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Abstract: Clustering of metabolic syndrome (MetS) risk components in childhood has been linked to
a higher risk of diabetes and cardiovascular diseases in adulthood. By using data from the 2010–2011
Nutrition and Health Survey in Taiwan, this study investigated epidemic patterns and correlates
for the clustering of MetS risk components. A total of 1920 adolescents aged 12–18 years were
included in this study. The MetS diagnostic criteria defined by the Taiwan Pediatric Association
(TPA) and International Diabetes Federation (IDF) for adolescents and the criteria defined by the Joint
Interim Statement for adults (JIS-Adult) were used to evaluate MetS and its abnormal components.
The prevalence of TPA-, IDF-, and JIS-Adult-defined MetS was 4.1%, 3.0%, and 4.0%, with 22.1%,
19.3%, and 17.7%–18.1% of adolescents having high fasting glucose, low high-density lipoprotein
cholesterol, and central obesity, respectively. A 0.4-to-0.5-fold decreased risk of having ≥2 MetS
abnormal components was detected among adolescents who consumed ≥1 serving/week of dairy
products and fresh fruits. Boys who consumed ≥7 drinks/week of soda and girls who consumed
≥7 drinks/week of tea had a 4.6- and 5.2-fold risk of MetS, respectively. In conclusion, our findings
revealed significant dimensions of adolescent MetS, including detecting population-specific prevalent
patterns for MetS risk components and their clustering, and emphasized on health promotion
activities that reduce sugar-sweetened beverage intake.
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1. Introduction

Metabolic dysfunction, comprising excess abdominal adiposity, elevated serum triglyceride,
abnormal lipoprotein cholesterol, increased blood pressure (BP), and high plasma sugar, occurring
individually or together, such as metabolic syndrome (MetS), have been linked to an increased
risk of type 2 diabetes mellitus (T2DM) and cardiovascular diseases [1]. Epidemiological studies
conducted in the United States, Australia, Europe, South America, and Asia have reported that these
metabolic dysfunctions have occurred in adolescents [2–9]. Because marked lifestyle improvement
for metabolic risk factors can delay or even prevent the development of T2DM and cardiometabolic
diseases [10–12], active monitoring, identification, and management for adolescents with clustering of
MetS risk components become an urgent concern in children.

Anthropometric and metabolic features vary rapidly with age and pubertal growth; thus,
universally accepted cutoff points or criteria for MetS diagnosis in adolescents do not exist [13].
The International Diabetes Federation (IDF) definition and the modified guidelines of the National
Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) [14,15] were used to measure
the prevalence of adolescent MetS in populations [4,7,8]. Although simultaneously using several
different MetS diagnostic criteria would produce somewhat diverse epidemic patterns, it may provide
a complete understanding of metabolic dysfunctions and their clustering in youths.

Lifestyle factors, such as obesity, poor nutritional intake, sugar-sweetened beverage (SSB) intake,
long screen time, and low physical activity, have been associated with an increased risk of adolescent
MetS [16–20]. Because of varying dietary habits, lifestyles, and physical activities in different adolescent
populations, investigation of children-specific risk factors or correlates is warranted so as to provide
data to develop efficient prevention and intervention activities for adolescent MetS.

Continuous nationwide surveys conducted for monitoring adolescent obesity in Taiwan have
indicated that the prevalence of overweight/obesity in male and female adolescents aged 13–18
years has increased from 16.4% and 8.9% in 1991 to 25.2% and 15.2% in 2003 (53.7% and 70.8%
increase), respectively [21]. In addition to the increase in obesity and its association with metabolic
dysfunctions [14], the clustering of MetS risk factors in childhood becomes a vital health concern for
adolescents in Taiwan. In the present study, data from the Nutrition and Health Survey in Taiwan
(NAHSIT) was used to investigate and compare the epidemic patterns for the clustering of adolescent
MetS risk components in Taiwan using three commonly employed diagnostic criteria and explore the
correlates for the clustering of MetS risk components.

2. Materials and Methods

2.1. Study Design and Population

The NAHSIT is a nationwide, multigroup research program designed to evaluate and monitor
the nutritional conditions and health of adults and children in Taiwan. The surveys are comprehensive
in that they include integrated nutrition- and health-associated interviews and physical examinations.
This study examined the data from the 2010–2011 NAHSIT survey conducted between April 2010 and
December 2011 and offered a nationally representative adolescent sample [22].

