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Obesity and the Metabolic Syndrome in Korean Adolescents

This study evaluated the prevalence of metabolic syndrome and investigated its
association with being overweight in Korean adolescents. Data were obtained from
1,393 students between 12 and 13 yr of age in a cross-sectional survey. We defined
the metabolic syndrome using criteria analogous to the Third Report of the Adult
Treatment Panel (ATP IIl) as having at least three of the following: fasting triglyc-
erides =100 mg/dL; HDL <50 mg/dL; fasting glucose =110 mg/dL; waist circum-
ference >75th percentile for age and gender; and systolic blood pressure >90th per-
centile for age, gender, and height. Weight status was assessed using the age- and
gender-specific body mass index (BMI), and a BMI = 85th percentile was classified
as overweight. Of the adolescents, 5.5% met the criteria for the metabolic syndrome,
and the prevalence increased with weight status; it was 1.6% for normal weight and
22.3% in overweight (p<0.001). In multivariate logistic regression analyses among
adolescents, overweight status was independently associated with the metabolic
syndrome (odds ratio, 17.7; 95% confidence interval, 10.0-31.2). Since childhood
metabolic syndrome and obesity likely persist into adulthood, early identification
helps target interventions to improve future cardiovascular health.
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INTRODUCTION

The third National Cholesterol Education Program Adult
Treatment Panel (NCEP-ATP III) defines the metabolic syn-
drome as the presence of at least three of the following five
risk factors in an individual: central or abdominal obesity,
hypertriglyceridemia, hypertension, low HDL-cholesterol,
and high fasting glucose levels. The metabolic syndrome is
a major risk factor for cardiovascular disease and type 2 dia-
betes (1, 2). Components of the metabolic syndrome are pre-
sent in children and adolescents, as well as in adults (3). How-
ever, the metabolic syndrome has not been well character-
ized in children or adolescents in terms of criteria, prevalence,
or clinical implications, although studies have examined ab-
normalities caused by the metabolic syndrome (4, 5).

The incidence of overweight children and adolescents has
been increasing in Asia with urbanization and economic de-
velopment (6). Over the past 10 yr, the rate of overweight
Korean children and adolescents aged 5-20 yr has doubled
(7). Obesity is associated with dyslipidemia (8), type 2 dia-
betes (9), and long-term vascular complications (10, 11).

The prevalence of the metabolic syndrome is high in obese
children and adolescents, and increases with the degree of
obesity. In a sample of adolescents in the United States who
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were included in the third National Health and Nutrition
Examination Survey NHANES III) conducted between 1988
and 1994, the prevalence of the metabolic syndrome was 6.8%
among overweight adolescents and 28.7% among obese ado-
lescents (5, 12).

In Korea, the metabolic syndrome in adolescents has not
been studied in the criteria for diagnosis, prevalence or risk
factors. Therefore, this study examined the prevalence of
metabolic syndrome based on the criteria proposed by de
Ferranti et al. (13), and investigated the association between
being overweight and the metabolic syndrome in first-year
middle school students in Korea.

MATERIALS AND METHODS
Study subjects

The Dong-gu District in Gwangju city is a well-defined
geographic area that includes seven middle schools. The sub-
jects were recruited from first-year students in these seven
middle schools. All 1,393 students completed a question-
naire survey, underwent a physical examination and had blood
drawn after fasting for at least 12 hr. This study did not ob-
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tained written informed consent from all parents and chil-
dren before any testing procedures and was not approved by
the institutional review board.

Questionnaire survey

The study subjects were evaluated using a self-administerd
questionnaire to determine family medical history, current
health status, self-reported experience about smoking, drink-
ing and exercising regularly, and socioeconomic and demo-
graphic information.

