and be connected to a higher 

likelihood of mortality. Previous studies have indicated that inadequate sleep 

duration could be associated with all-cause mortality, both short and long 
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(Gottlieb, Redline et al. 2006, Hublin, Partinen et al. 2007, Silver and 

Kriegsfeld 2014), only short (Amagai, Ishikawa et al. 2004, Garde, Hansen 

et al. 2013), and only long (Gale and Martyn 1998, Gangwisch, Heymsfield 

et al. 2008, Castro-Costa, Dewey et al. 2011, Lee, Choi et al. 2013); but null 

results were also reported (Heslop, Smith et al. 2002, Hirshkowitz, Whiton et 

al. 2015). The current meta-analysis covering 51 cohorts reporting on 34 

prospective studies for short sleep (a total of 2,203,851 participants with 

226,199 deaths) and 52 cohorts reporting on 34 studies for long sleep (a total 

of 2,191,160 participants with 225,656 deaths) yielded a summary hazard 

risk of 1.15 (95% CI 1.11-1.19) for short sleep duration and those of 1.39 (95% 

CI 1.32-1.46) for long sleep duration compared with normal sleep duration 

(Appendix 1). These results confirm the J-shaped association between sleep 

duration and all-cause mortality. Given that the present meta-analysis 

summarized data mostly derived from prospective cohort studies, securing 

the establishment of a causal relationship, the results indicate short and long 

sleepers should be treated as having an increased risk of all-cause mortality.  

Frequent sleep complaints, especially difficulty in initiating sleep, appear to 

play as a crucial risk factor for all-cause mortality in Korean adults. 

Regardless of sex, difficulty in initiating sleep placed people at the 

significantly increased risk for all-cause mortality. Previous researches which 

investigated the association between sleep complaints and mortality are 
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relatively limited compared with those dealing with sleep duration. Mallon 

and colleagues reported that difficulty in initiating sleep revealed the 

significant association with coronary artery disease mortality and difficulty 

in maintaining sleep were associated with death from all other causes in men 

(Mallon, Broman et al. 2002). A study conducted in Japan explored the 

association between total mortality and sleep quality (Kojima, Wakai et al. 

2000). They assessed sleep quality using three questions such as Do you 

usually wake up feeling good?; Do you usually fall asleep easily?; Do you 

use drugs for sleep?. According to their results, women who responded ‗no‘ 

to Do you usually wake up feeling good? revealed a significant association 

with total mortality in fully adjusted model. Other study in Japan resulted in 

statistically insignificant association between sleep complaints and mortality 

in elderly population (Suzuki, Yorifuji et al. 2009): the components of sleep 

complaints including difficulty in falling asleep, frequent awakening, early 

morning awakening did not present the high risk of all-cause or 

cardiovascular-specific mortality in both men and women. Results from the 

Whitehall II cohort study on disturbed sleep was acquired by the posing the 

question ―Have you recently been having restless, disturbed nights?” The 

study demonstrated the association with CVD mortality independently and 

joint effect of sleep duration in women (Kim, Kim et al. 2013). Another 

study investigated the association between sleep complaints and 
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development of acute coronary event among representative population 

sample of middle-aged German (Chen, Su et al. 2013). According to their 

results, difficulty in initiating sleep and difficulty in maintaining sleep had 

modest associations with incident myocardial infarction both men and 

women. However, results of the Swedish National March Cohort reported 

that difficulty in maintaining sleep and nonrestorative sleep did not show a 

significant association with cardiovascular events (Akerstedt, Hume et al. 

1994) 

The underlying mechanism of the association between inadequate sleep and 

mortality appears to be multifactorial, but it has not yet been fully elucidated. 

As one of the clues to understand the mechanism, we firstly focused on 

metabolic perturbations creating a milieu leading to increased risk of 

cardiovascular diseases and mortality. Growing evidence suggests that 

insufficient or poor sleep significantly impact people‘s metabolism; short 

and/or long sleep duration may play a crucial role in metabolic pathways as 

well as the development of metabolic syndrome, which includes multiple 

metabolic disorders (Gómez-Abellán, Hernandez-Morante et al. 2008, Prasai, 

George et al. 2008). Both abnormal sleep duration and low quality sleep can 

disrupt the circadian rhythm, leading to impaired energy balance and 

metabolism (e.g., the development of insulin resistance) (Stranges, Dorn et al. 

2008). Inadequate sleep duration can also cause disorders related to 
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regulation of appetite, which can induce weigh gain and decreased glucose 

tolerance (Spiegel, Knutson et al. 2005). Furthermore, sleep imbalance can 

increase blood pressure (Shankar, Koh et al. 2008, Sharma and Kavuru 2010, 

Ferrie JE, Shipley MJ et al. 2011) and activate systemic inflammatory 

processes (Mezick, Hall et al. 2011): all these factors can ultimately result in 

metabolic disorders which underpins a higher risk for all-cause mortality, 

cardiovascular diseases, and diabetes (Ford 2005). In addition, emerging 

evidence indicates genetic variants related to the circadian clock (i.e., 

CLOCK, BMAL1, NPAS2, PER2, and CRY1) can interfere sleep-related 

metabolic perturbations: clock genes are expressed in human adipose tissue 

and both subcutaneous and visceral fat deposits (Gómez-Abellán, 

Hernandez-Morante et al. 2008, Gómez-Abellán, Madrid et al. 2012) and 

core clock genes can affect glucose metabolism and vascular function (Prasai, 

George et al. 2008).  

As another biological mechanism in the underlying trajectory from sleep to 

mortality, inflammatory response pathway has garnered attention: systematic 

inflammation appears to be a crucial role linking inadequate sleep patterns to 

mortality. Although the exact relationship between sleep and adverse health 

consequences is still largely unknown, emerging evidence suggests that sleep 

may be a contributing factor to cardio-metabolic health by influencing the 

pro-inflammatory processes that contribute to systemic inflammation. 
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Biologically, the human immune system is mediated along with the sleep-

wake cycle. The levels of immune parameters and cytokines keep in balance 

during regular sleep-wake conditions. Disruption in this biological loop can 

induce disequilibrium of immune system and provoke a pro-inflammatory 

response. Previous studies exploring the association of habitual sleep 

duration with changes in inflammatory markers have indicated that various 

immune and inflammatory parameters, including interleukin (IL)-6, tumor 

necrosis factor alpha (TNF-α), high-sensitivity C-reactive protein (hs-CRP), 

leukocytes, neutrophil counts, and natural killer cells are activated as a result 

of deprivation of sleep duration and/or lack of sleep quality (Born, Lange et 

al. 1997, Shearer, Reuben et al. 2001, Meier-Ewert, Ridker et al. 2004, Irwin, 

Wang et al. 2006, Irwin, Carrillo et al. 2010). Furthermore, there is a 

substantial body of epidemiological research supporting the possibility that 

sleep deprivation may be linked to fluctuations in inflammatory molecules 

(Miller, Kandala et al. 2009, Patel, Zhu et al. 2009, Ferrie, Kivimaki et al. 

2013, Jackowska, Kumari et al. 2013). At the same time, a significant 

association between excess sleep and pro-inflammatory conditions has been 

also reported (Patel, Zhu et al. 2009, Grandner, Buxton et al. 2013, 

Jackowska, Kumari et al. 2013). The negative consequences derived from 

habitual sleep duration are assumed to underlie the inflammatory mechanism: 

a negative feedback loop where chronic increases in proinflammatory 
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cytokine activity induced by imbalance in usual sleep patterns can lead to 

low-grade systemic inflammation, which in turn may feedback to alter 

immune profiles, activating chronic inflammatory processes, and finally 

progress to negative health consequences including mortality. Further 

investigations concerning both sleep modalities and biology dynamics in 

biological studies should be warranted to elucidate the hidden mechanism 

behind sleep-related mortality in the Korean population. 

Whereas numerous studies have focused on the minimum amount of sleep 

securing the maintenance of optimum health, there has been less attention on 

the maximum amount of sleep for health (Grandner and Drummond 2007). 

Although recently the clinical magnitude of long sleep duration is recognized, 

there is no conclusive evidence understanding its biological mechanism to 

mortality. Long sleep duration may be assumed to an epiphenomenon of 

comorbidities such as poor general health, other disease-related fatigue, and 

undiagnosed health conditions (Youngstedt SD and Kripke DF 2004, 

Stranges, Dorn et al. 2008), which can connect to psychological distress and 

depression sharing the same biologic mechanism as the previously 

mentioned inflammatory response pathway (Motivala 2011). Indeed, long 

sleepers have been considered as people with high susceptibility to 

psychopathology and the subclinical susceptibility may predispose them to 

various stressors and underlying diseases, which may easily progress to 
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mortality (Grandner and Drummond 2007). Additional studies are required 

to clarify the effects of long sleep duration on the trajectories from usual 

sleep perturbations to the final health outcome, mortality. 

Study limitations should be noted. First, we conducted the analyses based on 

all-cause mortality only; we could not examine cause-specific mortality. 

While literatures provide that improper sleep duration has been linked to 

cardiovascular diseases, cancer, and other conditions, we were not able to 

identify individual cause-specific mortality, warranting further investigation 

on sleep and cause-specific factors in the future. Second, because the 

duration of the cohort follow-up was relatively short, we could not ensure a 

statistical power to detect the detailed modalities regarding sleep-induced 

mortality. Also, integrated stratified analyses were not conceivable due to the 

small number of deaths related to such factors; thus, further study should be 

conducted with securing sufficient duration of follow-up. Third, the HEXA 

study collected the information on sleep duration based on a single question 

separated into four specific categories: <6 hours, 6–7 hours, 8–9 hours, and 

≥10 hours. This limited information made it difficult to allow further in-

depth analyses evaluating the association of sleep duration with all-cause 

mortality, thereby resulting in restricted results. For instance, we did not 

calculate the mean sleep duration nor did we distinguish sleep duration on 

weekdays from that on weekends. Finally, sleep characteristics were assessed 
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once at baseline survey and assumed to be consistent as a long-term behavior 

not considering chronological variations in sleep episodes. Given that sleep 

patterns could be changed by various causes, our findings may not be 

completely free of residual bias.  

In spite of these limitations, the current study, which consists of a large 

sample size with over 150,000 healthy participants, could explore the 

associations of habitual sleep characteristics with all-cause mortality, fully 

considering various putative correlates and effect modifiers. Moreover, 

unlike prior studies that have used a single question on sleep duration, this 

study used comprehensive data regarding both sleep duration and sleep 

complaints that ensure the validity. Through such process, a more accurate 

investigation on the relationship among sleep characteristics, its correlates, 

and mortality was possible. In general, previous studies investigating the 

relationship between sleep and disease or mortality are conducted using 

limited information regarding sleep duration only. However, how well one 

sleeps is as important as how long one sleeps. Thus in this study, sleep 

complaints including difficulty in initiating sleep and nonrestorative sleep as 

well as sleep duration were synthetically explored in its association with all-

cause mortality. Finally, a further sensitivity analysis was conducted based 

on the hypothesis that a state of diseased condition can affect sleep 

modalities in regard to the relationship between sleep characteristics and all-
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cause mortality. Through such additional investigation, we were able to 

affirm once again that the association between sleep and mortality is 

statistically significant. 

In conclusion, we confirmed that short and long sleep duration as well as low 

sleep quality can place people at a higher risk for all-cause mortality. 

Furthermore, relationship between habitual sleep duration and sleep quality 

may provoke the risk of negative health outcomes including mortality. The 

population-attributable risk associated with the detrimental consequences of 

habitual sleep characteristics is assumed to be potentially huge because sleep 

complaints in usual sleep episodes are highly prevalent in the Korean 

population. Tailor-made interventions that can assist people to cope with 

sleep disturbances as well as maintaining adequate sleep patterns in aspect of 

both quantity and quality is warranted to reduce the latent disease burden. 

Furthermore, appropriate interventions for risk modification and closer 

surveillance program targeting for general healthy population is imperative.  
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CONCLUSION 

 

The present study, an integrated and systematic sleep epidemiology research, 

was conducted to explore the actual association between habitual sleep 

characteristics and all-cause mortality based on the large-scale cohort data 

derived from a normal healthy Korean adult population and a preliminary 

validation study. Our study findings are concluded as follows: 

 

1. Survey items for assessing habitual sleep characteristics included in the 

HEXA study may be a valid tool and a composite sleep score proposed 

integrating each sleep survey item can assess individuals‘ sleep status 

covering quantitative and qualitative evaluation of usual sleep behavior 

2. Detrimental health behaviors and lifestyle factors, such as being 

unmarried, having low socioeconomic status, currently smoking, not 

exercising, having irregular meals, having poor psychosocial conditions, 

and receiving medical treatment for diabetes and depression, might be 

meaningful correlates of abnormal sleep duration among middle-aged 

and elderly Koreans. 

3. Habitual sleep characteristics might be independently involved in all-

cause mortality, yielding associations independent of putative 

confounders including underline medical condition and health status. 
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Both short and long sleep duration, as well as frequent sleep complaints 

can place Korean adults at a substantial public health burden of sleep-

related mortality.  

 

Chronic disruption of circadian programming in terms of sleep—short and/or 

long sleep duration and frequent sleep complaints—can result in various 

health defects and further, it may place normal people at a higher risk of 

mortality. In order to encourage good physical health and psychosocial well-

being in Korean adult population, people who sleep too little or too much 

should be treated as at-risk populations. Furthermore, public health 

interventions that can assist people to cope with sleep disturbances as well as 

maintaining adequate sleep patterns in aspect of both quantity and quality is 

warranted to reduce the latent disease burden including sleep-related 

mortality.  
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APPENDIX 1. 
 Sleep duration and all-cause mortality: 

Meta-analysis and systematic review  
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Aim of the study: To summarize the current evidence regarding the 

association of sleep characteristics with all-cause mortality, we performed a 

systematic review and meta-analysis through an in-depth literature review on 

the association between sleep duration—both short sleep and long sleep—

and all-cause mortality. 

Literature search and study selection: Online databases, PubMed and 

EMBASE were preliminarily searched independently by 3 researchers using 

the search terms ―sleep‖, ―mortality‖ and ―cohort‖. The last searches were 

updated on April 30, 2015. Additional studies were identified by cross-

matching the reference lists of retrieved articles and tracing the citations of 

articles through the ISI Web of Science and Scopus. All epidemiological 

studies were considered for inclusion if they reported an association between 

sleep duration and mortality. Studies meeting the following criteria 

according to a consensus among the investigators were selected: (i) an 

original research, (ii) an article in English writing, (iii) the general and adult 

population, (iv) a prospective cohort study, (v) mortality as the main 

outcome, (vi) sleep duration as the main exposure, and (vii) sufficient data 

for risk estimation (HRs or RRs with 95% CIs). If multiple publications with 

overlapping data were identified, the most informative or updated study in 

terms of exposure and outcome variables was selected.  

Data extraction: Data were independently extracted by researchers (Hyung-
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Suk Yoon, Hwi-Won Lee and Jiyeon Lim), and disagreements were 

arbitrated through discussion and consensus with other researchers (Jae 

Jeong Yang and Minkyo Song). The following information was extracted: 

authors, publication information, cohort name, country (region), sample size, 

sex, age criteria of study participants, baseline year, follow-up duration, total 

number of deaths, method of outcome ascertainment, method of exposure 

measurement, reference range for sleep duration, and statistical analysis 

including adjusted variables, HRs/RRs of mortality across sleep duration and 

the corresponding 95% CIs. The flowchart describing the inclusion and 

exclusion criteria is shown in Figure A1. Additionally, procedure of article 

selection including systematic review is indicated in Figure A2. 

 

Figure A1. Flowchart for the criteria of inclusion and exclusion 
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Figure A2. Procedure of article selection including systematic review 

 

Statistical Analysis: On the basis of the fully adjusted relative risk estimates 

derived from each study, the association of short and long sleep duration 

with the risk of all-cause mortality was assessed by calculating pooled meta-

analytic estimates. The magnitude of heterogeneity across the studies was 

quantified by the Cochran Q statistic and I
2
 statistic. To account for 

heterogeneity across studies, summarized RRs and 95% CIs were computed 

on the basis of a fixed-effects (pheterogeneity > 0.10, applying the Mantel–

Haenszel method) or random-effects (pheterogeneity ≤ 0.10, applying the 
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DerSimonian and Laird method) model (Faller, Ctortecka et al. 2000, 

Huntjens, Asaria et al. 2014). Publication bias was assessed by using Begg 

and Mazumdar‘s adjusted rank correlation test and Egger‘s regression 

asymmetry test (Klein, Moore et al. 1991, Bass 2012). Statistical analyses for 

the meta-analysis were carried out using STATA version 11 (Stata Corp, 

College Station, TX, USA). 

Result summary: According to our selection criteria, 61 studies were 

preliminarily selected; 10 were excluded because 1) all-cause mortality was 

not evaluated; 2) short and long sleep duration was combined; 3) reference 

range for sleep duration did not match our criteria; 4) sleep duration 

measured by electroencephalogram (EEG); 5) 95% CIs were not calculated; 

6) study subjects were not selected from the general population; and 7) 

results were derived from the same cohort study. Studies providing separate 

results by sex were treated as two independent cohorts. Finally, 51 cohorts 

reporting on 34 prospective studies for short sleep (a total of 2,203,851 

participants with 226,199 deaths) and 52 cohorts reporting on 34 studies for 

long sleep (a total of 2,191,160 participants with 225,656 deaths) were 

included in the meta-analysis (Table A1).  

