
Abstract
This study was carried out to identify the prevalence of metabolic syndrome and its associated factors in Korean university 
students. Data from a convenience sample of 151 students from 2 universities were available for this study. Subjects 
completed a self-reported questionnaire that included questions on lifestyle and sociodemographics. Blood pressure; 
fasting glucose level; high-density lipoprotein cholesterol and triglyceride level; and anthropometric variables such as 
height, weight, and waist circumference were measured. Descriptive statistics were generated and logistic regression was 
applied to assess potential risk factors, while adjusting for potential confounding. The prevalence of metabolic syndrome 
was 4%, on the basis of the modified National Cholesterol Education Program-Third Adult Treatment Panel (NCEP-ATP III) 
guidelines. Multiple logistic regression analyses showed that male sex, poor sleep quality, and obesity were significantly 
associated with meeting 1 or more of the metabolic syndrome criteria. These findings suggest that sleep quality and obesity 
should be carefully assessed and treated in the management of metabolic syndrome risk.
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1. Introduction

Metabolic Syndrome (MetS) is characterized by dyslip-
idemia, elevated blood pressure, elevated fasting blood 
glucose level, and abdominal obesity1. It is known to 
increase the risk of developing diabetes mellitus or car-
diovascular disease2. Globally, metabolic syndrome 
is common, with a reported age-adjusted prevalence 
of 22.9% in the US3 and 31.2% in Venezuela4, and the 
prevalence in Korea increased from 24.9% to 31.3% dur-
ing 1998–20075. Metabolic syndrome is associated with 
lifestyle factors, including physical activity, drinking, 
smoking, stress, or depressed mood6.

The food culture of Korean people has become 
increasingly westernized. In particular, many adolescents 
spend their time studying and are often exposed to junk 

food. As a result, they are becoming increasingly inactive 
and consume foods that are high in calories. When they 
do transition into a university, they begin to make their 
own lifestyle choices. If bad habits are developed during 
this time, they can ultimately culminate in negative health 
consequences7. Lifestyle modification is one approach 
to prevent, as well as to treat, metabolic syndrome2. It 
is important to develop good health habits and identify 
ways to prevent metabolic syndrome among university 
students as they transition from adolescence to adult-
hood. Therefore, we conducted this study to determine 
the prevalence of metabolic syndrome among university 
students in Korea and identify potential risk factors that 
can be used for the prevention and management of meta-
bolic syndrome in young adults.
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2. Methodology

2.1 Study Subjects and Data Collection
To identify potential participants, we used a convenience 
sampling approach, in which we placed an advertisement 
about research in the classroom and posted an announce-
ment on the bulletin board. Inclusion criteria were that 
the subject had to be a university student and agree to 
participate in the research project after acknowledging 
that he or she understands the purpose and procedures 
of the present study. Exclusion criteria included clotting 
disorders or health concerns during blood collection, 
such as syncope. One hundred fifty-three students were 
enrolled from 2 universities. All study participants pro-
vided informed consent prior to data collection. 

Subjects completed a self-reported questionnaire that 
captured sociodemographic variables and lifestyle factors 
such as smoking, drinking, exercise, and sleep qual-
ity. Sleep quality was evaluated by the Pittsburgh Sleep 
Quality Index (PSQI), which was developed by Buysse et 
al.8; the PSQI score ranged from 0 to 21. Blood samples 
were obtained for measuring fasting blood sugar and lipid 
profiles, such as high-density lipoprotein and triglyceride 
after a 12-hour fast. They were sent to the laboratory and 
were analyzed within 1 day after sampling. Blood pressure 
was checked 3 times by a mercury sphygmomanometer 
in the sitting position after the subject rested for at least 
5 minutes. Height, weight, and waist circumference were 
measured with the subjects wearing light clothes and 
socks. Waist circumference was measured at the narrow-
est point between the lower rib and iliac crest, and the 
measurements were checked in triplicate. Body Mass 
Index (BMI) was calculated as height/weight2 (kg/m2). 
The average value of each anthropometric variable was 
calculated for use in the present study analyses. All data 
were collected by trained researchers and research assis-
tants.

