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ABSTRACT  
 

Objectives 

Duration of sleep is an important substrate in predicting not only the quality 

of sleep, but also quality of life and health status. Emerging evidence indicates 

that sleep duration is associated with health outcomes, including hypertension, 

diabetes, and obesity. However, the association of sleep duration and long-term 

health effect is still unclear. This study was designed to assess the relationship 

of sleep duration with mortality as a parameter for long-term health effect in a 

prospective cohort study in Korea. 

 

Methods 

The study population of 13,164 participants over 20 years old was drawn 

from the Korean Multicenter Cancer Cohort study since 1993. Information on 

lifestyle including sleep duration was obtained through structured questionnaire 

interview. Through the record linkage with the National Death Certificate 

database (follow-up=124,267 person-year), 1,580 deaths were identified by the 

end of December 31, 2010. Cause of death was classified according to the 

international classification of the 10th Revision of the International 

Classification of Disease (ICD-10). The hazard ratios (HRs) and 95% 

confidence intervals (CI) for both all-cause and disease-specific mortality were 
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based on Cox’s proportional hazard regression model. The non-linear 

relationship between sleep duration and mortality was examined non-

parametrically using restricted cubic splines. 

 

Results 

The HRs for all-cause mortality showed a U-shape, with the lowest point at 

sleep duration of 7–8 hours. There was an increased risk of death among 

persons with sleep duration of ≤5 hours (HR, 1.21; 95% CI, 1.03–1.41) and of 

≥10 hours (HR, 1.36; 95% CI, 1.07–1.72). In stratified analysis, this 

relationship of HRs was seen in women and in participants aged ≥60 years. 

Among disease-specific causes, cancer mortality was not related with sleep 

duration. However, risk of cardiovascular disease-specific mortality was 

associated with a sleep duration of ≤5 hours (HR, 1.40; 95% CI, 1.02–1.93). 

Risk of dying from respiratory disease was associated with sleep duration at 

both extremes (≤5 and ≥10 hours). 

 

Conclusions  

This prospective cohort study found a U-shape relationship of sleep duration 

with an increased risk of death in both extremes (≤5 and ≥10 hours of sleep 

duration). Sleep duration of 7 to 8 hours might be recommended to the public 
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for a general healthy lifestyle in Korea. 

 

Keywords: sleep duration, all-cause death, cardiovascular disease death, 
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INTRODUCTION 

Duration of sleep is an important substrate in predicting not only the 

quality of sleep, but also quality of life and health status (1-3). In addition, there 

is emerging evidence in experimental and epidemiologic studies that sleep 

parameters, such as sleep duration and quality, are associated with health 

outcomes, including hypertension (4), as well as diabetes mellitus (DM) (5), 

hypercholesterolemia (6) and obesity (7). Many studies also have indicated 

associations between sleep duration and different health outcomes like total 

mortality, type 2 DM, cardiovascular disease (CVD) and general health (8-10). 

The factors predicting or influencing an individual’s sleep duration are 

various between different countries or cultures (11, 12). Socioeconomic status 

indicators, including marital status, financial strain, education level, 

menopausal status, and history of night-shift work, also have previously been 

related to sleep duration (13, 14). Other lifestyle factors have also been related 

with sleep duration, although the results are inconsistent. This may modulate 

the association between sleep characteristics and health risk across different 

characteristics. For example, in the United States, sleep duration may have 

decreased during the last decades more strikingly (15). Shorter and longer sleep 

duration has been found to be associated with increased risk of mortality and 
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morbidity (16). A meta-analysis also supported a U-shaped association between 

sleep duration and all-cause mortality (17). 

Risk of non-communicable diseases (NCD) including cancer and CVDs 

are well known to be closely related with many lifestyle factors, such as 

smoking, obesity, diet, alcohol drinking, physical exercise, and sleep patterns 

(18). However, most studies on the mortality and life style factors have been 

focused on BMI, waist circumference, and obesity. Sleep duration, one of the 

most important components of health behaviors, may also influence on health 

outcomes including mortality and morbidity (19). A recent meta-analysis 

involving 400,000 adults reported that short sleep duration was associated with 

a greater risk of developing or dying from coronary heart disease (20). 

Associations between short sleep duration and increased risk for weight gain 

and obesity have also been found (21, 22), but the results were inconsistent. 

Lifestyle factors such as alcohol drinking (23), and cigarette smoking (24) were 

associated with an increased risk of all-cause mortality in the Korean Multi-

center Cancer Cohort study (KMCC). As one of the important lifestyle factors, 

sleep duration may also be an indicator for the behavior or life-quality and 

might also be related with other lifestyle factors in Korean. 

In this study, we investigated the association between sleep duration and 

measures of all-cause and disease-specific mortality through a community-
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based cohort study in Korea, where non-communicable diseases, including 

cancer and CVD, have been the leading causes of death for the last 20 years. 

We controlled for lifestyle factors and factors associated with the prevalence of 

metabolic syndrome and comorbidities, such as blood cholesterol, hypertension, 

DM, and body mass index (BMI). Our purpose was to suggest appropriate sleep 

duration for the general population, using mortality as a parameter for long-

term health. 
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 MATERIALS & METHODS 

Study population and follow-up for outcomes 

Eligible subjects were from the Korean Multi-center Cancer Cohort study 

(KMCC). The rationale and design of KMCC is described in detail elsewhere 

(25). Briefly, KMCC is a community-based prospective cohort of male and 

female volunteers recruited from 1993 through 2004 from 4 rural and urban 

areas in Korea. Information on general lifestyle including sleep duration, 

smoking habit and alcohol drinking habit, physical activity, diet, reproductive 

factors, and pesticide exposures were obtained through structured questionnaire 

interviews. Sleep duration was measured by questionnaire by well-trained staffs 

at the time of recruitment. Blood and spot urine samples were also collected. 

Serum, plasma and buffy coat samples were stored at -70℃. The study protocol 

was approved by the institutional review boards of the Seoul National 

University Hospital. 

A total of 20,257 subjects were participated in the KMCC between 1993 

and 2004. Among these persons, 235 participants due to missing information on 

locality, 1,245 participants who were younger than 20 years old at the time of 

enrollment, and 43 participants with missing of date of birth. After excluding 

those who met the exclusion criteria, 5,570 subjects were excluded due to 

missing information on sleep duration. The information of sleep duration was 
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not collected in 1994, 1995 and 1997 (n=4,898). Additional subjects with 

missing information on sleep duration in other years of recruitment were also 

excluded (n=672). Mean duration of follow-up for these participants were 

relatively longer than that of study population (mean (SD) of PY=12.66 (3.55)) 

and relatively large number of deaths occurred (n=1,193) among them as they 

were recruited earlier than most of study populations. Finally, the number of 

study population in the analysis was 13,164 (Figure 1). 

Cause of death was classified according to the international 

classification of the 10th Revision of the International Classification of Disease 

(ICD-10). Follow-up through the Death Certificate database of the National 

Statistical Office was completed on December 31, 2010. Cause of death was 

classified by ICD-10 as follows: all causes of death (A00-Z99), all types of 

cancer death (C00-C97), CVD death (I00-I99), respiratory disease death (J00-

J99, A15-A19), external cause of death with injury (S00-S99, T00-T99, and 

V01-X59), and cause of death “not elsewhere classified” including senility 

(R00-R99). The total number of deaths during the study period was 1,580: 526 

were due to cancer; 363, due to CVD; 129, due to respiratory disease; and the 

remaining, due to other causes (Table 2). 

