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Purpose: This study examined the prevalence of metabolic syndrome (MetS) in South
Korean children and adolescents by gender and age and analyzed gender-specific factors
associated with MetS. Methods: This study used data on children aged 10-18 years from
the Korea National Health and Nutrition Examination Survey (KNHANES) from 2010 to
2015. Analyses included descriptive statistics, the independent t-test, the X test, and
univariate logistic regression analysis (p<.050). Results: The prevalence of MetS was
4.8% in boys and 3.4% in girls. The prevalence was higher in girls up to the age of 12, but
higher in boys who were 13 or older. Abdominal obesity was frequent in girls, whereas
low high-density lipoprotein cholesterol (HDL-C) and elevated blood pressure were
more common in boys. Higher body mass index, waist-to-height ratio, waist circum-
ference, blood pressure, triglycerides, HDL-C, perceived "fat" body shape, and weight
loss efforts were associated with MetS in both genders. Increasing age, having one meal
per day, and weight maintenance were associated factors unique to boys. Fasting plasma
glucose, familial medical history of low HDL-C, and perceived "thin" body shape were
associated factors in girls. Conclusion: Gender and age differences should be considered
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in the risk assessment and prevention of MetS.
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INTRODUCTION

Metabolic syndrome (MetS) is a strong risk factor for type 2
diabetes and atherosclerotic cardiovascular disease, which
have high rates of morbidity and mortality in adults [1].
Recent studies confirmed that the pathological process of
MetS starts in childhood and adolescence [2,3]. Those pre-
vious studies clearly showed that child and adolescent obesity
tend to persist into adulthood. Consequently, the serious ef-
fects of clustering cardiovascular risk factors associated with
obesity and insulin resistance in children and adolescents
should not be overlooked [1-3]. Therefore, early diagnosis and
prevention of MetS in childhood and adolescence are critical
to preventing MetS and related chronic diseases in adulthood.

The prevalence of MetS is affected by various factors such
as age, gender, race/ ethnicity, family history, and other socio-
economic characteristics such as economic status [4,5]. In par-
ticular, due to hormonal changes during puberty, insulin re-
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sistance may have different effects on metabolic components
by gender and age [6]. For example, the prevalence of MetS is
higher in females among adults in general [7], but higher in
males among children and adolescents [4]. The unique asso-
ciated factors of MetS prevalence and its patterns of change by
gender and age should be identified among children and ado-
lescents for better risk assessment and more effective pre-
vention strategies. Childhood and adolescence are also critical
developmental stages during which physical, psychological,
social, and cultural factors influence gender-specific body im-
age and self-identity [8]. The relationship between body weight
and body image cannot be ignored, since poor body image is
associated with unhealthy behavior formation in children
and adolescents [8]. Previously published studies have high-
lighted the differences in MetS prevalence according to gen-
der, but they did not analyze the characteristics of changes in
prevalence with age in each gender. Considering the unique,
gender-specific characteristics of physical growth and devel-
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opmental changes in children and adolescents, it is very im-
portant to take gender and age differences into account to un-
derstand the effect of those changes on the prevalence of MetS
and provide tailored management to children and adoles-
cents. Therefore, understanding gender- and age-specific risk
factors in this population will help guide MetS screening prac-
tices and establish effective health practice guidelines for risk
assessment and prevention of MetS among children and ado-
lescents.

The modified National Cholesterol Education Program
Adult Treatment Panel III (NCEP-ATP III) for children and
adolescents is a widely used diagnostic criterion in South
Korea and other countries [9]. Based on the modified NECP-
ATP III criteria, the prevalence of MetS among South Korean
children and adolescents was 6.2% in 2008-2014 [10] and 6.5%
in 2015 [11], compared with 7.1% in 2001 [12]. Even though
MetS prevalence decreased during the observed period, seri-
ous concerns have been raised regarding the steadily rising
prevalence (11.2% in 2008, 17.3% in 2017) of childhood obesity
in South Korea [13]. Furthermore, research using National
Health and Nutrition Survey data, both in South Korea and in-
ternationally [10,11,14], has confirmed that a high body mass
index (BMI) is the most significant factor affecting the preva-
lence of MetS in children and adolescents; therefore, BMI
should be used as an important indicator of MetS-related
health problems in children and adolescents [10,11,14]. In
addition, early-onset metabolic abnormalities resulting from
childhood obesity showed a strong relationship with a higher
prevalence of type 2 diabetes mellitus, MetS, and premature
atherosclerosis in adulthood than in non-obese children [2].

