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INTRODUCTION
Modern lifestyles are characterized by partial sleep depriva-

tion and obstructive sleep apnea (OSA). The median sleep time 
in adults has gradually decreased from 8 h per night to 7 h per 
night over the past four decades.1 The prevalence of sleep disor-
dered breathing (SDB) in adults in the United States is 24% in 
men and 9% in women,2 whereas it is 27% and 16% in middle-
aged Korean men and women, respectively.3 Interestingly, these 
trends have paralleled the obesity epidemic.4,5

Previous studies have shown that OSA is closely related to 
general and abdominal obesity.6 In addition, a number of studies 
have suggested an association between sleep duration and obe-
sity risks as indicated by a change in body mass index (BMI).7,8 
However, visceral obesity is a more reliable predictor for meta-
bolic derangements and cardiovascular diseases than BMI.9 
Because short sleep duration was reportedly associated with 
insulin resistance10 and components of metabolic syndrome,11,12 
visceral obesity may provide a link between increased meta-
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bolic risk and short sleep duration. However, to the best of our 
knowledge, only one study showed that extreme sleep duration 
(≤ 5 h or ≥ 8 h) is related to increases in visceral adipose tis-
sue in African-American and Hispanic-American cohorts, and 
these findings were only significant in persons younger than 
40 y.13 In addition, associations between visceral obesity and 
OSA have been studied exclusively in individuals of European 
descent, but not in Asians, who typically have lower BMIs. 
Despite lower BMI, East Asian men often have more severe 
OSA than men of European descent.14 This discrepancy may 
be attributed to the relatively higher visceral fat areas (VFA) in 
Asians for similar BMI.15 Therefore, the relationship between 
regional fat distribution, short sleep duration, and OSA may dif-
fer in Asians compared with other populations.

Short sleep duration and OSA share similar pathophysiologic 
mechanisms potentially linking to obesity, such as increased 
appetite, sympathetic activation, and a proinflammatory state. 
The presence of OSA in those with short sleep duration may 
further contribute to visceral obesity when compared with each 
condition in isolation. However, this combined effect has not 
yet been studied in Asians or other populations.

Therefore, the goal of this study was to document the dis-
tribution of regional body fat including abdominal VFA and 
subcutaneous fat, hepatic fat, and percent body fat according 
to subjective habitual sleep duration and the presence or ab-
sence of OSA. We also aimed to investigate whether short sleep 
duration and OSA, separately or jointly, were associated with 
visceral obesity in Korean adults.



SLEEP, Vol. 36, No. 5, 2013 724 Sleep and Body Fat Distribution—Kim et al

METHODS

Participants
All study participants were drawn from a cohort in the on-

going, prospective, population-based Korean Genome and 
Epidemiology Study. The Korean Genome and Epidemiology 
Study was designed to establish a representative adult cohort 
in the city of Ansan, Korea and to identify the epidemiologic 
characteristics and the frequency and determinants of chronic 
diseases in Koreans. From June 2001 to January 2003, a lon-
gitudinal cohort was formed consisting of 5,015 participants 
(2,521 men and 2,494 women age 40-69 y) who participated 
in a comprehensive health examination and on-site interviews 
at Korea University Ansan Hospital. Follow-up assessments 
were conducted biennially with scheduled site visits. At each 
visit, participants signed an informed consent form, which 
was approved by the Human Subjects Review Committee at 
the Korea University Ansan Hospital. Data from the fifth bi-
ennial examination from May 2009 to April 2011 were used 
for the current study because comprehensive body compo-
sition measurements using computed tomography (CT) and 
dual energy X-ray absorptiometry (DXA) were taken at that 
time. A total of 838 individuals (554 men and 284 women) 
were recruited. Further details about the protocol and design 
of the Korean Genome and Epidemiology Study were de-
scribed previously.16