 

Measurement of sleep duration and other factors 
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Duration of sleep was measured by personal questionnaire at the baseline 

interview. BMI, smoking habit, and alcohol drinking habit were chosen as the 

variables of major concern on lifestyle factors, because they have been 

examined to be closely associated with all causes-mortality in this cohort study 

(23, 24). 

At the baseline interview, all lifestyle factors including sleep duration 

were collected through direct interview with structured questionnaire by well-

trained interviewers. People were asked how much time they usually spent to 

their sleep average per day, 5 hours or less, 6, 7, 8, 9, or 10 hours or more a day. 

In addition, other factors including height and weight were used to calculate 

BMI as current weight divided by height squared (kg/m2). Waist circumference 

was also measured. Inquiry on smoking habits included smoking status (never, 

ex- or current smoker), and participants were asked to answer questions on 

whether they have ever drank alcoholic beverages; ‘yes’, ‘yes, but not now’, or 

‘no’ , and ‘have you ever drunk alcohol?’, as used in the National Alcohol 

Survey (26). 

Factors included in diagnostic criteria of metabolic syndrome were also 

collected. Each level of total cholesterol(mg/dL), HDL cholesterol(mg/dL) and 

triglyceride(mg/dL) was measured by plasma samples at recruitment. The 

plasma level of LDL cholesterol was calculated by the equation; LDL 
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cholesterol= total cholesterol–(HDL cholesterol+ triglyceride/400). Metabolic 

syndromes included participants who meet more than 3 conditions in the 

criteria; total cholesterol level ≥200mg/dl, or HDL level ≤40mg/dl, or waist 

circumference ≥102cm in men, ≥88cm in women or fasting plasma glucose 

level ≥100mg/dL or diastolic blood pressure ≥85mmHg or systolic blood 

pressure ≥130mmHg (National Cholesterol Education Program, NCEP:ATPIII 

2001). 

 

Statistical analysis 

To describe the baseline characteristics by sleep duration, study 

population was compared by chi-square test for categorical variables and t-test 

or ANOVA for continuous variables. Hazard ratios (HRs) and corresponding 95% 

confidence intervals (95% CI) of risk factors for all-cause and disease-specific 

mortality were obtained based the regression coefficients and its standard error 

from the Cox’s proportional hazards regression models with follow-up time as 

time-scale. All models were adjusted for sex, age (20-29, 30-39, 40-49, 50-59, 

60-69, ≥70), and the past history of the chronic diseases of hypertension, 

diabetes mellitus, or past history of heart disease. Educational attainment (none, 

1-11, ≥12 years), and BMI (<21, 21-23, 23-25, >25) were also included in 



8 
 

 

models. In addition, we evaluated how much the association between sleep 

duration and mortality was modified by variables such as age and sex. 

To explore the shape of the risk function, we examined the possibly non-

linear relation between sleep duration and mortality, non-parametrically with 

restricted cubic splines (27). Tests for non-linearity used the likelihood ratio test, 

comparing the model with only the linear term to the model with the linear and 

the cubic spline terms. We fitted a Cox proportional hazards model with 

restricted cubic splines for sleep duration treated as continuous variables (28, 

29). We specified four knot positions at 6, 7, 8, and 9 hours/day of sleep as the 

information of sleep duration was collected as nominal variable. Tests for trend 

were also performed by using the ordered category as a continuous variable in 

the proportional hazard model (30). HRs for all-cause mortality was assessed by 

compared to subjects who showed fixed sleep duration of 7 hours/day which 

showed the lowest risk of death in every analysis alternatively with 8 hours 

sleep. HRs for all-cause mortality were shown as stratified by gender, and age 

of <60 and ≥60 years. Statistical significance was assumed at a p-value of 0.05 

or smaller. All the statistical analyses were performed with SAS Windows 

Version 9.3 (Cary, North Carolina, USA). 
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RESULTS 

During the mean follow-up of 9.44 years, corresponding to 124,267 

person-years, 1,580 deaths were observed. Cancer was the leading cause of 

death (33.3%), followed by CVD (23.0%). The general characteristics of the 

study population are shown in Table 3. Participants with sleep durations of ≤5 

hours were more likely to be women and less educated. Participants with sleep 

durations of ≤5 hours or ≥10 hours had a higher proportion of comorbidities 

associated with metabolic syndrome, such as central obesity, hypertension, DM, 

high plasma triglycerides, or lower HDL cholesterol. 

 

Association between sleep duration and risk of death from any cause 

Table 4 shows HRs of all-cause mortality according to sleep duration. 

Sleep duration which were at the lowest risk of death from any cause and 

disease-specific cause were both 7 hours and 8 hours. HRs of sleep duration of 

8 hours also seemed not to be heterogeneous to that of 7 hours with a level of 

under 10% increase (HR 1.03) in all-cause mortality. The relationship of all-

cause mortality with sleep duration showed a U-shape (Pcurvilinearity=0.001) 

(Figure 2). As compared with a sleep duration of 7 hours, the HR for a sleep 

duration of ≤5 hours was 1.21 (95% CI, 1.03–1.41) and the HR for a sleep 

duration of ≥10 hours was 1.36 (95% CI, 1.07–1.72). 
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This relationship of the risk of death was prominent in women 

(Pcurvilinearity=0.002). Table 5 shows adjusted HRs according to gender for 

various indices of mortality according to sleep duration. There was an increase 

in all-cause mortality among those who slept ≤5 hours (HR=1.41, 95% CI 1.12-

1.79). A two-fold increase in mortality was also shown in the group of sleep 

duration with ≥10 hours (HR=1.87, 95% CI 1.28-2.73). The increased risk of 

death with decreasing or increasing of sleep duration, compared to sleep 

duration of 7 hours, was found in elderly ≥60 (Pcurvilinearity=0.001) (Table 6). 

Most of the results of mortality from disease-specific causes were prominent in 

elderly age≥60. This might be caused by the fact that most of deaths were 

occurred in those who participated in this study in elderly. In addition, this 

might be due to the report of sleep duration which was closer to death in elderly 

than in middle-aged ones and the characteristics of study population in this 

study, which were based on rural area where the proportion of elderly was 

relatively high. 

 

Association between sleep duration and risk of death from specific cause 

Sleep duration was not associated with cancer mortality, which was the 

most common cause of death in this study (Table 7). In contrast, CVD-specific 

mortality showed a borderline significant relationship with sleep duration 
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(Pcurvilinearity=0.09), where the HRs for sleep duration of ≤5 hours was 1.40 (95% 

CI 1.02-1.93), the 2nd most common cause of death. A sleep duration of 8 hours 

showed the lowest risk of CVD death (HR, 1.04), similar to that of 7 hours 

(Table 8). The group reporting ≥10 hours sleep duration also showed an 

increased risk of CVD death (HR, 1.37), even though the risk was not 

statistically significant when all variables were included in the model (Figure 5). 