Therefore, the early detection and management of MetS in
children and adolescents, informed by its most significant and
predictable associated factors, can have a long-term impact on
health outcomes in adulthood. MetS should, however, be un-
derstood in terms of the complex effects of physical, psycho-
logical, and lifestyle characteristics and not just as a phenom-
enon linked to BMI. The purpose of this study was to inves-
tigate the prevalence of MetS by gender and age and gender-
specific factors associated with MetS in South Korean children
and adolescents from a multifaceted perspective, including
physical, psychological, and lifestyle characteristics, using a
national survey dataset from the Korea National Health and
Nutrition Examination Survey (KNHANES) from 2010 to 2015.

METHODS

Ethics statement: This study was a secondary analysis of

existing data and did not require institutional review board
approval or informed consent.

www.e-chnr.org

1. Study Design

This secondary data analysis is a cross-sectional descriptive
correlational study. We used the KNHANES fifth and sixth
waves from 2010 to 2015 to identify the prevalence of MetS in
Korean children and adolescents and factors associated with
MetS.

2. Data Source and Study Population

The KNHANES is a national survey system that has eval-
uated the health and nutritional status of adults and children
over the age of 1 in South Korea every 3 years since 1998. The
Division of Chronic Disease Surveillance, Korea Centers for
Disease Control and Prevention (http://knhanes.cdc.go.kr)
conducts the survey using a multi-stage clustered probability
design. The data include socioeconomic status, health-related
behaviors, quality of life, healthcare utilization, anthropome-
tric measures, biochemical and clinical profiles for non-com-
municable diseases, and dietary intake information. The sur-
vey includes health interviews, nutritional surveys, and phys-
ical examinations [15]. In this study, the fifth-wave data col-
lected from 2010 to 2012 and the sixth-wave data collected
from 2013 to 2015 were used. To analyze the prevalence of
MetS, the fifth- and sixth-wave data were integrated after fac-
toring for time differences in data collection by applying an
integrated weight calculated by each wave's weight according
to the KNHANES analysis guidelines. To consider the charac-
teristics of KNHANES data and to reflect the characteristics of
children and adolescents, subjects ages 10 to 18 years of age at
the beginning of the survey were included in this study. The
analysis of 6 years of data (2010-2015) was approved by the
Korea Disease Control and Prevention Agency (Korea Nation-
al Approval Statistics, No.117002).

The total number of subjects aged 10-18 years out of the total
number of subjects assessed each year in the KNHANES was
1,076 out of 8,958 in 2010, 942 out of 8,518 in 2011, 900 out of
8,058 in 2012, 959 out of 8,018 in 2013, 718 out of 7,550 in 2014,
and 748 out of 7,380 in 2015. A total of 5,343 children and ado-
lescents (2,859 boys, 2,484 girls) were identified as potential
candidates for this study. However, data on anthropometric
variables relevant to MetS were missing for 1,194 subjects (633
boys, 561 girls). Therefore, the present study included a total of
4,149 children and adolescents (2,226 boys, 1,923 girls).
Following the data handling guidelines of the KNHANES for
representing the characteristics of the South Korean popula-
tion based on collected data, the authors estimated the num-
ber of Korean children and adolescents from the sample size
using an adjusted complex sampling weight based on 2010
Population and Housing Census data. As a result, the sample
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subjects of this study represented an estimated 4.6 million (2.4
million boys, 2.1 million girls) South Korean children and
adolescents.

3. Definition of Metabolic Syndrome and Study Variables

MetS was defined based on guidelines from the modified
NCEP ATP III [16]. Participants who met at least three of the
following parameters were diagnosed with MetS: >90™ per-
centile (age, gender-specific) as assessed by waist circum-
ference (WC) for obesity, > 90" percentile (age, gender, height-
specific) for blood pressure (BP), a triglycerides (TG) level >
110 mg/dL, a high-density lipoprotein (HDL-C) level <40
mg/dL, and a fasting plasma glucose (FPG) level >110 mg/dL.
We defined high WC (age, gender-specific) and high BP (age,
gender, height specific) as >90™ percentile based on the 2007
Korean children growth chart [17].

All anthropometric variables were obtained by trained per-
sonnel for each year of the KNHANES. Body weight was
measured to the nearest 0.1 kg on a medical balance scale.
Height was measured to the nearest 0.1 cm with a portable
stadiometer. BMI was calculated as weight divided by height
squared. WC was measured at the midpoint between the low-
est margin of the rib and the uppermost lateral border of the
iliac crest during expiration, using a flexible tape measure
during minimal respiration. BP was measured on the right
arm using a mercury sphygmomanometer after the subject
had rested for 5 minutes in a seated position. Systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were meas-
ured in triplicate, and the second and third measurements
were averaged and used in the analyses. Biochemical data
(TG, HDL-C, and FPG) were analyzed using a blood specimen
taken from each participant after overnight fasting. The sam-
ples were transported to a central laboratory after preparation
and analyzed within 24 hours [15].