Short sleep duration was associated with an increased risk of all-cause 

mortality (RR=1.15, 95% CI 1.11–1.19) with evidence of heterogeneity 

across studies (I
2
 = 30.2%, pheterogeneity = 0.024). Egger‘s test suggested no 
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evidence of publication bias (p = 0.414); and the trim-and-fill method 

detected no missing studies with a revised estimate. Long sleep duration was 

associated with a higher risk of all-cause mortality (RR=1.39, 95% CI 1.32–

1.46) with evidence of publication bias (p = 0.039) and significant 

heterogeneity across studies (I
2
 = 78.2%, pheterogeneity < 0.001) (Figure A3, A4, 

and A5).  

The association between short sleep duration and all-cause mortality 

appeared to vary somewhat according to sex, continent, follow-up duration, 

short sleep definition, and sleep measurement per unit. Studies focusing only 

on women only had a higher summary risk estimate than others (RR=1.17, 

95% CI 1.09–1.25 for short sleep; and RR=1.48, 95% CI 1.34–1.63 for long 

sleep). Studies carried out in Asia had a higher RR than those from other 

continents (RR=1.19, 95% CI 1.09–1.29 for short sleep; and RR=1.58, 95% 

CI 1.46–1.71 for long sleep). Furthermore, increasing follow-up duration 

tended to be associated with decreased risk estimates. With regards to the 

definition of sleep duration, the shortest duration of < 5 hours sleep per day 

presented the highest risk estimates compared to others (RR=1.17, 95% CI 

1.12–1.23). Similar results were also obtained regarding the association 

between long sleep duration and all-cause mortality but there were 

substantial evidence of heterogeneity across studies (≥ 10 hours sleep per 

day: RR=1.57, 95% CI 1.47–1.69; Tables A2 and A3). 
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The results of the meta-analysis corroborate the evidence that both short and 

long sleep duration influence the risk of all-cause mortally. In particular, 

subjects with short and long sleep duration had 15% and 39% higher risks of 

mortality than those with normal sleep duration, respectively. These results 

confirm the J-shaped association between sleep duration and all-cause 

mortality.  
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Table A1. Review chart of selected articles 

Selected ID SR-01 

Title 
Sleep duration and mortality in Japan: the Jichi Medical School 

Cohort Study 

First author Amagai Y 

Journal info J Epidemiol. 2004 Jul;14(4):124-8 

Cohort name The Jichi Medical School Cohort Study 

Country (region) Japan (Asia) 

Sample size (sex) 11,325 (Men: 4,419; Women: 6,906) 

Age 40-69 

Race Asian 

Characteristic 12 rural areas 

Baseline year 1992-1995 

F/U duration (years) 8.2 (average) 

Number of death 495 

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep  
Participants were asked what time they usually fall asleep at 

night and awoke in the morning 

Measuring unit Night 

Reference of sleep duration  7.0-7.9  

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
age, systolic blood pressure, total cholesterol, BMI, smoking 

habits, alcohol drinking habits, education, and marital status 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

≤ 5.9 2.4 (1.3-4.2) ≤ 5.9 0.7 (0.2-2.3) 

6.0-6.9 1.1 (0.7-1.8) 6.0-6.9 1.3 (0.8-2.1) 

7.0-7.9 Ref 7.0-7.9 Ref 

8.0-8.9 0.9 (0.6-1.2) 8.0-8.9 1.1 (0.8-1.6) 

≥ 9 1.1 (0.8-1.6) ≥ 9 1.5 (1.0-2.4) 

Heart disease   

≤ 5.9 6.2 (1.3-29.5) ≤ 5.9 N/A  

6.0-6.9 3.8 (1.0-14.7) 6.0-6.9 N/A  

7.0-7.9 Ref 7.0-7.9 Ref 

8.0-8.9 0.4 (0.1-1.9) 8.0-8.9 7.3 (0.9-58.6) 

≥ 9 1.3 (0.4-4.5) ≥ 9 15.9 (2.0-128.8) 
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Results Total Men Women 

Stroke  

≤ 5.9 1.3 (0.2-11.0) ≤ 5.9 N/A 

6.0-6.9 0.8 (0.2-3.9) 6.0-6.9 3.2 (1.0-10.5) 

7.0-7.9 Ref 7.0-7.9 Ref 

8.0-8.9 0.2 (0.1-0.8) 8.0-8.9 1.4 (0.4-4.3) 

≥ 9 1.2 (0.5-3.0) ≥ 9 2.5 (0.8-8.2) 

Cancer  

≤ 5.9 3.1 (1.3-7.5) ≤ 5.9 1.1 (0.3-4.7) 

6.0-6.9 0.6 (0.2-1.6) 6.0-6.9 1.5 (0.7-3.0) 

7.0-7.9 Ref 7.0-7.9 Ref 

8.0-8.9 1.4 (0.8-2.4) 8.0-8.9 1.2 (0.7-2.1) 

≥ 9 1.3 (0.7-2.3) ≥ 9 1.1 (0.5-2.3) 

External causes  

≤ 5.9 3.1 (1.0-9.7) ≤ 5.9 N/A 

6.0-6.9 0.9 (0.3-2.7) 6.0-6.9 1.0 (0.3-3.1) 

7.0-7.9 Ref 7.0-7.9 Ref 

8.0-8.9 0.6 (0.3-1.4) 8.0-8.9 0.5 (0.2-1.4) 

≥ 9 0.5 (0.2-1.4) ≥ 9 0.4 (0.1-2.0) 

Others  

≤ 5.9 N/A ≤ 5.9 1.1 (0.1-8.5) 

6.0-6.9 1.4 (0.6-3.7) 6.0-6.9 0.3 (0.0-2.4) 

7.0-7.9 Ref 7.0-7.9 Ref 

8.0-8.9 1.0 (0.5-2.0) 8.0-8.9 0.9 (0.4-2.1) 

≥ 9 1.3 (0.7-2.6) ≥ 9 1.3 (0.5-3.4) 
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Selected ID SR-02 

Title 
A prospective study of sleep duration and coronary heart disease 

in women 

First author Ayas NT 

Journal info Arch Intern Med. 2003 Jan 27;163(2):205-9 

Cohort name Nurses' Health Study 

Country (region) US (North America) 

Sample size (sex) 71,617 (Women: 71,617) 

Age 45-65 

Race N/A 

Characteristic Female health professionals 

Baseline year 1986 

F/U duration (years) Until 1996 

Number of death 271 

Mortality identification The National Death Index 

Death coding N/A 

Questions about sleep  Indicate total hours of actual sleep in a 24-hour period 

Measuring unit 24 hours (a day) 

Reference of sleep duration  8  

Statistical analysis pooled logistic regression 

Adjusted variables 

age, smoking status, BMI, alcohol consumption, physical 

activity, menopausal status, depressed mood, aspirin use, 

parental history of MI before the age of 60 years, and a history 

of hypercholesterolemia 

Decision 
Excluded in the meta-analysis  

(All-cause mortality was not evaluated) 

Results Total Men Women 

Fatal CHD   

≤ 5 1.12 (0.68-1.84) 

6 0.91 (0.65-1.28) 

7 0.83 (0.60-1.14) 

8 Ref 

≥ 9 1.45 (0.89-2.36) 
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Selected ID SR-03 

Title 
Sleep duration and survival percentiles across categories of 

physical activity 

First author Bellavia A 

Journal info Am J Epidemiol. 2014 Feb 15;179(4):484-91. 

Cohort name Swedish Men and the Swedish Mammography Cohort 

Country (region) Sweden (EU) 

Sample size (sex) 70,973 (Men: 37,846; Women: 33,127) 

Age 45-79 

Race N/A 

Characteristic residing in Västmanland and Ö rebro counties in central Sweden 

Baseline year 1997–1998 

F/U duration (years) Until 2012 

Number of death 14,575 

Mortality identification National Register of Death Causes 

Death coding N/A 

Questions about sleep  Average duration of sleep per day in the previous year. 

Measuring unit 24 hours (a day) 

Reference of sleep duration  6.6-7.4 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

sex, age at baseline, BMI, smoking status and pack-years of 

smoking, alcohol consumption, educational level, tertiles of total 

physical activity 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

< 6.0 1.25 (1.13-1.37)   

6.0-6.5 1.10 (1.04-1.17) 

  6.6-7.4 Ref  

7.5-8.0 1.03 (0.98-1.08) 

> 8.0 1.14 (1.05-1.24)   

CVD 

< 6.0 1.44 (1.20-1.73)   

6.0-6.5 1.23 (1.09-1.38) 

  6.6-7.4 Ref 

7.5-8.0 1.02 (0.92-1.12) 

> 8.0 1.11 (0.95-1.31)   

Cancer 

< 6.0 1.06 (0.82-1.30)   

6.0-6.5 1.06 (0.95-1.20) 

  6.6-7.4 Ref 

7.5-8.0 1.02 (0.93-1.13) 

> 8.0 0.99 (0.83-1.18)   
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Selected ID SR-04 

Title Relationship of health practices and mortality 

First author Belloc NB 

Journal info Prev Med. 1973 Mar;2(1):67-8 

Cohort name The Human Population Laboratory 

Country (region) US (North America) 

Sample size (sex) 6,928  

Age < 45 ~ > 75 

Race Mixed 

Characteristic Noninstitutional adult residents of Alameda County, California 

Baseline year 1965 

F/U duration (years) Until 1970 

Number of death 371 

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   N/A 

Measuring unit Night 

Reference of sleep duration   N/A 

Statistical analysis N/A 

Adjusted variables age 

Decision 
Excluded in the meta-analysis  

(Mortality rates only) 

Results Total Men Women 

Mortality rate % 

  ≤ 6 0.090 ≤ 6 0.040 

  7 0.063 7 0.036 

  8 0.057 8 0.046 

  ≥ 9 0.066 ≥ 9 0.066 

 

 

 

 

 

 

 

 

 

 

 

 



154 

 

Selected ID SR-05 

Title 
Long sleep duration in elders without dementia increases risk of 

dementia mortality (NEDICES) 

First author Benito-León J 

Journal info Neurology. 2014 Oct 21;83(17):1530-7 

Cohort name NEDICES (Neurological Disorders in Central Spain) study 

Country (region) Spain (EU) 

Sample size (sex) 1,822 (Men: 949; Women: 873) 

Age ≤ 65 

Race N/A 

Characteristic 

1) working-class neighborhood in Getafe 

2) professional-class neighborhood in the Salamanca 

3) agricultural zone of Arévalo County 

Baseline year 1994-1995 

F/U duration (years) 12.5 (Median) 

Number of death 1,822 

Mortality identification Death certificates 

Death coding ICD-9, ICD-10 

Questions about sleep  Total hours of actual sleep in a 24-hour period 

Measuring unit 24 hours (a day) 

Reference of sleep duration  6-8  

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

baseline age, sex, educational level, geographical area, self-rated 

health, ever smoker , ever drinker, cancer, arterial hypertension, 

diabetes mellitus, heart diseases, obstructive pulmonary chronic 

disease, osteoporosis, stroke, depressive symptoms or 

antidepressant use, and on medication with CNS effects 

Decision 
Excluded in the meta-analysis  

(All-cause mortality was not evaluated) 

Results Total Men Women 

Dementia-specific (only) 

≤ 5 1.63 (1.04-2.56) 

  6-8 Ref 

≥ 9 0.76 (0.33-1.74) 
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Selected ID SR-06 

Title Personal health practices and mortality among the elderly 

First author Branch LG 

Journal info Am J Public Health. 1984 Oct;74(10):1126-9 

Cohort name Massachusetts Health Care Panel Study 

Country (region) US (North America) 

Sample size (sex) 1,235 (Men: 768, Women: 467) 

Age 66-98 

Race Mixed 

Characteristic Noninstitutionalized elderly residents of Massachusetts 

Baseline year 1974 

F/U duration (years) Until 1980 

Number of death 275 

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   How many hours of sleep do you usually get at night? 

Measuring unit Night 

Reference of sleep duration   7-8 

Statistical analysis Logistic regression 

Adjusted variables None (crude ORs) 

Decision 
Excluded in the meta-analysis  

(Short and long sleep duration was combined) 

Results Total Men Women 

All-cause  
7-8 Ref 7-8 Ref 

≤6 / ≥9  1.60 (0.94-2.28) ≤6 / ≥9  1.34 (0.85-1.83) 
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Selected ID SR-07 

Title Persistence of health habits and their relationship to mortality 

First author Breslow L 

Journal info Prev Med. 1980 Jul;9(4):469-83 

Cohort name The Human Population Laboratory 

Country (region) US (North America) 

Sample size (sex) 6,928  

Age < 45 ~ > 75 

Race Mixed 

Characteristic Noninstitutional adult residents of Alameda County, California 

Baseline year 1965 

F/U duration (years) Until 1974 

Number of death 717 

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   N/A 

Measuring unit Night 

Reference of sleep duration   N/A 

Statistical analysis Standardized mortality ratio / Age-adjusted mortality rate 

Adjusted variables age 

Decision 
Excluded in the meta-analysis  

(Mortality rates only) 

Results Total Men Women 

Mortality rate %  

≤6 0.156 ≤6 0.097 

7 0.115 7 0.068 

8 0.111 8 0.081 

≥9 0.139 ≥9 0.104 
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Selected ID SR-08 

Title 
Over 8 hours of sleep: marker of increased mortality in 

Mediterranean population: follow-up population study 

First author Burazeri G 

Journal info Croat Med J. 2003 Apr;44(2):193-8 

Cohort name The Kiryat Yovel Community Health Study 

Country (region) Israel (Asia) 

Sample size (sex) 1,842 (Men: 841; Women: 1,001) 

Age ≥50 

Race Mixed 

Characteristic West Jerusalem neighborhood 

Baseline year 1985-1987 

F/U duration (years) 9-11 

Number of death 403 (Men: 198, Women: 205) 

Mortality identification The National Population Registry 

Death coding ICD-9 

Questions about sleep  Total sleep duration (Nap + Night sleep) 

Measuring unit 24 hours (a day) 

Reference of sleep duration  < 6 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, social class (based on occupation), country of origin, 

educational level, self-appraised health status, activities of daily 

living, the Cornell Medical Index, a demoralization scale, 

reported pre-existing chronic conditions (diabetes, coronary 

heart disease, stroke), congestive heart failure, cigarette 

smoking, alcohol consumption, physical activity, blood 

pressure, BMI, serum levels of glucose, thiocyanate, creatinine, 

albumin, total cholesterol and HDL-cholesterol, plasma 

homocysteine as well as siesta and its duration 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

< 6 Ref < 6 Ref 

6-8  1.41 (0.83-2.39) 6-8  0.64 (0.42-0.97) 

> 8 2.13 (1.23-3.71) > 8 0.80 (0.51-1.24) 

Cardiovascular disease  

< 6 Ref < 6 Ref 

6-8  1.35 (0.71-2.58) 6-8  1.57 (0.65-3.78) 

> 8 1.91 (0.86-4.23) > 8 2.86 (1.15-7.13) 

non-CVD  

< 6 Ref < 6 Ref 

6-8  1.38 (0.79-2.42) 6-8  1.54 (0.75-3.15) 

> 8 2.02 (1.01-4.03) > 8 1.02 (0.54-1.93) 
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Selected ID SR-09 

Title 
Sleep duration and mortality: a prospective study of 113 138 

middle-aged and elderly Chinese men and women 

First author Cai H 

Journal info Sleep. 2015 Apr 1;38(4):529-36 

Cohort name Shanghai Women‘s, Shanghai Men‘s Health Study 

Country (region) China (Asia) 

Sample size (sex) 113,138 (Men: 74,941; Women: 61,480) 

Age 40-70 

Race Asian 

Characteristic Living in Shanghai, China 

Baseline year Men: 2002-2006; Women: 1996-2000 

F/U duration (years) Men: 7.12 (Median), Women: 6.07 (Median) 

Number of death Total: 4277 (Men: 2,356; Women: 1,921) 

Mortality identification Shanghai‘s population-based death registry 

Death coding N/A 

Questions about sleep  

In the past 2 y for women (past 1 y for men), 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)? 