HRs in CVD mortality according to sleep duration in both men and 

women were shown as a U-shape even though it was not statistically significant 

in the model (Pcurvilinearity=0.29 and 0.26, respectively). A sleep duration of ≤5 

hours increased the mortality due to CVD death with a HR of 1.48 (95% CI 

0.97-2.28) in women (Table 9). The risk of CVD death in men with sleep 

duration of < 5 hours was also found to be increased, but not statistically 

significant, either (HR, 1.43; 95% CI, 0.89-2.30). Female participants with 

sleep duration ≥10 hours did not show any significant risk for deaths by CVD, 

and this might be due to lack of power of this study. Increased risk of death in 

sleep duration both extreme groups (≤5 hours and ≥10 hours) was found in 

those aged ≥60 years (Pcurvilinearity=0.08). The risk of dying due to CVD in sleep 

duration of 8 hours was not different from that of 7 hours in age-stratified 

analysis, either (Table 10). In those aged <60 years, the relationship of hazard 

ratios with sleep duration did not show any specific shape because of the small 
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number of deaths due to disease-specific causes. Most of results in age <60 did 

not indicate any specific shape of HRs due to the lack of power in the risk of 

death due to disease-specific causes.  

There was a strikingly positive association between sleep duration and the 

risk of death due to respiratory diseases. The HRs of death due to respiratory 

disease was also found to have a U-shape (Pcurvilinearity=0.01), with the highest 

risk in both extremes (≤5 and ≥10 hours of sleep duration) (Table 11). The risk 

of death due to respiratory disease increased in the group of sleep duration with 

≤5 hours both in men (HR 1.51, 95% CI 0.73-3.13) and women (HR 2.42, 95% 

CI 0.95-6.19) compared to that of 7 hours. An increased risk of death from 

respiratory disease with sleep duration of ≥10 hours was found only in women 

(HR 5.43, 95% CI 1.68-17.52) (Table 12). This relationship of HRs in 

respiratory disease mortality was prominent in in those aged ≥60 years (Table 

13). The association between longer sleep duration and death due to respiratory 

diseases might be explained, in part, by reverse causation, since general 

condition, which could be represented by respiratory disease, can lead to long 

sleep duration with low quality before the clinical diagnosis is made. 

For external causes of death, including all-types of injury, no specific 

changes in HRs with sleep duration were observed (Table 14). There was no 

significant trend when we included all other related factors in the model 
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(Pcurvilinearity =0.49) (Figure 9). Meanwhile, the mortality from “not-elsewhere 

classified” cause, including senility, increased with a sleep duration of ≥10 

hours (HR, 3.29; 95% CI, 1.68–6.47) (Table 15). HRs had a non-linear relation, 

however, not a U-shape as we expected (Figure 10). In sleep duration of ≥10 

hours, the risk of death form “not elsewhere classified” cause was also 

increased in both men and women, even though it was statistically significant 

only in men (HR 3.71, 95% CI 1.49-9.25) (Table 16). However, the non-linear 

shape of HRs were significant in both men and women (Pcurvilinearity=0.005 and 

0.004, respectively) (Figure 11). The HRs in those aged ≥60 years were also 

found to be related with mortality from “not elsewhere classified” causes 

(p=0.001) (Table 17). Moreover, mortality from not elsewhere classified (R00-

R99) cause, most of which were death due to senility, indicated that persons 

with medically ill-conditioned seemed to be more likely to sleep longer with 

low quality, then might lead to increase the risk of death.  
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DISCUSSIONS 

This study found that sleep duration out of 7 hours and 8 hours might be 

related with the risk of death and disease-specific death as well as CVD and 

respiratory disease. Sleep duration of 7 or 8 hours showed the lowest risk of 

death in all-cause and cause specific deaths including CVD, respiratory disease 

and not elsewhere classified cause of death. Compared to 7 hours, sleep 

duration of ≤5 hours caused a significant increase in all-cause, CVD, and 

respiratory disease mortality. Sleep duration of 9 hours and ≥10 hours may also 

be associated with increasing risk of all-cause mortality, respiratory disease and 

other unspecific cause mortality with a U-shape. The present study supports 

sleep duration of 7 hours or 8 hours, which were found to be at the lowest risk 

of any cause and disease-specific death, might be appropriate for suggesting 

healthy life compared to the increased risk in relatively shorter (≤5 and 6 hours) 

and longer (9 and ≥10 hours) duration of sleep. 

In this analysis, we found that the risk of all-cause, CVD, and respiratory 

disease mortality were increased in participants who slept ≤5 hours compared to 

participants who did 7 hours. Particularly noteworthy was that the risk of dying 

also increased in sleepers with ≥10 hours. In our fully adjusted models, 

however, cancer mortality did not show any trend according to sleep duration. 

The U-shape of HRs was found in both men and women with relatively shorter 
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and longer duration of sleep in CVD, respiratory disease and not elsewhere 

classified causes mortality as well as all-cause mortality, even if they were 

significant or not. Sleep duration of both 7 hours and 8 hours showed the lowest 

risk of death due to any cause regardless of sex even though the results suggest 

that disease-specific mortality should be differently associated with sleep 

duration between sex. In addition, the non-linear shape of HRs for relatively 

short or long duration of sleep was shown in elderly ≥60. Even in disease-

specific mortality, sleep duration out of 7 hours and 8 hours only among elderly 

≥60 were found to have increased risk of death due to CVD, and respiratory 

disease. In addition, the increase which was found in longer duration of sleep (9 

hours and ≥10 hours) was prominent in death due to respiratory disease and not 

elsewhere classified cause with senility.  

The U-shaped association between sleep duration and all-cause mortality 

with the lowest risk at 7 hours or 8 hours (31, 32) has been reported. It has been 

supported by many obsevational studies (3, 33-37). Compared to these studies, 

there were also studies which failed to find any association (38, 39). On the 

other hand, a meta-analysis supported a U-shaped association between sleep 

duration and all-cause mortality (17). However, compatible results have 

suggested that the association between sleep duration and disease-specific 

mortality is still controversial. Studies examining the relationship between sleep 
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duration and disease-specific death, have yielded less consistent results. The 

risk of death due to CVD has been predicted by long sleep duration (3, 40-42). 

However, only short duration of sleep was found to be an independent predictor 

in others (43, 44). On the other hands, an independent U-shaped association 

was also found (45, 46), and this U-shaped association was found in men but 

only long sleep duration to be independently associated with CVD mortality in 

women (47, 48). Some studies failed to reveal any association between sleep 

duration and CVD mortality (39, 48, 49). However, most of studies revealed 

that the pattern of HRs was a U-shape increasing toward sleep duration of 9 

hours and of ≥10 hours. In this study, the risk of death due to CVD was found 

to be a U-shape, which increased risk with decreasing or increasing of sleep 

duration compared to 7 hour, which was at the lowest risk of death. 