Anthropometric and Laboratory Measurements
All participants responded to an interviewer-administered 

questionnaire and underwent a comprehensive physical exami-
nation. Sociodemographic characteristics were noted, including 
age, sex, occupation, marital status, and income. Lifestyle char-
acteristics were also assessed; cigarette smoking and alcohol 
drinking status were categorized as never, former, and current. 
Level of exercise was categorized as never, lightly (less than 
three times/w, ≥ 30 min per session), or regular (three times/w 
or longer, ≥ 30 min per session) during the previous mo. The 
presence of disease including diabetes, hypertension, dyslipid-
emia, and cardiovascular disease was noted as well as medica-
tions prescribed to the patients. Diabetes was defined according 
to the American Diabetes Association criteria using a 75-g oral 
glucose tolerance test.17 Hypertension was defined according 
to the Seventh Joint National Committee criteria.18 Diabetes or 
hypertension was also considered to be present if a previous 
clinical diagnosis was documented. Individuals with document-
ed events or medical records of myocardial infarction, angina, 
heart failure, stroke, or peripheral artery disease were consid-
ered to have cardiovascular disease.

Blood pressure was measured in a standardized manner by 
a trained research assistant using a mercury sphygmomanom-
eter. Measurement of seated blood pressure was taken after a 
5-min period of rest. At least two blood pressure readings were 
recorded at 30-sec intervals and the average value was used as 
a measure of systolic and diastolic blood pressure. Height and 
body weight were measured to the nearest 0.1 cm or 0.1 kg, re-
spectively. BMI was calculated as weight in kilograms divided 
by height in meters squared. Waist circumference (WC) was 
measured at the midpoint between the lower rib margin and the 
iliac crest in the standing position.

Blood was drawn for biochemical analysis after an overnight 
fast. Total cholesterol, triglyceride, and high-density lipopro-
tein cholesterol were measured enzymatically (ADVIA 1650; 
Bayer, Tarrytown, NY, USA). Enzyme-linked immunosorbent 
assay was used to measure serum insulin levels.

Sleep Measurements
All participants were asked to answer sleep related questions 

based on average sleep pattern during the past mo. Subjective 
average sleep duration per day for the preceding mo was re-
ported in h and min, and classified into five categories; < 5, 5 to 
6, 6 to 7, 7 to 8, and ≥ 8 h per day.

The overnight sleep study was performed for each partici-
pant at home with a portable device (Embletta® X-100; Embla 
Systems, San Carlos, CA, USA). Two trained sleep technolo-
gists visited the participants’ homes in the evening, applied 
sensors, and instructed them on how to turn the sensors on 
and off. Participants were also required to record the time they 
turned the lights on and off and report the times the next morn-
ing. Recording channels were as follows: one electroencepha-
lography (C4-A1), one electrooculography (right upper outer 
canthus-left lower outer canthus), one chin electromyography, 
one modified lead II electrocardiography, one airflow from 
nasal airflow pressure transducer, two respiratory effort from 
chest and abdominal respiratory inductance plethysmography, 
one pulse oximeter, and one position sensor. For qualified data, 
sleep status and respiratory events were scored according to 
standard guidelines.19 Obstructive apnea was defined when 
airflow dropped ≥ 90% of baseline with ongoing chest and ab-
dominal movement, and hypopnea as a reduction in airflow by 
≥ 70% associated with at least 4% oxygen desaturation. The 
duration threshold for these respiratory events was 10 sec. The 
apnea-hypopnea index (AHI) was calculated. Depending on 
the AHI, participants were categorized into three groups: no 
OSA (AHI < 5), mild OSA (5 ≤ AHI < 15), and moderate to 
severe OSA (AHI ≥ 15).

Body Composition Measurements
Single-slice CT scanning (Brilliance 64; Philips, Cleveland, 

OH, USA) was used to quantify intra-abdominal adipose tis-
sue. Scans were conducted at 120 kV with a slice thickness of 
5 mm at the level of the L4-L5 vertebral interspace. The total 
area of intra-abdominal fat was delineated by manual tracing 
within the muscle wall, and VFA was defined as an area with an 
attenuation range between -190 and -30 Hounsfield units (HU). 
Subcutaneous fat area (SFA) was calculated as the total ab-
dominal fat area minus the VFA. Visceral obesity was defined 
as a VFA of ≥ 100 cm2, which is the proposed cutoff point for 
obesity in Asians according to the Japan Society for the Study 
of Obesity.20

