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Purpose: Metabolic syndrome (MetS) comprises a cluster of risk factors for future cardiovascular and metabolic diseases. Only a
few recent studies have reported the trend in the prevalence of MetS in youth. This study aimed to analyze trends in the preva-
lence of MetS and nutrient intake in the last 10 years and investigate the changes in MetS components among Korean children
and adolescents.

Materials and Methods: We analyzed the data of 9513 children and adolescents aged 10-19 years from the 2008-2017 Korean
National Health and Nutrition Examination Surveys. Diagnosis of MetS was based on the International Diabetes Federation (IDF)
and modified National Cholesterol Education Program-Adult Treatment Panel IIT (NCEP-ATP III) criteria.

Results: Based on the IDF criteria, MetS prevalence increased from 1.53% in 2008 to 3.19% in 2017 (p=0.007). Based on the NCEP-
ATP III criteria, MetS prevalence increased from 2.18% in 2008 to 3.19% in 2017; however, the increase was not statistically signifi-
cant. Daily calorie and fat intakes increased significantly during the study period. Among the risk factors that MetS comprises, the
prevalence rates of central obesity, low high-density lipoprotein cholesterol levels, and high fasting glucose levels increased sig-
nificantly.

Conclusion: Over the last 10 years, the prevalence of MetS has grown significantly with increasing calorie and fat intake in Korean
children and adolescents. Central obesity and high-density lipoprotein cholesterol and fasting glucose levels have worsened.
Therefore, active support and close monitoring are required to control MetS and prevent further increase in the prevalence of car-
diovascular diseases.
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Metabolic syndrome (MetS) comprises a cluster of risk factors
for cardiovascular disease and type 2 diabetes mellitus."® It is
one of the major causes of death and has a high disease bur-
den.** MetS in childhood and adolescence increases the risk of
various metabolic diseases in adulthood.® To date, there are no
definitive diagnostic criteria for MetS in children and adoles-
cents. The two most commonly used definitions for MetS in
children and adolescents are based on the criteria of the Inter-
national Diabetes Federation (IDF) and the National Choles-
terol Education Program-Adult Treatment Panel III (NCEP-ATP
I10). Both criteria involve representative markers for central
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obesity, insulin resistance, high blood pressure (BP), and dys-
lipidemia.”

MetS is strongly associated with obesity. In adults, the prev-
alence of obesity and various components of MetS increased
simultaneously by approximately 30-90% in more than 100
countries between 1990 and 2015.% Since the 1980s, the preva-
lence of obesity among children and adolescents has increased
1.5 times in the United States (U.S.), and the prevalence of MetS
has increased rapidly along with obesity.*'° On the other hand,
some studies have reported that since the 2000s, there has not
been a significant increase in the prevalence of obesity among
children and adolescents,'"** and that the prevalence of MetS
among children and adolescents in the U.S. also decreased
slightly during that period. Based on the NCEP-ATP III criteria,
the prevalence of MetS among American youths decreased
from 7.3% in 1988-1994 to 6.5% in 2003-2006."

In Korean children and adolescents, MetS prevalence in
Korean children and adolescents fluctuated significantly dur-
ing the 2000s."* The prevalence of MetS reached its zenith in
the early 2000s. According to the IDF criteria, MetS prevalence
increased from 2.2% in 1998 to 3.6% in 2001 and then decreased
to 1.8% in 2005." According to the NCEP-ATP III criteria, MetS
prevalence increased from 4.0% in 1998 to 6.6% in 2005 and
then decreased to 6.3% in 2007-2009.">'¢ However, few studies
have evaluated MetS prevalence from 2010 onward.

To address this gap, this study aimed to analyze the trend of
MetS prevalence based on both the IDF and NCEP-ATP III cri-
teria in the last 10 years, as well as the daily calorie and nutri-
ent intakes among Korean children and adolescents. We fur-
ther investigated changes in the prevalence rates of each of the
risk factors composing MetS to elucidate trends in these com-
ponents.