The association between sleep duration of 9 hours or of ≥10 hours and 

increased risk of death consistently found in studies still has been unclear. In 

addition, previous studies have reported that long sleep duration (9 hours or ≥ 

10 hours) is unlikely to contribute toward mortality but, a consequence of 

medical conditions and age-related sleep changes (50). In this study, mortality 

from respiratory disease and not elsewhere classified cause were significantly 

increased in this group of sleep duration. As in ≤5 hours or in 6 hours, sleep 

duration with longer time also could have mediated inflammatory, metabolic or 
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immune responses that are related with the risk of CVD or respiratory diseases 

(2, 51). There is little evidence to support that sleep duration of longer than 7 or 

8 hours has adverse health effects. No other studies have demonstrated possible 

mechanisms for identifying long sleep duration as a cause of mortality (52). For 

this association betweem long sleep duration and mortality, several have been 

proposed (53); sleep fragmentation, fatigue, immune function, photoperiodic 

abnormalities, lack of physiological challenge, depression or an underlying 

disease process such as sleep apnea, heart disease or failing health. In this study, 

we included all the possible factors of comorbidities, however, we could not 

concern psychological abnormalities which might affect quality and duration of 

sleep. In addition, as we found increased risk of death in elderly group aged 

over 60, the cause of death might have not recorded accurate, such as ‘non-

specific’ or ‘general illness’ in elderly who had been slept for longer time due 

to their health status related with aging. 

There are several previous studies which have been analysed the 

association of baseline sleep duration with all-cause and CVD mortality, 

separately in both genders. For instance, fully-adjusted HRs for all-cause 

mortality according to gender were, for short sleep duration (< 7 hours), 1.26 

among men and 1.21 among women (37). For long sleep duration (>8 hours), 

they were 1.24 and 1.17 compared to 7 to 8 hours, respectively. These results 
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have been inconsistent. The increased independent risk of death in short 

duration of sleep was found among both genders in some studies (43, 44, 46). 

or only among women (48). The increased risk of death in long sleep duration 

was found in both genders (41, 42, 46) or only among women (47). Others did 

not find any change in the risk of death in either gender (39, 49). Several 

methodological reasons, such as binary of tertiary scale of sleep duration, 

relatively short-term follow-up years or less studies including large number of 

participants (12, 48) might be related with this inconsistency. Futher researches 

might be needed to confirm the gender difference on mortality. 

Several studies reported that the relationship between sleep duration and 

mortality is largely influenced by deaths in elderly subjects and by the 

measurement of sleep durations closely before death. All changes in risk was 

observed only among elderly ≥60 in this study. This might have been caused by 

the characteristics of participants whose age at recruitment are relatively older 

because geographic locality of the study was based on rural areas where the 

proportion of elderly is high. It was possible that participants were more 

feasible to sleep longer with low quality due to their comorbidities or medical 

conditions. Fixed sleep duration in our study might also influence on the results. 

Moreover, older subjects with age ≥ 60 years who reported sleep duration of ≤5 

hours and of ≥10 hours were significantly more likely to die over the follow-up 
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period. The sample size of middle-aged subjects (n = 7,626) was relatively 

larger than that of elderly subjects (n=5,538), but the mean age at death wer 68 

years (all-cause deaths) and 69 years (CVD deaths). As expected, the majority 

of deaths occurred among the elderly group of age≥60 at recruitment (n=1,223 

for all-cause of death, and 308 for CVD death), whereas comparatively few 

deaths occurred among the middle-aged subjects (n=357 for all-cause of death, 

and 55 for CVD death). The lack of an association between sleep duration and 

mortality in subjects with age < 60 could therefore be due to a lack of statistical 

power. 

There are possible interpretations that the sleep duration functions as a 

surrogate marker of approaching death (50). Poor outcomes might have resulted 

from cognitive dysfunction, depression, or anxiety related to sleep disturbance. 

Another one is that there may be some constant factor, probably a genetic one, 

influencing both the penetration of the sleep duration phenotype and health 

risks (48). This would explain the constant predictive information entered into 

the baseline sleep duration estimates. In this study, the increase of CVD and 

respiratory disease mortlaity was followed by sleep deprivation compared to 

sleep duration of 7 hours. However, there is also possible explanation that this 

conclusion is speculative and further study of the possible role of genetic 
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factors that may underlie the association of sleep duration and health risks is 

needed (53). 

Biological plausibility for the association of sleep duration and mortality 

is that sleep deprivation might cause alteration in cortisol secretion and altered 

growth hormone metabolism have also been implicated. Another causative 

mechanisms relating short duration of sleep to adverse health outcomes include 

reciprocal changes in circulating levels of leptin and ghrelin, which in turn 

would increase appetite, caloric intake, reduce energy expenditure (54), and 

facilitate the development of obesity (55) and impaired glycemic control (56) 

with increased CVD risk. Several studies also reported that chronic 

inflammation sustained in short time sleepers and markers such as C-reactive 

protein, could assume the health status influenced by sleep patterns (57, 58). 

Longitudinal studies found the associations between sleep measures and 

biological data, since with the exception of the relationship between disturbed 

sleep and anemia the effects were present only in men. The hypothesis that 

there might be a curvilinear association between sleep duration and markers of 

inflammation was partly supported. Other factors or cormorbidities were also 

issued by sleep deprivation that short and disturbed sleep was also associated 

with low hemoglobin concentrations, and disturbed sleep was related to 

increased risk of anemia as well, independently of covariates (57, 59). All of 
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these postulations could be work on increase of deaths by other disease that are 

related with a U-shape of HRs in this study. 

This study has several strengths. First, the present study was from the 

community-based prospective cohort study in Korea, which has been selected 

as one of the genome cohort studies with biologic materials bank and risk factor 

questionnaire data in the world by the NCI-USA in 2006. Second, mortality 

data in Korea was collected from the National Death Certificate System, which 

covers more than 95% of the deaths in the population. Third, this study 

population has their unique characteristics compared to those in previous 

studies and all subjects in this study were of the same ethnicity, Korean. Fourth, 

our research studied the association between sleep duration and all-causes and 

cause-specific mortality including CVD and respiratory disease mortality.  

Other strengths include all factors were collected through direct interview 

with structured questionnaire by well-trained interviewers and various 

anthropometric indices which are included in the model were measured directly 

using standard methods at the time of the physical examination. This study 

consists of relatively large representative samples (>10,000), long-term follow-

up periods and a design that allowed for an assessment of other lifestyle or 

coronary risk factors. The results of this study suggest that conclusion of not 



22 
 

 

only all-cause, but also increased independent CVD, and respiratory disease 

mortality associated with shorter than 7 or 8 hours. 

This study had some limitations. First, we did not have data to classify 

sleep quality, sleep apnea, or sleep-disordered breathing, which could influence 

the health of long-duration sleepers. There may also be differences between 

self-reported sleep duration and values obtained through actigraphic monitoring. 

Although some studies have found good agreement between self-reported sleep 

durations and those measured through actigraphic monitoring (60), other studies 

have found self-reported sleep durations to overestimate those measured 

through actigraphic (61) and polysomnographic monitoring (62). Second, the 

causality of sleep duration and mortality is still unclear as we mentioned above. 