Measuring unit 24 hours (a day) 

Reference of sleep duration  7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

education, income, smoking, alcohol consumption, tea 

consumption, comorbidity score, history of night-shift work, 

participation in regular exercise, BMI and waist-to-hip ratio 

CVD, cardiovascular disease; UGI, upper gastrointestinal tract 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

4-5 1.11 (1.00–1.23) 4-5 1.06 (0.90–1.25) 4-5 1.15 (1.01–1.32) 

6 1.06 (0.97–1.16) 6 1.07 (0.94–1.23) 6 1.06 (0.94–1.20) 

7 Ref 7 Ref 7 Ref 

8 1.15 (1.05–1.26) 8 1.13 (1.00–1.28) 8 1.17 (1.04–1.32) 

9 1.34 (1.17–1.54) 9 1.34 (1.10–1.62) 9 1.36 (1.13–1.64) 

≥10 1.81 (1.59–2.06) ≥10 1.55 (1.29–1.86) ≥10 2.11 (1.77–2.52) 

CVD 

4-5 1.05 (0.87–1.26) 4-5 1.09 (0.82–1.46) 4-5 1.02 (0.80–1.30) 

6 1.10 (0.94–1.29) 6 1.06 (0.83–1.34) 6 1.12 (0.91–1.39) 

7 Ref 7 Ref 7 Ref 

8 1.22 (1.05–1.43) 8 1.25 (1.00–1.56) 8 1.20 (0.96–1.50) 

9 1.47 (1.17–1.85) 9 1.68 (1.23–2.30) 9 1.28 (0.91–1.82) 

≥10 2.04 (1.65–2.53) ≥10 1.58 (1.14–2.18) ≥10 2.64 (1.99–3.52) 
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Results Total Men Women 

Stroke 

4-5 0.91 (0.70–1.18) 4-5 0.93 (0.62–1.40) 4-5 0.92 (0.65–1.29) 

6 0.99 (0.79–1.23) 6 0.78 (0.55–1.10) 6 1.14 (0.85–1.52) 

7 Ref 7 Ref 7 Ref 

8 1.28 (1.04–1.58) 8 1.20 (0.89–1.62) 8 1.36 (1.01–1.82) 

9 1.31 (0.94–1.82) 9 1.62 (1.06–2.48) 9 0.98 (0.58–1.66) 

≥10 2.35 (1.78–3.09) ≥10 1.73 (1.14–2.64) ≥10 3.09 (2.14–4.47) 

Diabetes 

4-5 1.17 (0.75–1.85) 4-5 0.80 (0.35–1.85) 4-5 1.45 (0.83–2.56) 

6 1.07 (0.71–1.64) 6 0.79 (0.40–1.58) 6 1.31 (0.76–2.25) 

7 Ref 7 Ref 7 Ref 

8 1.20 (0.79–1.83) 8 0.70 (0.36–1.38) 8 1.65 (0.96–2.84) 

9 1.35 (0.72–2.53) 9 0.61 (0.18–2.09) 9 2.05 (0.96–4.35) 

≥10 2.92 (1.79–4.74) ≥10 2.06 (0.96–4.40) ≥10 3.73 (1.98–7.05) 

All cancer 

4-5 1.06 (0.91–1.24) 4-5 0.93 (0.72–1.20) 4-5 1.19 (0.98–1.45) 

6 1.02 (0.90–1.17) 6 1.06 (0.87–1.30) 6 1.01 (0.84–1.20) 

7 Ref 7 Ref 7 Ref 

8 1.11 (0.97–1.26) 8 1.10 (0.91–1.33) 8 1.10 (0.92–1.31) 

9 1.04 (0.84–1.30) 9 0.94 (0.68–1.29) 9 1.15 (0.86–1.54) 

≥10 1.34 (1.08–1.66) ≥10 1.19 (0.88–1.61) ≥10 1.47 (1.08–2.00) 

Lung cancer 

4-5 1.23 (0.91–1.67) 4-5 0.99 (0.61–1.59) 4-5 1.50 (1.00–2.24) 

6 0.97 (0.74–1.27) 6 1.10 (0.76–1.60) 6 0.84 (0.56–1.26) 

7 Ref 7 Ref 7 Ref 

8 1.05 (0.81–1.37) 8 1.13 (0.80–1.61) 8 0.92 (0.61–1.38) 

9 1.11 (0.72–1.69) 9 0.94 (0.52–1.69) 9 1.32 (0.71–2.42): 

≥10 1.58 (1.06–2.35) ≥10 1.66 (1.01–2.72) ≥10 1.33 (0.65–2.72) 

UGI cancer 

4-5 1.35 (0.91–2.00) 4-5 1.70 (0.97–3.00) 4-5 1.14 (0.66–1.98) 

6 1.19 (0.84–1.68) 6 1.04 (0.61–1.76) 6 1.33 (0.83–2.13) 

7 Ref 7 Ref 7 Ref 

8 1.34 (0.96–1.88) 8 1.52 (0.95–2.44) 8 1.16 (0.71–1.91) 

9 0.99 (0.54–1.80) 9 1.02 (0.44–2.34) 9 0.98 (0.41–2.37) 

≥10 1.32 (0.75–2.35) ≥10 1.36 (0.64–2.90) ≥10 1.35 (0.56–3.27) 

Colorectal cancer 

4-5 1.18 (0.75–1.84) 4-5 0.70 (0.27–1.78) 4-5 1.45 (0.86–2.45) 

6 1.10 (0.74–1.62) 6 1.07 (0.55–2.07) 6 1.15 (0.71–1.86) 

7 Ref 7 Ref 7 Ref 

8 1.33 (0.91–1.93) 8 1.65 (0.91–2.99) 8 1.12 (0.69–1.83) 

9 0.59 (0.25–1.38) 9 0.23 (0.03–1.74) 9 0.83 (0.32–2.14) 

≥10 2.17 (1.24–3.80) ≥10 0.94 (0.31–2.82) ≥10 3.28 (1.70–6.32) 

Breast cancer 

    4-5 1.22 (0.64–2.34) 

    6 0.84 (0.45–1.54) 

    7 Ref 

    8 0.98 (0.55–1.75) 

    9 1.30 (0.53–3.20) 

    ≥10 1.54 (0.58–4.10) 

Other causes 

4-5 1.33 (1.08–1.63) 4-5 1.46 (1.06–2.03) 4-5 1.23 (0.94–1.61) 

6 1.13 (0.94–1.36) 6 1.26 (0.95–1.65) 6 1.04 (0.81–1.33) 

7 Ref 7 Ref 7 Ref 

8 1.13 (0.94–1.36) 8 1.17 (0.89–1.53) 8 1.11 (0.87–1.43) 

9 2.02 (1.58–2.58) 9 2.03 (1.42–2.91) 9 2.04 (1.46–2.85) 

≥10 2.06 (1.58–2.67) ≥10 2.03 (1.42–2.91) ≥10 2.20 (1.53–3.16) 
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Selected ID SR-10 

Title Circadian disruption and fatal ovarian cancer 

First author Carter BD 

Journal info Am J Prev Med. 2014 Mar;46(3 Suppl 1):S34-41 

Cohort name The Cancer Prevention Study–II Cohort 

Country (region) US (North America) 

Sample size (sex) 161,004 (Women: 161,004) 

Age 50.3 years (Average) 

Race White, Black, Others 

Characteristic All 50 states, the District of Columbia, and Puerto Rico 

Baseline year 1982 

F/U duration (years) During 28 year 

Number of death 1,289 (Ovarian cancer) 

Mortality identification National Death Index 

Death coding ICD-9, ICD-10 

Questions about sleep  On the average, how many hours do you sleep each night? 

Measuring unit Night 

Reference of sleep duration  7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

oral contraceptive use, age at menarche and menopause, tubal 

ligation, parity, postmenopausal estrogen use, race, family history 

of breast/ovarian cancers, exercise, BMI, and height. 

Decision 
Excluded in the meta-analysis  

(All-cause mortality was not evaluated) 

Results Total       Men  Women 

Ovarian cancer 

3-5 1.01 (0.73-1.40) 

  

6 1.13 (0.97-1.33) 

7 Ref 

8 1.16 (1.02-1.31) 

9-12 1.08 (0.82-1.42) 
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Selected ID SR-11 

Title 
Association between sleep duration and all-cause mortality in 

old age: 9-year follow-up of the Bambui Cohort Study, Brazil 

First author Castro-Costa E 

Journal info J Sleep Res. 2011 Jun;20(2):303-10. 

Cohort name Bambui Health and Ageing Study (BHAS) 

Country (region) Brazil (South America) 

Sample size (sex) 1,512 (Men: 558; Women: 924) 

Age > 60 

Race South American 

Characteristic Southeastern Brazil 

Baseline year 1997 

F/U duration (years) 7.5 

Number of death 440  

Mortality identification Brazilian System of Information on Mortality 

Death coding ICD-9, ICD-10 

Questions about sleep  

During the weekdays in the last month, at what time did you on 

average, lie down to go to sleep, and leave the bed? (Night-time 

sleep duration) 

Measuring unit Night 

Reference of sleep duration  7-8 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
demographic characteristics, lifestyle, apnea, mental health and 

measures of physical health 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

<6 1.09 (0.78-1.53) 

  

6-7 0.84 (0.60-1.17) 

7-8 Ref 

8-9 1.31 (0.97-1.78) 

≥9 1.53 (1.12-2.09) 

All-cause (2 year lag) 

<6 0.88 (0.61-1.28) 

  

6-7 0.79 (0.55-1.14) 

7-8 Ref 

8-9 1.38 (1.01-1.91) 

≥9 1.56 (1.12-2.18) 
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Selected ID SR-12 

Title 
A nine-year follow-up study of sleep patterns and mortality in 

community-dwelling older adults in Taiwan 

First author Chen HC 

Journal info Sleep. 2013 Aug 1;36(8):1187-98. 

Cohort name N/A 

Country (region) Taiwan (Asia) 

Sample size (sex) 4,064 (Men:2,269; Women: 1,795) 

Age ≥65 

Race Asian 

Characteristic Shih-Pai area of Taipei, Taiwan 

Baseline year 1999-2002 

F/U duration (years) 7.0±2.1 (Average) 

Number of death 1,004 

Mortality identification National death registry of the Department of Health, Taiwan 

Death coding ICD-9 

Questions about sleep  
During the past month, how many hours of actual sleep did you 

get at night? 

Measuring unit Night 

Reference of sleep duration  7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

sex, age, living status, marital status, education, body mass index, 
insomnia, excessive daytime sleepiness, pain, smoking, alcohol 
drinking, snorers, diabetes mellitus, hypertension, cardiovascular 
disease, stroke, gouty arthritis, depression, hypnotics 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

≤ 4 1.00 (0.75-1.33) 

  

5 0.92 (0.74-1.15) 

6 0.88 (0.73-1.06) 

7 Ref 

8 1.26 (1.04-1.53) 

≥ 9 1.66 (1.28-2.17) 

Neoplasm 

≤ 4 1.54 (0.94-2.52) 

  

5 0.89 (0.60-1.33) 

6 0.98 (0.72-1.35) 

7 Ref 

8 1.16 (0.82-1.65) 

≥ 9 1.56 (0.96-2.52) 

Cardiovascular disease 

≤ 4 1.05 (0.61-1.79) 

  

5 0.95 (0.62-1.48) 

6 0.79 (0.54-1.16) 

7 Ref 

8 1.36 (0.92-2.01) 

≥ 9 2.36 (1.46-3.80) 

Pulmonary disease 

≤ 4 0.50 (0.17-1.42) 

  

5 1.18 (0.63-2.22) 

6 0.88 (0.49-1.56) 

7 Ref 

8 1.14 (0.62-2.09) 

≥ 9 1.91 (0.88-4.16) 
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Selected ID SR-13 

Title 

Habitual sleep duration and insomnia and the risk of 

cardiovascular events and all-cause death: report from a 

community-based cohort 

First author Chien KL 

Journal info Sleep. 2010 Feb;33(2):177-84. 

Cohort name Chin-Shan Community Cardiovascular Cohort study 

Country (region) Taiwan (Asia) 

Sample size (sex) 3,602 (Men: 1,703; Women: 1,899) 

Age ≥ 35 

Race Asian 

Characteristic Chin-Shan township north of metropolitan Taipei 

Baseline year 1990-1991 

F/U duration (years) 15.9 (Median) 

Number of death 901  

Mortality identification Official death certificates 

Death coding N/A 

Questions about sleep  Habitual sleep duration 

Measuring unit Night 

Reference of sleep duration  7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age groups, gender, BMI, smoking, current alcohol drinking, 

marital status, education level, occupation, regular exercise, 

family history of coronary heart disease, baseline hypertension, 

diabetes, cholesterol, HDL, triglyceride, glucose, and uric acid 

level 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

≤ 5 1.15 (0.90-1.46) 

  

6 0.97 (0.79-1.21) 

7 Ref 

8 1.04 (0.86-1.27) 

≥9 1.34 (1.08-1.67) 

Cardiovascular disease 

≤ 5 0.94 (0.65-1.35) 

  

6 0.91 (0.67-1.24) 

7 Ref 

8 1.05 (0.80-1.39) 

≥9 1.12 (0.81-1.55) 
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Selected ID SR-14 

Title 
Healthy older adults sleep predicts all-cause mortality at 4 to 19 

years of follow-up 

First author Dew MA 

Journal info Psychosom Med. 2003 Jan-Feb;65(1):63-73 

Cohort name N/A 

Country (region) US (North America) 

Sample size (sex) 184 (Men: 85; Women: 99) 

Age 60s-80s 

Race Whit, Others 

Characteristic 
National Institutes of Health–funded protocols involving 

healthy elders conducted at our center 

Baseline year 1981-1997 

F/U duration (years) 12.8±3.7 (average) 

Number of death 66 

Mortality identification The National Death Index 

Death coding ICD-9 

Questions about sleep  
Bedtime and waketime for each subject was at his or her 

habitual time as determined by the 2-week sleep/wake log 

Measuring unit Night 

Reference of sleep duration  ≥ 6 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables age, gender, and medical burden covariates 

Decision 
Excluded in the meta-analysis  

(Sleep duration measured by Electroencephalogram, EEG)  

Results Total Men Women 

All-cause 

< 6 1.33 (0.8-2.2) 

  

≥ 6 Ref 
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Selected ID SR-15 

Title 

Healthy lifestyle behaviours and cardiovascular mortality 

among Japanese men and women: The Japan collaborative 

cohort study 

First author Eguchi E 

Journal info Eur Heart J. 2012 Feb;33(4):467-77 

Cohort name The Japan collaborative cohort study 

Country (region) Japan (Asia) 

Sample size (sex) 43,010 (Men: 18,747; Women: 24,263) 

Age 40-79 

Race Asian 

Characteristic 45 areas across Japan 

Baseline year 1988-1990 

F/U duration (years) 16.5 (Median) 

Number of death 1,907  

Mortality identification Death certificates 

Death coding ICD-10 

Questions about sleep   Average sleep duration on weekdays during the preceding year  

Measuring unit Night 

Reference of sleep duration   5.5-7.4 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, history of hypertension, history of diabetes, education level, 

regular employment, perceived mental stress, and seven health 

behaviours other than specified variable 

Decision 

Excluded in the meta-analysis  

(Reference range for sleep duration did not match our criteria  

and short and long sleep duration was combined)  

Results Total Men Women 

All-cause  
5.5-7.4 Ref 5.5-7.4 Ref 

Others 0.84 (0.73-0.95) Others 0.80 (0.69-0.91) 
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Selected ID SR-16 

Title 
A prospective study of change in sleep duration: Associations with 

mortality in the Whitehall II cohort 

First author Ferrie JE 

Journal info Sleep. 2007 Dec;30(12):1659-66 

Cohort name The Whitehall II Cohort 

Country (region) UK (EU) 

Sample size (sex) 

10,308 (Men: 6,895; Women: 3,413) 

Phase 1 : 9,781  

Phase 3 : 7,729  

Age 35-55 

Race N/A 

Characteristic 20 civil service departments in London, England 

Baseline year 
Phase 1: 1985-1988 

Phase 3: 1991-1993 (Repeated measurement) 

F/U duration (years) 
Phase 1: 17.1 (Average)  

Phase 3: 11.8 (Average) 

Number of death 
Phase 1: 566  

Phase 3: 292 

Mortality identification National Health Services Central Registry 

Death coding ICD-9, ICD-10 

Questions about sleep   How many hours of sleep do you have on an average week night? 

Measuring unit Night 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, sex, marital status, employment grade, smoking status, 

physical activity, alcohol consumption, self-rated health, body 

mass index, systolic blood pressure, cholesterol, physical illness, 

modified GHQ score, prevalent CHD 

Decision Included in the meta-analysis (Phase 1 only) 

Results Total Men Women 

All-cause  

(Phase 1) 

≤5 1.24 (0.92-1.67) 

  

6 1.00 (0.82-1.22) 

7 Ref 

8 1.07 (0.84-1.36) 

≥ 9 1.54 (0.72-3.28) 

Cardiovascular disease 

(Phase 1) 

≤5 1.17 (0.68-2.00) 

  

6 1.01 (0.69-1.48) 

7 Ref 

8 1.39 (0.91-2.14) 

≥ 9 1.53 (0.37-6.32) 
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Results Total Men Women 

non-CVD deaths  

(Phase 1) 

≤5 1.18 (0.81-1.71) 

  

6 1.02 (0.80-1.29) 

7 Ref 

8 0.96 (0.71-1.30) 

≥ 9 1.61 (0.66-3.94) 

All-cause  

(Phase 3) 

≤5 1.78 (1.17-2.71)       

6 1.13 (0.83-1.55)       

7 Ref       

8 1.11 (0.82-1.48)       

≥ 9 1.95 (1.15-3.31)       

Cardiovascular disease 

(Phase3) 

≤5 2.25 (1.15-4.38)       

6 1.22 (0.70-2.10)       

7 Ref       

8 0.64 (0.34-1.20)       

≥ 9 2.23 (0.93-5.38)       

non-CVD deaths  

(Phase 3) 

≤5 1.43 (0.81-2.52)       

6 1.07 (0.72-1.58)       

7 Ref       

8 1.34 (0.96-1.89)       

≥ 9 1.88 (0.97-3.66)       
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Selected ID SR-17 

Title Larks and owls and health, wealth, and wisdom 

First author Gale C 

Journal info BMJ. 1998 Dec 19-26;317(7174):1675-7 

Cohort name N/A 

Country (region) UK (EU) 

Sample size (sex) 1,229 (NA) 

Age ≥65 

Race N/A 

Characteristic 
Eight areas of Great Britain  

(five in England, two in Scotland, and one in Wales) 

Baseline year 1973-1974 

F/U duration (years) N/A 

Number of death 1,158  

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   N/A 

Measuring unit N/A 

Reference of sleep duration  9 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
age, sex, geriatrician's diagnoses of illness, social class, systolic 

blood pressure, and BMI 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

≤ 7 1.0 (0.7-1.4) 

  

8 0.8 (0.7-1.0) 

9 Ref 

10 1.2 (1.0-1.4) 

11 1.3 (1.0-1.7) 

≥ 12 1.7 (1.2-2.5) 
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Selected ID SR-18 

Title 
Sleep duration associated with mortality in elderly, but not 

middle-aged, adults in a large US sample 

First author Gangwisch JE 

Journal info Sleep. 2008 Aug;31(8):1087-96 

Cohort name The NHANES I Epidemiologic Follow-up Study 

Country (region) US (North America) 

Sample size (sex) 9,789 (Men: 3,637; Women: 6,152) 

Age 32-86 

Race Caucasian, African-American, other 

Characteristic 
Probability sample of the civilian noninstitutionalized 

population of the United States 

Baseline year 1971-1975 

F/U duration (years) 8-10 

Number of death 1,877  

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   
How many hours of sleep do you usually get a night (or when 

you usually sleep)? 