Anthropometric measurement

Height and weight were measured using an automatic
height-weight scale to the nearest 0.1 cm and 0.1 kg, respec-
tively. Body mass index (BMI) was calculated by dividing
weight (kg) by height squared (m?). Overweight and obesi-
ty were determined using data form the 1998 Korean Asso-
ciation of Pediatrics growth charts for Koreans (14). Those
with a BMI <85th percentile were classified as normal weight;
those with a BMI > 85th percentile, but <95th percentile,
were classified as overweight; those with a BMI >95th per-
centile were considered obese; and all those with a BMI >
85th percentile were classified as overweight and obese (15).
Using a fiberglass tape measure, waist circumference was mea-
sured at the midpoint between the bottom of the rib cage
and the top of the iliac crests.

Measuring metabolic risk factors

The components of the metabolic syndrome (blood pres-
sure, fasting glucose, triglycerides, and HDL-cholesterol con-
centrations), as well as the total serum cholesterol concentra-
tion, were measured in all subjects.

Blood pressure was measured twice with a mercury sphyg-
momanometer while the subjects were seated after 10 min of
rest, and the two measurements were averaged for analysis.

After a 12-hr overnight fast, blood samples were drawn from
an antecubital vein in each subjects into vacutainer tubes.
Fasting glucose concentration was measured using the glu-
cose oxidase method, and total cholesterol and triglycerides
levels were measured using enzymatic procedures with an
autoanalyzer (model 747; Hitachi, Tokyo, Japan). The HDL-
cholesterol fraction was measured enzymatically after precip-
itating the lipoproteins containing apo-B with MnCl.

Definition of the metabolic syndrome

The definition of the metabolic syndrome used in this study
was that for adolescents proposed by de Ferranti et al. (13),
their cirteria were based closely on the ATP III, which uses
waist circumference as a measure of central obesity; percen-
tiles for age and gender were those most often associated with
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central obesity in children across genders and races (16). There-
fore, adolescents who had a waist circumference > 70th per-
centile for age and gender from our sample population were
classified as having central obesity. Systolic hypertension was
defined as having blood pressure values >90th percentile
for age, gender, and height (17). Participants were classified
as having hypertriglyceridemia if they had >100 mg/dL,
low HDL if they had values <50 mg/dL, and elevated fast-
ing glucose if they had serum glucose values > 110 mg/dL
(18). Individuals with at least three of these abnormalities
were defined as having the metabolic syndrome.

Statistical methods

The data are expressed as frequencies or as means with stan-
dard deviations. The prevalence of the metabolic syndrome
was calculated overall and by gender. The methods used for
analysis were the X2-test and multivariate logistic regression
analysis using the computer software SPSS version 12.0 soft-
ware (SPSS Inc., Chicago, IL, U.S.A.). Statistical significance
was established at p<0.05. The results of the logistic regres-
sion analysis are expressed as odds ratios with 95% confidence
intervals.

RESULTS

The descriptive characteristics of the students separated by
gender are presented in Table 1, 2. The prevalence of family
history of hypertension and diabetes were 20.6% and 22.2%,
respectively. The mean (standard deviation) age of the stu-
dents was 12.8 (0.4) yr, and various characteristics were sim-
ilar to both genders.

The prevalence of individual components of the metabolic
syndrome was 26.3% for high triglycerides, 14.8% for low

Table 1. Distribution of general characteristics of the students
Unit: person (%)

Variables Boys Girls Total
Parental educational level
Primary school 17 (2.5) 12(1.9) 29 (2.2)
Middle school 40 (5.8) 27 (4.2) 67 (5.0)
High school 262(38.3) 267 (415) 529(39.8)
College + 365(53.4) 338(525) 703(52.9)
Perceived economical status
Upper 121(167)  96(147) 217(15.8)
Middle 541(74.7) 506 (77.6) 1,047 (76.1)
Lower 62(86) 50(7.7)  112(8.1)
Family history of diseases
Hypertension (+) 129 (17.7) 157(23.9) 286(20.6)
Cerebrovascular accident (+) 50 (6.9) 64 9.7) 114 (8.2)
Heart disease (+) 47 (6.5) 50 (7.6) 97 (7.0)
Diabetes mellitus (+) 127 (17.5) 180(27.4) 307 (22.2)
Total 732 (100.0) 661 (100.0) 1,393 (100.0)
( (

