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Sleep disorder and metabolic syndrome (MetS) are important health-related problems. Recently, sleep
duration has decreased among Korean adults. In this study, we examined whether sleep quality is
associated with MetS by analyzing 301 subjects, aged 20 years or over, without acute and severe illness
who visited three primary care clinics. Sleep duration, sleep quality and the risk of sleep-related breathing
disorder (SRBD) were assessed with a standardized sleeping-estimating instrument. MetS was defined
according to the modified diagnostic criteria of the National Cholesterol Education Program Adult Treatment
Panel-1ll using the Korean abdominal obesity definition. In the multiple logistic regression analysis,
compared with the 7-hour sleep group, the adjusted odds ratios (ORs) of the < 5- and = 9-hour sleep
groups for MetS were 4.89 and 5.98, respectively. Compared with the good-sleep quality and low-SRBD
risk groups, the adjusted ORs of the poor-quality sleep and high-SRBD risk groups were 3.83 and 1.92,
respectively (p < 0.05). In the < 5- and = 9-hour sleep groups, the prevalence of elevated triglyceride and
high HOMA-IR was higher (p = 0.069). In the poor-quality sleep group, the prevalence of abdominal
obesity, elevated triglyceride, low HDL cholesterol, high fasting insulin and high HOMA-IR were higher. In
the high-SRBD risk group, the prevalence of abdominal obesity, obesity and elevated triglyceride were
higher (p < 0.05). Overall, the < 5- or = 9-hour sleep duration, poor-quality sleep and high-SRBD risk are
related with the high prevalence of MetS, perhaps through elevated insulin-resistance resulting from
adiposity.
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Introduction

Sleep is one of the most crucial factors causing various
health-related problems. Generally, proper sleep duration is
about 7-8 hours in healthy adults (Heslop et al. 2002; Ayas
et al. 2003). However, recently, sleep duration has
decreased among Korean adults. According to the third
Korea National Health and Nutrition Examination Survey
(KNHANES-III) 2005, the daily average sleep duration was
6.9 hours in Korean adults. About 13.4% of those who
responded stated that they slept 6 hours or less (Korean
Ministry of Health and Welfare 2006). Short or long sleep
duration increases cardiovascular risk and mortality or
even, all-cause mortality (Heslop et al. 2002; Ayas et al.
2003). However, recent studies have also reported that

short or long sleep duration and sleep-related breathing dis-
order (SRBD), including obstructive sleep apnea syndrome
(OSAS), are associated with obesity, insulin-resistance and
hyperglycemia, hypertension or dyslipidemia (Narkiewicz
et al. 1998; Phillips et al. 1999; Peppard et al. 2000; Spiegel
et al. 2004, 2005; Taheri et al. 2004; Gangwisch et al. 2005,
2006; Vorona et al. 2005; Knutson et al. 2006; Bjorvatn et
al. 2007). Nevertheless, these results remain contentious,
and only a few studies (particularly in Korea) have
addressed the relationship between sleep and metabolic
syndrome (MetS) (Sasanabe et al. 2006; Bjorvatn et al.
2007; Jennings et al. 2007; Choi et al. 2008).

Although there is a large-scale study of the relation-
ship between sleep duration and MetS using the data of the
KNHANES-II (2001) in Korea (Choi et al. 2008), only
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sleep duration, among the various sleep parameters, was
considered as a predictive variable of MetS; stress and
depression, which are factors that may affect sleep patterns,
were not considered in the study. However, stress has been
reported as a predictor of MetS (Bjorntorp and Rosmond
2000; Rosmond 2005)

A co-existing or clustering condition of multiple inter-
related metabolic risk factors, such as obesity, insulin-resis-
tance, hyperglycemia, hypertension and dyslipidemia, is
called MetS (National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel IIT) 2002). In the United States, the age-
adjusted prevalence of MetS is about 24% in adults (Ford et
al. 2002; Meigs 2002), whereas in Korean adults aged
20-years and older, the crude prevalence is about 26%
(Korean Ministry of Health and Welfare 2006). A study
reported that MetS increases the cardiovascular risk by
about 2-fold and the risk of diabetes by 4-fold or more
(Meigs 2002). Even though each component of MetS is an
independent risk factor of cardiovascular disease (CVD)
and diabetes, the various components of MetS can be inter-
related (National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel
IIT) 2002; Grundy et al. 2005) and thus, have synergistic
effects on the increased risk of atherosclerosis, CVD and
diabetes (Golden et al. 2002; Klein et al. 2002). Therefore,
it is important to examine the relationship between sleep
and MetS, despite the fact that sleep can be associated with
each component of MetS, such as obesity, insulin-resis-
tance, hyperglycemia, hypertension and dyslipidemia.

Sleep disorder and MetS are both important health-
related problems. Yet, in Korea, little is known of the rela-
tionship between sleep and MetS. Therefore, this study was
undertaken to clarify the association between sleep and
MetS in Korean adults. We evaluated the prevalence of
MetS and its components according to the self-reported
sleep duration, sleep quality and SRBD risk; moreover, we
also considered co-variables, such as stress and depressive
mood, which may affect sleep patterns or the prevalence of
MetS.

Materials and Methods

Study Subjects

This cross-sectional study was conducted with adults aged 20
years or over who visited the primary care clinic of either Korea
University Guro Hospital, Korea University Ansan Hospital or Seoul
Veterans Hospital from August to October 2007. A brief interview
was conducted in order to take the illness history of each subject prior
to enrollment. Subjects were excluded if they met any of the follow-
ing criteria: past/present medical history included heart disease, kid-
ney disease, asthma, lung disease, severe liver disease, other endo-
crine disease (except diabetes, obesity and dyslipidemia), familial
dyslipidemia and history of cancer, stroke or other atheromatous vas-
cular disease; use of drugs that could have a potential effect on blood

pressure, blood sugar and lipid or body weight (except anti-hyperten-
sive drugs and anti-diabetic drugs) such as lipid-lowering drugs, non-
steroidal anti-inflammatory drugs (NSAIDs), steroids, herbal medica-
tions, insulin and hormone replacements; occupation involving
shifted hours of sleep/wakefulness (i.e., shift-worker) or necessitating
recovery from jet-lag (i.e., airline-pilot); or pregnant or breast-feeding
women.