2.2 Clinical Definitions 
Poor sleep quality was defined as a global PSQI score 
greater than 5 according to criteria of Buysse et al8. Based 
on the World Health Organization BMI classification9, 
obesity was defined as a BMI of 25 or higher. Metabolic 
syndrome was defined as the presence of 3 or more of the 
following criteria, according to the modified National 
Cholesterol Education Program-Third Adult Treatment 
Panel (NCEP-ATP III) guidelines10: increased waist cir-

cumference (≥90 cm in men and ≥85 cm in women) based 
on the Korean criteria for abdominal obesity11, elevated 
blood pressure (≥130 mmHg systolic blood pressure or 
≥85 mmHg diastolic blood pressure), hyperglycemia 
(fasting blood sugar ≥100 mg/dL), elevated triglyceride 
(≥150 mg/dL), or low high-density lipoprotein cholesterol 
levels (<40 mg/dL in men and <50 mg/dL in women).

2.3 Statistical Analysis 
Data from 151 subjects were available for analysis after 
excluding 2 subjects with incomplete data. Descriptive 
statistics were generated for general characteristics, 
metabolic syndrome criteria, and metabolic syndrome 
prevalence. Multiple logistic regression analysis was used 
to determine the association between select factors and 
meeting 1 or more metabolic syndrome criterion, while 
adjusting for potential confounders (variables that were 
found to have statistical significance in simple logistic 
analyses).

3. Results

3.1 General Characteristics of the Subjects
The general characteristics of our study subjects are 
shown in Table 1. The mean age of the subjects was 20.7 
years and 31.1% were male. The mean BMI was 22.6 
kg/m2 and the proportion of obese subjects was 25.2%. 
Among 151 subjects, seventeen (11.3%) of subjects were 
current smokers. A total of 34.4% of subjects reported 
having poor sleep quality.

3.2  Mean Values of Metabolic Syndrome 
Criteria

Table 2 describes the mean values of the continuously 
measured criteria for metabolic syndrome of subjects. 
The mean waist circumference was 82.6 (±10.6) cm and 
70.8 (± 8.80) cm in men and women respectively. The 
mean high-density lipoprotein cholesterol level was 55.2 
(±12.99) mg/dL and 57.8 (±9.81) mg/dL in men and 
women respectively. The mean total cholesterol level was 
171.5 (±29.73) mg/dL, and the mean low-density lipopro-
tein cholesterol level was 97.5 (±26.26) mg/dL.

3.3 Prevalence of Metabolic Syndrome 
Table 3 shows the prevalence of metabolic syndrome and 
individual metabolic syndrome criteria. Four percent of 
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Variables Categories Frequency (%) Mean (SD)

Age(years) 20.7(2.31)

<20 51(33.8)

≥20 100 (66.3)

Sex Male 47 (31.1)

Female 104 (68.9)

Grade Freshman 47 (31.1)

Sophomore 42 (27.8)

Junior 20 (13.3)

Senior 42 (27.8)

Smoking Yes 17 (11.3)

No 134 (88.7)

Drinking Yes 123 (81.5)

No 28 (18.5)

Exercise Yes 62 (41.1)

No 89 (58.9)

Sleep quality 5.0(3.11)

Good 99(65.6)

Poor 52(34.4)

BMI(kg/m2) 22.6(3.59)

Obesity Yes 38 (25.2)

No 113 (74.8)
SD: Standard Deviation.

Table 1. General Characteristics of the Subjects (N = 151)

Table 2. Mean Laboratory Values Related to Metabolic Syndrome Criteria

Variables Mean (SD)

Waist circumference (cm) 74.4(10.85)

Systolic pressure (mmHg) 106.3(11.35)

Diastolic pressure (mmHg) 74.2(8.86)

HDL cholesterol (mg/dL) 57.0(10.92)

Triglyceride (mg/dL) 85.7(38.96)

Glucose (mg/dL) 86.4(6.87)

HDL: High-Density Lipoprotein ; SD: Standard Deviation
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study subjects had metabolic syndrome. One or more 
metabolic syndrome criteria were met in 21.9% of study 
subjects. Prevalence of abdominal obesity was high at 
13.9%, and the prevalence of elevated fasting glucose was 
low at 3.3%.

3.4  Associated Factors of 1 or More 
Metabolic Syndrome Criteria

Table 4 describes the results of the logistic regression 
analyses. Factors associated with 1 or more abnormal 
metabolic syndrome criteria were analyzed owing to the 

lower prevalence of metabolic syndrome. One or more of 
the metabolic syndrome criteria were significantly associ-
ated with male sex (OR: 4.70, 95% CI: 1.70–2.97), poor 
sleep quality (OR: 2.93, 95% CI: 1.12–7.69), and obesity 
(OR: 15.44, 95% CI: 5.46–43.62), after adjusting for age, 
sex, obesity, sleep quality, smoking, and exercise. 

