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Background: The association between sleep duration and body composition measures in Korean adults remains
unclear.

Methods: This cross-sectional study included 3,532 subjects aged >40 years (1,542 men and 1,990 women) who
participated in the 2010 Korea National Health and Nutrition Examination Survey V-1. Self-reported sleep duration
and anthropometric data were collected. Appendicular skeletal muscle mass (ASM) was quantified via dual-energy
X-ray absorptiometry. Obesity was defined according to the body mass index and waist circumference. Sarcopenia
was defined as the muscle mass percentage (ASM/weight) below the lowest quintile computed for the study popu-
lation. Multivariate logistic regressions with or without adjustment for sociodemographic and lifestyle factors were
used to evaluate the association of sleep duration with obesity and sarcopenia for participants who slept <5, 6-8,
and >9 h/d. The results were expressed as odds ratios (ORs) with 95% confidence intervals (95% ClIs).

Results: In women, the association between sleep duration and sarcopenia was stronger for individuals who slept
>9 h/d than for those who slept 6-8 h/d (unadjusted OR, 1.99; 95% CI, 1.19-3.34; adjusted OR, 1.77; 95% CI, 1.06-
2.96).

Conclusion: Longer sleep duration is associated with a significantly higher incidence of sarcopenia in Korean
women aged >40 years.
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INTRODUCTION

Normal aging is associated with changes in body composition charac-
terized by a relative decline in muscle mass and a progressive increase
in fat mass.” Body composition redistribution begins to accelerate in
the late 30s and into the 40s.? Obesity, which consists of abnormal or
excessive fat accumulation, is known to be associated with an in-
creased risk of mortality and adverse health outcomes, including can-
cer, cardiovascular disease, diabetes, and hypertension.” Sarcopenia,
which is the age-related progressive loss of muscle mass, is also known
to be associated with adverse health outcomes, such as physical inac-
tivity, disability, diabetes, metabolic syndrome, cardiovascular disease,
and mortality.*® Considering the significant influence of body compo-
sition on the health of middle-aged and elderly individuals, it is of
great relevance to determine the factors related to changes in body
composition and to understand their mechanisms of action in the
general population.

Sleep is considered an important lifestyle factor affecting health. Not
only are sleep disorders such as sleep loss, long-term sleep depriva-
tion, and alterations in sleep duration common in modern society, but
the risks associated with sleep disorders increase with age.*” In partic-
ular, physical inactivity, lower functional capacity, and physical dis-
ability are associated with longer sleep duration.*” Additionally, sever-
al studies have reported associations between sleep duration (shorter
or longer) and obesity. However, given the variations in study design
and large differences in the target populations, it is difficult to draw
conclusions on the consistency of these associations. Moreover, most
studies on this topic have been conducted in Western populations,
which differ from Asian populations in terms of sleep patterns, body
composition, and relevant sociocultural factors'®*" such as occupa-
tional stress and eating habits, which may significantly affect the rela-
tionship between sleep and body composition measures.

Despite the enormous clinical importance of sleep and body com-
position, very few studies have assessed the effects of sleep duration
on obesity and the sarcopenic status in the general population. This
paucity of data is also apparent in Korean populations. Furthermore,
the redistribution of body composition, including aspects involved in
obesity and the sarcopenic status, is known to accelerate and progress
substantially in the late 30s and into the 40s.” However, previous stud-
ies conducted in Korea have not focused on subjects aged 40 years or
older, i.e., those expected to experience accelerated redistribution of
body composition. In addition, previous studies undertaken in Korea
considered only obesity indices, and not sarcopenia.’ Therefore, the
present study, which was conducted using nationally representative
survey data, aimed to assess the relationship of sleep duration with

obesity and sarcopenia in Korean adults aged 40 years or older.

METHODS

1. Study Population
The study was based on the 5th Korea National Health and Nutrition
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Examination Survey (KNHANES V-1), conducted in 2010 by the Korea
Centers for Disease Control and Prevention, which aimed to use the
data for estimating health status in the Korean population and evalu-
ating health policies and programs. All study participants provided in-
formed consent, and the appropriate ethics review board of the Chun-
cheon Sacred Heart Hospital approved the study design (IRB approval
no., 2017-32). KNHANES enrolled representative subjects selected by
stratified multistage sampling. These surveys have generated nation-
wide and representative statistical data through self-administered
questionnaires regarding health status, nutritional status, and health
behaviors."?