Informed consent was obtained from all subjects prior to enroll-
ment. Three hundred fifty subjects were initially enrolled. Of these,
49 individuals were excluded from the final analysis (age < 20 years:
n = 1; severe liver disease: n = 2; hyperthyroidism: n = 1; taking
lipid-lowering drugs: n = 12; taking herbal medications: n = 1; shift-
1; no sign on the informed consent: n = 4; missing
anthropometric data: n = 2; missing laboratory data: n = 12; incom-

workers: n =

plete questionnaire: n = 13). The final number of study subjects was
301.

The sample size required for this study was calculated as 287
by using the results of a previous study (Jennings et al. 2007) and the
prevalence of MetS in Korean adults (Korean Ministry of Health and
Welfare 2006) as reference: the previous study reported that the age
and gender adjusted odds ratio (OR) for MetS was increased by 1.44
for every 2.6 increase in the global Pittsburgh Sleep Quality Index
score; the prevalence of MetS was 26.4% in Korean adults aged 20
years and older according to the KNHANES-III (2005) report.

This study was approved by the institutional review boards of
Korea University Guro Hospital, Korea University Ansan Hospital
and Seoul Veterans Hospital (IRB No. GH-0718; AS-0729; SVH-
2007-14).

Study Procedure

Anthropometry: Blood pressure, waist circumference, height
and body weight were estimated for the study procedure. Blood pres-
sure was measured with an automatic digital sphygmomanometer
with each subject in a sitting position after more than 10 minutes of
rest. Waist circumference was measured according to the recommen-
dation by the World Health Organization (WHO), which produces
relatively small intra- and inter-observer variations (Lee et al. 2002).
The body mass index (BMI) was calculated using the following for-
mula: [BMI = Weight (kg) / Height (m?)]. According to the WHO
West-Pacific region classification (Bassett et al. 2000), we categorized
subjects with a BMI of < 18.5 kg/m? as underweight, 18.5-22.9 kg/m’
as normal, 23-24.9 kg/m? as overweight and > 25 kg/m? as obese.

Blood testing: All blood samples were collected after a fasting
of over 12 hours. Serum glucose, lipid profiles including triglyceride
(TG) and high-density lipoprotein cholesterol (HDL-C) and insulin
level were measured. Insulin-resistance was assessed by the
Homeostasis Model Assessment-Insulin Resistance [HOMA-IR =
fasting glucose (mmol/L) x fasting insulin («U/mL) / 22.5] (Matthews
et al. 1985), which correlates well with the criterion standard hyperin-
sulinemic euglycemic clamp method (7= 0.88, p <0.0001). The sub-
jects were divided into high and low groups by using the third quartile
(75 percentile) point as the cut-off point for insulin or HOMA-IR
value, respectively.

Diagnosis of metabolic syndrome: MetS was defined according
to the modified diagnostic criteria of the National Cholesterol
Education Program Adult Treatment Panel (NCEP-ATP)-III (National
Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III) 2002) using the definition of abdominal
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obesity (> 90 cm in male, > 85 cm in female) suggested by the
Korean Society for the Study of Obesity (KSSO) (Lee et al. 2006).
Subjects taking either an anti-hypertensive drug or anti-diabetic drug
were included in the elevated blood pressure (BP) or elevated fasting
blood sugar (FBS) group, respectively.

Questionnaires

Self-reported questionnaires were used to conduct a survey
regarding the subjects’ socio-demographic characteristics (gender,
age, education status, job and economic status) and medical histories
(present/past illness, drug use, tobacco use, alcohol consumption and
regular exercise habits). The subjects were grouped according to
alcohol consumption (estimated by weekly drinking frequency and
amount, according to each type of alcoholic beverage; daily alcohol
intake of 0 g, 0.1-29.9 g and > 30 g defined as non-drinker, moderate
drinker and heavy drinker, respectively). They were also categorized
according to exercise intensity, frequency and duration (non-exercise,
irregular exercise, regular exercise). Subjects who responded “no
exercise” or “any exercise with perspiration, three times or more per
week and 20 minutes or more per day” were each included into the
non-exercise group and regular exercise group, respectively; all oth-
ers were included in the irregular exercise group.

Pittsburgh Sleep Quality Index-Korean version (PSQI-K): The
PSQI-K (Kim 1998) was used to investigate the subjects’ sleep dura-
tion (indicating daily average of actual sleep duration), sleep quality
and SRBD. The PSQI, which was developed in 1989 (Buysse et al.
1989), is a standardized self-reported questionnaire for evaluating the
subjective sleep quality over the previous month; this index has been
used in various medical research fields (Buysse et al. 1989; Dolberg
et al. 1998; Kim 1998; Park et al. 2000). The PSQI was translated
and modified into the Korean version (PSQI-K) (Kim 1998), of which
the Cronbach’s o was 0.70.

19 questions of the PSQI are combined into seven clinically-
derived component scores (subjective sleep quality, sleep latency and
duration, habitual sleep efficiency, sleep disturbance, use of sleeping
medication and daytime dysfunction), each weighted equally from
0-3. The seven component scores are then added in order to obtain a
global score rating from 0-21, with higher scores indicating worse
sleep quality (Buysse et al. 1989).

