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Abstract

Aims: To investigate the metabolic risk factors according to the degree of obesity in Korean
adolescents.

Methods: Among 7197 subjects aged 10-18 years who participated in the 2007-2014 K-
NHANES, 1326 adolescents (M = 744, F = 582) with age and sex specific body mass index (BMI)
>85™ percentile were included. These adolescents with obesity were classified as: overweight,
obesity, severe obesity, and extreme severe obesity. For assessing central obesity, the subjects were
further-classified as: normal waist obese, abdominal obesity I, abdominal obesity 11 and abdominal
obesity I11.

Results: The prevalence of overweight, obesity, severe obesity and extreme severe obesity were
5.6%, 6.2%, 5.9% and 0.9% in Korean adolescents. With increasing levels of obese category, the
incidence of metabolic risk factors such as HDL-C<40 mg/dL or <50 mg/dL in girls older than 16
years-old (20.2%, 18.5%, 34.4%, 43.6%, £<0.0001), TG =150 mg/dL (15.3%, 16.7%, 26.5%,
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30.9%, ~<0.003), HbA1C = 5.8% (12.8%, 13.5%, 21.9%, 42.2%, F<0.006), SBP = 130 mg/dL

(3.5%, 6.4%, 8.1%, 19.5%, A<0.003) significantly increased. With increasing levels of central
obese category, the incidence of metabolic risk factors such as HDL-C<40 mg/dL or <50 mg/dL in
girls older than 16 years-old (20.2%, 26.2%, 37.9%, 35.7%, £<0.0007), TG = 150 mg/dL (16.1%,
21.2%, 25.8%, 29.8%, A<0.004), glucose = 100 mg/dL (7.7%, 7.3%, 11.7%, 17.4%, £<0.009) and
SBP > 130 mg/dL (5.1%, 7.1%, 3.0%, 13.9%, A<0.002) significantly increased.

Conclusion: Adolescents with severe obesity have more metabolic risk factors compared to

adolescents with less severe degree of obesity.
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Introduction

Severe obesity in adolescents has become an important global public health issue. Despite
recent data suggesting that the rate of increasing obesity in children and adolescents has
slowed and the overall prevalence has possibly begun to plateau, a worrisome trend has
emerged in the form of severe pediatric obesity [1]. Skinner et al. have reported an upward
trend in severe obesity among children in the United States [2]. Some reports have
forecasted a 130% increase in severe obesity prevalence over the next two decades [3].

Childhood obesity is a major health concern and has prompted increasing attention to
potential long-term health issues. The risk of death from all causes including cardiovascular
disease, cancer, or other diseases among severely obese adults is twice that of moderately
obese adults [4]. Numerous previous reports have been presented epidemiological evidences
of tracking of childhood obesity into adulthood. The tracking of childhood obesity into
adulthood has been found in various filed of adulthood obesity. Childhood obesity has been
previously reported to be an important predictor of adult obesity [5]. Some reports found
substantial tracking of childhood obesity to adult cardiovascular disease [6]. A child with
severe obesity is more likely to be an obese adult compared to those with moderate juvenile
obesity [7]. Especially, extreme severe pediatric obesity tracks strongly into adulthood [5,8—
10]. Childhood obesity has also been reported as a predictor a broad range of detrimental
health consequences in adults with independence of adult weight [11].

The prevalence of metabolic syndrome is high among children with obesity and increases
with worsening obesity [12]. Approximately 60% of adolescents with severe obesity have
two or more risk factors of cardiovascular disease [9]. Tracking from metabolic syndrome of
adolescents with obesity to cardiovascular disease, metabolic syndrome or even mortality in
adults has been reported [6,11]. Therefore, medical care and management of the current
morbidity in adolescents with severe obesity are urgent. However, little information is
available on the characteristics of metabolic risk factors or the current health state in Korean
children with severe obesity. Therefore, we conducted a cross-sectional study based on data
obtained in the 2007-2014 Korean National Health and Nutrition Examination Surveys
(KNHANES) to explore the associations between metabolic risk factors and severe obesity
in Korean adolescents.
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Methods

This study was based on data obtained from the fifth Korean National Health and Nutrition
Examination Survey conducted in 2007-2014 by the Korean Ministry of Health and Welfare.
KNHANES surveys are conducted annually using a rolling sampling design that involves a
complex, stratified, multistage, probability-cluster survey of a representative sample of the
noninstitutionalized civilian population in South Korea. All individuals are randomly
selected. Data were collected in a variety of ways, including household interviews, physical
examinations, laboratory tests and nutritional status assessments. All survey protocols were
approved by the Korea Centers for Disease Control and Prevention Institutional Review
Board. Written informed consent was obtained from all participants before the survey began.
The K-NHANES data are publicly available with no charge [13].