Hepatic attenuation was also measured by CT. An experi-
enced radiologist calculated mean hepatic attenuation by ran-
domly selecting three regions of interest on five transverse 
sections. The mean splenic attenuation was also calculated 
by averaging the values from two random regions of inter-
est of splenic attenuation measurements. The liver attenua-
tion index (LAI) as a parameter for liver fat accumulation 
was calculated as the mean hepatic attenuation minus mean 
splenic attenuation.
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Total lean mass, total body fat, and percent body fat (%BF) 
were estimated by whole body DXA using DPX-MD+ (General 
Electric, Madison, WI, USA).

Statistical Analyses
Baseline characteristics were compared among groups strati-

fied by sleep duration and three AHI categories, using one-way 
analysis of variance for numeric variables and a chi-square test 
for categorical variables. Nonnormally distributed variables 
such as triglyceride and insulin were presented as the median 
and interquartile range for each group, and the differences were 
tested after logarithmic transformation.

Because body fat measures such as BMI, WC, %BF, VFA, 
SFA, and LAI were strongly influenced by age and sex, sub-
sequent analyses to detect associations of body fat with sleep 
duration or OSA were conducted after adjusting for age and sex 
using univariate analysis of covariance.

Multivariate logistic regression analyses were conducted to 
identify the combined effects of short sleep duration and OSA 
on visceral obesity. All participants were assigned to six groups 

based on sleep duration (< 5 h, 5 to 7 h, ≥ 7 h) and presence 
or absence of OSA. In the analysis, two models were fit for 
each outcome: model 1 (adjusted for age and sex) and model 
2 (adjusted for age, sex, alcohol, smoking, exercise, diabetes 
mellitus, hypertension, cardiovascular disease, and BMI). Sub-
sequently, the combined effects were tested in participants with 
BMI ≥ 25 kg/m2 or without obesity (BMI < 25 kg/m2) to evalu-
ate whether the effects were modified by obesity status.

A P value less than 0.05 was considered to be statistically 
significant. All statistical analyses were performed using SPSS 
software version 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
The mean age of all participants was 56.3 ± 6.9 y, and mean 

sleep duration was 6.3 ± 1.2 h per day. Table 1 shows the char-
acteristics of the study sample stratified by sleep duration. All 
the body fat measures including BMI, WC, %BF, VFA, and 
SFA were highest in the shortest sleep duration (< 5 h) group. 
Mean %BF and VFA decreased linearly with increasing sleep 
duration (P for trend < 0.001, = 0.007, respectively). LAI was 

Table 1—Baseline characteristics according to duration of sleep

Sleep Duration
P for trend< 5 h (n = 83) 5-6 h (n = 191) 6-7 h (n = 280) 7-8 h (n = 194) ≥ 8 h (n = 90)

Age, y 56.4 ± 7.0 56.8 ± 7.4 55.7 ± 6.5 55.9 ± 6.9 57.8 ± 7.4 0.401
BMI, kg/m2 25.2 ± 3.1 24.9 ± 2.6 24.8 ± 2.8 24.9 ± 3.0 24.9 ± 2.7 0.600
WC, cm 83.0 ± 8.8 82.2 ± 7.2 81.8 ± 7.9 82.4 ± 8.3 82.4 ± 7.8 0.718
Systolic blood pressure, mm Hg 115.9 ± 14.6 118.3 ± 14.8 117.1 ± 14.7 116.1 ± 13.5 117.3 ± 13.0 0.877
Fasting glucose, mg/dL 97.9 ± 18.2 103.5 ± 28.8 98.9 ± 21.2 103.8 ± 26.7 104.5 ± 22.9 0.089
Total cholesterol, mg/dL 203.8 ± 33.0 197.7 ± 35.0 199.5 ± 37.2 197.6 ± 34.5 193.3 ± 31.1 0.061
HDL-C, mg/dL 44.5 ± 10.8 42.8 ± 10.5 43.6 ± 11.1 44.1 ± 11.0 40.6 ± 8.3 0.058
Triglyceridea, mg/dL 137 (94, 177) 134 (95, 203) 120 (90, 180) 119 (86, 175) 125 (94, 202) 0.364
Fasting insulina 8.6 (6.5, 10.6) 8.5 (6.8, 11) 8.3 (6.1, 10.7) 8.4 (6.6, 14.6) 8.5 (6.9, 11.1) 0.386
Percent body fat, % 31.6 ± 8.8 28.9 ± 8.7 27.2 ± 8.0 27.2 ± 8.0 25.9 ± 7.3  < 0.001
VFA, cm2 93.5 ± 48.3 86.1 ± 39.5 81.4 ± 36.9 82.7 ± 41.6 78.1 ± 32.7 0.007
Visceral obesity, n (%) 34 (41.0%) 62 (32.6%) 75 (26.9%) 55 (28.4%) 21 (23.3%) 0.066
SFA, cm2 195.7 ± 84.0 185.8 ± 69.3 177.8 ± 65.1 177.9 ± 69.9 178.2 ± 66.4 0.054
Liver attenuation index, HU 6.5 ± 13.3 7.9 ± 8.5 8.4 ± 8.7 8.6 ± 8.5 8.5 ± 7.6 0.121
Alcohol, n (%) 0.243