The Korea Centers for Disease Control and Prevention selected
10,983 individuals from households of various sizes (n=3,840). Of
these, 8,958 subjects participated in the KNHANES V-1 surveys (re-
sponse rate=81.9%). We applied the following exclusion criteria: age
<40 years (n=4,406); previous diagnosis of ischemic heart disease,
stroke, liver cirrhosis, chronic kidney disease, or cancer (n=479); and
missing data (n=541). A total of 3,532 subjects (1,542 men and 1,990

women) were included in the final statistical analysis.

2. Definitions of Obesity and Sarcopenia

Height and body weight were obtained according to the standard
guidelines using internationally certified anthropometric equipment.
Height (cm) was measured with participants standing upright and not
wearing shoes. Body weight (kg) was measured with participants
dressed in light clothing but not wearing shoes. Waist circumference
(cm) was measured at the midpoint between the lower end of the 12th
rib and the upper end of the iliac crest during minimal respiration. The
body mass index (BMI) was calculated as body weight (kg) divided by
height (m) squared (i.e., kg/m?). A cutoff of BMI >25 kg/m® was used to
define general obesity, while central obesity was defined as a waist cir-
cumference >90 cm in men and >85 cm in women.'?

Body composition, including body fat percentage and appendicular
skeletal muscle mass (ASM, in kg), were quantified using dual-energy
X-ray absorptiometry (DISCOVERY-W fan-beam densitometer; Ho-
logic Inc., Bedford, MA, USA). ASM was defined as the sum of the
muscle mass in the arms and legs, assuming that all non-fat and non-
bone tissues were skeletal muscles. The sarcopenic status was defined
as the percentage of muscle mass (ASM/weight) below the lowest
quintile computed for the study population, based on the data and
recommendations included in the consensus report of the Asian
Working Group for Sarcopenia.'® Therefore, in the present study, the
cutoff for sarcopenic status was a muscle mass percentage of 29.26% in

men and 29.54% in women.

3. Sleep Duration and Other Variables

Sleep duration (h/d) was self-reported in integer values. Specifically,
the subjects reported a number between 00 and 24 hours in response
to the question “How long do you usually sleep at night?” The re-
sponses were classified into three categories: short sleep duration (<5

h/d), appropriate sleep duration (6-8 h/d), and long sleep duration (=9
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h/d).=261

Household equivalent income was calculated as the sum of the
monthly income of all household members divided by the square root
of the number of household members. Subsequently, household
equivalent income was classified into four groups: lowest, middle-low,
middle-high, and highest. Regular exercise was defined as having oc-
curred in respondents who performed moderate-to-strenuous exer-
cise on a regular basis (i.e., moderate exercise for >30 minutes at a
time, >5 times per week; or strenuous exercise for >20 minutes at a
time, >5 times per week). Smoking status was defined as non-smoker
or current smoker based on the answer to the question “Do you cur-
rently smoke?” Alcohol drinking status was assigned based on the an-
swer to the question “Did you drink more than one glass of liquor dur-

ing the last month?”*

4. Statistical Analysis
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55.7+0.4 years, respectively. Approximately 56.3% (n=1,990) of the re-
spondents were women (Table 1). In men, the mean BMI, waist cir-
cumference, and muscle mass percentage (i.e., ASM/weight) was
24.05+0.09 kg/m? 85.1+0.3 cm, and 31.53%+0.13%, respectively. In
women, these values were 23.96+0.1 kg/m? 80.6+0.4 cm, and
24.63%+0.11%, respectively. The mean sleep duration was 6.9+0.1 and
6.7+0.04 h/d in men and women, respectively. In addition, most men
(79.2%) and most women (73.9%) reported sleeping 6-8 h/d.

The descriptive characteristics of the study population stratified ac-
cording to sleep duration and sex are shown in Table 2. In men, sleep
duration was significantly associated with age, height, body weight,
BM], total body fat percentage, alcohol drinking status, and household