The target population included all students aged 11–22 years, enrolled in public or private
secondary schools in the 2010 academic year in Taiwan, but does not include students enrolled
in overseas Chinese schools and special schools. Sampling was performed in 3 stages by using a
multistage, stratified clustering sampling technique [22]. First, 358 city districts and townships were
categorized into 5 strata according to geographic location and population density (north 1 and 2,
center, south, and east strata). Second, the number of students in every school in each stratum was
determined, and 6 junior high schools and 4 senior high or vocational schools were randomly chosen
from each stratum (30 and 20 schools, respectively) using the method of probabilities proportional
to size. Third, 54 and 60 junior and senior students, respectively, were randomly selected from the
chosen schools, given the strategy of half male and female and even sample number in each grade. A
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total of 1965 adolescents and their guardians signed an informed consent declaration for questionnaire
interviews and health examinations. The response rates were 87% and 92% in junior and senior high
students, respectively [23]. Study subjects were focused on adolescents aged 12–18 years, because there
were only one 11-year-old and twenty-one 19- to 22-year-old participants in this survey. We excluded
23 adolescents who had incomplete clinical or dietary data and retained 1920 adolescents for the
final analyses.

2.2. Questionnaire Data

Survey questionnaires were developed and verified to collect information regarding demographic
factors, dietary habits and lifestyle pattern, personal disease history and health conditions, pubertal
status, physical activity, and school behavior and emotion [22]. All data were collected by well-trained
research staff members. Based on the purpose of this investigation, we only used data obtained
from the questionnaires on dietary habits, lifestyle pattern, and physical activity. Personal dietary
consumptions were measured using the verified food frequency questionnaire on the categories and
frequency of eggs, milk, fresh fruits, meats, fried foods, and SSB in the month before the interview.
Daily total calorie intake was estimated by individual data on 24-h dietary recalls and the information
offered by the Taiwanese Food and Nutrients Databank [24]. The consumed SSB were soda beverages,
sports drinks, coffee drinks, and all types of tea. The frequency of SSB consumption was measured
individually for each type of beverage. The daily time spent on sedentary behaviors, including
watching television; using computers and electronic games; and reading newspapers, comics, and
magazines, was calculated according to regular activities in the previous month. The average time
spent on physical exercise daily was calculated according to exercises that lead to an increase in sweat,
breathing, and heartbeat in participants in a regular week. The use of tobacco and alcohol were
defined as the consumption of tobacco daily or occasionally and the intake of alcohol >1 drink/week,
respectively. Data on the stage of pubertal development were obtained using a validated Chinese
version of a self-administered rating scale [25].

2.3. Anthropometric Parameters

Anthropometric variables, including height, weight, waist circumference (WC), hip circumference
(HC), and BP, were measured by a physical examination team at the health center of each selected
school. Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively. HC and
WC were measured to the nearest 0.5 cm by using a flexible and inextensible tap. Average BP was
computed by averaging 3 measurements of systolic blood pressure (SBP) and diastolic blood pressure
(DBP). Body mass index (BMI) was calculated by weight (kg) divided by the square of height (m).

2.4. Clinical Variables

A >8-h fasting blood specimen was collected from each participant by a health examination
team in the morning. All blood samples were centrifuged immediately after collection and placed in
liquid nitrogen; the samples were then transported to the central laboratory and stored at −70 ◦C in a
refrigerator, waiting for the uniform detection of clinical variables. Using enzymatic procedures with
an autoanalyzer, fasting triglyceride (FTG) and high-density lipoprotein cholesterol (HDL-C) levels
in the blood specimens were examined. Plasmas were used to identify fasting glucose (FG) levels by
using the enzymatic reference method with hexokinase [23].