4. Discussion and Conclusion
Metabolic syndrome is known to an important lifestyle-
related disease6 and can ultimately lead to cardiovascular 
diseases2. The prevalence of metabolic syndrome in the 
present study was 4%, similar to that of previous studies. 
Fernandes and Lofgren7 reported that the 3.7% of college 
students aged 18–24 years had metabolic syndrome, with 
28% of subjects meeting at least 1 criterion for metabolic 
syndrome. About 22% of our subjects met at least 1 or 
more criteria for metabolic syndrome, which is lower 
than that reported by Fernandes and Lofgren7. In con-
trast, Cha et al.12 reported that the prevalence of metabolic 
syndrome in overweight and obese college students was 
13.1% in the male students and 8.3% in the female stu-
dents, as defined by the NCEP-ATP III criteria. Further, 
45.9% of the male students and 50.0% of the female stu-

No. of  Metabolic Syndrome 
Criteria Frequency (%)

None 101(66.9)

1 33(21.9)

2 11(7.3)

3 or more 6(4.0)

Table 3. Prevalence of Metabolic Syndrome Criteria 
(N = 151)

Variables Crude OR
(95% CI)

Adjusted OR a

(95% CI)

Age
≥20 1.99 (0.93, 4.27)

<20 1

Sex
Male 6.37(2.98, 13.59) 4.70 (1.70, 2.97)

Female 1 1

Sleep quality
Poor 2.41 (1.19, 4.87) 2.93 (1.12, 7.69)

Good 1 1

Obesity
Yes 17.44 (6.97, 43.63) 15.44 (5.46, 43.62)

No 1 1

Drinking
Yes 0.78 (0.31, 1.68)

No 1

Smoking
Yes 6.06 (2.00, 8.38) 2.99 (0.65, 3.72)

No 1 1

Exercise
No 0.35 (0.18, 0.71) 0.64 (0.25, 1.62)

Yes 1 1
a Adjusted for age, sex, obesity, sleep quality, smoking, and exercise; 
OR: Odds Ratio; CI: Confidence Interval.

Table 1. Substrate Parameters
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dents had at least 1 metabolic risk factor12; this difference 
is likely due to the degree of obesity of the participants 
in the study. The metabolic syndrome prevalence in the 
present study was also lower than that of Hung et al.13, 
who reported a higher prevalence of metabolic syndrome, 
at 26.2%, but this higher value seems to be due to the dif-
ference in age of the study population.

This study showed that one or more metabolic syn-
drome criteria were associated with sex, obesity, and sleep 
quality. Obesity, defined in our study as a BMI ≥ 25, was 
significantly associated with a 15.44-fold increased risk 
of meeting at least 1 of the metabolic syndrome criteria 
in our study. This result is supported by several previous 
studies4,7,14–16. Ryu et al.17 reported a significant difference 
of weight between subjects with and without metabolic 
syndrome. They also reported that weight change was a 
risk factor for the incidence of metabolic syndrome in 
30–39-year-old men. Morrell et al.18 also reported that 
college students who were overweight or obese were more 
likely to have metabolic syndrome than those of normal 
weight. Khashayar et al.19 showed that 15.4% of over-
weight or obese participants and 1.8% of normal-weight 
participants had metabolic syndrome. They also reported 
that the odds ratio of overweight or obesity was 9.6819. 
It seems that metabolic syndrome is associated with an 
altered lipid profile due to obesity.

This study showed that male subjects had a 4.70-fold 
increased risk of meeting at least 1 of the metabolic syn-
drome criteria relative to female subjects, which again, 
is consistent with results from previous studies14,15,20,21. 
Jennings et al.22  reported that men are more prone to met-
abolic syndrome. Cha et al.12 reported that the prevalence 
of metabolic syndrome in male obese college students 
was 21.3% and 8.3% in female students according to the 
International Diabetes Federation criteria. Morrell et al.18 
found that metabolic syndrome prevalence was 9.9% in 
male college students and 3.0% in female college students. 
Mattsson et al.23 reported that the prevalence of metabolic 
syndrome with age increased more dramatically, in men 
compared with women. However, this result is not in 
accordance with the study by Florez et al.4, in which sex 
was not associated with metabolic syndrome in subjects 
aged 20 years or older, after adjusting for confounding 
factors. Yu et al.1 reported that prevalence of metabolic 
syndrome was higher in women than in men that female 
sex was one of the risk factors. Therefore, additional 
studies of university students with large sample sizes are 
needed to better clarify this relationship.