52.5) 47.5)
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Table 2. Clinical and biochemical characteristics of the students

Boys Girls Total
Age (yr) 128404 128+04  128%04
Height (cm) 156.0+85 1549+57 1555+7.3
Weight (kg) 493+117 472+88  483+105
Body mass index (kg/m?)  20.1+3.6 19.6£31 19.9+34
Waist circumference (cm) 68.7+£9.7  655+7.4 67.2+8.8
Hip circumference (cm) 845+85 87.2+6.8 85.8+7.8
Fasting glucose (mg/dL) 76.3+72  73.0+103 74.7£90

Total cholesterol (mg/dL)  163.2+£28.3 169.0+29.5 165.9+29.0
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Table 3. Prevalence of individual metabolic abnormalities by
gender Unit: person (%)

Boys Girls Total

High triglycerides (=100 mg/dL) 176 (24.0) 191 (28.9) 367 (26.3)
Low HDL-cholesterol (<50 mg/dL) 113 (15.4) 93 (14.1) 206 (14.8)
High fasting glucose (=110 mg/dL) 2(0.3) 1(0.2) 3(0.2)

High waist circumference 175 (24.5) 155 (23.4) 334 (24.0)

(>75th percentile)
High blood pressure
(>90th percentile)

66(9.0) 62(9.4) 128(9.2)

Triglycerides (mg/dL) 82.1+404 87.4+39.1 846+399
HDL-cholesterol (mg/dL) 659+165 66.7+164 66.3+16.5 ) :
Systolic blood pressure 1052494 1030492 104.1+£9.3 Table 5. Prevalence of the metabolic syndrome by weight status
(mmHg) Unit: person (%)
Diastolic blood pressure 689+73 68.0+7.2 68.5+7.3 . - N
(mmiHg) Boys Girls Total
9 (N=732)  (N=661) (N=1393)
Data are means = standard deviations. Overall 44.(6.1) 33(5.0) 77 (5.5)
. . Normal (n=1,129) 9(1.6) 9(1.6) 18(1.6)
Table 4. Prevalence of the number of risk factors of .the metabolic Overweight (> 85th percentile) ~ 35(21.3) 24 (24.0) 59 (22.3)
syndrome Unit: person (%) (n=264)
No. Boys Girls Total  p-value *Normal-overweight comparison significant at p<0.001.
0 383(52.3) 317(48.0) 700(50.3)
1 207 (28.3) 225(34.0) 432(31.0) Table 6. Association in multivariate analysis of weight status with
2 98(13.4) 86(13.0) 184(13.2) metabolic syndrome in adolescents
3 43(59) 27(41)  70(5.0) . :
4 101) 609  7(05) Oddsratic” 07 ‘Ctonf'dlence pvalue
Metabolic syndrome 44 (6.1)  33(50)  77(55) 0476 interva
T d by chi Normal 1.0
ested by chi-square test. Overweight 17.7 10,0312 <0.001

HDL-cholesterol, 0.2% for impaired fasting glucose, 24.0%
for abnormal waist circumference, and 9.2% for high blood
pressure (Table 3).

Nearly half (49.7%) of students had at least one metabolic
abnormality, and 5.5% had the metabolic syndrome. In boys
and girls, the prevalence of metabolic syndrome was 6.1%
and 5.0%, respectively; the differences was not statistically
significant. Four abnormalities were found in seven students
(0.5%), while no student met all five criteria (Table 4).

Compared to normal-weight students, overweight students
had a higher prevalence of the metabolic syndrome (1.6%
vs. 22.3%), and the difference was statistically significant (p<
0.001) (Table 5).