2.1 Selection of study populations

Among 7197 subjects aged 10-18 years with available anthropometric data who participated
in the 2007-2014 K-NHANES, 1326 participants (male = 744, female = 582) with age and
sex specific body mass index (BM1) =85™ percentile were included in the present study.
Among 7197 subjects, 5871 participants with age and sex specific body mass index (BMI)
<85 percentile were excluded.

2.2 Anthropometric and laboratory measurements

Height was measured using a stadiometer (Seca, Hamburg, Germany), and weight was
measured with a balance beam scale (GL-6000-20, CASKOREA, Korea) while participants
were wearing a standard gown. Waist circumference (WC) was measured to the nearest 0.1
cm at the end of normal expiration, measuring from the narrowest point between the midline
of the most lateral border of the right and left iliac crest. Monthly family income indicates
monthly equalized family income and was calculated by dividing total family income by the
square root of the number of household members. In K-NHANES, income was classified
into quartiles to determine monthly household income level (1: low, 2: middle low, 3: middle
high, 4: high).

Fasting plasma concentrations including glucose (n = 1123), glycosylated hemoglobin
(HbALc) (n = 488), total cholesterol (TC, n = 1128), triglyceride (TG, n = 1128), high
density lipoprotein-cholesterol (HDL-C, n = 1128) low density lipoprotein-cholesterol
(LDL-C, n = 1124) of the subjects were measured enzymatically using a Hitachi 747
chemistry analyzer (Daiichi, Tokyo, Japan) after subjects performed a minimum 8-hour
overnight fast. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
measured using a mercury sphygmomanometer [Baumanometer Wall Unit 33(0850), W. A.
Baum, New York, USA] according to the standardized protocol by trained personnel.
Appropriate size of BP cuff was applied based on participants’ arm circumference. BP was
measured three times after sitting at least 5 minutes. The mean value of the last two readings
was used for the analysis.
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2.3. Study criteria

In this study, adolescents with obesity were classified by increasing levels of BMI percentile
according to the following categories: overweight (851" < BMI < 95™ percentile), obesity
(951 < BMI<120% of 951 BMI), severe obesity (= 120% of 95" BMI or BMI 35,
whichever was lower), and extreme severe obesity (= 140% of 95t BMI or BMI 40,
whichever was lower) using the 2007 Korea Growth Charts [1,14,15]. For assessing central
obesity, the subjects were further-classified by increasing levels of WC percentile according
to the following categories: normal waist obese (WC<90™ percentile), abdominal obesity |
(90th < WC <95™), abdominal obesity 11 (95th < WC <97t) and abdominal obesity 111 (97th
< WC) using the 2007 Korea Growth Charts [14].

2.4. Definitions of abnormal metabolic risk factors

We used standard cut off values of the criteria for abnormal metabolic risk factor in
adolescents as follows: TC = 200 mg/dL, HDL-C < 40 mg/dL or <50 mg/dL in girls older
than 16 years, LDL-C = 130 mg/dL, TG = 150 mg/dL, glucose = 100 mg/dL, HbA1C >
5.8%, SBP = 130 mmHg, and DBP = 85 mmHg [16,17].

2.5. Statistical analyses

All statistical analyses were performed using SAS Version 9.3 (SAS Institute Inc., Cary,
NC). Sampling weights were incorporated to produce valid population estimates that
accounted for the complex survey design of the K-NHANES. Data were presented as
geometric mean (95% confidence interval, CI) for continuous variables and frequency
percentage for categorical variables. The characteristics and laboratory data of body
composition among the degree of obesity were compared using ANCOVA with Bonferroni
corrections to assess the significant pairwise differences for continuous measures and chi-
squared tests for categorical measures. Multivariate logistic regression models were used to
compare the adjusted odds ratio (OR) and 95% CI of metabolic risk factors among body
composition groups after adjusting for potentially confounding variables. P values less than
0.05 were considered as statistically significant.