In this study, a change in all-cause mortality according to sleep duration seemed 

to be explained by that of CVD or respiratory disease. However, the results 

were still complex in stratified analysis and there is no other plausibility to 

explain these results especially in the group of 9 hours or of ≥10 hours. We 

carried out classification to other specific cause of deaths, and found increased 

mortality from respiratory disease and not elsewhere classified causes in longer 

time sleepers. This pattern was more prominent only in elderly, which means 

general health status accompanied comorbidities with aging might affect the 

association between sleep duration and mortality. Third, because each lifestyle 
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factor was assessed at the baseline only, we could not consider the changes of 

sleep duration over time. The validity of the results could have increased if we 

had performed repeated measures because the lifestyle factors might have 

changed after the enrollment period. Changes in sleep patterns over the follow-

up period could have weakened the association between sleep duration reported 

at baseline and mortality. Fourth, the number of subjects and follow-up duration 

were limited in the analysis of disease-specific mortality stratified by gender 

and age. Fifth, residual confounding is likely because this was an observational 

study and such studies are unable to adjust for all known and unknown 

confounding variables. 
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CONCLUSIONS 

In summary, this prospective cohort study found a U-shape relationship of 

sleep duration with an increased risk of death in both extremes (≤5 and ≥10 

hours of sleep duration). This relationship was revealed in death due to CVD, 

respiratory disease and not-elsewhere classified cause. All of these findings of 

curvilinear relation including a U-shape were observed even after stratified to 

gender and elderly ≥60 regardless of statistical significance. It was the finding 

that sleep duration of 7 hours and of 8 hours showed the lowest risk of death 

due to all-cause and disease-specific cause. The results from this study suggest 

that sleep duration of 7 to 8 hours might be recommended to the public for a 

general healthy lifestyle in Korea. Further studies are needed to investigate the 

influence of biological mechanisms or gender differences on the association 

between sleep duration and risk of death. 
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Figure 1. Study subjects for the association between sleep duration and mortality from the Korean Multi-
center Cancer Cohort study (KMCC) 
 

Residents out of Chungju, Haman, Ulgin and Youngil (n=235) 

Participants with missing information in ‘date of birth’ (n=43) 

Participants who were younger than 20 years old (n=1,245) 

Korean Multi-center Cancer Cohort (KMCC) Study: 20,257 (1993-2004) 

Study population: 13,164 
(Men: 5,447, Women: 7,717) 

Did not ask for sleep duration during 1994, 1995 and 1997 (n=4,898) 
Participants with missing information in sleep duration (n=672) 
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Table 1. Classification of the cause of death based on the ICD-10* 
 

Cause of death ICD-10 code 

All-cause death A00-Z99 

Cancer death C00-C97 

Cardiovascular disease (CVD) death* I00-I99 

Heart disease death I00-I09, I11, I13, I20-I51 

Stroke death I60-I69 

Respiratory disease death J00-J99, A15-A19 

External cause of death S00-S99, T00-T99, V01-X59 

Other causes of death 
A00-A14, A20-A99, D00-H95,  
K00-R99, Z00-Z99 

Not elsewhere classified cause of death R00-R99 

* International Classification of Diseases. 
* Including coronary heart disease except essential and secondary hypertension. 
* Heart Disease and Stroke Statistics-2012 Update: A Report from the American Heart 
Association. Circulation. 2012;125:e2-e220. 
* BMI-mortality paradox and fitness in African American and Caucasian men with 
type 2 diabetes. Diabetes Care. 2012;35(5):1021-1027. 
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Table 2. The number of deaths of study population in the Korean Multi-center Cancer Cohort (KMCC) study according to 
sleep duration 

 Sleep duration (hours) 

 ≤ 5  6  7  8  9  ≥ 10  Total 

No. of cohort 1,674 2,954 3,778 3,319 910 529 13,164 

No. of cohort (%) 12.7 22.4 28.7 25.3 6.9 4.0 100 

Duration of follow up (PY) 14,898.30 28,058.28 36,608.82 31,903.09 8,209.71 4,567.98 124,267.18 

Duration of follow up (PY, mean/SD) 8.90 (3.31) 9.50 (3.31) 9.69 (3.34) 9.61 (3.31) 9.02 (3.45) 8.64 (3.32) 9.44 (3.34) 

No. of deaths        

All-cause of deaths1 270 348 388 354 127 85 1,580 

CVD deaths2 76 86 81 76 26 18 363 

Heart disease3 38 35 40 31 12 11 167 

Stroke4 36 46 36 43 13 6 180 

Cancer deaths5 75 108 141 135 41 26 526 

Respiratory disease deaths6 30 30 20 14 11 7 126 

External cause of deaths7 29 35 53 49 15 8 189 
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Other cause of deaths8 67 86 91 75 32 25 376 

Not elsewhere classified cause9 20 26 24 15 12 14 112 

1. ICD-10 codes of A00-Z99 
2. ICD-10 codes of I00-I99 
3. ICD-10 codes of I00–I09, I11, I13, I20–I51 
4. ICD-10 codes of I60-I69 
5. ICD-10 codes of C00-C99. 
6. ICD-10 codes of J00-J99, A15-A19 
7. ICD-10 codes of S00-S99, T00-T99, V01-X59 
8. ICD-10 codes of A00-A14, A20-A99, D00-H95, K00-R99, Z00-Z99. 
9. ICD-10 codes of R00-R99 
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Table 3. General characteristics of the study population at the time of enrollment factors in the Korean Multi-center 
Cancer Cohort (KMCC) study according to sleep duration 

 Sleep duration (hours) 

  ≤ 5 6 7 8 9 ≥ 10 

n=13,164 n=1,674 n=2,954 n=3,778 n=3,319 n=910 n=529 

Category1 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-value2 

Age (years) 61.1 (12.0) 54.1 (13.5) 53.1 (13.0) 53.6 (12.8) 55.8 (13.2) 58.4 (12.8) <.0001 

Body mass index (kg/m2) 23.6 (3.3) 23.8 (3.3) 23.8 (3.2) 23.8 (3.2) 23.8 (3.2) 23.8 (3.4) 0.18 

Waist circumference (cm) 84.7 (8.7) 84.8 (8.6) 84.2 (8.9) 84.4 (8.4) 84.6 (9.7) 85.8 (9.6) 0.21 

Category % % % % % % p-value3 

Female 65.9 58.0 56.6 58.1 61.0 52.4 <.0001 

Educated4 18.8 28.5 34.6 33.2 27.5 28.9 <.0001 

Current smoker 24.7 27.9 28.4 27.1 23.2 29.7 <.0001 

Current drinker 34.6 41.5 40.8 37.5 34.5 40.5 <.0001 

Past medical history        

Hypertension 18.3 12.6 11.3 11.3 12.1 15.6 <.0001 

Diabetes mellitus 6.9 5.0 4.3 5.2 4.4 5.5 0.004 

Cardiovascular disease 6.7 3.5 3.6 3.3 3.6 6.2 <.0001 
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Respiratory disease5 8.3 6.9 6.2 6.3 6.7 6.7 0.13 