Never or former 43 (51.8%) 100 (52.4%) 120 (42.9%) 86 (44.3%) 41 (45.6%)
Current 40 (48.2%) 91 (47.6%) 160 (57.1%) 108 (55.7%) 49 (54.4%)

Smoking, n (%) 0.269
Never or former 73 (88.0%) 159 (83.2%) 241 (86.1%) 154 (79.4%) 77 (85.6%)
Current 10 (12.0%) 32 (16.8%) 39 (13.9%) 40 (20.6%) 13 (14.4%)

Exercise, n (%) 0.383
Never 44 (53.0%) 99 (51.8%) 122 (43.6%) 89 (45.9%) 39 (43.3%)
Light 9 (10.8%) 29 (15.2%) 49 (17.5%) 36 (18.6%) 21 (23.3%)
Regular 30 (36.1%) 63 (33.0%) 109 (38.9%) 69 (35.6%) 30 (33.3%)

Hypertension, n (%) 31 (37.3%) 67 (35.1%) 102 (36.4%) 54 (27.8%) 33 (36.7%) 0.311
Diabetes, n (%) 23 (27.7%) 66 (34.7%) 75 (26.8%) 56 (28.9%) 28 (31.5%) 0.433
Cardiovascular disease, n (%) 4 (4.8%) 16 (8.4%) 14 (5.0%) 11 (5.7%) 6 (6.7%) 0.613
OSA, n (%) 46 (55.4%) 89 (46.6%) 126 (45.0%) 97 (50.0%) 42 (46.7%) 0.502

Data are presented as mean ± standard deviation or n (%). aMedian (first quartile, third quartile); statistical significance was estimated after logarithmic 
transformation. BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; HU, Hounsfield units; OSA, obstructive sleep apnea; SFA, subcutaneous 
abdominal fat area; VFA, visceral abdominal fat area; WC, waist circumference.
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also lowest in those with sleep duration < 5 h and increased 
linearly with sleep duration, although this trend was not sig-
nificant. The presence of hypertension, diabetes, cardiovascu-
lar disease, and OSA was comparable among the groups. The 
second baseline analysis according to three categories of AHI 
(< 5, 5 to 15, and ≥ 15) showed that all body fat composition 
measurements except % BF were significantly higher in par-
ticipants with higher AHI values (Table 2). Mean serum fast-
ing glucose, blood pressure, triglycerides, fasting insulin, and 
the proportions of participants with hypertension and diabetes 
mellitus were significantly higher in those with high AHI val-
ues.

Even after adjusting for age and sex, there was a significant 
negative association between sleep duration and VFA (Table 3), 
and all body fat measures including BMI and VFA were posi-
tively associated with severity of OSA (Table 4).