KNHANES health interview data on demographic varia-
bles (age, household income), family medical history (hyper-
tension, hypertriglyceridemia, low HDL-C, diabetes melli-
tus), lifestyle (smoking, alcohol drinking, walking hours per
week, frequency of meals per day, weight control efforts over
the past year, sleeping hours per day), and psychological vari-
ables (perceived body shape, perceived stress level) were in-
cluded in this study. Family medical history of a condition was
determined if a subject's father or mother met the criteria for
any of the following conditions: (1) diabetes mellitus: FPG >
126 mg/dL, taking diabetes medication or insulin injections,
or having a medical diagnosis; (2) hypertriglyceridemia: TG
level >200 mg/dL after overnight fasting; (3) hypertension:
SBP > 140 mmHg or DBP >90 mmHg or taking hypertension
medication, and (4) low HDL-C: HDL-C level <40 mg/dL.
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4. Ethical Considerations

This study was approved by the research ethics committee
from the institution to which the research director belongs
(No. CR317341).

5. Statistical Analysis

Since the KNHANES uses a complex sampling design, data
were analyzed by applying the final weight calculated by ac-
counting for the complex survey design, survey nonresponse,
and post-stratification to increase the representativeness and
accuracy of the estimates of the South Korean population. The
collected data were analyzed using SAS version 9.4 (SAS Ins-
titute Inc., Cary, NC, USA). First, the differences between
boys' and girls' characteristics were analyzed using the in-
dependent t-test and the Rao-Scott x” test. The results were
presented as mean, standard error, frequency, and percen-
tage. Second, the estimated differences in the prevalence of
MetS in boys and girls were analyzed using the Rao-Scott x°
test. Third, the prevalence rate of MetS by age in boys and girls
was calculated as a percentage. Lastly, univariate logistic re-
gression analysis was performed to determine the odds ratio
(OR) with a 95% confidence interval (CI) for associations with
the prevalence of MetS in children and adolescents in this ex-
ploratory study. Univariate logistic regression analysis was
used for two reasons. First, the KNHANES dataset was main-
ly composed of questionnaire items focusing on adulthood
diseases, so the variables required to assess MetS-related phy-
sical, psychological, and lifestyle characteristics (e.g., data on
pubertal stages) were limited or missing altogether. Second,
as mentioned in previous studies [18,19], the explanatory po-
wer of BMI for the prevalence of MetS was so powerful that it
made other factors meaningless. For these reasons, the au-
thors decided to use univariate logistic regression analysis to
identify the influence of each variable reflecting physical, psy-
chological, and lifestyle characteristics on the prevalence of
MetS in children and adolescents. Statistical significance was
determined by a two-tailed p-value <.050, and the normality
of the distribution of all variables was tested before the statis-
tical analysis.