In this study, the subjects’ sleep duration was categorized into
five groups of < 5, 6, 7, 8 and > 9 hours, indicating < 5.5, 5.5-6.49,
6.5-7.49, 7.5-8.49 and > 8.5 hours, respectively. The 7-hour duration
was used as a point of reference, because healthy sleep duration is
associated with the lowest cardiovascular risk and mortality or all-
cause mortality (Heslop et al. 2002; Ayas et al. 2003). In the subjects’
sleep quality, the global PSQI score of > 5 points was defined as poor
sleep quality (Buysse et al. 1989; Kim 1998). In the SRBD risk, sub-
jects were categorized as being at high risk of SRBD if they
responded in the questionnaire that their sleep was disturbed three or
more times per week due to difficulty in breathing or coughing/snor-
ing. Subjects who responded that their bed partners had noticed loud
snoring or pauses between breathing during sleep one or more times
per week were also categorized as being at high risk (Knutson et al.
2006). In this study, Cronbach’s o for PSQI-K was measured as 0.71.

Brief Encounter Psychosocial Instrument-Korean version
(BEPSI-K): The BEPSI-K (revised version)(Huh et al. 1996) was
used to measure the subjects’ level of stress, which is considered to
be associated with MetS (Bjorntorp and Rosmond 2000; Rosmond
2005). The BEPSI-K is the modified Korean version of BEPSI, a

stress assessment scale developed in 1988 (Frank and Zyzanski
1988), of which five closed questions were translated and modified
(Bae et al. 1992). Cronbach’s a of BEPSI-K was 0.84 in healthy
adults and 0.88 in new outpatient clinic patients (Bae et al. 1992). A
revised version was developed to correct the loose translations or dif-
ficult to answer questions of BEPSI-K (Huh et al. 1996); moreover,
this version established its validity and reliability, having a
Cronbach’s a of 0.80.

Each of the five closed questions of the BEPSI-K reflects an
extrinsic demand, intrinsic demand, attributional demand, demand
uncertainty and demand perspective. Each is scored equally on a
scale from 1-5. The five question scores are added and then divided
by five (the number of questions) in order to obtain the BEPSI-K
score, thereby indicating the level of stress.

We defined each subject in the low (< 1.8 points), moderate
(1.8-2.79 points) and high (> 2.8 points) stress group, according to
the BEPSI-K score (Frank and Zyzanski 1988; Huh et al. 1996).
Cronbach’s a for BEPSI-K (revised version) was measured as 0.86 in
this study.

Center for Epidemiologic Studies-Depression Scale-Korean
version (CES-D-K): The CES-D-K (Heslop et al. 2002) was used to
measure the subjects’ depressive symptomatology, which is a factor
that can affect sleep patterns. The CES-D is a short self-reported
screening instrument developed by the National Institute of Mental
Health (NIMH) in 1971; its aim was to provide an epidemiologic
investigation of depressive syndrome in the general population. Ever
since this scale was developed, it has been translated into various lan-
guages; the wide use of the scale throughout the world has established
its validity and reliability (Radloff 1977; Shin et al. 1991; Cho and
Kim 1993). Cronbach’s a of the CES-D was estimated at 0.80
(Radloff 1977). Shin et al. (1991) developed the first Korean-
translated CES-D (K-CES-D), followed by Cho and Kim (Cho and
Kim 1993), who developed the CES-D-K fitting the Korean depres-
sive affect and its expression. For the two, Cronbach’s a was esti-
mated as 0.89 and 0.91, respectively.

The CES-D consists of 20 items constituting four sub-scales of
depressed affect, positive affect, somatic complaints and interpersonal
problems. Each of the 20 items is weighted equally from 0-3, and the
sum of each weight is a total score rating from 0-60, with higher
scores reflecting greater depressive symptoms. A total score of 21
points was suggested as the cut-off score in Korean adults (Cho and
Kim 1993). Therefore, we also defined subjects with a total CES-D
score of > 21 points as the depressive group. Cronbach’s o for CES-
D-K was measured as 0.82 in this study.

Statistical Analysis

A statistical analysis was conducted with a total of 301 subjects.
Pearson’s chi-squared test or Student’s #-test was performed as a uni-
variate analysis. As a multivariable analysis, a multiple logistic
regression analysis was performed using the outcome variable of the
existence or nonexistence of MetS. The predictor variables used were
gender, age, education, job, monthly average household income,
smoking, daily alcohol intake, exercise habits, stress level, depressive
mood, sleep duration and quality and SRBD risk. All p-values
reported were two-sided; values less than 0.05 were considered as
evidence of statistical significance. All analyses were conducted
using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA).
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Results

Characteristics of Study Subjects

Out of a total of 301 subjects, 114 (37.9%) were
women (Table 1). The subjects’ mean age was 50.8 + 13.1
years, and the mean daily alcohol intake was 14.9 + 24.1 g.
The mean BEPSI-K score was 1.8 + 0.7 points, and those in
the high stress group were 9.3%. The mean CES-D score
was 9.8 + 10.3 points, and those in the depressive group
were 11.0%.

The mean BMI was 24.6 + 3.6 kg/m* and 40.9% of
subjects were obese (BMI > 25 kg/m?). The mean waist
circumference was 88.4 = 9.2 cm in men and 82.3 + 9.6 cm
in women. The mean TG level was 155.5 £ 99.9 mg/dL.
The mean HDL-C level was 51.8 = 12.7 mg/dL in men and
57.9 + 13.5 mg/dL in women. The mean systolic and dia-
stolic blood pressure was 124.8 + 15.3 mmHg and 80.3 +
10.8 mmHg, respectively. The mean fasting glucose, fast-
ing insulin and HOMA-IR value was 103.7 = 31.4 mg/dL,
5.6 £ 5.5 pxU/mL and 1.5 + 1.8, respectively. The preva-
lence of MetS was 35.2%, and the prevalence of its compo-
nents is presented in Table 1.

The mean sleep duration was 6.4 + 1.2 hours, with the
majority of the subjects being in the 6-hour (32.6%) and
7-hour (31.9%) group. The mean global PSQI score was
5.7 + 3.0 points; 41.9% and 34.2% of the subjects were in
the poor sleep quality and high risk group of SRBD, respec-
tively (Table 2).