Multivariate logistic regression analyses were conducted to 
investigate the effects of sleep duration and OSA on visceral 
obesity (VFA ≥ 100 cm2) (Table 5). The short sleep duration 
group (< 5 h) had an increased likelihood of visceral obesity in 
comparison with the longer sleep duration group (> 7 h), even 

after adjusting for confounding variables such as BMI (odds 
ratio [OR] 2.05, 95% confidence ratio [CI], 1.09 - 3.86) (Table 
5). Similarly, the presence of OSA (AHI ≥ 5) was associated 
with a 57% increase in OR for visceral obesity (OR, 1.57, 95% 
CI, 1.08 - 2.26) (Table 6).

Interestingly, OSA and short sleep duration differently con-
tributed to visceral obesity when analyzing the data separately 
in men and women. The influence of OSA on visceral obesity 
was more prominent in men than women (OR, 2.62 [1.78-3.85] 
versus 1.64 [0.90-3.00]), whereas short sleep duration (< 5 h) 
was more closely associated with visceral obesity in women 
than in men (OR, 3.15 [1.28-7.76] versus 1.88 [0.94-3.76]) af-
ter adjusting for age.

Finally, when the effects of sleep duration and OSA were 
modeled jointly, shorter sleep duration combined with OSA 
resulted in a greatly increased likelihood of visceral obesity 
(Table 7). Participants sleeping less than 5 h per day who also 
had OSA were more than four times as likely to have visceral 
obesity, when compared with those sleeping more than 7 h per 
day without OSA (OR, 4.40, 95% CI, 1.80-10.77), even after 
adjusting for age, sex, alcohol consumption, smoking, exercise, 

Table 2—Baseline characteristics according to severity of obstructive sleep apnea

AHI < 5 (n = 438) 5 ≤ AHI < 15 (n = 262) AHI ≥ 15 (n = 138) P value
Age, y 54.7 ± 6.2 57.9 ± 7.3 58.3 ± 7.5 < 0.001
BMI, kg/m2 24.3 ± 2.7 25.4 ± 2.7 25.9 ± 3.0 < 0.001
WC, cm 79.7 ± 7.5 84.5 ± 7.7 85.7 ± 7.2 < 0.001
Systolic blood pressure, mm Hg 115.0 ± 13.7 118.2 ± 14.0 121.3 ± 15.5 < 0.001
Fasting glucose, mg/dL 99.0 ± 21.7 103.9 ± 23.7 105.6 ± 32.1 0.005
Total cholesterol, mg/dL 198.9 ± 35.7 199.1 ± 32.3 195.4 ± 38.1 0.307
HDL-C, mg/dL 44.1 ± 10.7 43.0 ± 10.8 41.2 ± 9.9 0.007
Triglyceridea, mg/dL 119 (86, 172) 138 (97, 202) 138 (102, 198) 0.004
Fasting insulina 7.8 (6.1, 10) 8.8 (6.8, 12.5) 9.1 (7.5, 11.1)  < 0.001
Percent body fat, % 27.7 ± 8.8 27.9 ± 7.7 28.3 ± 7.9 0.455
VFA, cm2 73.0 ± 35.1 93.4 ± 42.9 98.8 ± 36.6  < 0.001
Visceral obesity, n (%) 87 (19.9%) 90 (34.4%) 70 (51.1%)  < 0.001
SFA, cm2 175.9 ± 67.7 182.7 ± 69.8 196.8 ± 72.5 0.002
Liver attenuation index, HU 9.5 ± 8.0 6.6 ± 10.6 6.9 ± 8.4 0.005
Alcohol, n (%) 0.003

Never or former 228 (52.1%) 109 (41.6%) 53 (38.4%)
Current 210 (47.9%) 153 (58.4%) 85 (61.6%)

Smoking, n (%) 0.706
Never or former 371 (84.7%) 216 (82.4%) 117 (84.8%)
Current 67 (15.3%) 46 (17.6%) 21 (15.2%)

Exercise, n (%) 0.286
Never 217 (49.5%) 120 (45.8%) 56 (40.6%)
Light 66 (15.1%) 51 (19.5%) 27 (19.6%)
Regular 155 (35.4%) 91 (34.7%) 55 (39.9%)