In the multivariate logistic regression, being overweight
was independently associated with the metabolic syndrome
after adjusting for gender, age, family history of hyperten-
sion and diabetes mellitus, regular exercise and amount of
meals (odds ratio, 17.7; 95% confidence interval, 10.0-31.2)
(Table 6).

DISCUSSION

Although no universally accepted definition for the meta-
bolic syndrome in adolescents has been formulated, the def-

*Results were adjusted for age, gender, family history of hypertension
and diabetes mellitus, regular exercise, and amount of meals.

inition of Cook et al. (5) has been uesd most widely. Howev-
er, this definition is based on the 1992 National Cholesterol
Education Program guidelines; thus the definition had been
devised before ATP III and wide recognition of the metabolic
syndrome, using more restrictive cutoffs for lipids and abdo-
minal circumference. Translating their definition to pediatric
percentiles, HDL cholesterol levels of 40 mg/dL represents
the 10th to 25th percentile in boys and 10th to 15th percen-
tile in girls, which are below the adult 40th percentile. The
higher triglyceride cutpoint of 110 mg/dL represents the
85th to 95th pediatric percentiles, also higher than the adult
75th to 85th percentiles. The abdominal circumference cut-
point of the 90th percentile is higher than the 75th percen-
tile used in the definition by de Ferranti et al. (13).

In addition to definition by Cook et al. (5), other defini-
tions of pediatric metabolic syndrome have been used in var-
ious populations (5, 12, 18, 19). In contrast to other criteria,
the definition used here given by de Ferranti et al. (13) was
based closely on the more inclusive ATP III adult criteria,
considering the effects of age, gender, and puberty, and there-
fore, encompasses a larger population of adolescents.

Using a pediatric definition based closely on ATP III, we
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found that the prevalence of the metabolic syndrome in Korean
adolescents aged 12 and 13 yr was 5.5%. The metabolic syn-
drome was most common in overweight adolescents, with a
prevalence of 22.3%, compared to only 1.6% for normal-
weight adolescents. Moreover, nearly half of all students had
at least one metabolic abnormality. The difference in the
prevalence of the metabolic syndrome between overweight
and normal-weight adolescents was remarkable and further
underscores the importance of small losses of weight for poten-
tially avoiding the development of the metabolic syndrome
and related sequelae. Our finding is similar to other published
results (5, 20).

The mechanisms underlying the development of the meta-
bolic derangements that occur in the metabolic syndrome
are not fully understood. The most widely accepted hypoth-
esis involves a complex interaction between insulin resistance
and obesity that is modified by social, environmental, and
genetic factors (21, 22). Pediatric researchers have found that
they persist from childhood to adulthood, leading one to sus-
pect that the metabolic syndrome also continues into adult-
hood (18). In fact, childhood obesity predicts the development
of the metabolic syndrome in adulthood (23). The metabolic
syndrome has an important immediate impact: adolescents
with the metabolic syndrome have a lower exercise capacity
than obese and normal-weight controls (24). Obesity alone
increases the risk of hypertension, cholecystitis, and slipped
capital femoral epiphysis, and is associated with psychosocial
symptoms in children (25).

Several limitations of these data should be considered. Our
study subjects were 12 or 13-yr old first-year middle school
students from one district of a city. In addition, the blood pres-
sure and waist circumference criteria were derived from per-
centiles of our subjects. Therefore, caution should be exercised
when generalizing these data to other Korean adolescents.

In this study, the metabolic syndrome was found to exist
almost entirely in overweight students. Our data suggest that
the prevalence of the metabolic syndrome among adolescents
will increase unless effective obesity prevention efforts are
implemented for youths. Practitioners should be aware of
the clustering of metabolic abnormalities in adolescents, and
affected students should receive risk-reducing interventions.
Understanding the prevalence of the metabolic syndrome
among adolescents may foster interventions and research; fur-
ther investigation might better illuminate its pathophysiol-
ogy and relationship to cardiovascular disease.
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