Prevalence of Metabolic Syndrome According to Subjects’
Characteristics

Subjects’ general characteristics and the prevalence of
metabolic syndrome: Age, education status, job, alcohol
consumption and BMI were variables having statistically
significant associations with the prevalence of MetS (Table
3, p <0.05). The prevalence of MetS was the highest in the
group of > 60 years of age (50.0%), an education level of
elementary school graduate or less (48.9%), the unem-
ployed subjects including housewives and students (the
unemployed/housewife/student) (49.0%) and obese (52.8%).
The moderate drinker group conveyed the lowest preva-
lence of MetS compared with others (p = 0.015). More-
over, subjects with MetS had greater mean BMI, fasting
insulin and HOMA-IR compared to others (26.2 + 3.7
kg/m?® versus 23.7 + 3.1 kg/m?, 7.7 £ 7.6 uU/mL versus 4.5
+ 3.4 puU/mL, 2.2 £ 2.6 versus 1.1 + 0.8, respectively;
Student’s r-test, p < 0.001).

Subjects’ sleep characteristics and the prevalence of
metabolic syndrome and its components: Sleep duration,
sleep quality and SRBD risk all presented significant asso-
ciations with the prevalence of MetS (Tables 4 and 5, p <
0.05). With regard to sleep duration, the 7-hour sleep group
(24.0%) showed the lowest prevalence of MetS, whereas
MetS was more prevalent in the < 5-hour (66.7%) and
> 9-hour (61.5%) groups. Concerning sleep quality, the
prevalence of MetS was not only higher in the group with a

global PSQI score of > 5 points (52.4%), but the mean
global PSQI score was also higher in subjects with MetS
(6.6 £ 3.3 points versus 5.2 £ 2.6 points; Student’s -test,
p < 0.001). Concerning SRBD risk, the high risk group
(45.6%) revealed a higher prevalence of MetS than the low
risk group.

Elevated TG was a component of MetS that was sig-
nificantly associated with sleep duration (Table 4, p =
0.030). Both the > 9-hour (69.2%) and < 5-hour (56.9%)
sleep groups showed the higher prevalence of elevated TG
compared to others. There was also a trend toward only the
lower prevalence of high HOMA-IR in the 8-hour sleep
group (18.6%) and 7-hour sleep group (18.8%), but was
also higher in the < 5-hour (39.2%) and 9-hour (30.8%)
sleep groups, although it did not reach significance (p =
0.069). Abdominal obesity, elevated TG, low HDL-C, high
fasting insulin and high HOMA-IR were all components of
MetS demonstrating a significant relationship with sleep
quality (Table 5, p < 0.05). As compared with the other
groups, the group with a global PSQI score of > 5 points
displayed a higher prevalence of abdominal obesity
(50.0%), elevated TG (51.6%), low HDL-C (25.4%), high
fasting insulin (32.5%) and high HOMA-IR (32.5%). The
high-risk group of SRBD also presented a significantly
higher prevalence of abdominal obesity (51.5%), obesity
(55.3%) and elevated TG (57.3%) compared with the other
groups (Table 5, p < 0.05). Moreover, the number of MetS
components had a higher prevalence in both the > 9-hour
and < 5-hour sleep groups in the group with a global PSQI
score of > 5 points and in the high risk group of SRBD,
respectively. The more its number increased, the more sig-
nificant this relationship became (Tables 4 and 5).

Odds Ratio of Each Sleep Parameter for Metabolic
Syndrome

We performed a multiple logistic regression analysis
in order to examine the OR of each sleep parameter for
MetS both before and after adjustment for the other co-
variables (Table 6). The 7-hour sleep group, good-sleep
quality group and low risk group of SRBD were used as
reference categories in the multivariate model, because they
showed the lowest prevalence of MetS in the univariate
analysis. The crude OR of the < 5- and > 9-hour sleep
groups for MetS was 6.35 (3.01-13.40) and 5.08 (1.51-
17.06), respectively, and the adjusted OR was 4.89 (1.90-
12.58) and 5.98 (1.41-25.41), respectively. The crude and
adjusted ORs of the poor-sleep quality group were 3.71
(2.26-6.10) and 3.83 (1.91-7.65), respectively. The crude
and adjusted ORs of the high-risk group of SRBD were 1.98
(1.21-3.24) and 1.92 (1.04-3.54), respectively. All ORs
were statistically significant (p < 0.05).

Discussion

For the participating 301 Korean adults aged 20 years
and older, we examined whether sleep duration, sleep qual-
ity and SRBD risk are associated with MetS, considering
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Table 1. General characteristics of study subjects (n = 301).

285

Variables Category n (%)
Gender Male 187 (62.1)
Female 114 (37.9)
Age (years) 20-39 59 (19.6)
40-59 162 (53.8)
>60 80 (26.6)
Education < Elementary school graduate 47 (15.6)
Middle or high school graduate 139 (46.2)
> College graduate 115 (38.2)
Job The unemployed/housewife/student 102 (33.9)
Manager/expert/technician/office-clerk 110 (36.5)
Service/sales/manufacturing/laborer 89 (29.6)
Monthly average household income (won) <1 million 54 (17.9)
1-5 million 198 (65.8)
> 5 million 49 (16.3)
Smoking Non-smoker 136 (45.2)
Ex-smoker 87 (28.9)
Current smoker 78 (25.9)
Alcohol (daily alcohol intake, g/day) Non-drinker (0) 111 (36.9)
Moderate drinker (0.1-29.9) 130 (43.2)
Heavy drinker (> 30) 60 (19.9)
Exercise habits Non 119 (39.5)
Irregular 77 (25.6)
Regular 105 (34.9)
BEPSI-K score (point) Low stress (< 1.8) 158 (52.5)
Moderate stress (1.8-2.79) 115 (38.2)
High stress (> 2.8) 28 (9.3)
CES-D score (point) Non-depressive (< 21) 268 (89.0)
Depressive (>21) 33 (11.0)
BMI (kg/m?) Underweight (< 18.5) 9 (3.0)
Normal (18.5-22.9) 84 (27.9)
Overweight (23-24.9) 85 (28.2)
Obesity (> 25) 123 (40.9)
Metabolic syndrome components Abdominal obesity® 129 (42.9)
TG > 150 mg/dL 129 (42.9)
Low HDL-C® 59 (19.6)
Blood pressure > 130/85 mmHg® 173 (57.5)
Fasting glucose > 110 mg/dL* 70 (23.3)
Number of metabolic syndrome components 0 60 (19.9)
>1 241 (80.1)
>2 170 (56.5)
Metabolic syndrome >3 106 (35.2)
Insulin-resistance Fasting insulin > 6.40 xU/mL (75 percentile) 76 (25.2)
HOMA-IR > 1.72 (75 percentile) 75 (24.9)