RESULTS

1. Weighted Values of the Baseline Characteristics of
the Study Population by Gender

The study population's baseline characteristics by gender

are shown in Table 1. The mean age of study participants was
14.3 years old. BMI, waist-to-height ratio (waist/height; WHtR),
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Total Boys Girls
Variables (N=4,149, 4.6m*) (n=2,226, 2.4m*) (n=1,923, 2.1m*) ort p
N (%) or M*SE n (%) or M+SE n (%) or M+SE
Demographic
Age (year) 14.3%0.1 14.3+0.1 14.3£0.1 0.45 .656
10-12 1,174 (28.3) 628 (28.2) 546 (28.4) 1.01 604
13-15 1,421 (34.2) 779 (35.0) 642 (33.4)
16-18 1,554 (37.5) 819 (36.8) 735 (38.2)
Household income 5.34 069
Low (<25%, 1,160,000 won) 544 (13.1) 267 (12.0) 277 (14.4)
Middle (>25 & <75%) 2,460 (59.3) 1,318 (59.2) 1,142 (59.4)
High (>75%, 2,750,000 won) 1,145 (27.6) 641 (28.8) 504 (26.2)
Anthropometric
BMI (kg/m’) 20.89+0.07 21.16+0.10 20.58+0.10 410 <.001
WHIR (%) 0.34%0.00 0.35%0.00 0.33£0.00 10.17 <.001
WC (cm) 70.11+0.20 72.10+0.28 67.8310.25 11.62 <.001
SBP (mmHg) 107.691+0.21 110.041+0.29 104.70£0.27 13.44 <.001
DBP (mmHg) 66.31+0.19 66.73+0.26 65.83+0.23 2.80 .005
Biochemical
TG (mg/dL) 84.25+1.02 83.50£1.39 85.11£1.32 0.90 368
HDL-C (mg/dL) 51.25+0.22 49.91+0.26 52.79+0.29 8.21 <.001
FPG (mg/dL) 89.99+0.18 90.38+0.19 89.54+0.29 273 .007
Family medical history
Hypertension 1,129 (27.2) 583 (26.2) 546 (28.4) 1.95 163
Hypertriglyceridemia 891 (21.5) 514 (23.1) 377 (19.6) 5.74 017
Low HDL-C 1,084 (26.1) 601 (27.0) 483 (25.1) 1.49 223
Diabetes mellitus 396 (9.7) 221 (9.9) 175 (9.1) 0.40 529
Lifestyle
Smoking (yes) 785 (18.9) 572 (25.7) 213 (11.1) 71.99 <.001
Alcohol drinking (yes) 1,532 (36.9) 897 (40.3) 635 (33.0) 13.05 <.001
Walking hours/week 40.31+1.04 40.69+1.37 39.89+1.52 0.40 .690
Frequency of meals/day 6.88 .032
Once 232 (5.6) 103 (4.6) 129 (6.7)
Twice 1,248 (30.1) 652 (29.3) 596 (31.0)
Three times 2,669 (64.3) 1,471 (66.1) 1,198 (62.3)
Weight control effort over the past year 231.35 <.001
Loss 1,509 (36.4) 586 (26.3) 923 (47.9)
Maintain 702 (16.9) 356 (16.0) 346 (18.0)
Gain 441 (10.6) 353 (15.9) 88 (4.6)
Never tried 1,497 (36.1) 930 (41.8) 567 (29.5)
Sleeping hours/day 7.11+0.03 7.2410.04 6.9410.05 4.94 <.001
Psychological
Perceived body shape 108.25 <.001
Thin 1,042 (25.1) 723 (32.5) 319 (16.6)
Average 1,750 (42.2) 808 (36.3) 942 (49.0)
Fat 1,357 (32.7) 695 (31.2) 662 (34.4)
Perceived stress level 23.76 <.001
Very high 145 (3.5) 51 (2.3) 94 (4.9)
High 877 (21.1) 425 (19.1) 452 (23.5)
Low 2,475 (59.7) 1,359 (61.0) 1,116 (58.0)
Almost none 652 (15.7) 391 (17.6) 261 (13.6)

*Sample size, estimated population represented in millions (adjusted complex sampling weight); BMI, body mass index; DBP, diastolic blood pressure;
FPG, fasting plasma glucose; HDL-C, high-density lipoprotein-cholesterol; SBP, systolic blood pressure; TG, triglyceride; WC, waist circumference;

WHIR, waist-to-height ratio (waist/height).
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WG, SBP, DBP, and FPG were significantly higher in boys than
girls, but HDL-C levels were higher in girls than in boys,
though those anthropometric variables were within the nor-
mal range. The prevalence of a relevant family medical history
(hypertriglyceridemia) and certain lifestyle factors (smoking,
alcohol drinking, sleeping) were significantly higher in boys
than in girls. The frequency of meals per day, weight control
efforts over the past year, perceived body shape, and per-
ceived stress levels were also significantly different according
to gender.

2. Estimated Prevalence of Metabolic Syndrome Com-
ponents by Gender

Gender differences in the estimated prevalence of MetS and
its components are shown in Table 2. Among the components
of metabolic abnormalities, elevated BP (x’=4.94, p=.026) and
low HDL-C (x’=21.02, p <.001) were significantly more com-
mon in boys than in girls, whereas abdominal obesity was sig-
nificantly more common in girls than in boys (x’=3.86, p=
.049). The estimated mean prevalence of MetS was 4.2% of all
South Korean children and adolescents. The prevalence of
MetS was 4.8% in boys and 3.4% in girls, and it did not sig-
nificantly differ by gender (x*=3.40, p=.065).

3. Estimated Prevalence of Metabolic Syndrome by Age
and its Gender Differences

Figure 1 shows changes in the estimated prevalence of MetS
by age from 10 to 18 years. The overall incidence among chil-
dren and adolescents ranged from 2.5% to 3.3% at the ages of
10-12 years but increased gradually to 3.5% to 5.5% after the

age of 13. However, the prevalence by gender showed a some-
what different pattern from the trend of the overall results.
From 10 to 12 years old, the prevalence of MetS was lower in
boys (2.0%-2.6%) than in girls (3.0%-4.0%). However, after the
age of 13, the prevalence of MetS in boys (4.2%-6.8%) was
higher than that in girls (1.7%-4.2%). The difference in preva-
lence by gender was most significant at 13 years old (x2 =457,
p=.033). The prevalence in boys increased sharply at 13 years
of age (up to 5.2%), and although it decreased slightly at 14
and 17 years, it steadily increased from 4.2% to 6.8% from 13 to
18 years of age. The prevalence of MetS in girls increased from
10 to 11 years of age (up to 4.0%) and dropped sharply up to
the age of 13 (down to 1.7%). It then gradually increased up to
4.2% at 17 years and decreased again at 18 years of age (down
t0 2.9%).