There are many studies on the relationship between 
sleep and metabolic syndrome1,24. Previous studies have 
reported that amount of sleep time was correlated with 
metabolic syndrome25,26. Hall et al.25 showed that sleep 
duration was related to metabolic syndrome in midlife 
adults, reporting an odds ratio of 1.83 for metabolic syn-
drome for adults sleeping <6 hours/day, 1.48 for adults 
sleeping 6–7 hours/day, and 1.81 for adults >8 hours/
day relative to adults sleeping 7–8 hours/day. Choi et 
al.26 reported a hazard ratio of 1.80 for the incidence 
of metabolic syndrome in middle-aged women sleep-
ing <6 hours/day relative to those sleeping 6–7.9 hours/
day. Previous studies also reported associations between 
sleep disorders and poor sleep quality and metabolic syn-
drome. Obstructive sleep apnea20,27 or snoring28 have been 
reported to be associated with metabolic syndrome, which 
has been postulated to stem from intermittent hypoxia 
causing sympathetic overactivity, systemic inflammation, 
and endothelial dysfunction29. 

In the present study, we observed that poor sleep qual-
ity was significantly associated with meeting 1 or more 
of the metabolic syndrome criteria regardless of the pres-
ence or absence of obesity. The concept of sleep quality 
includes not only subjective aspects, like depth of sleep or 
restfulness, but also quantity of sleep, like sleep duration 
or number of arousals8. We found a 2.98-fold increased 
risk for metabolic syndrome in poor sleepers as com-
pared with good sleepers in our study. This is supported 
by the results of several studies in which sleep quality and 
metabolic syndrome were associated13,22,30. Hung et al.13 
reported that sleep quality evaluated by PSQI had rela-
tionship to metabolic syndrome. Similarly, Jennings et al.22 
found that a 2.6-point increase in the global PSQI score 
was related to a 1.44-fold increase in metabolic syndrome 
risk. The effect of sleep quality on metabolic syndrome 
has also been studied longitudinally, with Troxel et al.31 

reporting that sleep symptoms, such as difficulty initiat-
ing sleep, unrefreshing sleep, and loud snoring, conveyed 
an increased risk for developing metabolic syndrome in 
adults from the community, further corroborating our 
findings. As mentioned above, previous studies found that 
sleep quality or quantity was associated with metabolic 
syndrome; poor sleep quality and short sleep duration 
affect endocrine and metabolic function29. 

Lifestyle factors, such as smoking, drinking, and exer-
cise were not correlated with metabolic syndrome in our 
study. This is similar to the results of Ryu et al.17, who also 
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found that smoking, alcohol drinking, and exercise were 
not associated with metabolic syndrome.

Hall et al.25 also reported that smoking was not asso-
ciated with metabolic syndrome. However, there are 
several studies in which alcohol consumption was associ-
ated with metabolic syndrome. Kang et al.32 reported that 
heavy drinkers (defined as those who drink more than 5 
drinks at any 1 sitting at least once per week) were associ-
ated with metabolic syndrome. Baik and Shin33 reported 
that alcohol intake increased the risk of occurrence of 
metabolic syndrome. The multivariate relative risk of 
metabolic syndrome for middle-aged adults was 1.63 for 
heavy drinkers consuming >30 g/d, compared with non-
drinkers33. This highlights the importance of assessing 
the quantity of alcohol consumption when evaluating the 
relationship between alcohol consumption and metabolic 
syndrome among university students. Since lifestyle fac-
tors were dichotomously measured as yes or no in our 
present study, further studies assessing the quantity of 
smoking, alcohol intake, and exercise are required.

There are several limitations to our study. The gener-
alizability is restricted by the relatively small sample size 
and our convenience sampling method. In our analyses, 
we assessed risk factors for meeting 1 or more of the met-
abolic syndrome criterion owing to our low number of 
subjects with metabolic syndrome. Future studies should 
aim at replication of this study in a cohort with larger, 
random samples. Additionally, this study was cross-
sectional in nature, so we cannot verify that associated 
factors (besides sex) preceded metabolic syndrome. In 
the future, longitudinal researches are needed to deter-
mine the causal relationship between these risk factors 
and metabolic syndrome in college students.

In summary, we found a relatively high prevalence of 
college students who had at least 1 of the criteria for meta-
bolic syndrome. Maintenance of healthy weight through 
proper diet, physical activity, and exercise is important 
for preventing metabolic syndrome. Quality of sleep and 
obesity should be assessed in college students to help 
prevent metabolic syndrome. Future studies will aim to 
confirm risk factors that disturb sleep quality and develop 
programs to improve sleep quality.