BEPSI-K, Brief Encounter Psychosocial Instrument-Korean version; CES-D, Center for Epidemiologic Studies-Depression
Scale; BMI, body mass index; TG, triglyceride; HDL, high density lipoprotein, HOMA-IR, Homeostasis Model Assessment-Insulin

Resistance.

aWaist circumference > 90 cm (men) or > 85 cm (women).
"Serum HDL-C <40 mg/dL (men) or < 50 mg/dL (women).

Systolic blood pressure > 130 mmHg or diastolic blood pressure > 85 mmHg or use of anti-hypertensive drug.

dFasting glucose > 110 mg/dL or use of anti-diabetic drug.
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Table 2. Characteristics of sleep parameters in study subjects (n = 301).

Sleep parameter Category n (%) / mean =+ s.p.

Sleep duration (hour) 6412
< 5-hour (<5.5) 51 (16.9)
6-hour (5.5-6.49) 98 (32.6)
7-hour (6.5-7.49) 96 (31.9)
8-hour (7.5-8.49) 43 (14.3)
> 9-hour (> 8.5) 13 (4.3)

Global PSQI score (point) 5.7+3.0
Good sleep quality (< 5) 175 (58.1)
Poor sleep quality (> 5) 126 (41.9)

Sleep-related breathing disorder Low risk 198 (65.8)
High risk* 103 (34.2)

PSQI, Pittsburgh Sleep Quality Index.

aSubjects who responded that their sleep was disturbed three or more times per week due to
difficulty in breathing or coughing/snoring or that their bed partners had noticed loud snoring or
pauses between breathing during sleep one or more times per week (Knutson et al. 2006).

both stress and depressive mood.

The present results indicate that sleep duration, sleep
quality and SRBD risk are associated with MetS. Concern-
ing sleep duration, the < 5-hour (66.7%) and > 9-hour
(61.5%) sleep groups showed a higher prevalence of MetS,
which generally presented a trend of a U-shaped curvilinear
pattern (Tables 4 and 6). Concerning the prevalence of
MetS components according to sleep duration, elevated TG
was significantly associated with sleep duration, which also
generally showed a U-shaped curvilinear pattern (Table 4).
High HOMA-IR also generally presented a U-shaped curvi-
linear pattern relationship with sleep duration, although it
did not reach statistical significance (p = 0.069). Therefore,
it is considered that as sleep duration decreases or increases,
the more frequent MetS becomes; further, the elevations of
TG and insulin-resistance become involved in this relation-
ship.

Another study reported a similar result with ours (Choi
et al. 2008). The authors examined the relationship
between sleep duration and MetS in Korean adults > 20
years of age, using the data of the KNHANES-II (2001).
As a result of the study, when the 7-hour sleep group was
used as a reference category, the crude OR of the < 5- and
> 9-hour sleep groups for MetS was 1.74 (1.33-2.26) and
1.55 (1.15-2.07), respectively. In the multiple logistic
regression analysis, after adjusting for age, gender, family
histories of hypertension and diabetes, residence location,
education level, monthly income, drinking, smoking and
exercise, the adjusted OR of each group for MetS was 1.15
(0.85-1.55) and 1.46 (1.07-1.98), respectively. And also
there was a U-shaped curvilinear pattern relationship
between sleep duration and MetS (p < 0.05).

In our study, only elevated TG was the lipid-related
component of MetS to be associated with sleep duration,
whereas low HDL-C was not; moreover, there was a rela-
tionship of a U-shaped curvilinear pattern between the two

(Table 4). However, in a study that used the data of a health
survey conducted in Hordaland County, Norway (Hordaland
Health Study) (Bjorvatn et al. 2007), it reported that sleep
duration was not only directly associated with TG, includ-
ing total cholesterol, but also inversely associated with
HDL-C. However, this statistical significance disappeared
after adjusting for age, gender and BMI. Because this latter
study estimated the total cholesterol, TG and HDL-C level
by using non-fasting blood samples and also defined the
subjects as a limited population aged between 40-45 years,
their study results could differ from ours. Moreover, con-
cerning the gender ratio of the study subjects, the number
of women (5,329) was greater than men (3,531), while the
percentage of men (62.1%) was higher than women in our
study; this difference of gender ratio between both studies
could lead to the different results. In fact, in the latter
study, TG was positively related to male gender and HDL-C
was positively related to female gender (p < 0.05) (Bjorvatn
et al. 2007).

Concerning sleep quality, the prevalence of MetS was
presently higher in the poor-sleep quality group than in the
other groups (Tables 5 and 6). Regarding the prevalence of
MetS components according to sleep quality, the prevalence
was higher in the poor-sleep quality group than in the other
groups. Sleep quality was also significantly related with
not only central adiposity-related components, including
abdominal obesity, elevated TG and low HDL-C, but also
with elevated insulin resistance-presenting components,
including high fasting insulin and high HOMA-IR (Table 5).
Therefore, it is considered that as poor sleep quality
increases, MetS becomes more frequent, with elevated
insulin-resistance resulting from central adiposity being
involved in this relationship.