4. Factors Associated with Metabolic Syndrome Using
Univariate Logistic Regression Analysis by Gender

The adjusted OR by exploratory analysis of MetS-asso-
ciated factors in South Korean children and adolescents by
gender are shown in Table 3. In the total study population, the
prevalence of MetS significantly increased with age, BMI,
WHILtR, WC, SBP, DBP, TG, HDL-C, and FPG. The prevalence
of MetS was also higher among subjects who had a familial
medical history of low HDL-C, made efforts over the past
year to lose and maintain weight, and reported a perceived
body shape of "fat".

There were, however, some gender differences in factors
associated with MetS. Common associated factors in both gen-
ders were a high BMI (OR=1.47, OR=1.42; values presented in
boys and in girls, respectively), a WHtR > 0.5 (OR=27.59, OR=

Table 2. Prevalence of Metabolic Syndrome Components by Gender (N=4,149)

Total Boys Girls
Variables Categories (N=4,149, 4.6m*)  (n=2,226,2.4m*)  (n=1,923, 2.1m*) X p
N (%) n (%) n (%)

Prevalence of metabolic Abdominal obesi’nyr 415 (10.0) 200 (9.0) 215 (11.2) 3.86 .049
syndrome and Elevated BP* 1,143 (27.5) 649 (29.2) 494 (25.7) 494 .026
components High TG 618 (14.5) 249 (11.2) 369 (19.2) 1.33 .249

Low HDL-C' 481 (11.6) 314 (14.1) 167 (8.7) 21.02 <.001
High FPG' 27(0.7) 13 (0.6) 14 (0.7) 0.08 775

Number of metabolic >1 2,029 (48.9) 1,129 (50.8) 900 (46.8) 4.96 .026

abnormalities >2 660 (15.9) 381 (17.1) 2 9 (14.5) 3.60 .058
>3 173 (4.2) 107 (4.8) 66 (3.4) 3.40 .065

>4 36 (0.9) 22 (1.0 14 (0.7) 0.95 .329

Metabolic syndrome 173 (4.2) 107 (4.8) 66 (3.4) 3.40 .065

*Sample size, estimated population represented in millions (adjusted complex sampling weight); " Waist circumference > age-, gender-specific 90th
percentile; ¥ Elevated blood pressure >age-, gender-specific 90th percentile; *High triglycerides >110 mg/dL; Low high-density lipoprotein-
cholesterol <40 mg/dL; "High fasting plasma glucose >110 mg/dL; BP, blood pressure; FPG, fasting plasma glucose; HDL-C, high-density

lipoprotein-cholesterol; TG, triglyceride.
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Figure 1. The prevalence of metabolic syndrome by age and gender. p<.050.

26.99), high WC (OR=1.16, OR=1.19), high SBP (OR=1.10,
OR=1.12), high DBP (OR=1.13, OR=1.12), high TG (OR=1.02,
OR=1.02), high HDL-C (OR=0.82, OR=0.83), reported weight
loss attempts (OR=5.02, OR=3.18), and a reported perceived
body shape of "fat"(OR=7.09, OR=10.73). Increasing age (OR=
1.14) and eating a meal once per day as opposed to three times
per day (OR=2.66) were significant associated factors unique
to boys. Increasing FPG (OR=1.06), having a familial medical
history of low HDL-C (OR=2.02), and having a perceived
"thin" body shape (OR=0.06) were significant associated fac-
tors unique to girls.

DISCUSSION

Among the estimated population of children and adoles-
cents (4.6 million) in South Korea, the total prevalence of MetS
was 4.2% in 2010-2015. This is much lower than in the United
States, which had a 9.8% rate of MetS in children and adoles-
cents from 1999 to 2012 [14], but slightly higher than in China,
which had a rate of 3.4% in 2009 [20]. Despite the steady in-
crease in the prevalence of obesity among Korean children
and adolescents [11], the prevalence of MetS found in this
study (4.2%) is lower than the previous results of 7.1% in 2001
[12] and 6.2% in 2008-2014 [10]. This could have been because
of the recent decrease in the rate of hypertension and hyper-
glycemia among South Korean children and adolescents com-
pared to other MetS components [21], or because of the ag-

www.e-chnr.org

gressive efforts by various national health care programs in
South Korea to modify the lifestyles of children and adoles-
cents by increasing physical activity and decreasing caloric in-
take [22]. However, considering that MetS in childhood in-
creases the risk and prevalence of type 2 diabetes mellitus and
atherosclerotic cardiovascular disease in adulthood [2], health
care providers should be vigilant about the threat of MetS in
children and adolescents.