income (P<0.05 for each). In women, sleep duration was significantly

Table 1. General characteristics of the study population stratified by sex

To minimize the bias in the representation of the general Korean pop- Characteristic Men (n=1,542) Women (n=1,990) P-value*
ulation, all estimates were calculated based on sample weights and Age () 53.7+0.4 55.7+0.4 <0.001
adjusted for the complex sample design of the survey. Data for contin- Height (cm) 169.0+0.2 155.0+0.2 <0.001
uous and categorical variables were expressed as meanz+standard er- Body weight (kg) 68.5+0.3 57.7+0.3 <0.001
. .. Waist circumference (cm) 85.1+0.3 80.6+0.4 <0.001
ror (SE) and I?ercentage .(iSE)’ respecnvel'y. General characteristics Body mass index (kg/m?) 24.0540.09 23.96+0.1 0.506
were summarized according to sleep duration and sex, and between- Total body fat (%) 23340.3 34.740.2 <0.001
group differences were assessed using analysis of variance and chi- ASM (kg) 21.5+0.1 14.1+0.1 <0.001
square tests. Odds ratios (ORs) and 95% confidence intervals (CIs) for ASM/body weight (%) 31.53+0.13 24.63+0.11 <0.001
the associations of sleep duration with obesity and sarcopenia by sex Current smoker 40.7 (=1.7) 4.7 (0.7) <0.001
) ) . . ) . Alcohol drinker 76.4 (+1.4) 37214  <0.001
were estimated using multivariate logistic regression analyses with or :

Regular exercise 24.5 (+1.5) 21.5(x1.3) 0.074
without adjustment for confounding factors. Statistical analyses were eSSk rasehal iagme 16.2 (+1.3) 24 (+1.6) <0001
performed using SAS ver. 9.3 (SAS Institute Inc., Cary, NC, USA) with Sleep duration (h/d) 6.9+0.1 6.7+0.04 <0.001
the survey sampling procedure. All tests were two-sided, and P-values Sleep duration (h/d) <0.001
<0.05 were considered to indicate statistical significance. <5 12.6 (+0.9) 19.8 (x1.2)

6-8 79.2 (+1.2) 73.9 (1.3
>9 8.3 (+1.0) 6.3 (0.9
RESULTS Values are presented as mean=standard error or % (standard error).
ASM, appendicular skeletal muscle mass.
The mean age in the male and female respondents was 53.7+0.4 and ~ *Calculated using Student t-test or chi-square tests.
Table 2. General characteristics of the study population stratified by sex and self-reported sleep duration
Men Women
Variable

<5h/d (n=216) 6-8h/d (n=1,204) >9h/d (n=122) P-value* <5h/d (n=402) 6-8h/d (n=1,461) >9h/d (n=127) P-value*
Age (y) 57.5+0.8 52.9+0.4 56.2+1.1 <0.001 60.8+0.8 54.1+0.4 59.5+1.4 <0.001
Height (cm) 168.0+0.1 169.0+0.2 167.0+0.1 0.005 154.0+0.5 156.0+0.2 154.0+0.1 <0.001
Body weight (kg) 67.8+0.9 68.9+0.3 65.2+1.2 0.007 57.1+0.6 58.0+0.3 57.1+0.9 0.257
Waist circumference (cm) 85.1+0.8 85.3+0.3 83.2+1.0 0.152 81.5+0.5 80.2+0.4 82.3+1.5 0.025
Body mass index (kg/m?) 24.1+0.28 24.12+0.09 23.29+0.31 0.042 24.01+0.19 23.93+0.11 24.18+0.4 0.758
Total body fat (%) 22.9+0.5 23.5+0.3 21.9+0.7 0.021 34.6+0.4 34.7+0.2 35.5+0.6 0.289
ASM (kg) 21.4+0.3 21.6+0.1 20.8+0.3 0.099 141+0.2 14.2+0.1 13.7+0.2 0.052
ASM/body weight (%) 31.64+0.25 31.45+0.13 32.14+0.36 0.098 24.84+0.18 24.61+0.11 24.21+0.26 0.059
Current smoker 38.2 (+3.8) 40.6 (+2.0) 46.3 (+4.7) 0.404 5.8 (+1.6) 4.4 (+0.8) 4.3 (+2.2) 0.695
Alcohol drinker 67.3 (+4.0) 78.5 (+1.4) 70.6 (+4.8) 0.005 30 (x2.6) 39.6 (+1.6) 31.8 (x4.9) 0.005
Regular exercise 24.8 (+3.7) 24.4 (+1.7) 25.3 (+4.9) 0.979 20.3 (+2.7) 22.3 (+1.6) 16.8 (+3.6) 0.448
Lowest household income 27 (+3.6) 14.2 (1.3 18.5 (x4.1) <0.001 35.4(x3.2) 19.4 (x1.5) 41.6 (+5.6) <0.001

Values are presented as meanzstandard error or % (xstandard error).
ASM, appendicular skeletal muscle mass.
*Calculated using analysis of variance and chi-square tests.
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associated with age, height, waist circumference, alcohol drinking sta-
tus, and household income (P<0.05 for each).