Another previous study produced similar findings to
ours (Jennings et al. 2007). The study was conducted with
231 residents of Allegheny County, Pennsylvania who were
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Table 3. The prevalence of metabolic syndrome according to each variable (n = 301).
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Metabolic syndrome

Variables Category Yes No p-value®
106 (35.2) 195 (64.8)

Gender Male 44 (38.6) 70 (61.4) 0.338
Female 62 (33.2) 125 (66.8)

Age (years) 20-39 12 (20.3) 47 (79.7) 0.001
40-59 54 (33.3) 108 (66.7)
>60 40 (50.0) 40 (50.0)

Education < Elementary school graduate 23 (48.9) 24 (51.1) 0.048
Middle or high school graduate 50 (36.0) 89 (64.0)
> College graduate 33 (28.7) 82 (71.3)

Job The unemployed/housewife/student 50 (49.0) 52 (51.0) 0.001
Manager/expert/technician/office-clerk 28 (25.5) 82 (74.5)
Service/sales/manufacturing/laborer 28 (31.5) 61 (68.5)

Monthly average <1 million 24 (44.4) 30 (55.6) 0.268
household income (won) 1-5 million 67 (33.8) 131 (66.2)
> 5 million 15 (30.6) 34 (69.4)

Smoking Non/Ex-smoker 76 (34.1) 147 (65.9) 0.486
Current smoker 30 (38.5) 48 (61.5)

Alcohol Non-drinker (0) 48 (43.2) 63 (56.8) 0.015
(daily alcohol intake, g/day) Moderate drinker (0.1-29.9) 34 (26.2) 96 (73.8)
Heavy drinker (> 30) 24 (40.0) 36 (60.0)

Exercise habits No 33 (27.7) 86 (72.3) 0.084
Irregular 32 (41.6) 45 (58.4)
Regular 41 (39.0) 64 (61.0)

BEPSI-K score (point) Low stress (< 1.8) 54 (34.2) 104 (65.8) 0.807
Moderate stress (1.8-2.79) 43 (37.4) 72 (62.6)
High stress (> 2.8) 9 (32.1) 19 (67.9)

CES-D score (point) Non-depressive (< 21) 94 (35.1) 174 (64.9) 0.884
Depressive (> 21) 12 (36.4) 21 (63.6)

BMI (kg/m?) Underweight/Normal (< 23) 13 (14.0) 80 (86.0) < 0.001
Overweight (23-24.9) 28 (32.9) 57 (67.1)
Obesity (> 25) 65 (52.8) 58 (47.2)

All values are presented as number (%).

BEPSI-K, Brief Encounter Psychosocial Instrument-Korean version; CES-D, Center for Epidemiologic Studies-Depression Scale; BMI,

body mass index.
ap-value by Chi-squared test.

between 30-54 years of age. The relationship between self-
reported sleep quality was examined using PSQI and MetS;
the age and gender adjusted OR for MetS was increased by
1.44 (1.01-2.06) for every 2.6 increase in the global PSQI
score (p = 0.04). Previously, the authors suggested that
sleep quality could influence MetS through its relationship
with adiposity-related insulin-resistance, although they
could not demonstrate a definite mechanism for this. When
the authors examined the relationship between sleep quality
and the risk factors comprising the MetS as well as the
insulin, HOMA-IR, BMI and percentage of body fat, after
controlling for age and gender, the global PSQI score was
directly associated with not only the components related to

adiposity including BMI, waist circumference and percent-
age of body fat, but also with others related to insulin-resis-
tance including fasting glucose, insulin and HOMA-IR (p <
0.05).

Presently, concerning the SRBD risk, the high risk
group showed a higher prevalence of MetS and its compo-
nents related to adiposity, including abdominal obesity,
obesity and elevated TG compared to the other groups
(Tables 5 and 6).

Sasanabe et al. (2006) also obtained similar results
with ours in their study, which examined the relationship
between OSAS and MetS in 908 Japanese subjects (89 con-
trols). Their study portrayed that both men and women
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Table 4. The prevalence of metabolic syndrome, its components and insulin-resistance according to sleep duration (n = 301).

Sleep duration® (hour)

Metabolic syndrome <5 6 7 ] >9 p-value®
51 (16.9) 98 (32.6) 96 (31.9) 43 (14.3) 13 (4.3)
Components
Obesity® 24 (47.1) 46 (46.9) 32 (33.3) 16 (37.2) 5 (38.5) 0.305
Abdominal obesity® 27 (52.9) 44 (44.9) 34 (35.4) 17 (39.5) 7 (53.8) 0.259
Elevated TG® 29 (56.9) 37 (37.8) 40 (41.7) 14 (32.6) 9 (69.2) 0.030
Low HDL-C® 15 (29.4) 18 (18.4) 17 (17.7) 5(11.6) 4 (30.8) 0.185
Elevated BP* 35 (68.6) 57 (58.2) 50 (52.1) 22 (51.2) 9 (69.2) 0.268
Elevated FBS® 15 (29.4) 20 (20.4) 21 (21.9) 9 (20.9) 5(38.5) 0.486
No. of components’
0 8 (15.7) 22 (22.4) 19 (19.8) 11 (25.6) 0 (0.0)
>1 43 (84.3) 76 (77.6) 77 (80.2) 32 (74.4) 13 (100.0) 0.281
>2 36 (70.6) 56 (57.1) 51 (53.1) 18 (41.9) 9 (69.2) 0.057
> 3¢ 34 (66.7) 30 (30.6) 23 (24.0) 11 (25.6) 8 (61.5) < 0.001
Insulin-resistance
High insulin® 18 (35.3) 27 (27.6) 20 (20.8) 7 (16.3) 4 (30.8) 0.196
High HOMA-IR® 20 (39.2) 25 (25.5) 18 (18.8) 8 (18.6) 4 (30.8) 0.069

All values are presented as number (%).