The prevalence of MetS was not statistically different by
gender in this study, but the prevalence was somewhat higher
in boys than in girls (4.8% in boys, 3.4% in girls). The finding
of a higher prevalence in boys is consistent with reports from
other countries such as America, Norway, and China [4,20]. In
this study, the high prevalence of MetS in boys could be ex-
plained by the differences between genders in the rates of
three metabolic components (abdominal obesity, elevated BP,
and low HDL-C). Specifically, of the five metabolic compo-
nents, the rates of elevated BP and low HDL-C were signifi-
cantly higher in boys. Barstad et al. [23] found that boys were
more likely to have an unhealthy lifestyle than girls, including
consuming more calories and being less physically active,
which puts boys at a higher risk for obesity. In the current
study, we found that boys who ate one meal per day were 2.66
times more likely to have MetS than boys who ate three meals
per day. These results are similar to those of Moon's study [9],
which reported that skipping meals could lead to increased
snack consumption or binge eating, resulting in increased
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Table 3. Associated Factors of Metabolic Syndrome by Univariate Logistic Regression (N=4,149)

Total Boys Girls
. (N=4,149, 4.6m*) (n=2,226, 2.4m*) (n=1,923, 2.1m*)
Variables
Adjusted OR Adjusted OR Adjusted OR
(95% CI) P (95% CI) p (95% CI) P
Sex (ref. girl) 1.43 (0.98-2.11) .067
Demographic
Age (year) 1.10 (1.02-1.18) 012 1.14 (1.05-1.25) .002 1.03 (0.91-1.16) .661
Household income (ref. high)
Low 1.63 (0.91-2.94) 103 1.58 (0.74-3.38) .239 1.93 (0.72-5.15) 192
Middle 0.91 (0.58-1.42) 673 0.79 (0.45-1.41) 430 1.19 (0.56-2.53) 653
Anthropometric
BMI (kg/m?) 1.45 (1.37-1.52) <.001 1.47 (1.36-1.58)  <.001 1.42 (1.32-1.53) <.001
WHIR (ref. <0.5) 27.60 (16.60-45.90) <.001 27.59 (15.23-49.99) <.001 26.99 (9.07-80.26)  <.001
WC (cm) 1.15 (1.13-1.18) <.001 116 (1.12-1.19)  <.001 1.19 (1.15-1.23) <.001
SBP (mmHg) 1.11 (1.08-1.13) <.001 1.10 (1.08-1.13)  <.001 1.12 (1.08-1.16) <.001
DBP (mmHg) 1.13 (1.10-1.16) <.001 1.13 (1.09-1.16)  <.001 1.12 (1.08-1.17) <.001
Biochemical
TG (mg/dL) 1.02 (1.02-1.03) <.001 1.02 (1.02-1.03)  <.001 1.02 (1.02-1.03) <.001
HDL-C (mg/dL) 0.83 (0.80-0.86) <.001 0.82(0.78-0.86)  <.001 0.83 (0.79-0.88) <.001
FPG (mg/dL) 1.04 (1.02-1.06) <.001 1.01 (0.98-1.04) .589 1.06 (1.03-1.10) <.001
Family medical history
Hypertension (ref. normal) 1.46 (0.95-2.24) .086 1.44 (0.80-2.57) 221 1.52 (0.80-2.87) .200
Hypertriglyceridemia (ref. normal) 1.61 (0.99-2.60) .053 1.48 (0.79-2.77) 227 1.78 (0.82-3.88) 147
Low HDL-C (ref. normal) 1.57 (1.02-2.41) .038 1.31 (0.75-2.27) 342 2.02 (1.01-4.02) .046
Diabetes mellitus (ref. normal) 1.21 (0.65-2.22) .550 1.07 (0.49-2.36) .863 1.40 (0.53-3.69) 492
Lifestyle
Smoking (ref. no) 1.38 (0.83-2.32) 218 1.41 (0.79-2.52) .239 0.77 (0.21-2.85) 694
Alcohol drinking (ref. no) 1.27 (0.83-1.94) 270 1.22 (0.72-2.08) 463 1.23 (0.59-2.57) 578
Walking hours/week 1.00 (1.00-1.01) 723 1.00 (0.99-1.00) 290 1.00 (0.99-1.01) 150
Frequency of meals/day (ref. three times)
Once 1.88 (0.90-3.93) .096 2.66 (1.05-6.77) .040 1.23 (0.35-4.37) 748
Twice 1.30 (0.84-2.03) .245 1.13 (0.62-2.06) 690 1.63 (0.85-3.12) 141
Weight control effort over the past year (ref. never tried)
Loss 3.66 (2.34-5.71) <.001 5.02 (2.80-9.00)  <.001 3.18 (1.49-6.81) .003
Maintain 2.42 (1.37-4.27) .002 2.62 (1.25-5.51) .011 2.40 (0.94-6.16) .068
Gain 0.83 (0.29-2.36) 725 0.61 (0.15-2.48) 484 1.81 (0.51-6.51) 361
Sleeping hours/day 0.96 (0.83-1.11) 539 0.93 (0.75-1.14) 468 0.96 (0.79-1.16) 662
Psychological
Perceived body shape (ref. average)
Thin 0.28 (0.05-1.63) 155 0.26 (0.04-1.78) 171 0.06 (0.01-0.47) .008
Fat 8.47 (4.87-14.75)  <.001 7.09 (3.32-15.12)  <.001 10.73 (4.98-23.11)  <.001
Perceived stress level (ref. almost none)
Very high 1.91 (0.65-5.57) 237 2.23 (0.50-10.06) 295 3.00 (0.53-16.96) 213
High 1.36 (0.69-2.68) 368 1.41 (0.61-3.29) 425 1.89 (0.45-7.93) 382
Low 1.52 (0.85-2.74) .160 1.24 (0.64-2.42) 528 2.96 (0.78-11.27) 111