Hypertension, n (%) 113 (25.8%) 101 (38.5%) 73 (52.9%) < 0.001
Diabetes, n (%) 96 (22.0%) 100 (38.2%) 52 (38.0%) < 0.001
Cardiovascular disease, n (%) 19 (4.3%) 21 (8.0%) 11 (8.0%) 0.086
Sleep time, h 6.3 ± 1.2 6.3 ± 1.2 6.2 ± 1.2 0.905

Data are presented as mean ± standard deviation or n (%). aMedian (first quartile, third quartile); statistical significance was estimated after logarithmic 
transformation. AHI, apnea-hypopnea index; BMI, body mass index; HDL-C, high density lipoprotein cholesterol; HU, Hounsfield units; SFA, subcutaneous 
abdominal fat area; VFA, visceral abdominal fat area; WC, waist circumference.
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the presence of diabetes mellitus, hypertension and cardiovas-
cular disease, and BMI (model 2).

In the subsequent subgroup analysis, the synergistic effect 
of short sleep duration and OSA on VFA was more remark-
able among participants with BMI less than 25 kg/m2 than those 
with BMI greater than 25 kg/m2 (OR, 9.34 [1.72-50.22] versus 
3.81 [1.29-11.27], respectively).

DISCUSSION
To the best of our knowledge, this is the first study investi-

gating the relationships between sleep duration and OSA with 
various components of body fat composition measured by CT 
and DXA. In this study, participants with short sleep duration 
and OSA had higher mean BMI, WC, VFA, and %BF than 
those with long sleep duration and without OSA. Short sleep 
duration (< 5 h) combined with OSA was also associated with 
increased risk for visceral obesity.

In contrast to a previous study13 that reported that ≤ 5 h and 
≥ 8 h of sleep were related to a greater accumulation of vis-
ceral adipose tissue compared with sleep duration between 6 

and 7 h in young individuals, we found that the shorter the sleep 
duration, the higher the mean VFA in adults older than 40 y. 
Although metabolic risks associated with short sleep duration 
have been demonstrated in previous studies, the relationship 
between long sleep duration and metabolic derangement and 
obesity is controversial.11,12,21 Furthermore, as described previ-
ously, there are definite differences in body composition be-
tween populations. That is, East Asians generally have lower 
BMI but higher VFA compared with individuals of European 
descent.15,22 Therefore, the effect of short or long sleep duration 
on visceral adiposity may differ by age, BMI, population, study 
design, and adjustment for confounding factors.

In addition, OSA is closely associated with general and cen-
tral obesity. The Wisconsin Sleep Cohort study showed that 
over 8 y, increased mean AHI was significantly greater in obese 
(BMI > 30) participants than in nonobese participants.23 An-
other epidemiologic study showed that VFA was a reliable pre-
dictor of AHI after adjusting for confounding factors.24 Obesity 

Table 3—Age- and sex-adjusted mean body composition variables according to duration of sleep

Sleep Duration
< 5 h (n = 83) 5-6 h (n = 191) 6-7 h (n = 280) 7-8 h (n = 194) ≥ 8 h (n = 90) P for trend

BMI, kg/m2 25.2 ± 0.3 24.9 ± 0.2 24.8 ± 0.2 24.9 ± 0.2 24.9 ± 0.3 0.471
WC, cm 84.0 ± 0.8 82.3 ± 0.5 81.8 ± 0.4 82.2 ± 0.5 81.7 ± 0.8 0.054
%BF 29.1 ± 0.7 28.3 ± 0.5 27.4 ± 0.4 27.7 ± 0.5 27.5 ± 0.7 0.063
VFA, cm2 94.5 ± 4.3 85.9 ± 2.8 81.9 ± 2.3 82.7 ± 2.8 76.1 ± 4.1 0.002
SFA, cm2 182.9 ± 6.7 182.9 ± 4.4 179.1 ± 3.6 181.6 ± 4.4 184.1 ± 6.4 0.954
Liver attenuation index, HU 6.0 ± 1.0 7.8 ± 0.7 8.4 ± 0.5 8.8 ± 0.7 8.7 ± 1.0 0.025

Data are presented as adjusted mean ± standard error. %BF, percent body fat; BMI, body mass index; HU, Hounsfield units; SFA, subcutaneous abdominal 
fat area; VFA, visceral abdominal fat area; WC, waist circumference.