Thyroid disease 1.9 1.9 2.0 1.6 3.2 2.8 0.06 

Metabolic syndrome        

Comorbidity of hypertension6 24.3 18.6 16.7 15.8 20.2 23.1 <.0001 

Comorbidity of diabetes mellitus7 7.5 5.6 5.3 6.1 4.8 7.0 0.01 

Abdominal obesity8 13.3 12.2 11.4 10.9 13.3 16.8 0.14 

Low HDL cholesterol9 13.3 12.4 10.5 11.4 12.2 15.7 0.46 

High triglyceride10 15.2 12.5 10.4 11.8 12.2 16.8 0.01 

≥ 3 of components 15.6 11.4 9.7 10.0 12.6 15.3 <.0001 

Hypercholesterolemia        

High total cholesterol11 14.1 10.9 10.2 10.4 12.6 14.4 0.08 

High LDL cholesterol12 22.6 19.1 17.2 19.0 20.3 25.3 0.08 

1. Data are given as mean (SD). 
2. Significance tests for the categories of sleep time based on t-test and ANOVA test for continuous characteristics. 
3. Significance tests for the categories of sleep time based on the Chi-square test for contingency table analysis of categorical characteristics. 
4. Person who ever been educated for ≥12 years. 
5. Including tuberculosis, chronic bronchitis, pneumonia, asthma and chronic obstructive pulmonary disease. 
6. Person who ever diagnosed of hypertension or SBP≥130, DBP≥85 (mmHg). 
7. Person who ever diagnosed of diabetes mellitus or fasting plasma glucose level ≥100 (mg/dL). 
8. Person whose waist circumference >102 in men, or >88 in women (cm). 



31 
 

9. Person whose level of fasting plasma HDL level < 40 in men, or <50 in women (mg/dL). 
10. Person whose level of fasting plasma triglyceride level ≥150 (mg/dL). 
11. Person whose level of fasting plasma total cholesterol level ≥200 (mg/dL). 
12. Person whose level of fasting plasma LDL level ≥100 (mg/dL) 
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Table 4. Hazard ratios and 95% confidence intervals for all-cause 
mortality according to sleep duration in the Korean Multi-center Cancer 
Cohort (KMCC) study 

All-cause mortality2     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 1,674 278 1.21 (1.03-1.41) 0.001 

 6 2,954 348 1.10 (0.95-1.27)  

 7 3,778 388 1.00 (ref)  

 8 3,319 354 1.03 (0.89-1.19)  

 9 910 127 1.36 (1.11-1.67)  

 ≥ 10 529 85 1.36 (1.07-1.72)  

 Total 13,164 1,580   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of A00-Z99. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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All-cause mortality 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of A00-Z99. 
Figure 2. Nonparametric regression curve for the relation of sleep duration 
with all-cause mortality, the Korean Multi-center Cancer Cohort (KMCC) 
study 
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Table 5. Hazard ratios and 95% confidence intervals for all-cause 
mortality by sleep duration in gender-stratified analyses within in the 
Korean Multi-center Cancer Cohort (KMCC) study 

All-cause mortality2    

Men (n=5,447)     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 570 137 1.10 (0.89-1.36) 0.35 

 6 1,240 205 1.09 (0.90-1.30)  

 7 1,638 241 1.00 (ref)  

 8 1,392 223 1.02 (0.85-1.23)  

 9 355 65 1.28 (0.97-1.69)  

 ≥ 10 252 52 1.15 (0.85-1.56)  

 Total 5,447 923   

Women (n=7,717)     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 1,104 141 1.41 (1.12-1.79) 0.002 

 6 1,714 143 1.16 (0.92-1.46)  

 7 2,140 147 1.00 (ref)  

 8 1,927 131 1.03 (0.81-1.30)  

 9 555 62 1.50 (1.11-2.02)  

 ≥ 10 277 33 1.87 (1.28-2.73)  

 Total 7,717 657   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of A00-Z99. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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All-cause mortality (Men) 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of A00-Z99. 

 
All-cause mortality (Women) 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of A00-Z99. 
Figure 3. Nonparametric regression curve for the relation of sleep duration 
with all-cause mortality in gender stratified analysis, the Korean Multi-
center Cancer Cohort (KMCC) study  
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Table 6. Hazard ratios and 95% confidence intervals for all-cause 
mortality by sleep duration in age-stratified analyses within in the Korean 
Multi-center Cancer Cohort study (KMCC) 

All-cause mortality2    

Age < 60      

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

≤ 5 594 41 1.35 (0.94-1.93) 0.42 

6 1,767 71 0.83 (0.62-1.11)  

7 2,433 126 1.00 (ref)  

8 2,068 87 0.81 (0.61-1.07)  

9 504 23 1.06 (0.68-1.65)  

≥ 10 260 14 1.01 (0.58-1.77)  

Total 7,626 357   

Age ≥ 60      

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

≤ 5 1,080 237 1.23 (1.03-1.47) 0.001 

6 1,187 277 1.22 (1.03-1.45)  

7 1,345 262 1.00 (ref)  

8 1,251 272 1.13 (0.95-1.33)  

9 406 104 1.49 (1.18-1.87)  

≥ 10 269 71 1.48 (1.13-1.93)  

Total 5,538 1,223   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of A00-Z99. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
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Table 7. Hazard ratios and 95% confidence intervals for cancer mortality 
according to sleep duration in the Korean Multi-center Cancer Cohort 
study (KMCC) 

Cancer mortality2     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 1,674 75 0.93 (0.70-1.23) 0.91 

 6 2,954 108 0.94 (0.73-1.21)  

 7 3,778 141 1.00 (ref)  

 8 3,319 135 1.09 (0.84-1.38)  

 9 910 41 1.21 (0.85-1.72)  

 ≥ 10 529 26 1.08 (0.71-1.65)  

 Total 13,164 526   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of C00-C97. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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Cancer mortality 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of C00-C97. 
Figure 4. Nonparametric regression curve for the relation of sleep duration 
with cancer mortality, the Korean Multi-center Cancer Cohort (KMCC) 
study  
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Table 8. Hazard ratios and 95% confidence intervals for CVD mortality 
according to sleep duration in the Korean Multi-center Cancer Cohort 
study (KMCC) 

CVD mortality2   

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

≤ 5 1,674 76 1.40 (1.02-1.93) 0.09 

6 2,954 86 1.25 (0.92-1.69)  

7 3,778 81 1.00 (ref)  

8 3,319 76 1.04 (0.76-1.42)  

9 910 26 1.26 (0.81-1.96)  

≥ 10 529 18 1.37 (0.82-2.29)  

total 13,164 363   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of I00-I99. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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CVD mortality 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of I00-I99. 
Figure 5. Nonparametric regression curve for the relation of sleep duration 
with CVD mortality, the Korean Multi-center Cancer Cohort (KMCC) 
study 
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Table 9. Hazard ratios and 95% confidence intervals for CVD mortality by 
sleep duration in gender-stratified analyses within in the Korean Multi-
center Cancer Cohort study (KMCC) 

CVD mortality2    

Men (n=5,447)     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 570 33 1.43 (0.89-2.30) 0.29 

 6 1,240 38 1.21 (0.77-1.91)  

 7 1,638 38 1.00 (ref)  

 8 1,392 39 1.06 (0.68-1.67)  

 9 355 9 1.05 (0.51-2.19)  

 ≥ 10 252 12 1.53 (0.79-2.95)  

 Total 5,447 169   

Women (n=7,717)     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 1,104 43 1.48 (0.97-2.28) 0.26 

 6 1,714 48 1.32 (0.87-2.00)  

 7 2,140 43 1.00 (ref)  

 8 1,927 37 1.00 (0.64-1.55)  