The results of the logistic regression analyses for the association of
sleep duration with obesity and sarcopenia in men are shown Table 3.
We found that, in men, sleep duration was not associated with general
obesity, central obesity, or sarcopenia before or after adjustment for
covariates. Specifically, after adjustment for covariates, the relation-
ship between sleep duration and central obesity was U-shaped, but
was not significant (for responders sleeping <5 h/d: OR, 1.08; 95% CI,
0.72-1.63; for responders sleeping >9 h/d: OR, 1.30; 95% CI, 0.78-2.15).

Table 4 presents the results of the logistic regression analyses for the
association of sleep duration with obesity and sarcopenia in women.
We found that the association between sleep duration and sarcopenia
was stronger in women sleeping =9 h/d than in those sleeping 6-8 h/d
both before (OR, 1.99; 95% CI, 1.19-3.34) and after (OR, 1.77; 95% CI,
1.06-2.96) adjustment for covariates. Additionally, we found that, in
women, the relationship between sleep duration and general obesity
was U-shaped before adjustment for covariates (OR, 1.08; 95% CI,
0.84-1.40 for women sleeping <5 h/d; OR, 1.14; 95% CI, 0.75-1.74 for
women sleeping >9 h/d), while the relationship between sleep dura-
tion and central obesity was U-shaped after adjusting for covariates
(OR, 1.11; 95% CI, 0.85-1.44 for women sleeping <5 h/d; OR, 1.02; 95%
CI, 0.61-1.69 for women sleeping >9 h/d); however, neither relation-

ship was significant.

DISCUSSION

The purpose of this study was to investigate the association of sleep
duration with obesity and sarcopenia in Korean adults >40 years of

age. In this representative sample of the Korean population, we found

Table 3. Association of sleep duration with obesity and sarcopenia in men
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that women with longer sleep durations had a higher risk of sarcope-
nia.

Several studies have investigated the relationships between sleep
duration and sarcopenia. One study reported that postmenopausal
women with long sleep durations had significantly lower values of
skeletal muscle mass,” while another reported that poor sleep quality
was independently associated with physical disability in older adults.'®
Moreover, sleep disturbances were associated with poor hand-grip
strength, which is a useful indicator of sarcopenia.'” In the present
study, we found that longer sleep duration was associated with signifi-
cantly higher incidence of sarcopenia in Korean women, even after
adjusting for potential confounders. However, the exact biological
mechanisms underlying the relationship between sleep and sarcope-
nia remain unclear, and further research is warranted to investigate
the related pathophysiologies.

The current body of literature suggests that several mechanisms
may contribute to the relationship between sleep and sarcopenia. Pre-
vious studies have reported that poor sleep quality and long sleep du-
ration are associated with low physical activity.”'**” Indeed, decreased
physical activity is considered an important risk factor for sarcopenia.”’
Consequently, it is possible that reduced levels of physical activity re-
sulting from long sleep duration can increase the risk for sarcope-
nia.>** In addition, some studies have suggested that long sleep dura-

tion may result in impaired cognitive function,"”

which is reportedly
associated with disturbances in physical function, including gait and
balance disorders and reduced strength in the lower extremities,
thereby increasing the risk for sarcopenia.*” With regard to sleep-relat-
ed hormonal pathways, poor sleep quality has been associated with
decreased secretion of growth hormone, insulin-like growth factor 1,

and testosterone, which results in the deterioration of muscle mass.?*®

Vs Unadjusted OR (95% CI) Adjusted* OR (95% Cl)
arianle

<5 hvd 6-8 h/d 9 vd <5 h/d 6-8 h/d >9h/d
General obesity 0.88 (0.60-1.28) 1 0.80 (0.50-1.26) 0.97 (0.65-1.45) 1 0.89 (0.55-1.42)
Central obesity 1.00 (0.67-1.49) 1 1.25 (0.76-2.05) 1.08 (0.72-1.69) 1 1.30 (0.78-2.15)
Sarcopenia’ 0.82 (0.54-1.25) 1 0.59 (0.32-1.11) 0.78 (0.51-1.20) 1 0.57 (0.31-1.05)

Associations calculated using multivariate logistic regression analysis.
OR, odds ratio; Cl, confidence interval.