Table 4—Age- and sex-adjusted mean body composition variables according to severity of obstructive sleep apnea

AHI < 5 (n = 438) 5 ≤ AHI < 15 (n = 262) AHI ≥ 15 (n = 138) P value
BMI, kg/m2 24.2 ± 0.1 25.4 ± 0.2 26.0 ± 0.2 < 0.001
WC, cm 80.2 ± 0.3 84.1 ± 0.4 85.1 ± 0.6 < 0.001
% BF 26.7 ± 0.3 28.8 ± 0.4 29.7 ± 0.5 < 0.001
VFA, cm2 74.0 ± 1.8 92.3 ± 2.4 97.4 ± 3.3 < 0.001
SFA, cm2 170.0 ± 3.0 187.9 ± 3.7 205.6 ± 5.1 < 0.001
Liver attenuation index, HU 9.3 ± 0.4 6.7 ± 0.6 7.2 ± 0.8 0.016

Data are presented as adjusted mean ± standard error. AHI, apnea-hypopnea index; %BF, percent body fat; BMI, body mass index; HU, Hounsfield units; 
SFA, subcutaneous abdominal fat area; VFA, visceral abdominal fat area; WC, waist circumference.

Table 5—Odds ratios (95% confidence interval) for visceral obesity 
(visceral abdominal fat area ≥ 100 cm2) according to duration of sleep

Sleep Duration
< 5 h 5-7 h ≥ 7 h

N* 34/83 137/469 76/284
Model 1 2.10 (1.24-3.55) 1.18 (0.85-1.66) 1.00 (reference)
Model 2 2.05 (1.09-3.86) 1.26 (0.85-1.85) 1.00 (reference)

Table 6—Odds ratios (95% confidence interval) for visceral obesity 
(visceral abdominal fat area ≥ 100 cm2) according to the presence or 
absence of obstructive sleep apnea

AHI ≥ 5 AHI < 5
N* 160/399 87/437
Model 1 2.41 (1.75-3.32) reference
Model 2 1.57 (1.08-2.26) reference

AHI, apnea-hypopnea index.
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is a significant risk factor for the development of OSA via fat 
accumulation in the cervical region, resulting in upper airway 
narrowing.25 However, intermittent hypoxia and associated in-
creased inflammation in response to the OSA may be a causal 
factor for obesity, especially for visceral obesity.26,27 Although 
the current study did not determine a causal relationship, it 
showed that participants with OSA had a higher BMI and VFA 
than those without OSA.

Interestingly, the effect of OSA is more remarkable in indi-
viduals who report short sleep duration. In other words, if indi-
viduals with OSA sleep for a shorter duration, they may have 
increased likelihood of visceral obesity. Individuals with OSA 
are commonly known to have shorter sleep duration compared 
with those without OSA.28 In addition, short sleep latency, low 
sleep efficiency, and high arousal index were observed in pa-
tients with OSA.29,30 However, several studies have reported 
that total sleep time was not different in individuals with or 
without OSA.31,32 We also noticed that sleep time did not dif-
fer by OSA severity in this study. In addition, the frequency of 
OSA according to sleep duration did not differ. These data sug-
gested that short sleep duration and OSA each independently 
contributed to the presence of visceral obesity, and their combi-
nation had synergism in this study.

There was a sex difference in these associations. In men, the 
presence of OSA rather than sleep duration was a stronger con-
tributor for visceral obesity. On the contrary, short sleep dura-
tion was more influenced by visceral obesity than OSA among 
women. Exact causes about the difference are unknown at this 
point, but Simpson et al.33 found that abdominal obesity was 
more clearly associated with OSA severity in men compared 
with women. The stronger association between short sleep du-
ration and visceral obesity in women may be explained by eat-
ing behavior.34,35 However, the mechanism of this heterogeneity 
should be evaluated in future studies.