MATERIALS AND METHODS

Study design and subjects

We analyzed data obtained between 2008 and 2017 by the
Korean National Health and Nutrition Examination Survey
(KNHANES) conducted by the Korean Centers for Disease
Control and Prevention (KCDC), which investigated children
and adolescents aged 10-19 years. Since 1998, this cross-sec-
tional and nationally representative annual survey has been
performed to identify health behaviors in the Korean popu-
lation, the current status of chronic diseases, and data concern-
ing food and nutrient consumption. Using a multi-staged strati-
fied sampling method based on age, sex, and geographic
location, health surveys, examinations, and nutrition surveys
were conducted for household members aged 1 year or older."”
Statistical weights were allocated on study selection to make
the sample representative of the entire population.'® Nutrition
survey was conducted through face-to-face interviews. Food
intake questionnaire was designed as an open-ended survey
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for reporting the consumption of various dishes and foods us-
ing the 24-hour recall method with different measuring aids.
The KNHANES was approved by the KCDC, and written in-
formed consent from statutory representatives was obtained
for children enrolled in the present study. The study was ap-
proved by the Institutional Review Board of Yonsei University
Gangnam Severance Hospital (IRB No. 3-2019-0217).

Measurements

The participants’ weights were measured to the nearest 0.1 kg
using a scale (GL-6000-20, G-tech, Seoul, Korea), and their
heights and waist circumferences were measured to the near-
est 0.1 cm using a stadiometer (Seca 225, Seca, Hamburg, Ger-
many). Waist circumference was measured at the midpoint
between the lower border of the rib cage and the iliac crest.
Standard deviation scores of height, weight, and body mass in-
dex (BMI) were calculated using the lambda-mu-sigma meth-
od. BP was measured in the right arm using a standard mercury
sphygmomanometer [Baumanometer Desk model 0320 in
2008-2012 and Baumanometer Wall Unit 33 (0850) in 2013-
2017, W.A.Baum, New York, NY, USA] following the partici-
pants resting for 5 minutes in a sitting position. Two SBP and
DBP readings were recorded at 5-minute intervals, and the
mean BP was used for analysis. Blood samples were collected
from participants who had fasted from 19.00 h on the day be-
fore the test. Laboratory measurements included serum aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT),
creatinine, triglyceride (TG), high-density lipoprotein (HDL)
cholesterol, and plasma fasting glucose levels.

Definition of MetS

Both the IDF and modified NCEP-ATP III criteria were used
for the diagnosis of MetS in children and adolescents.” The
IDF criteria for diagnosing MetS include central obesity (waist
circumference >90 cm in boys or >80 cm in gitls, or 290th per-
centile for age and sex) and at least two of the following char-
acteristics: 1) TG levels 2150 mg/dL; 2) HDL cholesterol <40
mg/dL (or in adolescents aged over 16 years, <40 mg/dL in
boys and <50 mg/dL in girls); 3) SBP >130 mm Hg or DBP >85
mm Hg; and 4) fasting glucose 2100 mg/dL. The modified
NCEP ATP-III criteria for diagnosing MetS include the pres-
ence of three or more of the following characteristics: 1) waist
circumference >90th percentile for age and sex; 2) TG =110
mg/dL; 3) HDL cholesterol <40 mg/dL; 4) SBP or DBP >90th
percentile for age, sex, and height; and 5) fasting glucose >110
mg/dL." The reference values for waist circumference and BP
were based on growth charts published by the Korean Pediat-
ric Society.”

Statistical analysis

SAS statistical software package version 9.3 (SAS Inc., Cary,
NC, USA) was used for data analyses. We analyzed trends in
the basic characteristics of study subjects and the prevalence
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rates of the components of MetS. One-way analysis of variance
was used to compare the mean values of continuous variables.
Rao-Scott chi-squared test was used to compare categorical
variables, including the prevalence of MetS. Fisher’s exact test
was used to evaluate the trends of the components of MetS
from 2008 to 2017. A p-value <0.05 was considered statistically
significant.