*Sample size, estimated population represented in millions (adjusted complex sampling weight); BMI, body mass index; CI, confidence interval; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein-cholesterol; OR, odds ratio; SBP, systolic blood pressure; TG,
triglyceride; WC, waist circumference; WHIR, waist-to-height ratio (waist/height).

obesity or hyperlipidemia. Therefore, interventions for boys the importance of regular eating habits instead of binge eat-
with MetS need to be developed strategically and emphasize ing. Only one metabolic component (WC) was significantly
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higher in girls than in boys. A higher prevalence of abdominal
obesity in girls was also observed in previous studies of South
Korean and American teenagers [11,24]. However, a Chinese
study showed the opposite result that prevalence of abdomi-
nal obesity was higher in boys [20]. Although contradictory
results have been reported for abdominal obesity by gender,
abdominal obesity is the best indirect predictor of visceral fat
accumulation, which is affected by pubertal hormone changes
[24,25]. Pubertal hormone changes lead to increased fat mass,
lean body mass, blood pressure, and lipid levels, which are
MetS components [2]. Increased WC in girls is a particular con-
cern because abdominal obesity can lead to obesity, type 2 dia-
betes mellitus, or MetS in adult women [2]. Active interven-
tions to reduce abdominal obesity in girls are also essential be-
cause girls who have abdominal obesity in adolescence are at a
higher risk of being overweight while pregnant, developing
gestational diabetes mellitus, and giving birth to overweight
offspring [26]. However, we could not distinguish the effect
each stage of puberty had on the prevalence of metabolic com-
ponents since the dataset used did not have information on
individuals' pubertal stages. Therefore, additional research
would be needed to identify gender differences in abdominal
obesity considering puberty-related hormone changes.
Gender differences were also observed when analyzing
MetS prevalence by age. First, during the pre-puberty or early
puberty period, the prevalence of MetS in girls was higher
than in boys. However, within the age range of middle and
late puberty, its prevalence in boys was higher than in girls
until the end of adolescence. Similar findings in another study
showed a higher rate of MetS in boys during puberty [27]. One
could infer from these results that one of the reasons why
MetS prevalence in boys continues to rise throughout child-
hood and adolescence is that boys tend to be less interested in
their personal appearance than girls due to a greater degree
of social acceptance for male obesity in South Korea [8] and a
low compliance with obesity management programs [23]. Con-
sidering this, in addition to the results of previous studies that
found that boys in South Korea were less likely to undertake
weight management measures [28], interventions to prevent
and manage MetS in boys should consider focusing on moti-
vational strategies. Secondly, two points in time showed sig-
nificant gender differences in the prevalence of MetS, with a
sharp increase in boys at 13 and a sharp decrease observed in
girls at 18. A South Korean study [28] that analyzed the eating
habits of South Korean male middle school students showed
that unbalanced eating habits and binge eating due to stress
were more severe in boys. As a result, though boys' levels of
exercise were similar to those of girls, the proportion of over-
weight boys was higher [28]. This finding supports the sharp
increase in MetS prevalence among boys 13 and older ob-
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served in this study. In contrast, girls at 13 years old, when the
prevalence of MetS first decreases among girls, are just enter-
ing junior high school tend to become more interested in their
personal appearance and body image, and thus are more like-
ly to try to lose weight than boys [8]. When prevalence de-
creases again in girls at 18 years old, girls may put effort into
losing weight ahead of entering college or searching for a job
[29]. Notably, the social expectation in South Korea for wom-
en to maintain their appearance and have a slim body [29]
might have an influence on women's likelihood of making
weight control efforts and, consequently, the decrease in the
prevalence of MetS in girls at the late stages of puberty. Con-
sidering the different ages at which rapid increases and de-
creases in MetS prevalence according to gender were obser-
ved, different strategies for boys and girls regarding the tim-
ing of interventions should be considered. Thirdly, the gender
differences in prevalence by age showed quite different pat-
terns. This indicates that interventions with gender-specific
approaches are more likely to be effective. For example, boys
from the ages of 12 to 17 years and girls from the ages of 10 and
13 years (immediately before an overall rise in MetS preva-
lence) should be more closely monitored and targeted for gen-
der-specific preventive interventions.