The combined effects of short sleep duration and OSA on 
metabolism and body composition have not yet been studied 
extensively. Only a few studies indirectly showed the augment-
ed combined effects. For example, combined OSA and short 
sleep slightly increased the likelihood of gestational diabetes 
mellitus compared with OSA alone or short sleep alone in preg-
nant women.36 There is a growing evidence from both clinical 
and laboratory studies that short sleep duration or sleep depri-
vation and OSA share common pathophysiologic features of 
obesity and metabolic dysregulation. Appetite increases via al-
teration of hormones related to satiety and weight control in pa-

tients with OSA as well as in patients who only sleep for a short 
duration.37,38 Moreover, both OSA and short sleep duration are 
associated with increased sympathetic activation38,39 and sys-
temic inflammatory state.40,41 Therefore, if short sleep duration 
is combined with OSA, the associated metabolic risks may be 
augmented. The most important finding of the current study 
is that this association was evident in relatively lean individu-
als, even after adjusting for BMI. The mean BMI of the study 
sample was 24.9 kg/m2, and 95.6% (801 of 838) of total par-
ticipants had a BMI less than 30 kg/m2. Although most studies 
investigating the effects of sleep disorders are performed using 
obese individuals, there is some evidence of the effect of sleep 
disorders on obesity and metabolic risk factors in nonobese in-
dividuals. For example, OSA was associated with dyslipidemia 
and hypertension in nonobese Chinese individuals42 and habitu-
al snoring was independently associated with elevated glucose 
and insulin levels in nonobese Korean individuals.43 This study 
also showed that the synergistic effect of short sleep duration 
and OSA on visceral obesity was prominent in nonobese indi-
viduals. Short sleep duration and OSA may have a lesser effect 
on metabolic risks in obese persons than in nonobese persons, 
perhaps due to preexisting metabolic derangements in obese 
persons. These results have important therapeutic implications 
and suggest that normalizing sleep time and treatment of OSA 
may be efficient in reducing combined metabolic risks even in 
nonobese persons.

This study has some limitations. First, because of its cross-
sectional design, it was difficult to characterize the causal rela-
tionship between sleep disorders and obesity measures. Second, 
sleep duration and snoring were self-reported, not objectively 
measured. Therefore, bed partners or family members also re-
sponded to the questionnaire about sleep habits to strengthen 
the reliability of answers. Third, when testing the combined ef-
fect of sleep duration and OSA on visceral obesity, the number 
of individuals in several subgroups was relatively small, result-
ing in large confidence intervals.

In conclusion, we found that short sleep duration and OSA 
are both positively associated with regional body fat accumula-
tion, and their combination has a synergistic effect on visceral 
obesity. Visceral obesity was evident in those who slept less than 
5 h per night and had OSA, after adjusting for all confounders. 
This study suggests a possible mechanism of increased cardio-
vascular disease in those with short sleep duration and OSA, 
and also provides a treatment strategy that involves identifying 
high-risk groups and encouraging increased sleep duration and 

Table 7—Odds ratios (95% confidence interval) for visceral obesity (visceral abdominal fat area ≥ 100 cm2) according to duration of sleep and obstructive 
sleep apnea

Sleep Duration
 < 5 h 5-7 h ≥ 7 h

AHI ≥ 5 AHI < 5 AHI ≥ 5 AHI < 5 AHI ≥ 5 AHI < 5
N* 25/46 9/37 80/214 57/255 55/139 21/145
Model 1 6.70 (3.16-14.23) 2.07 (0.85-5.03) 3.20 (1.86-5.52) 1.78 (1.02-3.09) 3.48 (1.95-6.22) 1.00 (reference)
Model 2 4.40 (1.80-10.77) 2.41 (0.87-6.65) 2.29 (1.24-4.23) 1.94 (1.04-3.60) 2.42 (1.26-4.64) 1.00 (reference)

N*, number of subjects with visceral obesity/number of total subjects in each group. Model 1 adjusted for age and sex. Model 2 adjusted for age, sex, alcohol, 
smoking, exercise, the presence of diabetes mellitus, hypertension and cardiovascular disease, and body mass index. AHI, apnea-hypopnea index.
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OSA treatment among these individuals to reduce their meta-
bolic risks.
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