RESULTS

Table 1 shows the demographic trends of subjects from 2008
to 2017. Body weight, waist circumference, and BMI increased
from 2008, especially after 2013 (p<0.001). Height increased lin-
early (p=0.002). There was a significant increase in SBP (p<
0.001) and fasting blood glucose levels after 2013 (p<0.001).
Total cholesterol and HDL cholesterol levels increased signifi-
cantly from 2008 to 2017 (p<0.001). Both AST and ALT levels
gradually increased (p<0.025 and p<0.027, respectively).

Table 2 shows the trends of daily calorie intake and daily in-
takes of three macronutrients, namely carbohydrate, protein,
and fat. The daily calorie and fat intakes increased significant-
ly in both boys and girls during the study period (p<0.001). In
boys, intakes of all three major nutrients increased, while in
girls, only intakes of protein and fat increased.

Table 3 shows the trends of the prevalence of MetS and its
metabolic components among Korean children and adoles-
cents between 2008 and 2017 according to the IDF and NCEP-
ATP III criteria. Based on the IDF criteria, the prevalence of
MetS increased from 1.53% in 2008 to 3.19% in 2017. The prev-
alence increased consistently after 2013, and the increase was
significant (p=0.007). Based on the NCEP-ATP III criteria, the
prevalence of MetS increased from 2.18% in 2008 to 3.19% in
2017; however, the increase was not statistically significant
(p=0.448). Among the components of MetS, the prevalence
rates of central obesity, low HDL cholesterol levels, and high
fasting glucose levels significantly increased.

Fig. 1 shows the increasing trend of MetS prevalence among
Korean children and adolescents between 2008 and 2017 ac-
cording to both the IDF and NCEP ATP-III criteria. The preva-
lence rates of central obesity, low HDL levels, and high fasting
blood glucose levels increased during the study period (Fig. 2).
However, the prevalence of high TG levels showed no signifi-
cant change. Low HDL cholesterol and high fasting blood glu-
cose levels had higher prevalence rates based on the IDF cri-
teria than based on the NCEP-ATP III criteria.

DISCUSSION

This study analyzed the trends in the prevalence of MetS and
its metabolic components among Korean children and ado-
lescents in the past 10 years based on both the IDF and NCEP-

https://doi.org/10.3349/ym;}.2021.62.4.344

Table 2. Trends of Calorie Intake and the Intakes of Three Major Nutrients in Korean Children and Adolescents between 2008 and 2017

pvalue

2010 (n=423) 2011 (n=369) 2012 (n=346) 2013 (n=349) 2014 (n=253) 2015(n=299) 2016 (n=305) 2017 (n=261)

Total (n=3600) 2008 (n=487) 2009 (n=508)

Boys

<0.001

2369.25(19.75) 2164.09 (53.02) 2157.13(37.50) 2431.78 (67.06) 2434.98 (59.21) 2377.01 (62.06) 2444.84 (66.80) 2525.82 (83.42) 2474.29 (66.99) 2401.10 (58.85) 2365.62 (66.07)

Energy (kcal)

342.03(8.19) 340.50(5.86) 367.81(9.23) 371.69(8.82) 369.30(8.62) 367.25(8.91) 368.18(12.25) 357.75(9.63) 356.74 (8.57) 347.78(10.00)  0.016

358.71 (2.85)

Carbohydrate (g)

86.86(3.10)  <0.001

76.16(1.80)  7546(1.43)  8757(3.06)  91.13(3.71)  8843(3.17)  88.21(3.23)  92.84(4.03)  90.15(2.95  90.13(2.76)

86.32(0.95)

Protein (g)

52.79(2.21)  5433(1.69)  66.07(2.97) 6450(241) 61.20(274) 6522(2.96) 7072(3.09) 70.88(2.84)  64.34(269)  66.69(2.88)  <0.001

63.08 (0.85)

Fat (g)

pvalue

2010 (n=360) 2011 (n=337) 2012 (n=304) 2013 (n=329) 2014 (n=217) 2015(n=243) 2016 (n=268) 2017 (n=261)

Total (n=3212) 2008 (n=423) 2009 (n=470)