 9 555 17 1.40 (0.80-2.46)  

 ≥ 10 277 6 1.13 (0.48-2.67)  

 Total 7,717 194   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of I00-I99. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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CVD mortality (Men) 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of I00-I99 

 
CVD mortality (Women) 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of I00-I99. 
Figure 6. Nonparametric regression curve for the relation of sleep duration 
with CVD mortality in gender stratified analysis, the Korean Multi-center 
Cancer Cohort (KMCC) study
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Table 10. Hazard ratios and 95% confidence intervals for CVD mortality 
by sleep duration in age-stratified analyses within in the Korean Multi-
center Cancer Cohort study (KMCC) 

CVD mortality2    

Age < 60     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 594 6 1.37 (0.54-3.48) 0.85 

 6 1,767 12 1.00 (0.48-2.09)  

 7 2,433 18 1.00 (ref)  

 8 2,068 13 0.94 (0.46-1.93)  

 9 504 5 1.58 (0.58-4.30)  

 ≥ 10 260 1 0.57 (0.07-4.30)  

 total 7,626 55   

Age ≥ 60     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 1,080 70 1.41 (1.00-1.98)2 0.08 

 6 1,187 74 1.31 (0.94-1.84)  

 7 1,345 63 1.00 (ref)  

 8 1,251 63 1.07 (0.76-1.52)  

 9 406 21 1.22 (0.74-2.01)  

 ≥ 10 269 17 1.52 (0.88-2.60)  

 total 5,538 308   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of I00-I99. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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Table 11. Hazard ratios and 95% confidence intervals for respiratory 
disease mortality according to sleep duration in the Korean Multi-center 
Cancer Cohort study (KMCC) 

Respiratory disease mortality2   

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

≤ 5 1,674 31 1.85 (1.05-3.26) 0.01 

6 2,954 33 1.75 (1.02-3.02)  

7 3,778 22 1.00 (ref)  

8 3,319 19 0.98 (0.52-1.82)  

9 910 13 2.38 (1.18-4.76)  

≥ 10 529 8 1.98 (0.87-4.49)  

Total 13,164 126 0.30  

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of J00-J99, A15-A19. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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Respiratory disease mortality 

* p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 

* ICD-10 codes of J00-J99, A15-A19. 
Figure 7. Nonparametric regression curve for the relation of sleep duration 
with respiratory disease mortality, the Korean Multi-center Cancer Cohort 
(KMCC) study 
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Table 12. Hazard ratios and 95% confidence intervals for respiratory 
disease mortality by sleep duration in gender-stratified analyses within in 
the Korean Multi-center Cancer Cohort study (KMCC) 

Respiratory disease mortality2   

Men (n=5,447)     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 570 17 1.51 (0.73-3.13) 0.17 

 6 1,240 24 1.88 (0.98-3.60)  

 7 1,638 15 1.00 (ref)  

 8 1,392 11 0.82 (0.37-1.79)  

 9 355 10 3.12 (1.37-7.11)  

 ≥ 10 252 3 0.97 (0.28-3.41)  

 Total 5,447 80   

Women (n=7,717)     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 1,104 14 2.42 (0.95-6.19) 0.008 

 6 1,714 9 1.45 (0.53-3.97)  

 7 2,140 7 1.00 (ref)  

 8 1,927 8 1.18 (0.43-3.30)  

 9 555 3 1.48 (0.38-5.80)  

 ≥ 10 277 5 5.43 (1.68-17.52)  

 Total 7,717 46   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of J00-J99, A15-A19. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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Respiratory disease mortality (Men) 

 
* p-value for the non-linear relation between sleep duration and mortality tested 

by restricted cubic splines. 
* ICD-10 codes of J00-J99, A15-A19. 

 
Respiratory disease mortality (Women) 

 
* p-value for the non-linear relation between sleep duration and mortality tested 

by restricted cubic splines. 
* ICD-10 codes of J00-J99, A15-A19. 
Figure 8. Nonparametric regression curve for the relation of sleep duration 
with respiratory disease mortality in gender stratified analysis, the Korean 
Multi-center Cancer Cohort (KMCC) study
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Table 13. Hazard ratios and 95% confidence intervals for respiratory 
disease mortality by sleep duration in age-stratified analyses within in the 
Korean Multi-center Cancer Cohort study (KMCC) 

Respiratory disease mortality2   

Age < 60     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

≤ 5 594 4 7.60 (1.32-43.9) N/A 

6 1,767 5 3.76 (0.71-19.9)  

7 2,433 2 1.00 (ref)  

8 2,068 3 1.93 (0.32-11.7)  

9 504 0 N/A  

≥ 10 260 0 N/A  

Total 7,626 14   

Age ≥ 60     

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

≤ 5 1,080 27 1.80 (1.03-3.34) 0.004 

6 1,187 28 1.67 (0.93-2.97)  

7 1,345 20 1.00 (ref)  

8 1,251 16 0.88 (0.46-1.70)  

9 406 13 2.65 (1.31-5.39)  

≥ 10 269 8 2.25 (0.98-5.16)  

Total 5,538 112   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of J00-J99, A15-A19. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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Table 14. Hazard ratios and 95% confidence intervals for mortality from 
external cause according to sleep duration in the Korean Multi-center 
Cancer Cohort study (KMCC) 

Mortality from external cause2   

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

 ≤ 5 1,674 29 1.12 (0.71-1.78) 0.49 

 6 2,954 35 0.83 (0.54-1.27)  

 7 3,778 53 1.00 (ref)  

 8 3,319 49 1.06 (0.72-1.57)  

 9 910 15 1.27 (0.72-2.27)  

 ≥ 10 529 8 1.01 (0.48-2.13)  

 Total 13,164 189   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of S00-S99, T00-T99, and V01-X59. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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Mortality from external cause of death 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of S00-S99, T00-T99, and V01-X59. 
Figure 9. Nonparametric regression curve for the relation of sleep duration 
with mortality from external cause, the Korean Multi-center Cancer 
Cohort (KMCC) study 
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Table 15. Hazard ratios and 95% confidence intervals for mortality from 
not elsewhere classified cause according to sleep duration in the Korean 
Multi-center Cancer Cohort study (KMCC) 

Mortality from not elsewhere classified cause3 

Sleep duration (hours) No. of cohorts No. of deaths aHR (95% CI)1 p-value3 

≤ 5 1,674 20 1.10 (0.59-2.04) 0.001 

6 2,954 27 1.35 (0.78-2.36)  

7 3,778 24 1.00 (ref)  

8 3,319 15 0.72 (0.38-1.38)  

9 910 12 1.96 (0.97-3.96)  

≥ 10 529 14 3.29 (1.68-6.47)  

Total 13,164 112   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of R00-R99. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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Mortality from “not elsewhere classified” cause of death 
 

.  
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of R00-R99. 
Figure 10. Nonparametric regression curve for the relation of sleep 
duration with mortality from “not elsewhere classified” cause, the Korean 
Multi-center Cancer Cohort (KMCC) study 
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Table 16. Hazard ratios and 95% confidence intervals for mortality from 
not elsewhere classified cause by sleep duration in gender-stratified 
analyses within in the Korean Multi-center Cancer Cohort study (KMCC) 