Measuring unit Night 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, physical activity, smoking, depression, sex, education, 

living alone, low income, daytime sleepiness, nighttime 

awakening, ethnicity, sleeping pill use, body weight, diabetes, 

hypertension, general health and cancer 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

≤ 5 1.17 (0.99-1.39) 

  

6 0.95 (0.81-1.11) 

7 Ref 

8 1.23 (1.08-1.39) 

≥ 9 1.34 (1.15-1.56) 
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Selected ID SR-19 

Title 
Work schedule, sleep duration, insomnia, and risk of fatal 

prostate cancer 

First author Gapstur SM 

Journal info Am J Prev Med. 2014 Mar;46(3 Suppl 1):S26-33 

Cohort name The Cancer Prevention Study–II 

Country (region) US (North America) 

Sample size (sex) 305,057 (Men: 305,057) 

Age ≥ 29 

Race White, Black, Others 

Characteristic All 50 states, the District of Columbia, and Puerto Rico 

Baseline year 1982 

F/U duration (years) Until 2010 

Number of death 4,974 

Mortality identification National Death Index 

Death coding ICD-9, ICD-10 

Questions about sleep   On the average, how many hours do you sleep each night? 

Measuring unit Night 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
age, race, education, BMI, smoking status, family history of 

prostate cancer, and painful/frequent urination 

Decision 
Excluded in the meta-analysis  

(All-cause mortality was not evaluated) 

Results Total Men Women 

Prostate cancer 

3-5 1.03 (0.87-1.21) 

  6 1.01 (0.93-1.10) 

7 Ref 
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Selected ID SR-20 

Title 

Sleep duration and ischemic heart disease and all-cause 

mortality: Prospective cohort study on effects of 

tranquilizers/hypnotics and perceived stress 

First author Garde AH 

Journal info Scand J Work Environ Health. 2013 Nov;39(6):550-8 

Cohort name The Copenhagen Male Study 

Country (region) Denmark (EU) 

Sample size (sex) 5,249 (Men: 5,249) 

Age 40–59 

Race European 

Characteristic 14 companies in Copenhagen 

Baseline year 1970-1971 

F/U duration (years) Until 2001 

Number of death 2,663  

Mortality identification Official national registers 

Death coding ICD-8, ICD-10 

Questions about sleep   Daily number of hours of sleep in categories 

Measuring unit 24 hours (a day) 

Reference of sleep duration   6-7  

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, BMI, systolic/diastolic BP, diabetes (treatment), 

hypertension (treatment), physical fitness (VO2Max), alcohol 

use, smoking (current, never, previous), leisure-time physical 

activity, social class 

Decision Included in the meta-analysis 

Results Total Men Women 

Ischemic heart disease 

< 6 1.46 (1.07-2.00) 

  6–7 Ref 

≥ 8 1.20 (0.97-1.49) 

All-cause  

< 6 1.06 (0.90-1.25) 

  6–7 Ref 

≥ 8 0.99 (0.84-1.09) 
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Selected ID SR-21 

Title 
Sleep disordered breathing with excessive daytime sleepiness is 

a risk factor for mortality in older adults 

First author Gooneratne NS 

Journal info Sleep. 2011 Apr 1;34(4):435-42 

Cohort name N/A 

Country (region) US (North America) 

Sample size (sex) 289 (Men:75; Women: 214) 

Age > 65 

Race White, Others 

Characteristic Clinical and Translational Research Center, at-home testing 

Baseline year 1993, 1998 

F/U duration (years) 13.8 (Average) 

Number of death 160 

Mortality identification Social security death index 

Death coding N/A 

Questions about sleep   N/A 

Measuring unit N/A 

Reference of sleep duration   ≤ 8.5 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, gender, and race, smoking, alcohol, BMI,  

habitual sleep parameters, polysomnography sleep parameters, 

oxyhemoglobin desaturation, 22 medical conditions 

Decision 
Excluded in the meta-analysis  

(Reference range for sleep duration did not match our criteria)  

Results Total  Men Women 

All-cause 
≤ 8.5 Ref   

> 8.5 2.11 (1.06-4.22)   
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Selected ID SR-22 

Title 
Association of health behavior and social role with total 

mortality among Japanese elders in Okinawa, Japan 

First author Goto A 

Journal info Aging Clin Exp Res. 2003 Dec;15(6):443-50 

Cohort name N/A 

Country (region) Japan (Asia) 

Sample size (sex) 724 (Men: 251, Women: 473) 

Age ≥ 65 

Race Asian 

Characteristic Residents from the village of Ohigimi in Okinawa 

Baseline year 1987-1999 

F/U duration (years) 12 

Number of death 305  

Mortality identification Japanese Vital Statistics of the Ministry of Health and Welfare 

Death coding N/A 

Questions about sleep   Hours of sleep 

Measuring unit Night 

Reference of sleep duration   6-7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
sociodemographic items, past history of medical, functional 

status, biological items 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

< 6 1.29 (0.50-3.34) < 6 2.62 (1.36-5.07) 

6-7 Ref 6-7 Ref 

> 7 1.54 (0.92-2.58) > 7 1.40 (0.91-2.15) 
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Selected ID SR-23 

Title 

Association between sleep duration and mortality is mediated by 

markers of inflammation and health in older adults: The health, 

aging and body composition study 

First author Hall MH 

Journal info Sleep. 2015 Feb 1;38(2):189-95 

Cohort name The Health, Aging, and Body Composition (Health ABC) study 

Country (region) US (North America) 

Sample size (sex) 3,075 (Men: 1,463; Women: 1,550) 

Age 70-79 

Race White, Black 

Characteristic 
Recruited from Medicare listings in Pittsburgh, Pennsylvania, 

and Memphis, Tennessee 

Baseline year 1997-1998 

F/U duration (years) 8.2±2.3 (Average) 

Number of death 953 

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   
How many hours of sleep do you usually get at night during a 

usual week 

Measuring unit Night 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, gender, race, inflammatory markers, sociodemographics, 

lifestyle, chronic diseases, and medications that were related to 

either sleep duration or mortality 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

< 6 1.06 (0.83–1.34) 

  

6 1.00 (0.82–1.22) 

7 Ref 

8 1.10 (0.91–1.33) 

> 8 1.23 (0.93–1.63) 
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Selected ID SR-24 

Title 
Some preliminary findings on physical complaints from a 

prospective study of 1,064,004 men and women 

First author Hammond EC 

Journal info Am J Public Health Nations Health. 1964 Jan;54:11-23. 

Cohort name N/A 

Country (region) US (North America) 

Sample size (sex) 1,064,004 (Men: 461,440, Women: 602,564) 

Age < 30 ~ > 80 

Race N/A 

Characteristic 
Volunteer workers of the American Cancer Society 

1,121 counties in 25 states 

Baseline year 1959-1960 

F/U duration (years) Until 1961 

Number of death 14,681 

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   N/A 

Measuring unit Night 

Reference of sleep duration   N/A 

Statistical analysis N/A 

Adjusted variables N/A 

Decision 
Excluded in the meta-analysis  

(Mortality rates only) 

Results Total Men Women 

Death (mortality rate %)* 

<4 6.70 

  
4 3.13 

5 2.08 

6 1.27 

7 0.96   

8 1.18   

9 1.54   

≥10 3.15   

* Derived from the review paper by Grandner et al., 2010 
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Selected ID SR-25 

Title 

Sleep duration and mortality: The effect of short or long sleep 

duration on cardiovascular and all-cause mortality in working men 

and women 

First author Heslop P 

Journal info Sleep Med. 2002 Jul;3(4):305-14 

Cohort name N/A 

Country (region) Scotland (EU) 

Sample size (sex) 6,797 (Men: 5,819; Women: 978) 

Age Male ≤65; Female ≤60  

Race N/A 

Characteristic 
Workplaces in Glasgow, Clydebank and Grangemouth, in the west 

of Scotland, 

Baseline year 1970-1973 

F/U duration (years) 25  

Number of death 2,565  

Mortality identification Death certificates 

Death coding ICD-9 

Questions about sleep   How many hours in 24 do you sleep? 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7-8 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
age, marital status, social class, risk factors for disease and self-

perceived stress 

Decision Included in the meta-analysis (Baseline only) 

Results Total Men Women 

All-cause (Baseline)  

< 7 1.00 (0.89-1.12) < 7 0.98 (0.70-1.37) 

7-8 Ref 7-8 Ref 

> 8 0.81 (0.67-0.97) > 8 1.20 (0.71-2.05) 

Cardiovascular (Baseline)  

< 7 1.00 (0.85-1.17) < 7 0.80 (0.47-1.37) 

7-8 Ref 7-8 Ref 

> 8 0.82 (0.64-1.07) > 8 1.35 (0.62-2.95) 

All-cause (2nd screening)  

< 7 1.06 (0.90-1.24) < 7 1.57 (1.01-2.45) 

7-8 Ref 7-8 Ref 

> 8 1.15 (0.93-1.42) > 8 0.43 (0.10-1.76) 

Cardiovascular (2nd screening) 

< 7 1.02 (0.81-1.28) < 7 1.99 (0.97-4.08) 

7-8 Ref 7-8 Ref 

> 8 1.02 (0.70-1.48) > 8 1.23 (0.28-5.31) 
 



177 

 

Selected ID SR-26 

Title 
Sleep and mortality: A population-based 22-year follow-up 

study 

First author Hublin C 

Journal info Sleep. 2007 Oct;30(10):1245-53 

Cohort name The Older Finnish Twin Cohort 

Country (region) Finland (EU) 

Sample size (sex) 21,268 (Men: 10,140; Women: 11,128) 

Age ≥16 

Race N/A 

Characteristic 
Finnish twin pairs of the same sex born before 1958 with both 

co-twins alive in 1975 

Baseline year 1975 

F/U duration (years) Until 2003 

Number of death 3,700  

Mortality identification Population Register Centre of Finland 

Death coding ICD-8, ICD-9, ICD-10 

Questions about sleep  How many hours do you usually sleep per 24 hours? 

Measuring unit 24 hours (a day) 

Reference of sleep duration  7-8 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

education, marital status, working status, social class, BMI, 

smoking status, binge drinking, grams of alcohol consumed 

daily, conditioning physical activity, and life satisfaction 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

<7 1.26 (1.11-1.43) <7 1.21 (1.05-1.40) 

7-8 Ref 7-8 Ref 

> 8 1.24 (1.09-1.41) > 8 1.17 (1.03-1.34) 
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Selected ID SR-27 

Title Symptoms of psychological distress predict 7-year mortality 

First author Huppert FA 

Journal info Psychol Med. 1995 Sep;25(5):1073-86 

Cohort name Health and Lifestyle Survey 

Country (region) UK (EU) 

Sample size (sex) 5,446 (Men: 768, Women: 467) 

Age >18 

Race N/A 

Characteristic 

Representative population sample of adult community residents 

living in a large geographical area (England, Scotland and 

Wales). 

Baseline year 1984-1985 

F/U duration (years) 1992 

Number of death 472 

Mortality identification Death certificates 

Death coding ICD (1975 revision) 

Questions about sleep   How many hours of sleep they usually get? 

Measuring unit Night 

Reference of sleep duration   N/A 

Statistical analysis Generalized linear interactive modelling 

Adjusted variables N/A 

Decision 
Excluded in the meta-analysis  

(95% CIs were not calculated) 

Results Total Men Women 

All-cause * 

<6 0.95 

  6-9 Ref 

>9 2.25 

* ORs were exhibited without 95% CIs 
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Selected ID SR-28 

Title 

Association of sleep duration with mortality from cardiovascular 

disease and other causes for Japanese men and women: The 

JACC study 

First author Ikehara S 

Journal info Sleep. 2009 Mar;32(3):295-301 

Cohort name 
Japan Collaborative Cohort Study for Evaluation of Cancer Risk 

(JACC Study) 

Country (region) Japan (Asia) 

Sample size (sex) 98,634 (Men: 41,489; Women: 57,145) 

Age 40-79 

Race Asian 

Characteristic Living in 45 communities across Japan 

Baseline year 1988-1990 

F/U duration (years) 14.3 (median) 

Number of death 14,540  

Mortality identification National Vital Statistics 

Death coding ICD-10 

Questions about sleep   
The average sleep duration on weekdays during the preceding 

year 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, BMI, history of hypertension, history of diabetes, alcohol 

consumption, smoking, education level, hours of exercise, hours 

of walking, regular employment, perceived mental stress, 

depressive symptoms and frequency of fresh fish intake 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

≤ 4 1.29 (1.02-1.64) ≤ 4 1.28 (1.03-1.60) 

5 1.02 (0.90-1.16) 5 1.11 (0.98-1.25) 

6 1.08 (1.00-1.16) 6 1.05 (0.97-1.14) 

7 Ref 7 Ref 

8 1.06 (1.00-1.12) 8 1.16 (1.08-1.24) 

9 1.13 (1.05-1.22) 9 1.32 (1.20-1.45) 

≥ 10 1.41 (1.29-1.54) ≥ 10 1.56 (1.40-1.75) 

Cardiovascular disease  

≤ 4 1.11 (0.67-1.83) ≤ 4 1.28 (0.88-1.86) 

5 0.99 (0.77-1.27) 5 1.22 (1.00-1.50) 

6 1.01 (0.87-1.18) 6 1.00 (0.86-1.16) 

7 Ref 7 Ref 

8 1.11 (1.00-1.24) 8 1.28 (1.14-1.44) 

9 1.14 (0.99-1.32) 9 1.37 (1.17-1.62) 

≥ 10 1.56 (1.33-1.83) ≥ 10 1.54 (1.28-1.86) 
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Cancer  

≤ 4 1.24 (0.84-1.83) ≤ 4 1.14 (0.76-1.72) 

5 0.90 (0.72-1.12) 5 1.07 (0.87-1.31) 

6 1.03 (0.92-1.16) 6 0.90 (0.79-1.03) 

7 Ref 7 Ref 

8 1.02 (0.94-1.11) 8 0.95 (0.85-1.06) 

9 1.07 (0.95-1.21) 9 1.01 (0.85-1.21) 

≥ 10 1.10 (0.94-1.27) ≥ 10 1.20 (0.97-1.50) 

Non CVD / non cancer  

≤ 4 1.49 (1.02-2.18) ≤ 4 1.47 (1.01-2.15) 

5 1.20 (0.97-1.48) 5 1.07 (0.85-1.34) 

6 1.20 (1.06-1.37) 6 1.34 (1.16-1.54) 

7 Ref 7 Ref 

8 1.06 (0.96-1.17) 8 1.33 (1.18-1.50) 

9 1.20 (1.05-1.37) 9 1.65 (1.40-1.94) 

≥ 10 1.66 (1.44-1.91) ≥ 10 1.99 (1.65-2.39) 
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Selected ID SR-29 

Title 
Long sleep duration and cause-specific mortality according to 

physical function and self-rated health: The ohsaki cohort study 

First author Kakizaki M 

Journal info J Sleep Res. 2013 Apr;22(2):209-16 

Cohort name The Ohsaki National Health Insurance (NHI) Cohort Study 

Country (region) Japan (Asia) 

Sample size (sex) 49,256 (Men: 23,749, Women: 25,507) 

Age 40–79 

Race Asian 

Characteristic NHI beneficiaries in Miyagi Prefecture, northern Japan 

Baseline year 1994 

F/U duration (years) 10.8 (average) 

Number of death 8,447  

Mortality identification NHI system 

Death coding ICD-10 

Questions about sleep   
The mean integer number of hours of sleep they had taken per 

day during the last year 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7  

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, sex, total caloric intake, BMI, marital status, education, job 

status, history of myocardial infarction, history of cancer, 

history of stroke, history of hypertension, history of diabetes 

mellitus, smoking status, alcohol drinking, time spent walking, 

perceived mental stress, self-rated health, physical function 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

< 6 1.01 (0.93-1.09) 

  
7 Ref 

8 1.07 (1.01-1.14) 

9 1.14 (1.06-1.24) 

≥ 10 1.37 (1.27-1.47) 

All CVD 

< 6 1.10 (0.96-1.28) 

  
7 Ref 

8 1.21 (1.08-1.36) 

9 1.32 (1.15-1.52) 

≥ 10 1.49 (1.30-1.71) 

Cancer 

< 6 0.97 (0.85-1.11) 

  
7 Ref 

8 0.97 (0.88-1.07) 

9 0.96 (0.84-1.10) 

≥ 10 1.10 (0.96-1.25) 

Other 

< 6 0.98 (0.86-1.11) 

  
7 Ref 

8 1.09 (0.99-1.20) 

9 1.20 (1.06-1.36) 

≥ 10 1.53 (1.36-1.73) 
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Selected ID SR-30 

Title 
Mortality among the elderly in the Alameda County Study: 

behavioral and demographic risk factors 

First author Kaplan GA 

Journal info Am J Public Health. 1987 Mar;77(3):307-12 

Cohort name 
The Human Population Laboratory's (HPL) Alameda County 

study 

Country (region) US (North America) 

Sample size (sex) 6,928  

Age ≥20 

Race N/A 

Characteristic 
A representative sample of adult residents of Alameda County, 

California 

Baseline year 1965 

F/U duration (years) N/A 

Number of death N/A 

Mortality identification the California Death Registry 

Death coding N/A 

Questions about sleep   Sleep per night 

Measuring unit Night 

Reference of sleep duration   < 7 / > 8 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
smoking, physical activity, relative weight, alcohol consumption, 

eating breakfast, snacking 

Decision 
Excluded in the meta-analysis  

(Reference range for sleep duration did not match our criteria)  