Girls

0.011

1855.48 (15.85) 1736.79(36.75) 1759.62 (42.41) 1906.57 (51.92) 1872.33(42.10) 1911.84 (56.49) 1889.54 (58.48) 1927.08 (61.63) 1936.15 (54.41) 1832.71 (44.06) 1816.54 (52.03)

Energy (kcal)

285.02(2.33) 27555(5.68) 281.29(7.07) 295.13(7.46) 292.41(6.38) 295.44(769) 282.80(7.96) 286.88(8.99) 292.17(7.96) 274.12(6.99) 274.54(7.95) 0.159

Carbohydrate (g)

65.68(2.18)  66.73(1.85)  7040(328)  67.11(3.85)  6853(3.10)  69.09(291)  68.22(2.36)  65.21(2.40) 0.033

61.00(1.57)

61.87 (2.00)

66.21(0.82)

Protein (g)

YMJ

4404(1.69)  51.99(2.54)  48.09(1.80) 51.02(2.38)  51.33(2.37)  5329(285)  52.37(220) 4971(1.95  49.45(1.97)  <0.001

41.72 (1.64)

49.07 (0.68)

Fat (g)

Data are expressed as weighted mean (SE).
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Table 3. Trends of the Prevalence of Metabolic Syndrome and Its Components in Korean Children and Adolescents between 2008 and 2017 according to the IDF and NCEP-ATP |lI Criteria
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sure; FPG, fasting plasma glucose.

*Aged less than 16 years. Aged over 16 years: HDL cholesterol levels <40 mg/dL (male) and HDL cholesterol levels <50 mg/dL (female), 'Adjusted for age and sex, Adjusted for age, sex, and height.

Data are expressed as n (weighted %).

Trends of Metabolic Syndrome and Nutrient Intake

Proportion (%)

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Year

Fig. 1. Trends of the prevalence of metabolic syndrome among Korean
children and adolescents between 2008 and 2017 according to both the
IDF and NCEP-ATP Ill criteria (Solid line: IDF, Dotted line: NCEP-ATP Il1).
IDF, International Diabetes Federation; NCEP-ATP Ill, modified National
Cholesterol Education Program-Adult Treatment Panel I1I.

ATP III criteria. We found that based on the IDF criteria, the
prevalence of MetS increased from 1.53% in 2008 to 3.19% in
2017, and based on the NCEP-ATP III criteria, it increased
from 2.18% in 2008 to 3.19% in 2017; the daily calorie and fat
intakes also significantly increased. MetS prevalence generally
increased during the study period, especially after 2013. The
components of MetS, including central obesity, low HDL cho-
lesterol levels, and high fasting plasma glucose levels, also sig-
nificantly increased over time.

There is some controversy regarding the trend of MetS over
time mainly due to the same diagnostic criteria, and the defi-
nitions are not consistently used for MetS. Based on the NCEP
ATP-1II criteria, the age-adjusted prevalence of MetS in the U.S.
decreased from 7.3% in 1988-1994 to 6.7% in 1999-2002 and
6.5% in 2003-2006 according to the National Health and Nu-
trition Examination Survey (NHANES)." Another study involv-
ing the same subjects but using different cut-off values suggest-
ed that approximately 73.2% of the participants had at least
one component of MetS, with the estimated MetS prevalence
being 10.1% in individuals aged between 12 and 19 years ac-
cording to the U.S. NHANES 2000-2010.”' Using the data of
2330 Korean adolescents (aged 10-18 years) from 2010 to 2012,
the prevalence rates of MetS based on the NCEP-ATP III and
IDF criteria were 5.7% and 2.1%, respectively.” In this study,
the two most frequently used definitions, the IDF and NCEP-
ATP III criteria, showed similar results for the prevalence of
MetS. However, among the components of MetS, low HDL cho-
lesterol and high fasting plasma glucose showed higher preva-
lence rates with the use of the IDF criteria than with the use of
the NCEP-ATP III criteria, since the criteria were different. The
diagnostic criteria for MetS in children and adolescents are still
being revised to develop a more precise and useful diagnostic
tool. The IDE for instance, revised the cut-off point and age
group in 2007.2 Considering these different criteria for diagnos-
ing MetS, different approaches and detailed analyses should be
considered to obtain a more accurate prediction of the risk.
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Fig. 2. Trends of the prevalence rates of metabolic syndrome components among Korean children and adolescents between 2008 and 2017 according
to both the IDF and NCEP-ATP Il criteria. (A) Central obesity. (B) Elevated triglycerides. (C) Low high-density lipoprotein cholesterol. (D) Elevated
blood pressure. (E) Elevated fasting plasma glucose (Solid line: IDF, Dotted line: NCEP-ATP ll). IDF, International Diabetes Federation; NCEP-ATP IIl,
modified National Cholesterol Education Program-Adult Treatment Panel l1.