TG, triglyceride; HDL, high density lipoprotein; BP, blood pressure; FBS, fasting blood sugar; HOMA-IR, Homeostasis Model

Assessment-Insulin Resistance; BMI, body mass index.

ap-value by Chi-squared test (each outcome variable: non-obesity vs. obesity; non-abdominal obesity vs. abdominal obesity; non-
elevated TG vs. elevated TG; non-low HDL-C vs. low HDL-C; non-elevated BP vs. elevated BP; non-elevated FBS vs. elevated FBS;
Number of metabolic syndrome components 0 vs. > 1; <2 vs. > 2; <3 vs. > 3; non-high insulin vs. high insulin; non-high HOMA-IR

vs. high HOMA-IR).

bSleep duration: <5 (< 5.5 hours), 6 (5.5-6.49 hours), 7 (6.5-7.49 hours), 8 (7.5-8.49 hours), > 9 (> 8.5 hours).

¢Obesity: BMI > 25 kg/m?; Abdominal obesity: waist circumference > 90 cm (men) or > 85 cm (women); Elevated TG (> 150
mg/dL); Low HDL-C: <40 mg/dL (men) or < 50 mg/dL (women); Elevated BP: systolic blood pressure > 130 mmHg or diastolic blood
pressure > 85 mmHg or use of anti-hypertensive drug; elevated FBS: fasting blood sugar > 110 mg/dL or use of anti-diabetic drug; High
insulin: fasting insulin > 75 percentile (6.40 xU/mL); High HOMA-IR: HOMA-IR value > 75 percentile (1.72).

9Number of metabolic syndrome components did not include obesity, and its number > 3 was defined as metabolic syndrome.

with OSAS (Apnea-Hypopnea Index [AHI] > 5 /hour) had
higher OR for MetS compared with the controls (OR: 3.47
and 6.59; 95% CI: 1.84-6.53 and 1.47-29.38, respectively).
After the adjustment for age and BMI, the adjusted OR of
the AHI > 15 /hour group was 2.08 (1.41-3.06) in men and
2.24 (0.84-5.99) in women.

Another notable aspect of this study was that the prev-
alence of MetS components, even though without signifi-
cance, did not only present a trend of generally a U-shaped
curvilinear pattern, according to sleep duration, and was
higher in both groups of poor-sleep quality and high-SRBD
risk compared to other groups, but it also displayed an
increasing significance of the trend for the increasing num-
ber of components (Tables 4 and 5). These results provide
support for previous findings, that each cardiovascular risk
factor constituting MetS can be interrelated (National
Cholesterol Education Program (NCEP) Expert Panel on
Detection Evaluation and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III) 2002;
Grundy et al. 2005) and have synergistic effects (Golden et
al. 2002; Klein et al. 2002).

In this study, we used self-reported questionnaires,
including PSQI-K, BEPSI-K (revised version) and CES-
D-K, to survey the sleep-related factors along with the lev-
els of depression and stress. The PSQI is a standardized
sleep quality-measuring instrument (Buysse et al. 1989); at
its development, its Cronbach’s a and test-retest reliability
was 0.83 and 0.85, respectively. It was translated and mod-
ified into the Korean version (Kim 1998), with a Cronbach’s
o 0f 0.70. Although the PSQI can estimate only subjective
sleep quality experienced by a responder, it is considered as
a convenient and relatively precise measuring instrument
for assessing general sleep quality (Buysse et al. 1989;
Dolberg et al. 1998; Kim 1998; Park et al. 2000). In this
study, Cronbach’s a for PSQI-K was measured as 0.71.
BEPSI-K (Frank and Zyzanski 1988; Bae et al. 1992; Huh
et al. 1996) and CES-D (Radloff 1977; Shin et al. 1991,
Cho and Kim 1993) are also questionnaires for which the
reliability and validity have been established. Both have
been used in various aspects of medical research; presently,
Cronbach’s a for BEPSI-K (revised version) and CES-D-K
was 0.86 and 0.82, respectively.
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Table 5. The prevalence of metabolic syndrome, its components and insulin-resistance according to sleep quality and sleep-related breathing

disorder risk (7 =301).

Sleep quality SRBD risk
Metabolic syndrome Good Poor® p-value® Low High® p-value®
175 (58.1) 126 (41.9) 198 (65.8) 103 (34.2)
Components
Obesity* 67 (38.3) 56 (44.4) 0.284 66 (33.3) 57 (55.3) < 0.001
Abdominal obesity® 66 (37.7) 63 (50.0) 0.034 76 (38.4) 53 (51.5) 0.030
Elevated TG* 64 (36.6) 65 (51.6) 0.009 70 (35.4) 59 (57.3) < 0.001
Low HDL-C* 27 (15.4) 32 (25.4) 0.032 36 (18.2) 23 (22.3) 0.390
Elevated BP* 94 (53.7) 79 (62.7) 0.120 108 (54.5) 65 (63.1) 0.154
Elevated FBS® 38 (21.7) 32 (25.4) 0.456 43 (21.7) 27 (26.2) 0.381
No. of components*
0 37 (21.1) 23 (18.3) 46 (23.2) 14 (13.6)
>1 138 (78.9) 103 (81.7) 0.536 152 (76.8) 89 (86.4) 0.047
>2 90 (51.4) 80 (63.5) 0.037 103 (52.0) 67 (65.0) 0.031
> 3¢ 40 (22.9) 66 (52.4) < 0.001 59 (29.8) 47 (45.6) 0.006
Insulin-resistance
High Insulin® 35 (20.0) 41 (32.5) 0.013 48 (24.2) 28 (27.2) 0.577
High HOMA-IR® 34 (19.4) 41 (32.5) 0.009 48 (24.2) 27 (26.2) 0.708

All values are presented as number (%).

SRBD, sleep-related breathing disorder; TG, triglyceride; HDL, high density lipoprotein; BP, blood pressure; FBS, fasting blood
sugar; HOMA-IR, Homeostasis Model Assessment-Insulin Resistance; PSQI, Pittsburgh Sleep Quality Index; BMI, body mass index.

ap-value by Chi-squared test (each outcome variable: non-obesity vs. obesity; non-abdominal obesity vs. abdominal obesity; non-
elevated TG vs. elevated TG; non-low HDL-C vs. low HDL-C; non-elevated BP vs. elevated BP; non-elevated FBS vs. elevated FBS;
Number of metabolic syndrome components 0 vs. > 1; <2 vs. > 2; < 3 vs. > 3; non-high insulin vs. high insulin; non-high HOMA-IR

vs. high HOMA-IR).