5. References
1.  Yu S, Guo X, Yang H, Zheng L, Sun Y. An update on the 

prevalence of metabolic syndrome and its associated fac-

tors in Rural Northeast China. BMC Public Health. 2014; 
14:877. DOI: 10.1186/1471-2458-14-877.

2.  Becker BM, Bromme R, Jucks R. College students’ knowl-
edge of concepts related to the metabolic syndrome. 
Psychology, Health and Medicine. 2008; 13(3):367–79.

3.  Beltran-Sanchez H, Harhay MO, Harhay MM, McElligott 
S. Prevalence and trends of metabolic syndrome in the 
adult U.S. population, 1999–2010. Journal of the American 
College of Cardiology. 2013; 62(8):697–703.

4.  Florez H, Silva E, Fernandez V, Ryder E, Sulbaran T, Campos 
G, Calmon G, Clavel E, Castillo-Florez S, Goldberg R. 
Prevalence and risk factors associated with the metabolic 
syndrome and dyslipidemia in White, Black, Amerindian 
and Mixed Hispanics in Zulia State, Venezuela. Diabetes 
Research and Clinical Practice. 2005; 69(1):63–77.

5.  Lim S, Shin H, Song JH, Kwak SH, Kang SM, Won Yoon 
J, Choi SH, Cho SI, Park KS, Lee HK, Jang HC, Koh HH. 
Increasing prevalence of metabolic syndrome in Korea: The 
Korean National Health and Nutrition Examination Survey 
for 1998–2007. Diabetes Care. 2011; 34(6):1323–8.

6.  Oh SW. Obesity and metabolic syndrome in Korea. 
Diabetes and Metabolism Journal. 2011; 35(6):561–6.

7.  Fernandes J, Lofgren IE. Prevalence of metabolic syn-
drome and individual criteria in college students. Journal 
of American College Health. 2011; 59(4):313–21.

8.  Buysse DJ, Reynolds CFIII, Monk TH, Berman SR, Kupfer 
DJ. The Pittsburgh Sleep Quality Index: A new instrument 
for Psychiatric Practice and Research. Psychiatry Research. 
1989; 28(2):193–213.

9.  World Health Organization. The Asia-Pacific Perspective: 
Redefining obesity and its treatment. Sydney, Australia: 
Health Communications Australia Pvt., Ltd; 2000.

10.  Alberti KG, Zimmet P, Shaw J. Metabolic syndrome - A 
new world-wide definition: A consensus statement from 
the International Diabetes Federation. Diabetic Medicine. 
2006; 23(5):469–80.

11.  Choi SH, Kim DJ, Lee KE, Kim YM, Song YD, Kim HD, 
Ahn CW, Cha BS, Huh KB, Lee HC. Cut-off value of waist 
circumference for metabolic syndrome patients in Korean 
adult population. Journal of Korean Society for the Study of 
Obesity. 2004; 13(1):53–60.

12.  Cha E, Burke LE, Kim KH, Shin YA, Kim HY. Prevalence of 
the metabolic syndrome among overweight and obese col-
lege students in Korea. Journal of Cardiovascular Nursing. 
2010; 25(1):61–8.

13.  Hung HC, Yang YC, Ou HY, Wu JS, Lu F H, Chang CJ. 
The Association between Self-reported Sleep Quality and 
Metabolic Syndrome. 2013; 8(1):e54304.

14.  de Freitas RW Jr, de Araujo MF, Marinho NB, de Vasconcelos 
HC, Lima AC, Pereira DC, Almeida PC, Zanetti ML, 
Damasceno  MM. Prevalence of the metabolic syndrome 



Mee-Kyung Shin, Jongsoon Won and Hyeryeon Yi

Indian Journal of Science and Technology 7Vol 8 (16) | July 2015 | www.indjst.org 

and its individual components in Brazilian college students. 
Journal of Clinical Nursing. 2013; 22(9–10):1291–8.

15.  Morrell JS, Byrd-Bredbenner C, Quick V, Olfert M, Dent 
A, Carey  GB. Metabolic syndrome: Comparison of preva-
lence in young adults at 3 Land-grant Universities. Journal 
of American College Health. 2014; 62(1):1–9. 

16.  Moreira GC, Cipullo JP, Ciorlia LA, Cesarino CB, Vilela-
Martin JF. Prevalence of metabolic syndrome: Association 
with risk factors and cardiovascular complication in an 
urban population. PLoS One. 2014; 9(9):e105056.