*Adjusted for age, current smoking status, alcohol drinking status, regular exercise status, and household income quartile. *Sarcopenia was defined as low muscle mass
percentage (ratio between appendicular skeletal muscle mass and weight), with values <29.26% in men.

Table 4. Association of sleep duration with obesity and sarcopenia in women

Varebl Unadjusted ORs (95% Cl) Adjusted* ORs (95% Cl)
ariable

<5 h/d 6-8 h/d >9 h/d <5h/d 6-8 h/d >9 h/d
General obesity 1.08 (0.84-1.40) 1 1.14 (0.75-1.74) 0.96 (0.74-1.23) 1 1.01 (0.66—1.56)
Central obesity 0.79 (0.63-1.01) 1 0.80 (0.47-1.34) 1.11 (0.85-1.44) 1 1.02 (0.61-1.69)
Sarcopenia’ 0.92 (0.67-1.28) 1 1.99 (1.19-3.34) 0.78 (0.56-1.08) 1 1.77 (1.06-2.96)

Associations calculated using multivariate logistic regression analysis.
OR, odds ratio; Cl, confidence interval.

*Adjusted for age, current smoking status, alcohol drinking status, regular exercise status, and household income quartile. *Sarcopenia was defined as low muscle mass
percentage (ratio between appendicular skeletal muscle mass and weight), with values <29.54% in women.
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Taken together, these findings suggest that general physical illness as-
sociated with long sleep duration may increase the risk of sarcopenia.

In the present study, women with longer sleep duration had a high-
er incidence of sarcopenia, whereas no significant relationship was
observed in men. Although the mechanisms underlying this relation-
ship remain unclear, it is possible that there are sex-specific differences
in the pathophysiology of health conditions related to sleep duration.
One study suggested that sleep duration may be associated with car-
diometabolic outcomes, but only in women.?” A recent study con-
ducted in Korea found that long sleep duration was associated with a
higher prevalence of chronic kidney disease among Korean women,
whereas no significant relationship was noted in men.? Further de-
tailed studies are needed to examine the exact mechanism of sex-spe-
cific disorders related to sleep duration.

To prevent sarcopenia in the general population, it is important to
improve sleep quality through adequate physical activity. Physical ex-
ercise is the single most important intervention effective in reducing
the risk of sarcopenia, and has a positive impact on physical function'®
and sleep quality. Specifically, regular aerobic or resistance training
has been reported to positively influence sleep parameters and sleep
disorders, while resistance training has been shown to have acute ef-
fects on objective sleep parameters, decreasing the arousal index and
possibly leading to higher sleep consolidation.?**” Therefore, public
health interventions are needed in order to develop effective programs
for the promotion of regular physical activities and thus improve sleep
quality.

The present study had several limitations. First, this was a cross-sec-
tional study; therefore, we were unable to examine the temporal asso-
ciation of sleep duration with obesity and sarcopenia. Therefore, while
our findings suggest that reduced levels of physical activity resulting
from long sleep duration may lead to sarcopenia, it is also possible that
sarcopenia could lead to long sleep duration. Second, when diagnos-
ing sarcopenia, we did not define muscle function in terms of muscle
strength or physical performance. Instead, sarcopenia was diagnosed
based only on decreased skeletal muscle mass, which may have led to
misidentifying participants with or without sarcopenia. Third, the
study measured sleep duration based on self-reports, which may not
have resulted in accurate data. However, a previous study found that
self-reported data on sleep duration were strongly correlated with ac-
tigraphy-based measurements.?)

To the best of our knowledge, this study is the first to report an asso-
ciation between sleep duration and sarcopenia in a Korean popula-
tion. Moreover, our findings were based on a large sample that was
highly representative of the general population of Korea, and all analy-
ses used sample weights and adjusted for the complex sample design
of the survey.

Therefore, despite the limitations, our study provides evidence that
longer sleep duration is associated with a significantly higher inci-
dence of sarcopenia in Korean women over 40 years of age. In the fu-
ture, large-scale cohort studies should focus on determining causality

in the association of sleep duration with obesity and sarcopenia, and
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on exploring the possible mechanisms of these relationships. As sleep
duration is a potentially modifiable risk factor, our results may help
health advisors develop strategies to prevent or delay the progression

of sarcopenia.
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