Results Total Men Women 

All-cause 
<7 / >8 Ref 

  
7-8 1.02 (0.87-1.19) 
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Selected ID SR-31 

Title 

Insufficient and excessive amounts of sleep increase the risk of 

premature death from cardiovascular and other diseases: The 

Multiethnic Cohort Study 

First author Kim Y 

Journal info Prev Med. 2013 Oct;57(4):377-85 

Cohort name The Multiethnic Cohort (MEC) 

Country (region) US (North America) 

Sample size (sex) 135,685 (Men: 61,936; Women: 73,749) 

Age 45-75 

Race 
Mixed, White, African American, Native Hawaiian, Japanese 

American, Latino 

Characteristic Hawaii and Los Angeles 

Baseline year 1993-1996 

F/U duration (years) 12.9 (Average) 

Number of death 19,335  

Mortality identification State death-certificate 

Death coding ICD-9, ICD-10 

Questions about sleep   Sleep duration including naps (h/day) in the year prior  

Measuring unit 24 hours (a day) 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

5-year age groups at cohort entry, ethnicity, education, marital 

status, history of hypertension or diabetes at enrollment, alcohol 

consumption, energy intake, BMI, physical activity, hours spent 

daily watching television, and smoking history  

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

≤ 5 1.15 (1.06-1.23) ≤ 5 1.14 (1.06-1.23) 

6 1.04 (0.99-1.10) 6 1.05 (0.99-1.12) 

7 Ref 7 Ref 

8 1.07 (1.01-1.12) 8 1.02 (0.96-1.08) 

≥ 9 1.19 (1.12-1.27) ≥ 9 1.22 (1.13-1.31) 

Malignant neoplasms  

≤ 5 1.06 (0.94-1.21) ≤ 5 1.10 (0.97-1.25) 

6 1.01 (0.92-1.1) 6 1.03 (0.94-1.14) 

7 Ref 7 Ref 

8 1.04 (0.96-1.13) 8 0.97 (0.88-1.07) 

≥ 9 1.05 (0.94-1.18) ≥ 9 0.99 (0.87-1.14) 
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Results Total Men Women 

Cardiovascular disease  

≤ 5 1.13 (1.00-1.28) ≤ 5 1.20 (1.05-1.36) 

6 1.01 (0.92-1.11) 6 1.06 (0.96-1.18) 

7 Ref 7 Ref 

8 1.05 (0.96-1.14) 8 1.08 (0.98-1.20) 

≥ 9 1.22 (1.09-1.35) ≥ 9 1.29 (1.13-1.47) 

Respiratory disease  

≤ 5 1.17 (0.89-1.55) ≤ 5 1.23 (0.92-1.65) 

6 0.98 (0.80-1.22) 6 1.26 (1.00-1.58) 

7 Ref 7 Ref 

8 0.97 (0.79-1.18) 8 1.14 (0.91-1.43) 

≥ 9 1.41 (1.12-1.78) ≥ 9 1.62 (1.25-2.11) 

All others  

≤ 5 1.29 (1.11-1.50) ≤ 5 1.13 (0.97-1.31) 

6 1.18 (1.05-1.31) 6 1.03 (0.91-1.16) 

7 Ref 7 Ref 

8 1.17 (1.05-1.30) 8 0.97 (0.86-1.10) 

≥ 9 1.32 (1.15-1.51) ≥ 9 1.33 (1.15-1.55) 
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Selected ID SR-32 

Title 
Sleep patterns and total mortality: a 12-year follow-up study in 

Japan 

First author Kojima M 

Journal info J Epidemiol. 2000 Mar;10(2):87-93 

Cohort name N/A 

Country (region) Japan (Asia) 

Sample size (sex) 5,322 (Men: 2,438; Women: 2,884) 

Age 20-67 

Race Asian 

Characteristic Shirakawa town, a rural area of Gifu prefecture, central Japan 

Baseline year 1982-1986 

F/U duration (years) 11.9 (Average) 

Number of death 256  

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   
What time do you usually go to bed at night? 

What time do you usually wake up in the morning? 

Measuring unit Night 

Reference of sleep duration   7.0-8.9 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

baseline age, present and past history of hypertension, 

cerebrovascular, heart and renal diseases and diabetes, and use 

of sleeping pills (smoking and drinking habits only in males) 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

≤ 6.9 1.93 (1.12-3.35) ≤ 6.9 0.90 (0.50-1.61) 

7.0-8.9 Ref 7.0-8.9 Ref 

9.0-9.9 1.15 (0.74-1.77) 9.0-9.9 1.07 (0.58-1.95) 

≥ 10 1.77 (0.88-3.54) ≥ 10 0.40 (0.06-2.92) 
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Selected ID SR-33 

Title 
Short and long sleep and sleeping pills. Is increased mortality 

associated? 

First author Kripke DF 

Journal info Arch Gen Psychiatry. 1979 Jan;36(1):103-16. 

Cohort name N/A 

Country (region) US (North America) 

Sample size (sex) 823,065 (Men: 366,493, Women: 456,572) 

Age >30 

Race N/A 

Characteristic American Cancer Society volunteers 

Baseline year 1959-1960 

F/U duration (years) 6 years 

Number of death 40,369 

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   How many hours of sleep do you usually get a night? 

Measuring unit Night 

Reference of sleep duration   7.0-7.9 

Statistical analysis Standardized risk ratios 

Adjusted variables N/A 

Decision 
Excluded in the meta-analysis  

(Mortality ratio only) 

Results Total Men Women 

Mortality ratio 

(All-cause) 

  <4 2.80 <4 1.48 

  4.0-4.9 1.59 4.0-4.9 1.40 

  5.0-5.9 1.38 5.0-5.9 1.20 

  6.0-6.9 1.11 6.0-6.9 1.13 

  7.0-7.9 Ref 7.0-7.9 Ref 

  8.0-8.9 1.10 8.0-8.9 1.13 

  9.0-9.9 1.29 9.0-9.9 1.27 

  ≥10 1.77 ≥10 1.82 
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Selected ID SR-34 

Title Mortality associated with sleep duration and insomnia 

First author Kripke DF 

Journal info Arch Gen Psychiatry. 2002 Feb;59(2):131-6 

Cohort name the Cancer Prevention Study II  

Country (region) US (North America) 

Sample size (sex) 1,116,936 (Men: 480,841; Women: 636,095) 

Age 30-102 

Race Mixed 

Characteristic American Cancer Society volunteers 

Baseline year 1982 

F/U duration (years) Until 1988 

Number of death 77,640  

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   On the average, how many hours do you sleep each night? 

Measuring unit Night 

Reference of sleep duration   7  

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

demographic risk factors, habits, health, and medication use, 

selected by preliminary identification of variables substantially 

predictive of mortality risk 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

3 1.19 (0.96-1.47) 3 1.33 (1.08-1.64) 

4 1.17 (1.06-1.28) 4 1.11 (1.01-1.22) 

5 1.11 (1.05-1.18) 5 1.07 (1.01-1.13) 

6 1.08 (1.04-1.11) 6 1.07 (1.03-1.11) 

7 Ref 7 Ref 

8 1.12 (1.09-1.15) 8 1.13 (1.09-1.16) 

9 1.17 (1.13-1.21) 9 1.23 (1.17-1.28) 

≥10 1.34 (1.28-1.40) ≥10 1.41 (1.34-1.50) 
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Selected ID SR-35 

Title 
Relationship between sleep duration and cause-specific 

mortality in diabetic men and women based on self-reports 

First author Kubota Y 

Journal info Sleep and Biological Rhythms 2015; 13: 85-93 

Cohort name The Japan Collaborative Cohort (JACC) Study 

Country (region) Japan (Asia) 

Sample size (sex) 2,914 (1,674 men and 1,240 women) 

Age 40-79 

Race Asian 

Characteristic Self-reported diabetic subjects 

Baseline year 1988-1990 

F/U duration (years) Until 2009 

Number of death 1,315 (Men: 785, Women: 530) 

Mortality identification National Vital Statistics 

Death coding ICD-9, ICD-10 

Questions about sleep   The average sleep duration per day 

Measuring unit 24 hours (a day) 

Reference of sleep duration  7  

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, BMI, history of hypertension, drug treatment for diabetes, 

alcohol intake, smoking status, daytime sleep, perceived mental 

stress, depressive symptoms, walking, sports, and green-

vegetable intake 

Decision 

Excluded in the meta-analysis  

(Study subjects were not selected from the general population: 

all of them were derived from the diabetic population)  

Results Total Men Women 

All-cause  

≤ 5 1.49 (1.02–2.17) ≤ 5 0.95 (0.65–1.39) 

6 1.11 (0.87–1.41) 6 0.96 (0.71–1.29) 

7 Ref 7 Ref 

8 1.16 (0.96–1.39) 8 1.15 (0.92–1.44) 

≥ 9 1.53 (1.22–1.91) ≥ 9 1.44 (1.09–1.90) 

Cardiovascular disease  

≤ 5 1.39 (0.65–3.00) ≤ 5 0.93 (0.47–1.83) 

6 1.23 (0.78–1.95) 6 0.91 (0.54–1.53) 

7 Ref 7 Ref 

8 1.11 (0.77–1.60) 8 1.12 (0.76–1.65) 

≥ 9 1.56 (1.01–2.41) ≥ 9 1.36 (0.85–2.19) 
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Results Total Men Women 

Cancer  

≤ 5 0.97 (0.44–2.16) ≤ 5 2.03 (1.05–3.94) 

6 0.99 (0.63–1.55) 6 0.91 (0.48–1.75) 

7 Ref 7 Ref 

8 1.31 (0.94–1.81) 8 1.15 (0.70–1.88) 

≥ 9 1.44 (0.95–2.17) ≥ 9 1.33 (0.72–2.47) 

Infectious disease  

≤ 5 3.08 (1.17–8.12) ≤ 5 1.65 (0.50–5.43) 

6 1.07 (0.47–2.44) 6 1.75 (0.69–4.44) 

7 Ref 7 Ref 

8 1.28 (0.70–2.31)  8 1.24 (0.55–2.83) 

≥ 9 2.23 (1.13–4.39) ≥ 9 2.46 (0.96–6.31) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



190 

 

Selected ID SR-36 

Title 
Nighttime sleep, Chinese afternoon nap, and mortality in the 

elderly 

First author Lan TY 

Journal info Sleep. 2007 Sep;30(9):1105-10. 

Cohort name The Survey of Health and Living Status of the Elderly in Taiwan 

Country (region) Taiwan (Asia) 

Sample size (sex) 3,079 (Men: 1,748; Women: 1,331) 

Age ≥ 64 

Race Asian 

Characteristic 
A nationally representative sample of Taiwanese community 

residents 

Baseline year 1989 

F/U duration (years) Until 2003 

Number of death 1,338  

Mortality identification National death registry 

Death coding ICD-9 

Questions about sleep   On the average, the times to bed and to rise 

Measuring unit Night 

Reference of sleep duration   7.0-7.9 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age at 1993, marital status, monthly income, cigarettes smoking, 

alcohol consumption, BMI, exercise, disease history (heart 

disease, stroke, and cancer), depression, and afternoon nap 

duration 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

< 7 0.98 (0.76-1.25) < 7 1.14 (0.77-1.67) 

7-7.9 Ref 7-7.9 Ref 

8-8.9 1.09 (0.89-1.33) 8-8.9 1.36 (1.01-1.84) 

9-9.9 1.14 (0.91-1.42) 9-9.9 1.86 (1.36-2.53) 

≥ 10 1.51 (1.19-1.92) ≥ 10 2.06 (1.50-2.83) 

Cancer  

< 7 1.11 (0.69-1.78) < 7 1.19 (0.56-2.56) 

7-7.9 Ref 7-7.9 Ref 

8-8.9 1.02 (0.68-1.53) 8-8.9 0.92 (0.48-1.79) 

9-9.9 1.18 (0.75-1.86) 9-9.9 1.11 (0.54-2.28) 

≥ 10 1.30 (0.76-2.22) ≥ 10 2.53 (1.29-4.95) 
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Results Total Men Women 

Cardiovascular condition  

< 7 0.91 (0.53-1.57) < 7 1.07 (0.54-2.15) 

7-7.9 Ref 7-7.9 Ref 

8-8.9 1.40 (0.93-2.10) 8-8.9 1.77 (1.05-2.98) 

9-9.9 1.26 (0.8-1.98) 9-9.9 1.75 (1.00-3.07) 

≥ 10 1.81 (1.13-2.89) ≥ 10 1.85 (1.04-3.27) 

Respiratory condition  

< 7 0.94 (0.52-1.71) < 7 0.7 (0.12-4.06) 

7-7.9 Ref 7-7.9 Ref 

8-8.9 0.96 (0.60-1.56) 8-8.9 1.55 (0.48-5.05) 

9-9.9 0.74 (0.41-1.31) 9-9.9 4.06 (1.33-12.39) 

≥ 10 1.81 (1.06-3.10) ≥ 10 2.65 (0.83-8.44) 

Other  

< 7 1.00 (0.66-1.52) < 7 1.22 (0.66-2.27) 

7-7.9 Ref 7-7.9 Ref 

8-8.9 1.02 (0.72-1.45) 8-8.9 1.3 (0.80-2.12) 

9-9.9 1.29 (0.89-1.86) 9-9.9 2.06 (1.26-3.38) 

≥ 10 1.34 (0.89-2.02) ≥ 10 2.09 (1.26-3.46) 

All-cause (2 year lag)  

< 7 1.07 (0.82-1.39) < 7 1.11 (0.73-1.70) 

7-7.9 Ref 7-7.9 Ref 

8-8.9 1.13 (0.91-1.41) 8-8.9 1.46 (1.05-2.03) 

9-9.9 1.24 (0.97-1.58) 9-9.9 1.95 (1.38-2.75) 

≥ 10 1.42 (1.08-1.86) ≥ 10 2.26 (1.59-3.22) 
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Selected ID SR-37 

Title 
Long sleep duration is associated with higher mortality in older 

people independent of frailty: A 5-year cohort study 

First author Lee JS 

Journal info J Am Med Dir Assoc. 2014 Sep;15(9):649-54 

Cohort name N/A 

Country (region) Hong Kong (Asia) 

Sample size (sex) 3,427 (Men: 1,745; Women: 1,682) 

Age ≥ 65 

Race Asian 

Characteristic Health check at The Chinese University of Hong Kong 

Baseline year 2001-2003 

F/U duration (years) 5.14 ± 0.91 

Number of death 297 

Mortality identification Death registry  

Death coding N/A 

Questions about sleep   

Self-reported average nighttime sleep duration was defined as 

the duration between the usual time falling asleep and the usual 

time waking up 

Measuring unit Night 

Reference of sleep duration   < 10  

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, smoking, mood, overweight (BMI >23), and medical 

conditions, including diabetes, heart disease, history of cancer, 

chronic obstructive pulmonary diseases, and history of stroke, 

frailty, in addition to all the factors 

Decision 

Excluded in the meta-analysis  

(All-cause mortality was not evaluated and reference range for 

sleep duration did not match our criteria)  

Results Total Men Women 

Fatal CHD  
< 10 Ref < 10 Ref 

≥10 1.75 (1.09-2.81) ≥10 2.88 (1.01-8.18) 
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Selected ID SR-38 

Title 
Potential biochemical pathways for the relationship between 

sleep duration and mortality 

First author Li Y 

Journal info Sleep Med. 2013 Jan;14(1):98-104 

Cohort name SAKUCESS (Saku Cancer Etiology Surveillance Study) project 

Country (region) Japan (Asia) 

Sample size (sex) 12,489 (Men: 4,770; Women: 7,719) 

Age 20-79 

Race Asian 

Characteristic 
The cohort members were residents of the Minami Saku area of 

the Nagano Prefecture, Japan. 

Baseline year 1983-1990 

F/U duration (years) N/A 

Number of death 306 

Mortality identification Death certificates 

Death coding ICD-9 

Questions about sleep   How many hours of sleep do you usually get a night?‘ 

Measuring unit Night 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
age, BMI, systolic blood pressure, diastolic blood press, 

smoking status, drinking habits and physical activity 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

≤ 5 1.44 (0.65–3.19) ≤ 5 1.01 (0.42–2.39) 

6 0.86 (0.50–1.48) 6 1.31 (0.78–2.21) 

7 Ref 7 Ref 

8 1.05 (0.72–1.53) 8 1.01 (0.63–1.60) 

≥ 9 1.70 (1.07–2.70) ≥ 9 1.85 (1.09–3.13) 

CVD  

≤ 5 1.57 (0.35–7.15) ≤ 5 0.80 (0.18–3.47) 

6 0.60 (0.17–2.15) 6 0.91 (0.38–2.23) 

7 Ref 7 Ref 

8 1.04 (0.49–2.21) 8 1.13 (0.57–2.23) 

≥ 9 2.73 (1.22–6.11) ≥ 9 1.72 (0.76–3.89) 
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Selected ID SR-39 

Title 
Sleep complaints predict coronary artery disease mortality in 

males: a 12-year follow-up study of a middle-aged Swedish  

First author Mallon L 

Journal info J Intern Med. 2002 Mar;251(3):207-16 

Cohort name N/A 

Country (region) Sweden (EU) 

Sample size (sex) 1,870 (Men: 906; Women: 964) 

Age 45-65 

Race N/A 

Characteristic Random sample of the County of Dalarna 

Baseline year 1983 

F/U duration (years) During 12 year 

Number of death 266  

Mortality identification Death certificates 

Death coding ICD-9 

Questions about sleep   

Duration of sleep and time to fall asleep were assessed by 

asking subjects to estimate total night sleep time and the average 

time it took them to fall asleep in the evening, and the answers 

were expressed as continuous variables. 