3. Results

(1) Characteristics and anthropometric data of 10-18-year-old adolescents with obesity.

Among 1326 adolescents (male = 744, female = 582) with age and sex specific BMI = 85t
percentile, the weighted prevalence of overweight, obesity, severe obesity, and extreme
severe obesity were 5.6% (413/7197), 6.2% (449/7197), 5.9% (410/7197), and 0.9%
(56/7197), respectively. Geometric means of age, current HT (height), current HT standard
deviation score (SDS), current WT (weight), current WT SDS, current BMI, current BMI
SDS, and current WC are presented in Table 1.

(2) The proportions based on obese or central obese category in total adolescents with
obesity.

The proportion percentages of overweight (30.0%), obesity (33.4%), severe obesity (32.0%),
and extreme severe obesity (4.7%) and the proportion percentages of normal waist obese
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(57.0%), abdominal obesity | (18.5%), abdominal obesity 11 (8.7%), and abdominal obesity
I11 (15.8%) are checked in total adolescents with obesity.

Between male and female, there were no significant differences in the proportions of
overweight, obesity, severe obesity, or extreme severe obesity when classified according to
the degree of obesity. Between male and female, there were significant differences in the
proportion percentages of normal waist obese (61.6 % vs. 51%), abdominal obesity | (14.8%
vs. 23.2%), abdominal obesity 11 (8.4% vs. 9.2%), abdominal obesity 111 (15.2% vs. 16.6%)
(P=0.003). Between subjects younger than 14 years and those aged 15 years or older, there
were significant differences in the proportions of overweight (31 % vs. 28.9 %), obesity
(36.5% vs. 30%), severe obesity (29.9% vs. 34.2%), and extreme severe obesity (2.6 % vs.
6.9 %), respectively (P< 0.003). Between subjects younger than 14 years and those aged 15
years or older, there were also significant differences in the proportions of normal waist
obese (59.3% vs. 54.4 %), abdominal obesity | (20.6% vs. 16.2%), abdominal obesity 11

(9 % vs. 8.5 %), and abdominal obesity 111 (11.1% vs. 20.9%) (< 0.001)

(3) Anthropometry and metabolic risk factors according to obese or central obese
category in 10-18 year-old adolescents with obesity

(4)

With increasing levels of obese category, the means of WT SDS (P < 0.001), BMI SDS (P<
0.001), TC (P<0.001), TG (P< 0.001), HDL-C (P< 0.001), LDL-C (P< 0.001), SBP (P<
0.001), and HbA1c (P = 0.036) increased significantly after adjusting for age and sex.
Among the four groups, the geometric means of HT SDS, DBP, and glucose showed no
significant differences.

With increasing levels of central obese category, the geometric means (95% CI) of HT SDS
(P<0.001), WT SDS (P<0.001), BMI SDS (P< 0.001), TC (P<0.001), TG (Pfor trend <
0.001), HDL-C (£=0.002), LDL-C (P< 0.001), and SBP (P=0.016) increased significantly
after adjusting for age and sex. Among the four groups, the geometric of DBP, glucose,
HbA1c showed no significant differences (Table 2).

Incidence of metabolic risk factors according to increasing levels of obese or central

obese category.

With increasing levels of obese category, the incidence of abnormal metabolic risk factors
including TC (8.2%, 8.3%, 16.2%, 20.6%, P< 0.007), HDL-C (20.2%, 18.5%, 34.4%,
43.6%, P< 0.001), LDL-C (5.2%, 6.4%, 12.8%, 17.7%, P=0.004), TG (15.3%, 16.7%,
26.5%, 30.9%, P< 0.003), HbAlc (12.8%, 13.5%, 21.9%, 42.2%, P = 0.006), and SBP
(3.5%, 6.4%, 8.1%, 19.5%, P= 0.003) showed significant differences. Among the four study
groups, there was no significant difference in the prevalence of abnormal glucose or DBP
(Figure 1).