Mortality from not elsewhere classified cause3 

Men No.of cohorts No. of deaths aHR (95% CI)1 p-value4 

Sleep duration (hours)    

≤ 5 570 8 1.10 (0.45-2.73) 0.005 

6 1,240 13 1.22 (0.56-2.66)  

7 1,638 13 1.00 (ref)  

8 1,392 8 0.72 (0.30-1.75)  

9 355 6 2.31 (0.85-6.25)  

≥ 10 252 8 3.71 (1.49-9.25)  

Total 5,447 56   

Women No.of cohorts No. of deaths aHR (95% CI)1 p-value4 

Sleep duration (hours)    

≤ 5 1,104 12 1.14 (0.48-2.75) 0.004 

6 1,714 14 1.74 (0.77-3.93)  

7 2,140 11 1.00 (ref)  

8 1,927 7 0.69 (0.25-1.86)  

9 555 6 2.29 (0.83-6.31)  

≥ 10 277 6 2.55 (0.91-7.12)  

Total 7,717 56   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of R00-R99. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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Mortality from “not elsewhere classified” cause of death (Men) 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of R00-R99. 

 
Mortality from “not elsewhere classified” cause of death (Women) 

 
* p-value for the non-linear relation between sleep duration and mortality tested by 

restricted cubic splines. 
* ICD-10 codes of R00-R99. 
Figure 11. Nonparametric regression curve for the relation of sleep 
duration with mortality from “not elsewhere classified” cause in gender-
stratified analysis, the Korean Multi-center Cancer Cohort (KMCC) study 
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Table 17. Hazard ratios and 95% confidence intervals for mortality from 
not elsewhere classified cause by sleep duration in age-stratified analyses 
within in the Korean Multi-center Cancer Cohort study (KMCC) 

Mortality from not elsewhere classified cause2 

Age < 60     

Sleep duration (hours) No.of cohorts No. of deaths aHR (95% CI)1 p-value3 

≤ 5 594 2 8.18 (0.97-68.94) N/A 

6 1,767 3 3.34 (0.53-21.26)  

7 2,433 2 1.00 (ref)  

8 2,068 2 1.14 (0.15-8.60)  

9 504 0 N/A  

≥ 10 260 1 10.78 (0.82-141.5)  

Total 7,626 10   

Age ≥ 60     

Sleep duration (hours) No.of cohorts No. of deaths aHR (95% CI)1 p-value3 

≤ 5 1,080 18 1.00 (0.52-1.90) 0.001 

6 1,187 24 1.27 (0.71-2.28)  

7 1,345 22 1.00 (ref)  

8 1,251 13 0.67 (0.34-1.35)  

9 406 12 2.02 (0.98-4.15)  

≥ 10 269 13 3.15 (1.56-6.34)  

Total 5,538 102   

1. Hazard ratios and 95% confidence intervals were based on Cox’s proportional 
hazard model, adjusting for age, sex, educational attainment, BMI, cigarette smoking, 
alcohol consumption, past history of hypertension, diabetes mellitus, cardiovascular 
disease and metabolic syndrome. 
2. ICD-10 codes of R00-R99. 
3. p-value for the non-linear relation between sleep duration and mortality tested by 
restricted cubic splines. 
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수면시간과 한국인 사망 험에 한  

향  코 트 연구 

 

여요  

학과 학 공 

울 학  학원 

 

연구목 : 수면시간  수면  질과 불어 삶  질  평가하는 지

이다. 일  하지 못한 수면시간  건강과 어 있다고 

알  있다. 그러나 장 인 건강 향  고 한 한 수면시간  

권장하  한 연구결과는 아직 이 이 많다. 본 코 트 연구는 한국

인  상  수면시간에 른 장  건강 향 지  사망 험

과   살펴보고자 한국 다  암 코 트 연구(KMCC)를 이

용하여 수행 었다. 
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법: 1993 부  일  지역주민  상  구축 어 장 간 추

어 고 있는 한국인 다  암 코 트  연구 상자 20,257 명  20

 이상 남  연구가 상  수면시간에 한 보를 가지고 있는 

13,164 명  분 상  하여 수면시간과 사망 과   분

하 다. 수면시간  입  당시 수행한 면 조사 시  지를 탕

 하 다. 연구 상자  사망자  인  2010  12 월  

 통계청 사망자료를 이용하 며, 동 자료원  통해 사망  원인

 함께 입수하여 ICD-10  분 하 다. 사망원인  체사망, 암 

사망, 심 계질  사망, 흡 계질  사망 등  구분하 다. 콕

스 험모  사용하여 수면시간과 체 사망 , 질  군 별 사

망  사망 험  95% 신뢰구간  평가하 다. 

 

결과:  124,267.2 인  추 찰 간  사망한 사람  모  

1,580 명이었 며 이  암 사망자는 526 명, 순 계 질 에 한 사

망자는 363 명이었다. 수면시간과 사망 험과  계는 U 자  태

를 보이며 7 시간 또는 8 시간에  가장 낮  사망 험  보 다. 7 시

간 수면   하루 5 시간 이하  수면  취할 경우 사망 험

이 1.21  (95% 신뢰구간 1.03-1.41) 높았 며, 하루 9 시간 수면  취



67 
 

하는 경우 1.36  (95% CI 1.11-1.67), 10 시간 이상 수면  취하는 경우

에도 1.36  높았다. 통계 인  차이는 있 나, 7 시간 또는 8

시간 외  수면에  험이 증가하는 경향  여 에  뚜 히 찰

었다. 또한 60  미만, 60  이상  하  , 그 경향  60

 이상에  뚜 하게 찰 었다. 입  당시 60  이상인 사람에  

하루 5 시간 이하 수면하는 경우 7 시간 수면에 해 사망 험이 

1.23  (95% 신뢰구간 1.03-1.47) 증가하 다. 하루 9 시간, 10 시간 이

상 수면하는 경우에도 사망 험이 증가하 다. 질  별 사망원인  

살펴보면, 암  인한 사망  수면 시간과 특 한  보이지 

않았다. 면에, 심 계질  인한 사망  경우 5 시간 이하 수

면  취하는 군에  1.40  (95% 신뢰구간 1.02-1.93), 10 시간 이상  

경우 1.37  (95% 신뢰구간 0.82-2.29) 증가하 다. 흡 계질  

인한 사망 험  5 시간 이하 수면 군에  1.85  (95% 신뢰구간 

1.05-3.26), 10 시간 이상  경우 1.98  (0.87-4.49) 증가하 며, 이러

한 U 자   통계  하 다 (pcurvilinearity=0.01).  

 

결 : 수면시간에 른 장 인 건강 향  사망 험  살펴본 결

과, 7 시간 또는 8 시간  외한 수면시간  가질 경우, 거나 많  
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수면시간  경우 모  사망 험이 증가하 다. 심 계질 , 흡

계질  등 인별 사망 험에  나타나는 일 는 결과를 고 하

 , 장 인 건강 향  고 한 수면시간  7 시간 또는 8

시간  권장하는 것이 람직할 것  생각 다. 

 

주요어: 수면시간, 사망, 심 계질  사망, 암 사망, 흡 계질  

사망, 한국 다  암 코 트 연구, 한국인 
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