2.5. MetS and Its Risk Components

Three diagnostic criteria, respectively, defined by the Taiwan Pediatric Association (TPA) for
adolescents aged 8–18 years, the IDF for adolescents aged 10–18 years, and the Joint Interim Statement
for adults (JIS-Adult) MetS were used to investigate abnormal components and MetS [14,26,27]. The
definitions for each risk component of MetS are presented in Supplementary Table S1. In brief, central
obesity was defined as BMI >95 percentile of gender- and age-specific groups by TPA, WC ≥90



Nutrients 2019, 11, 584 4 of 17

percentile (or adult cutoff if lower) by IDF, and WC ≥90 cm in boys and ≥80 cm in girls by JIS-Adult.
Low HDL-C was defined as HDL-C of <40 mg/dL in boys and of <50 mg/dL in girls by TPA and
JIS-Adult; low HDL-C was defined as HDL-C <40 mg/dL for adolescents aged 10–15 years and as
HDL-C of <40 mg/dL in adolescent boys and <50 mg/dL in adolescent girls aged 16–18 years by IDF.
The definitions for the remaining 3 risk components were the same for these 3 criteria: increased BP,
SBP ≥130 or DBP ≥85 mmHg (or antihypertensive drug treatment); elevated FTG of ≥150 mg/dL;
and high FG of ≥100 mg/dL (or previously diagnosed T2DM). Alternatively, to include all potential
adolescent risk components, we defined participants who had any one of the TPA or IDF abnormal
components as having a generalized MetS risk component. The TPA, IDF, and generalized method
diagnose an adolescent with central obesity plus 2 other risk components as having MetS, whereas
JIS-Adult diagnoses an adolescent who has 3 abnormal findings out of 5 as having MetS.

2.6. Statistical Analysis

An appropriate sampling weight was assigned to each participant according to the probability of
being selected using information on the registered residence area, sex, and age. Survey data modules
were used to adjust for sampling weights in all analyses (Stata v15, StataCorp., College Station, TX,
USA). Thus, the final results are representative of the nationwide adolescent population of Taiwan.
We classified adolescents aged 12–15 and 16–18 years as junior and senior participants, respectively.
Means with standard errors and proportions were used to describe the distributions for continuous
and categorical variables, respectively. We calculated Cohen’s Kappa coefficient (k) to evaluate the
agreement of MetS identification between different diagnostic criteria. The k values of 0.41–0.60,
0.61–0.80, and >0.80 can be interpreted as moderate, good, and very good agreement, respectively [28].
The principal component analysis and a 2-dimensional biplot were used to illustrate the correlation and
clustering of MetS risk components among gender- and age-specific groups as well applied in other
studies [29–31]. High-correlated risk components were grouped into a cluster in both genders. We used
multivariable logistic regression models to evaluate the gender-specific relationship between lifestyle
factors and the clustering of MetS-associated risk components. Potential confounders considered in the
multivariable models included residence area, age, puberty status, daily total energy intake, cigarette
smoking, alcohol drinking, and, where appropriate, total SSB consumption and physical activity.

3. Results

The distributions of demographic factors, dietary patterns, physical activity, and substance use
among both genders and junior and senior students are shown in Table 1. Adolescent boys had
higher intakes of milk, fresh fruit, SSB (including soda and sports drinks), and total calories and a
greater proportion of sedentary behavior, physical exercise, and cigarette smoking than adolescent
girls. Differences in the distributions for particular dietary patterns, physical activity, and substance
use were also observed between junior and senior students.

Gender differences in the distribution and prevalence of MetS risk components among junior
and senior adolescents are presented in Table 2. In both age groups, boys had higher mean SBP and
FG values than girls (all p ≤ 0.001), whereas girls had greater mean HDL-C values than boys (all p
≤ 0.005). According to the BMI-defined TPA criteria, the prevalence of central adiposity was higher
in boys than in girls (23.9% vs. 11.9% in juniors and 19.8% vs. 13.6% in seniors), whereas according
to the WC-defined IDF/JIS-Adult criteria, the prevalence was higher in girls than in boys (17.9% vs.
12.5% in juniors and 27.2% vs. 18.3% in seniors). Among all adolescents, the TPA/JIS-Adult criteria
identified a heterogeneous distribution of low HDL-C between genders (27.1% and 12.4% for girls and
boys, respectively, p < 0.001). The prevalence of increased BP and high FG in junior and senior boys
was higher than that in junior and senior girls.
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Table 1. Distributions of demographic parameters and lifestyle factors in adolescents, Taiwan.