With increasing levels of central obese category, the incidence of abnormal metabolic risk
factors including TC (8.2%, 14.1%, 12.2%, 18.9%, A= 0.011), HDL-C (20.2%, 26.2%,
37.9%, 35.7%, P< 0.001), LDL-C (6.2%, 9.2%, 12.4%, 14.8%, P=0.023), TG (16.1%,
21.2%, 25.8%, 29.8%, P < 0.004), glucose (7.7%, 7.3%, 11.7%, 17.4%, P=0.009), and SBP
(5.1%, 7.1%, 3.0%, 13.9%, P=0.002) showed significant differences. Among the four

Diabetes Res Clin Pract. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Choetal. Page 6

groups, there was no significant difference in the incidence of abnormal Hb A1C or DBP
(Figure 2).

(5) Multivariate logistic regression analyses of having metabolic risk factors according to
increasing levels of obese or central obese category.

With increasing levels of obese category, the odds ratio of having abnormal metabolic risk
factors including TC (P=0.003), TG (P < 0.001), HDL-C (P< 0.001), LDL-C (P< 0.001),
SBP (P=0.004), Glucose (P=0.023), HbA1C (~=0.002) significantly increased after
adjusting for age, sex and income. With increasing levels of central obese category, the odds
ratio of having abnormal metabolic risk factors including TC (P< 0.001), TG (P< 0.001),
HDL-C (P=0.002), LDL-C (P=0.002), SBP (P=0.015), Glucose (P=0.002), HbA1C (P
= 0.027) significantly increased after adjusting for age, sex and income (Table 3).

4. Discussion

In this representative sample of data, the prevalence of overweight, obesity, severe obesity
and extreme severe obesity were 5.6%, 6.2%, 5.9% and 0.9% in 10-18-year-old Korean
adolescents. In the United States, the prevalence of overweight, obesity, severe obesity and
extreme severe obesity were 14.8%, 11.3%, 3.6% and 1.5% in 2-19-year-old adolescents [2].
The prevalence of the adolescents with obesity in Korea is lower than that of in the United
States [18]. In spite of lower prevalence of obesity in adolescents, the prevalence of severe
degree of obesity in Korean adolescents is similar to that in the United States. Among
Korean adolescents with obesity, the proportions of overweight, obesity, severe obesity, and
extreme severe obesity were 30.0%, 33.4%, 32.0% and 4.7%. Among 8579 American 2-19-
year-old obese subjects, the proportions of overweight, obese, severe obesity, and extreme
severe obesity were 46.9%, 36.4%, 11.9%, and 4.8%, respectively [15]. In Korean
adolescents, severe degree of obesity account for high proportion of total obese subjects
compared to that of in the United States.

Children with obesity have been shown to be more likely to have obesity related morbidity
[19,20]. Compared to mild degree of adiposity and normal weight, severe degree of pediatric
obesity is associated with having higher metabolic risk factors [12]. In severe form obesity,
stronger associations with abnormal metabolic risk factors have been reported compared to
those with simple obesity [15]. Severe degree of pediatric obesity, compared with milder
degree of adiposity and normal weight, is associated with higher levels of cardiorespiratory
deconditioning, endothelial dysfunction, and clustering of cardiometabolic risk factors
[1,8,12,21,22]. In the present study, we also found increased prevalence of abnormal
metabolic risk factors including TC, HDL-C, LDL-C, TG, HbAlc, and SBP with increasing
levels of obese category in Korean adolescents after adjusting for age and sex. The higher
incidence of abnormal metabolic risk factors in more severe obesity in comparison with less
severe form obesity suggests that a more concise classification of obesity in adolescents is
necessary.

Visceral fat is a major contributing factor in insulin resistance and risk of type 2 diabetes and
coronary heart disease [23-25]. Visceral adipose tissue carries a greater risk for
cardiovascular disorders than does subcutaneous adipose tissue [26]. We previously reported
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that subjects classified as centrally obese normal weight have higher insulin resistance than
obese subjects without central obesity, particularly in Korean male adolescents [27]. In the
present study, 10-18-year-old adolescents with obesity were further classified by increasing
levels of central obese category to assess central obesity. We also found differences
increased prevalence of abnormal metabolic syndrome components including TC, HDL-C,
LDL-C, TG, HbA1C, and SBP with increasing levels of central obese category in
adolescents with obesity after adjusting for age and sex. Our data suggest that early
recognition of severe form obesity and complications associated with obesity are very
important.