Since MetS is strongly related to obesity, the prevalence of
MetS tends to increase as the severity of obesity increases. In
China, the prevalence of MetS increased from 2.3% in 2004~
2010 to 3.2% in 2011-2014 based on the NCEP-ATP III crite-
ria.”® The prevalence of overweight and obesity among urban
children and adolescents in China was comparable to that in
developed countries, and it further increased from 2010 to
2015.* Increases in the prevalence of overweight and obesity
among Korean adolescents were found between 1998 and
2001; thereafter, the trends stabilized.” During the same peri-
od, based on the IDF criteria, the prevalence of MetS in 4164
Korean adolescents was 2.2% in 1998, 3.6% in 2001, and 1.8%
in 2005. In other words, the prevalence of MetS decreased
despite the consistent prevalence of obesity among Korean
youths. One explanation for the declining MetS prevalence was
an increase in physical activity. The Health Plan 2010 was start-
ed by the Korean Ministry of Health and Welfare in the early
2000s for national health improvement, and included adoles-
cent education regarding the importance of physical activity
and nutrition. Its outcomes were evaluated in 2010. As a result
of the campaign, the rate of moderate physical activity in-
creased from 7.1% in 2005 to 10.2% in 2008 (https://khealth.
orkr/healthplan).

During the study period, the prevalence of MetS increased
from 2008, especially after 2013. This study also showed that
calorie intake increased over the study period, and among the
three macronutrients, fat intake showed the fastest increase.
This observation may help explain the increasing prevalence
of MetS in Korea, as demonstrated in this study. Physical ac-
tivity or sedentary behavior may also affect the prevalence of
obesity, but these parameters were not analyzed in this study.®

https://doi.org/10.3349/ym;}.2021.62.4.344

Another study showed that the prevalence of extreme obesity
increased, although the prevalence of childhood obesity in
Korea has remained stable since the early 2000s based on data
of 19593 subjects aged 2-19 years from the KNHANES con-
ducted in 2001-2014.%° As the prevalence of extreme obesity
increased, the prevalence of MetS also increased, even when
the prevalence of obesity was maintained.”” This could be an-
other possible explanation for the increase in the prevalence
of MetS among Korean children and adolescents and the dis-
crepancy between the increases in the prevalence rates of obe-
sity and MetS.

This study had some limitations. First, since it was based on
the KNHANES, the findings in this study might not be gener-
alizable to other populations. Second, the factors associated
with MetS, such as sedentary behavior and type of food, were
not considered in this study. Therefore, this study only de-
scribed the associations and not the causality. Third, we could
not assess the effect of exercise, one of the most important
factors affecting MetS, as we did not consider physical activity
in this study. Fourth, puberty and pubertal timing are impor-
tant factors that affect MetS; however, the KNHANES data did
not include information about these factors. Nevertheless,
this study also had some strengths. It was based on nationally
representative data collected over 10 years in Korea. The au-
thors analyzed the annual data and each component of MetS to
elucidate the relationship between the prevalence of MetS and
its components. Further studies are required to determine
possible explanations for the observed trends in MetS among
children and adolescents.

In conclusion, the prevalence rates of MetS, as well as those
of central obesity, low HDL cholesterol, and high fasting glu-
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cose, increased in Korean children and adolescents between
2008 and 2017; in addition, the calorie and fat intakes also in-
creased significantly. These findings suggest that more active
support and close monitoring for children and adolescents are
required to control MetS and prevent further metabolic dis-
eases.
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