Measuring unit Night 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables age in 5-year strata 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

< 6 1.1 (0.6-7.0) < 6 1.0 (0.6-1.8) 

7 Ref 7 Ref 

> 8 2.0 (1.2-3.2) > 8 1.3 (0.6-2.6) 

CAD  

< 6 0.7 (0.3-1.7) < 6 1.2 (0.4-4.2) 

7 Ref 7 Ref 

> 8 2.2 (1.0-4.4) > 8 0.7 (0.1-5.2) 

Cancer  

< 6 0.7 (0.2-2.1) < 6 1.0 (0.4-2.6) 

7 Ref 7 Ref 

> 8 1.1 (0.3-3.5) > 8 1.5 (0.5-4.2) 

Others  

< 6 2.2 (1.0-4.5) < 6 0.9 (0.4-2.4) 

7 Ref 7 Ref 

> 8 2.5 (0.9-5.6) > 8 1.4 (0.5-3.9) 
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Selected ID SR-40 

Title 

Combined impact of traditional and non-traditional health 

behaviors on mortality: A national prospective cohort study in 

Spanish older adults 

First author Martínez-Gómez D 

Journal info BMC Med. 2013 Feb 22;11:47 

Cohort name N/A 

Country (region) Spain (Europe) 

Sample size (sex) 3,465 

Age ≥ 60 

Race N/A 

Characteristic Representative of the non-institutionalized population 

Baseline year 2000-2001 

F/U duration (years) 9.0 (average) 

Number of death 1,244 

Mortality identification The National Death Index 

Death coding N/A 

Questions about sleep   
How many hours do you usually sleep per day (including both 

nighttime and daytime sleep)? 

Measuring unit 24 hours (a day) 

Reference of sleep duration   < 7 / > 8 hr 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, sex, educational attainment. smoking, physical activity, 

healthy diet, occupational status, alcohol intake, former 

drinking, extreme sleep durations, BMI, waist circumference, 

systolic blood pressure, hypercholesterolemia status, coronary 

heart disease, stroke, diabetes mellitus, hip fracture, cancer 

Decision 
Excluded in the meta-analysis  

(Short and long sleep duration was combined)  

Results Total Men Women 

All-cause 
7-8 0.83 (0.73-0.94) 

  
<7 / >8 Ref 
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Selected ID SR-41 

Title 
Sleep duration and mortality according to health status in older 

adults 

First author Mesas AE 

Journal info J Am Geriatr Soc. 2010 Oct;58(10):1870-7 

Cohort name N/A 

Country (region) Spain (EU) 

Sample size (sex) 3,820 (Men: 1,674; Women: 2,146) 

Age ≥ 60 

Race European 

Characteristic Noninstitutionalized Spanish population 

Baseline year 2000-2001 

F/U duration (years) Until 2008 

Number of death 897  

Mortality identification National Death Index 

Death coding N/A 

Questions about sleep   
How many hours do you usually sleep per day (including both 

nighttime and daytime sleep)? 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

sex, age, BMI, educational level, municipality of residence, 

physical activity, smoking, alcohol consumption, coffee 

consumption, and social links, perceived health, Mini-Examen 

Cognoscitivo score, depression, Medical Outcomes Study 36-

item Short Form Survey Physical Component Summary (range 

0–100) and Mental Component Summary scores, instrumental 

activity of daily living limitations, hypertension, ischemic heart 

disease, stroke, diabetes mellitus, cancer at any site, chronic 

obstructive pulmonary disease, Parkinson‘s disease, arousal from 

sleep at night, and use of anxiolytic medication 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

≤ 5  1.42 (1.04-1.96) 

  

6 1.23 (0.90-1.69) 

7 Ref 

8 1.34 (1.34-1.76) 

9 1.48 (1.12-1.96) 

10 1.73 (1.30-2.29) 

≥ 11 1.66 (1.23-2.24) 
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Selected ID SR-42 

Title 
Combined lifestyle factors and cardiovascular disease mortality 

in Chinese men and women: the Singapore Chinese health study 

First author Odegaard AO 

Journal info Circulation. 2011 Dec 20;124(25):2847-54 

Cohort name The Singapore Chinese Health Study 

Country (region) Singapore (Asia) 

Sample size (sex) 50,466 (Men: 31,423; Women: 19,043) 

Age 45-74 

Race Asian 

Characteristic Chinese in Singapore 

Baseline year 1993-1998 

F/U duration (years) Until 2009 

Number of death 1,971  

Mortality identification Nationwide registry of birth and death 

Death coding ICD-9 

Questions about sleep   
On average, during the last year, how many hours in a day did 

you sleep?  

Measuring unit 24 hours (a day) 

Reference of sleep duration   < 6 / > 8 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
age, sex, dialect, year enrolled, education, marital status, and 

energy intake 

Decision 

Excluded in the meta-analysis  

(All-cause mortality was not evaluated and reference range for 

sleep duration did not match our criteria)  

Results Total Men Women 

Cardiovascular disease  
6–8 0.83 (0.75-0.93)   

Others Ref   
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Selected ID SR-43 

Title 
A prospective study of sleep duration and mortality risk in 

women 

First author Patel SR 

Journal info Sleep. 2004 May 1;27(3):440-4 

Cohort name The Nurses‘ Health Study  

Country (region) US (North America) 

Sample size (sex) 82,969 (Women: 82,969) 

Age 30-55 

Race Mixed 

Characteristic 
Residing in 11 large U.S. states 

Completed questionnaire, medical history, and lifestyle factors 

Baseline year 1986 

F/U duration (years) During 14 years 

Number of death 5,409  

Mortality identification National Death Index 

Death coding ICD-8 

Questions about sleep   Indicate total hours of actual sleep in a 24-hour period 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, smoking status, alcohol consumption, physical activity, 

depression, history of snoring, BMI, history of cancer and 

cardiovascular disease, history of hypertension and diabetes 

mellitus, shift-working history 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause   

≤ 5 1.08 (0.96-1.22) 

6 0.99 (0.92-1.06) 

7 Ref 

8 1.11 (1.03-1.19) 

≥ 9 1.40 (1.25-1.55) 

Cancer   

≤ 5 0.96 (0.80-1.15) 

6 0.96 (0.87-1.06) 

7 Ref 

8 1.08 (0.98-1.19) 

≥ 9 1.21 (1.03-1.43) 
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Results Total Men Women 

Cardiovascular   

≤ 5 1.04 (0.79-1.36) 

6 1.06 (0.91-1.25) 

7 Ref 

8 1.12 (0.95-1.31) 

≥ 9 1.56 (1.25-1.96) 

Death from other causes   

≤ 5 1.33 (1.09-1.61) 

6 0.97 (0.85-1.1) 

7 Ref 

8 1.14 (1.01-1.3) 

≥ 9 1.53 (1.27-1.84) 

All-cause (4 year lag)   

≤ 5 1.06 (0.92-1.21) 

6 1.01 (0.94-1.1) 

7 Ref 

8 1.12 (1.04-1.21) 

≥ 9 1.3 (1.15-1.47) 

All-cause (Disease free)*   

≤ 5 1.14 (0.92-1.4) 

6 0.94 (0.84-1.05) 

7 Ref 

8 1.05 (0.94-1.18) 

≥ 9 1.3 (1.07-1.58) 

All-cause (Preexisting illness)*  

≤ 5 1.12 (0.97-1.29) 

6 0.99 (0.91-1.08) 

7 Ref 

8 1.17 (1.07-1.28) 

≥ 9 1.45 (1.27-1.65) 

* History of cancer, cardiovascular disease, hypertension, diabetes, or obesity in 1986 
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Selected ID SR-44 

Title 
Sleep problems in the community elderly as predictors of death 

and nursing home placement 

First author Pollak CP 

Journal info J Community Health. 1990 Apr;15(2):123-35 

Cohort name N/A 

Country (region) US (North America) 

Sample size (sex) 1,885 (Men: 736; Women: 1,149) 

Age 65-98 

Race NA 

Characteristic Elderly residents of an urban community 

Baseline year 1984-1985 

F/U duration (years) 3.5 

Number of death 309  

Mortality identification N/A 

Death coding N/A 

Questions about sleep   
In the last two weeks, how many hours a night did you usually 

sleep? 

Measuring unit Night 

Reference of sleep duration  N/A 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, problems with activities of daily living, self-assessed state 

of general health, low income, cognitive impairment, depression 

and living arrangement 

Decision 
Excluded in the meta-analysis  

(Reference range for sleep duration did not match our criteria)  

Results Total Men Women 

All-cause  N/A 0.96 (0.66-1.39) N/A 1.11 (0.8-1.54) 
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Selected ID SR-45 

Title 
Habitual sleep patterns and risk for stroke and coronary heart 

disease: a 10-year follow-up from NHANES I 

First author Qureshi AI 

Journal info Neurology. 1997 Apr;48(4):904-11 

Cohort name National Health and Nutrition Examination Survey I 

Country (region) US (North America) 

Sample size (sex) 7,844 (Men: 4,996, Women: 2,848) 

Age >32 

Race Mixed 

Characteristic 
Nationally representative probability sample of the US civilian 

noninstitutionalized population. 

Baseline year 1971-1975 

F/U duration (years) Until 1992 

Number of death 796 (Stroke: 322, Coronary heart disease: 474) 

Mortality identification Death certificates 

Death coding ICD-9 

Questions about sleep   
How many hours of sleep do you usually get a night (or when 

you usually sleep)? 

Measuring unit Night 

Reference of sleep duration   6-8 

Statistical analysis Cox proportional hazards 

Adjusted variables 
age, sex, race, education, cigarette smoking, systolic blood 

pressure, serum cholesterol level, diabetes, and BMI 

Decision 
Excluded in the meta-analysis  

(All-cause mortality was not evaluated) 

Results Total Men Women 

Stroke 

<6 1.0 (0.7-1.5) 

  6-8 Ref 

>8 1.5 (1.1-2.0) 

Coronary heart disease 

<6 1.3 (1.0-1.8) 

  6-8 Ref 

>8 1.1 (0.8-1.5) 
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Selected ID SR-46 

Title 

Impact of individual and combined health behaviors on all 

causes of premature mortality among middle aged men in 

Korea: The Seoul male cohort study 

First author Rhee CW 

Journal info J Prev Med Public Health. 2012 Jan;45(1):14-20 

Cohort name The Seoul Male Cohort Study 

Country (region) Korea (Asia) 

Sample size (sex) 14,533 (Men: 14,533) 

Age 40-59 

Race Asian 

Characteristic 
Beneficiaries of the Korea Medical Insurance Corporation 

(KMIC) 

Baseline year 1992 

F/U duration (years) Until 2008 

Number of death 990  

Mortality identification Death certificates 

Death coding ICD-10 

Questions about sleep   Usual number of sleep hours, including naps 

Measuring unit 24 hours (a day) 

Reference of sleep duration   ≥ 8 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 
age, smoking, alcohol drinking, BMI, regular exercise, sleep 

hours, education level, hypertension, diabetes mellitus 

Decision Included in the meta-analysis (Short sleep only)  

Results Total Men Women 

All-cause 

≤ 5 1.53 (1.11-2.12) 

  6-7 1.04 (0.88-1.22) 

≥ 8 Ref 
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Selected ID SR-47 

Title 
The joint effect of sleep duration and disturbed sleep on cause-

specific mortality: Results from the Whitehall II cohort study 

First author Rod NH 

Journal info PLoS One. 2014 Apr 3;9(4):e91965 

Cohort name The Whitehall II study 

Country (region) UK (EU) 

Sample size (sex) 9,098 (Men: 6,114; Women: 2,984) 

Age 35-55 

Race N/A 

Characteristic 20 civil service departments in London, England 

Baseline year 1985–1988 

F/U duration (years) 22 years (average) 

Number of death 804 (Men: 538; Women: 266) 

Mortality identification National Health Services Central Registry 

Death coding ICD-9, 10 

Questions about sleep   
How many hours of sleep do you have on an average week 

night? 

Measuring unit Night 

Reference of sleep duration   7 (all-cause mortality) or 7-8 (others) 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables age, employment grade, ethnicity, marital status 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

≤ 5 1.11 (0.73-1.68) ≤ 5 1.21 (0.76-1.91) 

6 1.23 (1.01-1.50) 6 1.14 (0.86-1.52) 

7 Ref 7 Ref 

8 1.18 (0.92-1.50) 8 0.91 (0.63-1.30) 

> 9 1.44 (0.59-3.50) > 9 1.48 (0.60-3.65) 

CVD mortality  

≤ 6 1.18 (0.87-1.63) ≤ 6 1.81 (1.05-3.10) 

7-8 Ref 7-8 Ref 

> 9 1.61 (0.40-6.59) > 9 N/A 

Cancer mortality  

≤ 6 1.12 (0.85-1.48) ≤ 6 1.09 (0.78-1.52) 

7-8 Ref 7-8 Ref 

> 9 1.47 (0.36-5.94) > 9 1.70 (0.53-5.38) 

Other deaths  

≤ 6 1.23 (0.88-1.74) ≤ 6 0.84 (0.48-1.47) 

7-8 Ref 7-8 Ref 

> 9 1.03 (0.14-7.40) > 9 1.15 (0.16-8.40) 
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Selected ID SR-48 

Title 
A prospective study of risk factors for traumatic deaths in a 

retirement community 

First author Ross RK 

Journal info Prev Med. 1990 May;19(3):323-34 

Cohort name N/A 

Country (region) US 

Sample size (sex) 11,888 

Age 73 (Median) 

Race N/A 

Characteristic Retirement community located in Los Angeles, California. 

Baseline year 1981-1982 

F/U duration (years) Until 1986 

Number of death 54 (Men:27, Women: 27) 

Mortality identification the National Death Index 

Death coding N/A 

Questions about sleep   N/A 

Measuring unit N/A 

Reference of sleep duration   < 9  

Statistical analysis N/A 

Adjusted variables N/A 

Decision 

Excluded in the meta-analysis  

(All-cause mortality was not evaluated and reference range for 

sleep duration did not match our criteria) 

Results Total Men Women 

Accidental deaths 
< 9 Ref 

  
≥ 9 1.4 (0.5-3.7) 

Suicides 
< 9 Ref 

  
≥ 9 4.5 (1.5-3.1) 
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Selected ID SR-49 

Title 
Relationship of health behaviours to five-year mortality in an 

elderly cohort 

First author Ruigómez A 

Journal info Age Ageing. 1995 Mar;24(2):113-9 

Cohort name Health Interview Survey of Barcelona (HISB) 

Country (region) Spain  

Sample size (sex) 1,219 (Men: 470; Women: 749) 

Age 65-97 

Race N/A 

Characteristic Random sample of all households in the city of Barcelona 

Baseline year 1986-1989 

F/U duration (years) Until 1991 (55.7 months: Average) 

Number of death 48  

Mortality identification Death certificates 

Death coding ICD-9 

Questions about sleep   Average number of hours of daily sleep 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7-9  

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables age, sex, education level and self-perceived health status 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

< 7 0.83 (0.56-1.23) < 7 1.06 (0.61-1.83) < 7 0.66 (0.37-1.16) 

7-9 Ref 7-9 Ref 7-9 Ref 

> 9 1.37 (0.89-2.11) > 9 1.30 (0.71-2.38) > 9 1.46 (0.79-2.70) 
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Selected ID SR-50 

Title Hypnotics, sleep, and mortality in elderly people 

First author Rumble R 

Journal info J Am Geriatr Soc. 1992 Aug;40(8):787-91. 

Cohort name Nottingham Longitudinal Study of Activity and Ageing 

Country (region) UK (EU) 

Sample size (sex) 1,042 

Age ≥ 65 

Race N/A 

Characteristic 

Subjects were randomly selected from the patient lists of general 

practitioners and demographically representative of the British 

elderly population 

Baseline year 1985 

F/U duration (years) Until 1990 

Number of death 352 

Mortality identification Death certificates provided by the National Health Service 

Death coding N/A 

Questions about sleep   How many hours of sleep do you usually get a night? 