Sleep quality-Poor: Global PSQI score > 5 points; SRBD risk-High: high risk of sleep-related breathing disorder (subjects who
responded that their sleep was disturbed three or more times per week due to difficulty in breathing or coughing/snoring or that their bed
partners had noticed loud snoring or pauses between breathing during sleep one or more times per week) (Knutson et al. 2006).

°Obesity: BMI > 25 kg/m?;, Abdominal obesity: waist circumference > 90 cm (men) or > 85 cm (women); Elevated TG (> 150
mg/dL); Low HDL-C: <40 mg/dL (men) or < 50 mg/dL (women); Elevated BP: systolic blood pressure > 130 mmHg or diastolic blood
pressure > 85 mmHg or use of anti-hypertensive drug; elevated FBS: fasting blood sugar > 110 mg/dL or use of anti-diabetic drug; High
insulin: fasting insulin > 75 percentile (6.40 4U/mL); High HOMA-IR: HOMA-IR value > 75 percentile (1.72).

“Number of metabolic syndrome components did not include obesity, and its number > 3 was defined as metabolic syndrome.

Our study subjects’ characteristics trended toward a
lower percentage of women and higher mean age. The
prevalence of MetS was higher in this study (35.2%) com-
pared with the KNHANES-III (2005) (26.4%) (Korean
Ministry of Health and Welfare 2006). This may be the
result of selection bias caused by including only hospital
visitors as the subjects of this study. The high risk group
percentage of SRBD in our study (45.6%) showed a differ-
ence with the study result (22.0%) in the Korean subjects
aged 40-69 years (Kim et al. 2004). Because our study
depended on a subjective self-reported questionnaire (PSQI)
for the sleep assessment, whereas polysomnography was
used in the previous Korean study (Kim et al. 2004), the
risk prevalence could be over-reported as recall bias
occurred. On the other hand, each mean BMI (24.6 + 3.6
kg/m?) and sleep duration (6.4 + 1.2 hours) in our study
were similar with each result of the KNHANES-III (2005)
(23.6 kg/m?*, 6.9 hours, respectively) (Korean Ministry of
Health and Welfare 2006). Moreover, the mean global

PSQI score (5.7 £ 3.0 points) and the prevalence of the
poor-sleep quality group (41.9%) was similar with the pre-
vious study results (5.6 + 3.1 points, 41.2%, respectively)
(Park et al. 2000). Thus, despite the fact that our study sub-
jects’ characteristics were slightly different from the charac-
teristics of the general population, it is considered that our
conclusion is reasonable not only because both the mean
BMI and sleep duration were similar with them, but also
each co-variable was statistically controlled.

Our study results are limited by several reasons. First,
the subjects could be slightly different from the general
population, as only primary care clinic visitors were
included in this study. Second, the sleep assessment was
subjectively assessed by a self-reported questionnaire.
Third, we did not test the interactions between each predic-
tive variable on the multiple logistic regression model, as
we performed the analysis with an assumption that each
predictive variable was independent. Fourth, we could not
estimate any presence of gender difference from the statisti-
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Table 6. The odds ratio of each sleep parameters for metabolic syndrome (n = 301).

Sleep parameter Category

Metabolic syndrome

Crude Adjusted”

Odds ratio (95% CI)*

Sleep duration <5-hour (<5.5)
6-hour (5.5-6.49)
7-hour (6.5-7.49)
8-hour (7.5-8.49)
> 9-hour (= 8.5)
Global PSQI score Good sleep quality (< 5)
Poor sleep quality (> 5)
Low risk

High risk*

Sleep-related
breathing disorder

6.35 (3.01-13.40) 4.89 (1.90-12.58)
1.40 (0.74-2.64) 1.26 (0.59-2.67)
1.00 1.00

1.09 (0.48-2.50) 1.27 (0.50-3.26)
5.08 (1.51-17.06) 5.98 (1.41-25.41)
1.00 1.00

3.71 (2.26-6.10) 3.83 (1.91-7.65)
1.00 1.00

1.98 (1.21-3.24) 1.92 (1.04-3.54)

BEPSI-K, Brief Encounter Psychosocial Instrument-Korean version; CES-D, Center for Epidemiologic Studies-

Depression Scale; PSQI, Pittsburgh Sleep Quality Index.

20dds ratio and 95% confidence interval (CI) by multiple logistic regression analysis.

bAdjusted for gender, age, education, job, monthly average household income, smoking, daily alcohol intake,
exercise habits, stress level (BEPSI-K score), depressive mood (CES-D score) and the other sleep parameters including
sleep duration, sleep quality (global PSQI score) or sleep-related breathing disorder risk.

°Subjects who responded that their sleep was disturbed three or more times per week due to difficulty in breathing
or coughing/snoring or that their bed partners had noticed loud snoring or pauses between breathing during sleep one

or more times per week (Knutson et al. 2006).

cal analysis due to relatively small sample size. Finally,
this cross-sectional study could not establish a causality
between sleep and MetS.

Nevertheless, our study is meaningful, as it presents an
association between sleep and MetS in Korea. Further, it
takes into account various sleep parameters, including sleep
quality and SRBD risk as well as the co-variables affecting
sleep patterns or MetS, including stress and depressive
mood.

In conclusion, we have found that as poor-quality
sleep or SRBD risk increases, or sleep duration decreases or
increases, the more frequent MetS becomes, with elevated
insulin-resistance resulting from central adiposity being
involved in these relationships. Moreover, our results
reconfirm that each cardiovascular risk factor constituting
MetS is interrelated and therefore acts synergistically.

However, further studies are warranted to generalize
our results. If future studies establish the causality between
sleep and MetS, and also affirm that various sleep parame-
ters are risk factors for MetS, appropriate sleep manage-
ment may help prevent MetS development.
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