17.  Ryu S, Song J, Choi BY, Lee SJ, Kim WS, Chang Y, Kim DI, 
Suh BS, Sung KC. Incidence and risk factors for metabolic 
syndrome in Korean male workers, ages 30 to 39. Annals of 
Epidemiology. 2007; 17(4):245–52.

18.  Morrell JS, Lofgren IE, Burke JD, Reilly RA. Metabolic syn-
drome, obesity, and related risk factors among college men 
and women. Journal of American College Health. 2012; 
60(1):82–9.

19.  Khashayar P, Heshmat R, Qorbani M, Motlagh ME, 
Aminaee T, Ardalan G, Farrokhi-Khajeh-Pasha Y, Taslimi 
M, Larijani B, Kelishadi R. Metabolic syndrome and car-
diovascular risk factors in a national sample of adolescent 
population in the Middle East and North Africa: The 
CASPIAN Study. International Journal of Endocrinology. 
2013; 2013:702095.

20.  Sharma SK, Reddy EV, Sharma A, Kadhiravan T, Mishra 
HK, Sreenivas V, Mishra HK, Lakshmy R. Prevalence 
and risk factors of Syndrome Z in Urban Indians. Sleep 
Medicine. 2010; 11(6):562–8.

21.  Sarrafzadegan N, Gharipour M, Sadeghi M, Nouri F, Asgary 
S, Zarfreshani S. Differences in the prevalence of metabolic 
syndrome in boys and girls based on various definitions. 
ARYA Atherosclerosis. 2013; 9(1):70–6.

22.  Jennings JR, Muldoon MF, Hall M, Buysse DJ, Manuck SB. 
Self-reported sleep quality is associated with the metabolic 
syndrome. Sleep. 2007; 30(2):219–23.

23.   Mattsson N, Ronnemaa T, Juonala M, Viikari JS, Raitakari 
OT. The Prevalence of the metabolic syndrome in young 

adults. The cardiovascular risk in Young Finns study. 
Journal of Internal Medicine. 2007; 261(2):159–69. 

24.  Fadzlina AA, Harun F, Nurul Haniza MY, Al Sadat N, 
Murray L, Cantwell MM, Su TT, Majid HA, Jalaludin 
MY. Metabolic syndrome among 13 year old adolescents: 
Prevalence and risk factor. BMC Public Health. 2014; 
14(Suppl. 3):S7.

25.  Hall MH, Muldoon MF, Jennings JR, Buysse DJ, Flory JD, 
Manuck SB. Self-reported sleep duration is associated with 
the metabolic syndrome in midlife adults. Sleep. 2008; 
31(5):635–43.

26.  Choi JK, Kim MY, Kim JK, Park JK, Oh SS, Koh SB, Eom 
A. Association between short sleep duration and high inci-
dence of metabolic syndrome in midlife women. Tohoku 
Journal of Experimental Medicine. 2011; 225(3):187–93.

27.  Lam JC, Lam B, Lam CL, Fong D, Wang JK, Tse HF, Lam 
K S, Ip MS. Obstructive sleep apnea and the metabolic syn-
drome in community-based Chinese adults in Hong Kong. 
Respiratory Medicine. 2006; 100(6):980–7.

28.  Cho N, Joo S, Kim J, Abbott RD, Kim J, Kimm K, Shin C. 
Relation of habitual snoring with components of metabolic 
syndrome in Korean adults. Diabetes Research and Clinical 
Practice. 2006; 71(3):256–63.

29.  Lam JC, Ip MS. Sleep and the Metabolic Syndrome. Indian 
Journal of Medical Research. 2010; 131:206–16.

30.  Lee J, Choi YS, Jeong YJ, Lee J, Kim JH, Kim SH, Joe SH, Jeon 
TH. Poor-quality sleep is associated with metabolic syn-
drome in Korean Adults. Tohoku Journal of Experimental 
Medicine. 2013; 231(4):281–91.

31.  Troxel WM, Buysse DJ, Matthews KA, Kip KE, Strollo PJ, 
Hall M, Drumheller O, Reis SE. Sleep symptoms predict 
the development of the metabolic syndrome. Sleep. 2010; 
33(12):1633–40.

32.  Kang DR, Ha Y, Hwang WJ. Prevalence and associated risk 
factors of the metabolic syndrome in the Korean workforce. 
2013; 51(3):256–65.

33.  Baik I, Shin C. Prospective study of alcohol consumption 
and metabolic syndrome. 2008; 87(5):1455–63.