Measuring unit Night 

Reference of sleep duration   4-9 

Statistical analysis Logistic regression model 

Adjusted variables sex and health (higher risk and lower risk) 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

<4 1.12 (0.47-2.69)   

4-9 ref   

≥10 1.60 (0.74-3.47)   
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Selected ID SR-51 

Title 
Sleep duration and coronary heart disease mortality among 

Chinese adults in Singapore: A population-based cohort study 

First author Shankar A 

Journal info Am J Epidemiol. 2008 Dec 15;168(12):1367-73 

Cohort name the Singapore Chinese Health Study 

Country (region) Singapore (Asia) 

Sample size (sex) 58,044 (Men: 25,552; Women: 32,492) 

Age 45-74 

Race Asian 

Characteristic 

Permanent residents or citizens of Singapore who lived in 

government built housing (86% of the Singapore population 

resided in such facilities during the enrollment period 

Baseline year 1993-1998 

F/U duration (years) Until 2006  

Number of death 1,416  

Mortality identification Singapore Registry of Births and Deaths 

Death coding ICD-9 

Questions about sleep   
On the average, during the last year, how many hours in a day 

did you sleep? 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, sex, dialect group, education, year of recruitment, BMI, 

smoking, alcohol intake, moderate physical activity, dietary 

intakes of total calories, fruits, vegetables, fiber, total fat and 

cholesterol, weekly use of vitamin/mineral supplements, 

menopausal status (among women), and ever use of 

postmenopausal hormone replacement therapy (among women) 

Decision 
Excluded in the meta-analysis  

(All-cause mortality was not evaluated) 

Results   Total      Men   Women 

Coronary heart disease 

≤ 5 1.57 (1.32-1.88) ≤ 5 1.70 (1.35-2.15) ≤ 5 1.43 (1.09-1.88) 

6 1.13 (0.98-1.31) 6 1.20 (0.99-1.45) 6 1.04 (0.82-1.31) 

7 Ref 7 Ref 7 Ref 

8 1.12 (0.97-1.29) 8 1.10 (0.92-1.32) 8 1.15 (0.92-1.44) 

≥ 9 1.79 (1.48-2.17) ≥ 9 1.88 (1.48-2.40) ≥ 9 1.67 (1.24-2.27) 
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Selected ID SR-52 

Title 
Self-reported sleep and nap habits and risk of mortality in a large 

cohort of older women 

First author Stone KL 

Journal info J Am Geriatr Soc. 2009 Apr;57(4):604-11 

Cohort name The multi-center Study of Osteoporotic Fractures (SOF) 

Country (region) US (North America) 

Sample size (sex) 8,101 (Women) 

Age ≥ 65 

Race White 

Characteristic Community-dwelling women 

Baseline year 1986-1988 

F/U duration (years) 6.9±2.0 (average) 

Number of death 1,922  

Mortality identification Death certificates 

Death coding ICD-9 

Questions about sleep   
Total 24-hour sleep duration was estimated as the sum of 

nighttime sleep hours and average daytime nap hours 

Measuring unit Night; 24 hours (a day) 

Reference of sleep duration   6-8 (Nightly sleep); 8-9 (24 hour sleep) 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, BMI, history of at least one medical condition including 

diabetes mellitus, Parkinson‘s disease, dementia, chronic 

obstructive pulmonary disease, non-skin cancer, and 

osteoarthritis, history of cardiovascular disease, history of 

hypertension, walks for exercise, alcohol use, smoking status, 

depression, cognitive impairment, estrogen use, and 

benzodiazepine use 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause  

(Nightly sleep) 

< 6 1.02 (0.87-1.19) 

  6-8 Ref 

> 8 1.16 (0.97-1.39) 

Cardiovascular  

(Nightly sleep) 

< 6 1.03 (0.80-1.31) 

  6-8 Ref 

> 8 1.21 (0.92-1.61) 

Other causes 

(Nightly sleep) 

< 6 0.91 (0.69-1.19) 

  6-8 Ref 

> 8 1.10 (0.82-1.48) 
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Results Total Men Women 

All-cause  

(24 hour sleep) 

< 6 0.95 (0.76-1.18) 

  

6-8 1.07 (0.94-1.22) 

8-9 Ref 

9-10 1.28 (1.08-1.52) 

≥ 10 1.58 (1.27-1.95) 

Cardiovascular  

(24 hour sleep) 

< 6 0.90 (0.63-1.29) 

  

6-8 1.05 (0.84-1.30) 

8-9 Ref 

9-10 1.52 (1.16-2.00) 

≥ 10 1.77 (1.28-2.45) 

Other causes  

(24 hour sleep) 

< 6 0.81 (0.54-1.21) 

  

6-8 1.16 (0.94-1.44) 

8-9 Ref 

9-10 1.34 (1.00-1.79) 

≥ 10 1.71 (1.22-2.41) 
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Selected ID SR-53 

Title 
Sleep duration, sleep quality and cardiovascular disease 

mortality among the elderly: A population-based cohort study 

First author Suzuki E 

Journal info Prev Med. 2009 Aug-Sep;49(2-3):135-41 

Cohort name The Shizuoka Study 

Country (region) Japan (Asia) 

Sample size (sex) 12,601 (Men: 6,423; Women: 6,178) 

Age 65-85 

Race Asian 

Characteristic 74 municipalities in Shizuoka 

Baseline year 1999 

F/U duration (years) 5.3 (average) 

Number of death 1,004  

Mortality identification National Vital Statistics Database 

Death coding ICD-10 

Questions about sleep   How many hours of sleep do you have per day? 

Measuring unit 24 hour (a day) 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, sex, BMI, smoking status, alcohol consumption, the 

frequency of physical activity, socioeconomic status, mental 

health, hypertension and diabetes mellitus 

Decision Included in the meta-analysis 

Results Total   Men   Women 

All-cause 

≤ 5 0.92 (0.66-1.28) ≤ 5 1.08 (0.72-1.61) ≤ 5 0.71 (0.39-1.29) 

6 1.06 (0.80-1.39) 6 1.05 (0.75-1.47) 6 1.08 (0.67-1.74) 

7 Ref 7 Ref 7 Ref 

8 1.36 (1.09-1.70) 8 1.36 (1.04-1.78) 8 1.39 (0.92-2.09) 

9 1.41 (1.05-1.90) 9 1.52 (1.08-2.15) 9 1.15 (0.64-2.09) 

≥ 10 1.96 (1.49-2.57) ≥ 10 1.86 (1.34-2.56) ≥ 10 2.27 (1.37-3.76) 

Cardiovascular disease 

≤ 5 1.10 (0.62-1.93) ≤ 5 0.97 (0.46-2.05) ≤ 5 1.48 (0.59-3.67) 

6 0.85 (0.50-1.45) 6 0.75 (0.39-1.48) 6 1.08 (0.44-2.66) 

7 Ref 7 Ref 7 Ref 

8 1.52 (1.01-2.29) 8 1.05 (0.63-1.75) 8 2.83 (1.39-5.76) 

9 1.55 (0.91-2.63) 9 1.26 (0.65-2.45) 9 2.32 (0.93-5.77) 

≥ 10 1.95 (1.18-3.21) ≥ 10 1.71 (0.94-3.11) ≥ 10 2.31 (0.91-5.82) 
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Selected ID SR-54 

Title 
Health conditions and mortality in the Japan Collaborative 

Cohort Study for Evaluation of Cancer (JACC) 

First author Suzuki K 

Journal info Asian Pac J Cancer Prev. 2007;8 Suppl:25-34. 

Cohort name 
Japan Collaborative Cohort Study for Evaluation of Cancer 

Risk (JACC Study) 

Country (region) Japan (Asia) 

Sample size (sex) 98,634 (Men: 41,489; Women: 57,145) 

Age 40-79 

Race Asian 

Characteristic Living in 45 communities across Japan 

Baseline year 1988-1990 

F/U duration (years) N/A 

Number of death N/A 

Mortality identification National Vital Statistics 

Death coding ICD-10 

Questions about sleep   
The average sleep duration on weekdays during the preceding 

year 

Measuring unit 24 hour (a day) 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables age, area of study 

Decision 
Excluded in the meta-analysis  

(Derived from the same cohort study, JACC) 

Results Total Men Women 

All-cause  

< 7 1.03 (0.97-1.09) < 7 0.99 (0.94-1.05) 

7-8 Ref 7-8 Ref 

> 8 1.32 (1.26-1.40) > 8 1.42 (1.33-1.52) 

Cancer  

< 7 0.96 (0.88-1.05) < 7 0.94 (0.85-1.04) 

7-8 Ref 7-8 Ref 

> 8 1.09 (1.00-1.19) > 8 1.13 (0.99-1.29) 

Ischemic heart disease   

< 7 1.03 (0.83-1.27) < 7 1.15 (0.91, 1.45) 

7-8 Ref 7-8 Ref 

> 8 1.21 (0.98-1.49) > 8 1.39 (1.07-1.81) 

Cerebrovascular disease   

< 7 0.93 (0.79-1.09) < 7 0.86 (0.73-1.00) 

7-8 Ref 7-8 Ref 

> 8 1.49 (1.30-1.70) > 8 1.37 (1.16-1.61) 
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Selected ID SR-55 

Title 
Self-reported sleep duration as a predictor of all-cause mortality: 

Results from the JACC Study, Japan 

First author Tamakoshi A 

Journal info Sleep. 2004 Feb 1;27(1):51-4. 

Cohort name 
Japan Collaborative Cohort Study for Evaluation of Cancer Risk 

(JACC Study) 

Country (region) Japan (Asia) 

Sample size (sex) 104,010 (Men: 43,852; Women: 60,158) 

Age 40-79 

Race Asian 

Characteristic Living in 45 communities across Japan 

Baseline year 1988-1990 

F/U duration (years) 9.9 (Average) 

Number of death 11,071  

Mortality identification National Vital Statistics 

Death coding ICD-10 

Questions about sleep   
the average sleep duration on weekdays during the preceding 

year 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

5-year age groups, perceived mental stress and depressive 

symptoms smoking status, drinking status, physical activity, 

education, marital status, BMI, and past disease history (stroke, 

myocardial infarction, or cancer) 

Decision Included in the meta-analysis 

Results Total Men Women 

All causes  

≤ 4 0.88 (0.44-1.78) ≤ 4 1.83 (1.20-2.81) 

5 1.07 (0.83-1.38) 5 1.18 (0.90-1.53) 

6 1.11 (0.95-1.28) 6 1.17 (0.99-1.39) 

7 Ref 7 Ref 

8 1.19 (1.07-1.32) 8 1.35 (1.17-1.56) 

9 1.27 (1.08-1.48) 9 1.57 (1.26-1.96) 

≥10 1.75 (1.46-2.09) ≥10 2.12 (1.67-2.68) 

All causes (2 year lag period)  

≤ 4 0.75 (0.34-1.68) ≤ 4 2.00 (1.31-3.07) 

5 1.12 (0.86-1.46) 5 1.08 (0.81-1.44) 

6 1.13 (0.97-1.32) 6 1.17 (0.98-1.39) 

7 Ref 7 Ref 

8 1.17 (1.04-1.31) 8 1.30 (1.12-1.52) 

9 1.27 (1.07-1.50) 9 1.54 (1.23-1.94) 

≥10 1.67 (1.38-2.03) ≥10 2.03 (1.58-2.60) 
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Selected ID SR-56 

Title Health practices and mortality in a rural Japanese population 

First author Tsubono Y 

Journal info Tohoku J Exp Med. 1993 Dec;171(4):339-48. 

Cohort name N/A 

Country (region) Japan (Asia) 

Sample size (sex) 4,318 (Men: 1,717; Women: 2,601) 

Age ≥ 40 

Race Asian 

Characteristic 
Residents in a rural town of Miyagi Prefecture, north-eastern 

part of Japan 

Baseline year 1988 

F/U duration (years) During 4 year 

Number of death 207  

Mortality identification N/A 

Death coding N/A 

Questions about sleep   N/A 

Measuring unit Night 

Reference of sleep duration   < 7 / > 8 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables age and sex 

Decision Included in the meta-analysis  

Results Total Men Women 

All-cause 

≤ 6 1.26 (0.81-1.97)     

7-8 Ref     

≥ 9 1.58 (1.16-2.15)     
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Selected ID SR-57 

Title 
Sleep characteristics and cardiovascular events in a large 

Swedish cohort 

First author Westerlund A 

Journal info Eur J Epidemiol. 2013 Jun;28(6):463-73 

Cohort name The National March Cohort Study 

Country (region) Sweden (EU) 

Sample size (sex) 41,192 (Men: 14,622, Women: 26,570) 

Age 52.8 year (Median)  

Race N/A 

Characteristic 

general population was invited to the National March, a 

nationwide promotional and fund-raising event for the Swedish 

Cancer Society 

Baseline year 1997 

F/U duration (years) 13.2 year (median) 

Number of death 857 

Mortality identification The Swedish Cause of Death Register 

Death coding ICD-9, ICD-10 

Questions about sleep   

Weighted average duration 

‘‘On average, how many hours do you usually sleep per day on 

workdays or weekdays?‘‘  

‗‗On average, how many hours do you usually sleep per day on 

non-workdays?‘‘ 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7  

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, sex, education, employment status, smoking, alcohol, 

snoring, work schedule, depressive symptoms, self-rated health, 

physical activity, BMI, diabetes, lipid disturbance, and 

hypertension 

Decision 
Excluded in the meta-analysis  

(All-cause mortality was not evaluated) 

Results Total Men Women 

Cardiovascular disease 

≤5 1.05 (0.88-1.26) 

  
6 0.97 (0.86-1.09) 

7 Ref 

≥8 1.00 (0.89-1.13) 
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Selected ID SR-58 

Title 
A multivariate analysis of health-related practices: a nine-year 

mortality follow-up of the Alameda County Study 

First author Wingard DL 

Journal info Am J Epidemiol. 1982 Nov;116(5):765-75 

Cohort name The Human Population Laboratory 

Country (region) US (North America) 

Sample size (sex) 4,725 (Men: 2,229, Women: 2,496) 

Age 30-69 

Race Mixed 

Characteristic Noninstitutional adult residents of Alameda County, California 

Baseline year 1965 

F/U duration (years) Until 1974 

Number of death 371 

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   N/A 

Measuring unit Night 

Reference of sleep duration   N/A 

Statistical analysis Mortality ratio / Multiple logistic analysis 

Adjusted variables age 

Decision 
Excluded in the meta-analysis  

(Mortality rates only) 

Results Total Men Women 

Mortality rate % * 

(All-cause) 

7-8 Ref 7-8 8.2 7-8 5.5 

≤6 / ≥9  1.3 (1.1-1.7) ≤6 / ≥9  13.6 ≤6 / ≥9  8.8 

* Approximate relative mortality risk (95% CI) was calculated in total subjects 
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Selected ID SR-59 

Title Mortality risk associated with sleeping patterns among adults 

First author Wingard DL 

Journal info Sleep. 1983;6(2):102-7. 

Cohort name The Human Population Laboratory 

Country (region) US (North America) 

Sample size (sex) 4,725 (Men: 2,229, Women: 2,496) 

Age 30-69 

Race Mixed 

Characteristic Noninstitutional adult residents of Alameda County, California 

Baseline year 1965 

F/U duration (years) Until 1974 

Number of death 371 

Mortality identification Death certificates 

Death coding N/A 

Questions about sleep   N/A 

Measuring unit Night 

Reference of sleep duration   N/A 

Statistical analysis Cause-specific mortality rates  

Adjusted variables age 

Decision 
Excluded in the meta-analysis  

(Mortality rates only) 

Results (mortality rates) Total Men Women 

All-cause  

≤6  14.5 ≤6  10.1 

7-8 8.2 7-8 5.4 

≥9 12.1 ≥9 9.0 

Ischemic heart disease  

≤6  4.3 ≤6  3.6 

7-8 3.3 7-8 3.3 

≥9 5.3 ≥9 2.0 

Cancer  

≤6  2.8 ≤6  2.8 

7-8 1.5 7-8 1.5 

≥9 3.0 ≥9 2.0 

Stroke  

≤6  1.7 ≤6  1.0 

7-8 0.9 7-8 0.9 

≥9 2.3 ≥9 2.0 

Others  

≤6  5.7 ≤6  2.6 

7-8 2.5 7-8 1.9 

≥9 1.5 ≥9 3.0 
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Selected ID SR-60 

Title 

Sleep duration and total and cause-specific mortality in a large 

US cohort: Interrelationships with physical activity, sedentary 

behavior, and body mass index 

First author Xiao Q 

Journal info Am J Epidemiol. 2014 Nov 15;180(10):997-1006 

Cohort name the National Institutes of Health-AARP Diet and Health Study 

Country (region) US (North America) 

Sample size (sex) 239,896 

Age 50-72 

Race 
non-Hispanic white; non-Hispanic black; Hispanic; Asian, 

Pacific Islander, American Indian/Alaskan Native, or other 

Characteristic 
Members of AARP (formerly the American Association of 

Retired Persons) 

Baseline year 1995-1996 

F/U duration (years) 14 year (average) 

Number of death 44,100 

Mortality identification National Death Index 

Death coding ICD-10 

Questions about sleep   

The usual amount of time they had slept at night and had 

napped during the day in a typical 24-hour period over the past 

12 months. 

Measuring unit 24 hours (a day) 

Reference of sleep duration   7-8 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

sex, age at baseline, race/ethnicity, marital status, education, 

self-reported health, smoking, smoking dose, years since 

quitting smoking, alcohol drinking, moderate-to-vigorous 

physical activity, TV viewing, BMI 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

< 5 1.16 (1.10-1.23) 

  
5-6 1.04 (1.02-1.06) 

7-8 Ref 

≥ 9 1.11 (1.06-1.19) 

Cardiovascular disease 

< 5 1.25 (1.13-1.38) 

  
5-6 1.06 (1.02-1.1) 

7-8 Ref 

≥ 9 1.07 (0.97-1.17) 
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Results Total Men Women 

Cancer   

< 5 1.07 (0.98-1.18) 

  
5-6 1.00 (0.97-1.04) 

7-8 Ref 

≥ 9 1.02 (0.94-1.11) 

All-cause (3 year lag) 

< 5 1.18 (1.11-1.26) 

  
5-6 1.05 (1.02-1.07) 

7-8 Ref 

≥ 9 1.13 (1.07-1.2) 

Cardiovascular disease 

(3 year lag) 

< 5 1.29 (1.13-1.47) 

  
5-6 1.04 (0.98-1.09) 

7-8 Ref 

≥ 9 1.14 (1.01-1.3) 

Cancer (3 year lag) 

< 5 1.07 (0.95-1.21) 

  
5-6 1.00 (0.95-1.04) 

7-8 Ref 

≥ 9 1.02 (0.91-1.13) 
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Selected ID SR-61 

Title 

A prospective cohort study on the relationship of sleep duration 

with all-cause and disease-specific mortality in the Korean Multi-

Center Cancer Cohort Study 

First author Yeo Y 

Journal info J Prev Med Public Health. 2013 Sep;46(5):271-81 

Cohort name The Korean Multi-center Cancer Cohort Study 

Country (region) Korea (Asia) 

Sample size (sex) 13,164 

Age ≥ 20 

Race Aisan 

Characteristic 
Participants recruited from urban and rural areas in Korea  

(Haman, Chungju, Uljin, and Youngil). 