Unfortunately, many of the treatment approaches commonly used with some success in
overweight and obese youth are less effective in those with severe obesity [28,29]. Diet,
exercise, and behavioral modification are recommended as initial treatments for severe
obesity, resulting in short-term weight loss, which, when combined with pharmacotherapy;, is
associated with a 5% to 10% reduction in weight [30]. However, anti-obesity
pharmacological agents have substantial adverse effects, and discontinuation often results in
weight regain [30]. In adolescents with severe obesity and serious comorbidities, bariatric
surgery has been considered for weight loss because of the poor success of nonsurgical
treatment in achieving and maintaining weight loss [31]. However, this procedure has major
potential complications, including leakage, pneumonia, pulmonary embolism, band slippage,
and band erosion [32]. Given the lack of successful treatment options and complications
associated with treatment, prevention of severe pediatric obesity is the ultimate goal.

In the present study, 5.9% and 0.9% of Korean adolescents were found to be severe obesity
and extreme severe obesity using data from the 2007-2014 K-NHANES. Our results show
that adolescents with severe obesity have much greater metabolic risk components than
adolescents with less severe degree of obesity. In this study, the subjects were aged 10-18
years and not homogenous in terms of the degree of sexual maturation. Data from K-
NHANES didn’t include information about puberty. For adjusting heterogeneity in terms of
the degree of maturation, we classified central obesity and obesity as those in according to
the age and sex specific BMI or WC percentile. In logistic regression, sex and age were
adjusted as confounding variables. These findings in this study suggests that there are
significant adverse effects of severe obesity on each component of metabolic syndrome,
emphasizing the deleterious effects of severe obesity on the health of adolescents. The
present study point to the need for detailed strategies for the prevention and management of
severe obesity in adolescents.
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Figure 1.
Incidence of metabolic risk factors such as TC = 200 mg/dL (8.2%, 8.3%, 16.2%, 20.6%,

F£<0.007), HDL-C<40 mg/dL or <50 mg/dL in girls older than 16 years-old (20.2%, 18.5%,
34.4%, 43.6%, P<0.0001), LDL-C =130 mg/dL (5.2%, 6.4%, 12.8%, 17.7%, A£<0.004), TG
2150 mg/dL (15.3%, 16.7%, 26.5%, 30.9%, A<0.003), glucose = 100 mg/ dL (7.9%, 7.2%,
12.0%, 18.5%, P=NS), HbAlc = 5.8% (12.8%, 13.5%, 21.9%, 42.2%, A<0.006), SBP = 130
mg/dL (3.5%, 6.4%, 8.1%, 19.5%, A<0.003), DBP = 85 mg/dL (4.1%, 3.6%, 5.4%, 10.8%,
P=NS) according to obese category such as overweight (85" <BM1<95! percentile);
obesity (95th <BMI<120% of 95" BMI); severe obesity (=120% of 95" BMI or BMI 35,
whichever was lower); marked severe obesity (=140% of 951 BMI or BMI 40, whichever
was lower) in 10-18 year-old obese adolescents.
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Figure 2.
Incidence of metabolic risk factors such as TC = 200 mg/dL (8.2%, 14.1%, 12.2%, 18.9%,

F£<0.01), HDL-C<40 mg/dL or <50 mg/dL in girls older than 16 years-old (20.2%, 26.2%,
37.9%, 35.7%, P<0.0007), LDL-C = 130 mg/dL (6.2%, 9.2%, 12.4%, 14.8%, P<0.02), TG =
150 mg/dL (16.1%, 21.2%, 25.8%, 29.8%, A<0.004), glucose = 100 mg/dL (7.7%, 7.3%,
11.7%, 17.4%, A<0.009), HbAlc > 5.8% (14.6%, 17.5%, 26.5%, 23.5%, P=NS), SBP > 130
mg/dL (5.1%, 7.1%, 3.0%, 13.9%, ~£<0.002), DBP = 85 mg/dL (4.5%, 2.6%, 2.7%, 8.6%,
P=NS) according to central obese category such as normal waist obese (WC<90th
percentile), abdominal obesity | (90th < WC<95th), abdominal obesity Il (95th < WC<97th);
abdominal obesity I11 (97th < WC)) in 10-18 year-old obese adolescents.
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