As in previous studies, we also found significant associa-
tions of MetS with BMI and WHtR. As BMI increased, the pre-
valence of MetS increased by 1.47 times in boys and 1.42 times
in girls. BMI is a well-known significant predictor of MetS [9,
30]. Therefore, it would be a useful indicator in outpatient or
community settings for the early detection of MetS in high-
risk children and adolescents. The impact of increasing WHtR
on MetS prevalence was also confirmed in the current study
and others [10]. In this study, the prevalence of MetS was 27.59
times higher in boys and 26.99 times higher in girls with a
high WHtR, and a previous study found that WHtR was a bet-
ter predictor of cardiac metabolic risk than BMI or WC [10].
WHIR is a definitive index correlated with visceral fat accu-
mulation, and it is easy to track along with BMI at various
ages. It also has the advantage of high gender consistency and
is an easy indicator for follow-up in clinical and community
settings. Considering the high relevance between BMI, WHItR,
and MetS in these results, BMI and WHtR should be regarded
as additional key predictors of MetS (as well as biochemical
data) in children and adolescents, which makes the risk of
MetS easier to assess in homes, schools, and community set-
tings. Instead of expensive biochemical lab tests, these easi-
ly-observed features of the body may suggest cost-effective al-
ternative interventions program for low-resource individuals
or groups and would eliminate the discomfort of having blood
drawn in children and adolescents.

Lastly, regarding the psychological aspects of the associa-
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tion between body shape perception, weight loss efforts, and
MetS prevalence, this study discovered insights for MetS
management for both genders. Results showed that the preva-
lence of MetS was higher for both genders among those who
tried losing weight compared to those who did not (5.02 times
higher in boys, 3.18 times higher in girls). MetS prevalence
was also higher in the group that perceived their body shape
as fat compared to average in both genders (7.09 times higher
in boys, 10.73 times higher in girls). These results suggest that
South Korean children and adolescents with MetS pay close
attention to their body shape and lose weight by themselves.
Considering the growth and developmental characteristics of
children and adolescents [22], rather than simply restricting
calorie intake to alter one's body shape and lose weight, a bal-
anced diet and increased physical activity should be consid-
ered to manage these MetS components for healthy growth
and development during childhood and adolescence. There-
fore, well-guided, gender-specific interventions tailored to
specific growth and developmental points will have a high
impact on reducing the prevalence of MetS in this population.

The strength of this study is in its integration and analyses
of multi-year national health survey data. The data, gathered
over 6 years, made it possible to determine the average char-
acteristics of representative subjects. Furthermore, by identi-
fying differences in the characteristics, prevalence, and asso-
ciated factors of MetS in children and adolescents by age and
gender, this study found that age-specific and gender-specific
health care interventions must be performed for effective
MetS reduction and management. The study is limited, how-
ever, in identifying temporal and sequential relationships
since it used secondary data that did not include variables en-
abling the identification the unique characteristics of MetS
prevalence by pubertal stage. Therefore, the results should be
interpreted with caution and causality should not be inferred.
In the future, we suggest longitudinal studies that consider
pubertal growth and development characteristics, gender spe-
cificity, and other variables (physical, psychological, social,
and behavioral) that may influence MetS prevalence in child-
ren and adolescents.

CONCLUSION

The prevalence of MetS was 4.2%(4.8% in boys, 3.4% in
girls) among South Korean children and adolescents. The
prevalence of MetS was not statistically different by gender in
this study, but gender differences were identified in the prev-
alence of MetS components (abdominal obesity, elevated BP,
and low HDL-C), changes in age-specific prevalence patterns
(higher in girls until 12 years of age, but higher in boys after 13
years of age), and associated multifaceted risk factors of MetS
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(physical, psychological, and lifestyle characteristics). Gender
and age differences should be considered to understand MetS
in South Korean children and adolescents and to develop ef-
fective intervention programs to prevent and manage MetS in
this population.
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