Baseline year 1993-2004 

F/U duration (years) 9.4 (average) 

Number of death 1,580  

Mortality identification Death Certificate database of the National Statistical Office 

Death coding ICD-10 

Questions about sleep   Average sleeping time per day 

Measuring unit 24 hours (a day) 

Reference of sleep duration  7 

Statistical analysis Cox‘s proportional hazards regression model 

Adjusted variables 

age, sex, educational attainment, body mass index, cigarette 

smoking, alcohol consumption, past history of hypertension, type 

2 diabetes, CVD, and metabolic syndrome 

Decision Included in the meta-analysis 

Results Total Men Women 

All-cause 

≤ 5 1.21 (1.03-1.41) ≤ 5 1.10 (0.89-1.36) ≤ 5 1.41 (1.12-1.79) 

6 1.10 (0.95-1.27) 6 1.09 (0.90-1.30) 6 1.16 (0.92-1.46) 

7 Ref 7 Ref 7 Ref 

8 1.03 (0.89-1.19) 8 1.02 (0.85-1.23) 8 1.03 (0.81-1.30) 

9 1.36 (1.11-1.67) 9 1.28 (0.97-1.69) 9 1.50 (1.11-2.02) 

≥ 10 1.36 (1.07-1.72) ≥ 10 1.15 (0.85-1.56) ≥ 10 1.87 (1.28-2.73) 

Cancer 

≤ 5 0.93 (0.70-1.23) ≤ 5 0.78 (0.54-1.13) ≤ 5 1.26 (0.80-2.00) 

6 0.94 (0.73-1.21) 6 0.90 (0.66-1.22) 6 1.05 (0.67-1.65) 

7 Ref 7 Ref 7 Ref 

8 1.09 (0.84-1.38) 8 1.03 (0.77-1.36) 8 1.20 (0.78-1.85) 

9 1.21 (0.85-1.72) 9 0.93 (0.57-1.50) 9 1.87 (1.10-3.17) 

≥ 10 1.08 (0.71-1.65) ≥ 10 1.03 (0.63-1.67) ≥ 10 1.23 (0.52-2.90) 
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Results Total Men Women 

Cardiovascular disease 

≤ 5 1.40 (1.02-1.93) ≤ 5 1.43 (0.89-2.30) ≤ 5 1.48 (0.97-2.28) 

6 1.25 (0.92-1.69) 6 1.21 (0.77-1.91) 6 1.32 (0.87-2.00) 

7 Ref 7 Ref 7 Ref 

8 1.04 (0.76-1.42) 8 1.06 (0.68-1.67) 8 1.00 (0.64-1.55) 

9 1.26 (0.81-1.96) 9 1.05 (0.51-2.19) 9 1.40 (0.80-2.46) 

≥ 10 1.37 (0.82-2.29) ≥ 10 1.53 (0.79-2.95) ≥ 10 1.13 (0.48-2.67) 

Respiratory disease 

≤ 5 1.85 (1.05-3.26) ≤ 5 1.51 (0.73-3.13) ≤ 5 2.42 (0.95-6.19) 

6 1.75 (1.02-3.02) 6 1.88 (0.98-3.60) 6 1.45 (0.53-3.97) 

7 Ref 7 Ref 7 Ref 

8 0.98 (0.52-1.82) 8 0.82 (0.37-1.79) 8 1.18 (0.43-3.30) 

9 2.38 (1.18-4.76) 9 3.12 (1.37-7.11) 9 1.48 (0.38-5.80) 

≥ 10 1.98 (0.87-4.49) ≥ 10 0.97 (0.28-3.41) ≥ 10 5.43 (1.68-17.5) 

External causes 

≤ 5 1.12 (0.71-1.78) ≤ 5 0.82 (0.42-1.62) ≤ 5 1.40 (0.71-2.75) 

6 0.83 (0.54-1.27) 6 0.80 (0.46-1.39) 6 0.86 (0.43-1.73) 

7 Ref 7 Ref 7 Ref 

8 1.06 (0.72-1.57) 8 1.27 (0.80-2.03) 8 0.67 (0.32-1.41) 

9 1.27 (0.72-2.27) 9 1.43 (0.70-2.91) 9 0.94 (0.35-2.54) 

≥ 10 1.01 (0.48-2.13) ≥ 10 1.01 (0.42-2.43) ≥ 10 0.89 (0.21-3.85) 

Not classified  

≤ 5 1.10 (0.59-2.04) ≤ 5 1.10 (0.45-2.73) ≤ 5 1.14 (0.48-2.75) 

6 1.35 (0.78-2.36) 6 1.22 (0.56-2.66) 6 1.74 (0.77-3.93) 

7 Ref 7 Ref 7 Ref 

8 0.72 (0.38-1.38) 8 0.72 (0.30-1.75) 8 0.69 (0.25-1.86) 

9 1.96 (0.97-3.96) 9 2.31 (0.85-6.25) 9 2.29 (0.83-6.31) 

≥ 10 3.29 (1.68-6.47) ≥ 10 3.71 (1.49-9.25) ≥ 10 2.55 (0.91-7.12) 
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Figure A3. Forest plot of the association between short sleep duration and all-cause mortality 
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Figure A4. Forest plot of the association between long sleep duration and all-cause mortality 
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Figure A5. Funnel plots for meta-analyses of  

short (a) and long (b) sleep duration with all-cause mortality 
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Table A2. Subgroup meta-analysis of the risk estimates for all-cause 

mortality attributable to short sleep duration  

 
Short Sleep Duration  

 No. of 

studies 
RR (95% CI) 

a
 I

2
 (%) P heterogeneity 

Sex     

Both 15 1.15 (1.11-1.19) 31.6 0.116 

Men 18 1.15 (1.07-1.23) 33.6 0.082 

Women 18 1.17 (1.09-1.25) 32.5 0.091 

Continents 
b
     

Asia 25 1.19 (1.09-1.29) 47.1 0.005 

Europe 16 1.14 (1.07-1.22) 22.9 0.194 

North America 9 1.14 (1.11-1.18) 0 0.670 

South America 1 1.09 (0.78-1.53) - - 

Follow-up duration 
c
     

< 10 years  22 1.15 (1.07-1.24) 29.3 0.098 

10-19 years 19 1.16 (1.10-1.22) 42.4 0.027 

≥ 20 years 7 1.12 (1.02-1.22) 35.6 0.157 

Unknown 3 1.05 (0.78-1.42) 0 0.709 

Short sleep definition      

< 5 hours 11 1.17 (1.12-1.23) 3.4 0.410 

< 6 hours 28 1.14 (1.09-1.20) 34.2 0.041 

< 7 hours 12 1.10 (1.00-1.22) 39.5 0.077 

Sleep measurement per unit     

Night sleep only 25 1.15 (1.08-1.23) 5.1 0.390 

Including nap (total sleep per 24 hours) 25 1.15 (1.10-1.20) 47.5 0.005 

Unknown 1 1.00 (0.71-1.41) - - 

a. All estimates were estimated based on random-effects models  

b. East Asia includes Korea, Japan, Taiwan, and China; Europe includes UK, Spain, 

Scotland, Finland, and Denmark; North America includes US; South America 

includes Brazil 

c. Defined as follows: ‗< 10 years‘ range from 4 years to 9 including 8-10 years and 

9-11 years; ‗10-19 years‘ range from 10.8 years to 17.1 years; and ‗≥ 20 years‘ 

range from 22 years to 30 years 
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Table A3. Subgroup meta-analysis of the risk estimates for all-cause 

mortality attributable to long sleep duration  

 
Long Sleep Duration  

 No. of 

studies 
RR (95% CI) 

a
 I

2
 (%) P heterogeneity 

Sex     

Both 15 1.35 (1.23-1.47) 67.3 <0.001 

Men 18 1.33 (1.22-1.46) 80.1 <0.001 

Women 19 1.48 (1.34-1.63) 77.9 <0.001 

Continents 
b
     

Asia 26 1.58 (1.46-1.71) 60.4 <0.001 

Europe 16 1.21 (1.09-1.38) 60.5 <0.001 

North America 9 1.27 (1.18-1.35) 83.8 <0.001 

South America 1 1.53 (1.12-2.09) - - 

Follow-up duration 
c
     

< 10 years  24 1.51 (1.40-1.63) 68.5 <0.001 

10-19 years 18 1.34 (1.25-1.44) 77.4 <0.001 

≥ 20 years 7 1.07 (0.93-1.24) 66.4 0.007 

Unknown 3 1.73 (1.35-2.23) 0 0.963 

Long sleep definition      

≥ 8 hours 14 1.15 (1.04-1.27) 62.1 0.001 

≥ 9 hours 18 1.30 (1.22-1.39) 52.6 0.005 

≥ 10 hours 20 1.57 (1.47-1.69) 71.1 <0.001 

Sleep measurement per unit     

Night sleep only 27 1.40 (1.32-1.47) 21.0 0.164 

Including nap (total sleep per 24 hours) 24 1.36 (1.26-1.48) 87.3 <0.001 

Unknown 1 1.70 (1.18-2.45) - - 

a. All estimates were estimated based on random-effects models  

b. East Asia includes Korea, Japan, Taiwan, and China; Europe includes UK, Spain, 

Scotland, Finland, and Denmark; North America includes US; South America 

includes Brazil 

c. Defined as follows: ‗< 10 years‘ range from 4 years to 9 including 8-10 years and 

9-11 years; ‗10-19 years‘ range from 10.8 years to 17.1 years; and ‗≥ 20 years‘ 

range from 22 years to 30 years 
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Limitations and strengths: Several study limitations should be taken into 

account. First, substantial heterogeneity was detected among the studies and 

could not be successfully eliminated despite the subgroup analysis which 

attempted to investigate the source of heterogeneity. This may be due to the 

study design, unconsidered covariates, and different characteristics of the 

study population (e.g., sample size, quality, definition of metabolic syndrome, 

and socio-cultural patterns). Second, the present results cannot be completely 

free from measurement errors or residual confounders; all included studies 

were based on self-reported sleep duration, and confounding variables 

differed among the studies. Thus, uncontrolled confounders and bias 

inherited from the studies may remain and the results should be interpreted 

with caution. Third, our meta-analysis was limited to data from relatively 

few countries (i.e., US, and Asian countries); therefore, we could not assess 

these associations in other populations and ethnicities. Fourth, the results 

obtained from Egger‘s test indicate a low degree of publication bias 

regarding the association between long sleep duration and mortality. 

However, when further adopting the trim-and-fill method, the summary risk 

estimates remained unchanged. Finally, we were unable to consider other 

aspects of daily sleep patterns, such as quality and architecture.  

In spite of these limitations, the present meta-analysis is based on a 

systematic review of the current literature and global estimates of the 
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relationship between short and long sleep duration and all-cause mortality, 

with high statistical power owing to more than 20 million total subjects 

worldwide.  

Conclusion: Both short and long sleep duration is significantly associated 

with all-cause mortality. These findings indicate that not only short sleepers 

but also long sleepers may be exposed to increased risk of mortality.  
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APPENDIX 2. 
Pittsburgh Sleep Quality Index (PSQI) 

Questionnaire for validation study  
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국문 초록 

 

서론: 인간의 몸은 24 시간 주기체계 (circadian system)를 기반으로 낮과 밤의 적절한 

행동과 생리작용을 수행하는데, 부적절한 수면으로 발생되는 생체리듬의 교란은 비만, 당뇨, 

심혈관계 질환 및 전체 사망의 위험을 증가시키는 잠재적 위험 요인으로 주목 받고 있다. 

현재를 살아가는 상당수의 한국인들이 다양한 수면문제를 경험하고 있으며 수면문제로 인한 

국민 보건의 악영향은 실로 그 파급효과가 막대할 것으로 추측되어지나 이와 관련된 세부 

역학 연구는 매우 부족한 실정이다. 이에 본 연구에서는 대규모 한국인 일반인구집단 자료 

(도시기반코호트)를 이용, 1) 수면력 평가도구의 타당도를 검정하고, 2) 한국인 중장년층 

수면양상 파악 및 수면부족-수면과다, 수면질 저하에 관련된 생활환경 및 행동학적 특성을 

규명한 후, 3) 수면양상에 따른 전체 사망의 위험도를 평가하는 통합적 관점의 수면 

역학연구를 수행해보고자 한다.  

방법: 본 연구에 앞서 도시기반코호트 수면력 평가도구의 공인타당도 검정을 위한 예비조사

를 수행, 역학연구 도구로서의 활용 가능성을 평가하는 사전 타당성 연구를 수행하였다. 이

후, 2004 년부터 2012 년 사이 도시기반코호트 (Health Examinees Study) 기반조사에 참

여하였던 전체 162,142 명 중, 수면시간 및 수면질에 대한 정보를 제공한 158,147 명 (남

성 53,789 명, 여성 104,358 명)을 대상으로 하는 단면연구와 코호트 연구가 단계별로 수

행되어졌다. 자가 보고된 수면시간은 6 시간 미만, 6-7 시간, 8-9 시간 및 10 시간 이상으

로 범주화되었으며, 입면장애 및 비회복성 수면의 강도가 함께 조사되었다. 한국인 중장년

층에서의 수면부족 및 수면과다에 영향을 미치는 주요 요인이 무엇인지 파악하기 위하여, 

잠재적 관련 요인을 5 가지 영역ᅳ사회경제적요인 (연령, 교육수준, 직업형태, 결혼여부, 폐

경여부), 생활습관요인 (흡연, 음주, 식습관, 비타민의 섭취, 규칙적인 운동 여부), 심리상태 

(사회심리적 건강상태, 스트레스 빈도, 주관적 건강상태), 신체 계측 (체질량지수, 허리둘

레), 및 건강상태 (현재 질병 치료여부: 당뇨, 고혈압, 고지혈증, 협심증, 뇌졸중, 만성위염, 

위궤양, 장폴립, 담석증/담낭염, 천식/만성기관지염, 갑상선 질환, 우울증, 골다공증, 관절염, 

백내장, 방광염, 지방간, 급성 간질환, 만성간염/간경변, 암)ᅳ으로 분류하여 수면시간과의 

연관성 강도를 조사하였다. 로지스틱 회귀분석을 기반으로 해당 요인들과 수면시간에 대한 
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보정된 오즈비를 산출하였고, 다중검정 문제를 고려한 FDR 분석과 3 단계 민감도분석을 추

가 진행하였다. 코호트 연구에서는 한국인 성인남녀의 수면특성 (수면시간, 수면질 및 통합

적 수면 점수)에 따른 전체 사망 위험을 평가하기 위하여 콕스 비례위험 모형을 이용하는 

생존분석을 수행하였는데, 모든 대상자들은 수동적 추적방법에 의거, 2012 년 12 월 31 일 

시점에서의 생존여부가 확인되어졌다. 생존분석 시 단면연구에서 조사되었던 모든 관련요인

들이 보정된 사망 위험도가 산출되었다.  

결과: 1) 도시기반코호트의 수면력 평가 조사도구는 국제 공인화 수면측정 도구인 ‘피츠버

그 수면질 지수 (PSQI)’와 상당 수준 부합하는 것으로 관찰되었으며, 본 연구에서 제안하

는 통합형 수면 점수는 한국인 성인 인구 집단에서 활용 가능한 수면질 예측 지표로서의 가

능성을 제시하였다. 2) 한국인 중장년층 성인인구집단 내에서, 교육수준이 낮거나, 현재 흡

연자인 경우, 스트레스 가중군, 주관적 건강상태가 나쁘다고 인지하는 경우 및 우울증 유병

중인 남성 및 여성은 짧은 수면시간과 긴 수면시간의 오즈비가 모두 유의하게 증가하는 것

으로 관찰되었다. 3) 하루 6 시간 미만의 짧은 수면을 취했던 남성의 경우 전체 사망의 위

험이 1.4 배 유의하게 증가하였으며, 입면장애를 보고한 남성에서 1.6 배 증가한 사망 위험

도가 관찰되었다. 수면시간 및 수면질이 전반적으로 모두 나쁜 것으로 보고한 남성에서는 

1.9 배 유의하게 증가한 전체 사망 위험도가 관찰되었으며, 해당 여성들의 경우 전체 사망

의 위험이 1.4 배 유의하게 높아지는 것으로 예측되었다.  

결론: 본 연구를 통하여, 1) 도시기반코호트 연구에서 사용하고 있는 수면력 측정 도구의 

타당성을 검정함으로써 차후 한국인 수면역학 연구를 위한 지속적 활용 가능성을 제시할 수 

있었으며, 2) 낮은 사회경제적 지위, 불건강한 생활습관 (흡연, 불규칙적인 식생활, 운동부

족 등), 불안정한 심리상태 및 우울증, 당뇨 등의 유병여부가 한국인 중장년층 인구집단에

서의 부적절한 수면시간을 유도하는 위험 요인이 될 수 있음을 확인하였다. 또한, 3) 부적

절한 수면시간 및 수면질 저하는 한국인 성인 인구집단 내 전체 사망률 증가를 유발시키는 

주요 원인 인자일 수 있으며, 이로 인하여 국민보건의 부담이 더욱 가중될 수 있음을 추정

할 수 있었다. 인간의 행동과 생리작용의 조화를 유지시키는 생체리듬의 안정화는 수면의 

정상화를 기반으로 달성될 수 있다는 점을 고려할 때, 수면-질병발생-사망의 스펙트럼을 

보다 포괄적으로 평가하는 추후 연구가 반드시 수행되어져야 할 것이며, 이를 기반으로 수
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면의 건강 위해도 규명, 중재안 개발 등 장기적 안목을 요하는 국가 정책 수립의 근거 자료 

확보가 가능할 것으로 사료된다.  

 

------------------------------------- 

주요어 : 수면특성, 수면시간, 수면문제, 도시기반코호트, 전체사망 
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