Factor/Category Total
Gender

p Value 2 Grade 1
p Value 2

Male Female Junior Senior

Study participants, number 1920 949 971 990 930

Design-adjusted distribution 3

Demographic factors

Age (year), mean ± SE 15.0 ± 0.1 15.0 ± 0.1 15.0 ± 0.1 0.980 13.7 ± 0.1 16.8 ± 0.03 <0.001

Study area, %
North 46.0 46.5 45.5 0.864 47.6 43.8 0.339
Center 25.8 25.1 26.5 25.6 25.9
South 25.7 25.8 25.6 24.4 27.5
East 2.5 2.7 2.4 2.4 2.7

Postpuberty, % 85.4 74.9 97.0 <0.001 77.4 96.6 <0.001

Lifestyle factors

Dietary pattern (binary), %

Egg, ≥1 serving/day 40.2 40.9 39.4 0.580 37.5 43.9 0.017

Milk, ≥1 serving/day 22.5 25.2 19.5 0.016 26.2 17.3 <0.001

Fresh fruit, ≥1 serving/day 29.0 33.6 24.1 0.001 34.7 21.3 <0.001

Meats, ≥1 serving/day 18.7 18.0 19.5 0.486 17.4 20.6 0.128

Fried food, ≥1 serving/week 42.5 43.0 42.0 0.738 41.9 43.4 0.599

Sugar-sweetened beverage,≥1 drink/week 88.7 90.9 86.1 0.006 87.7 90.0 0.154

Soda, ≥1 drink/week 28.4 36.1 19.8 <0.001 28.8 27.9 0.737

Sport drink, ≥1 drink/week 28.4 37.3 18.4 <0.001 28.4 28.4 0.991

Coffee, ≥1 drink/week 17.6 17.1 18.2 0.596 14.8 21.6 0.002

Tea, ≥1 drink/week 64.6 65.2 63.9 0.629 59.3 72.2 <0.001

Total calories intake (kcal), mean ± SE 2354.8 ± 27.3 2626.5 ± 37.1 2056.3 ± 37.8 <0.001 2304.5 ± 38.4 2425.5 ± 37.7 0.025

Physical activity (binary), %

Sedentary behavior, ≥60 min/day 55.5 59.9 50.5 0.001 51.9 60.5 0.002

Physical exercise, ≥30 min/day 38.2 48.7 26.5 <0.001 34.7 43.1 0.002

Substance use (binary), %

Alcohol drinking 12.5 12.8 12.1 0.721 8.4 18.2 <0.001

Cigarette smoking 5.1 6.8 3.2 0.007 3.5 7.4 0.003

1 Junior and senior denote adolescents aged 12–15 and 16–18 years, respectively. 2 p values for the mean or
proportional differences between genders or between grades. 3 Displayed data was adjusted for study design and
sample weight.

The prevalence of adolescent MetS defined by TPA and IDF adolescent criteria and JIS-Adult
criteria is shown in Table 3. According to the TPA criteria, 7.34% of adolescents had a high BMI and
one abnormal component of MetS, with a higher prevalence, was observed in juniors than in seniors
(8.06% vs. 6.31%). In juniors, the prevalence of MetS (3.74%–5.48%) defined by the TPA criteria was
greater than that defined by the IDF criteria (1.76%–3.59%) but similar to that defined by the JIS-Adult
criteria (4.32%–4.38%) in both genders, although the corresponding prevalence was comparable across
the three diagnostic criteria in seniors. A very good agreement for MetS diagnosis was identified
between the TPA and JIS-Adult criteria in junior and senior boys and girls (k, 0.836–0.969). However,
only a moderate-to-good agreement was identified between the TPA and IDF criteria in juniors (k,
0.519–0.783). The overall MetS prevalence for adolescent boys and girls was determined to be 5.03%
and 3.34%, respectively, using either the TPA or IDF criteria.

The clustering of six risk components of adolescent MetS in boys and girls is illustrated in Figure 1.
High BMI and high FG were associated and clustered in junior and senior boys (aggregately in the
first quadrant), whereas high WC and low HDL-C were correlated and grouped in junior and senior
girls (aggregately in the fourth quadrant). Boys and girls with a clustering of risk components were
grouped and investigated for corresponding risk factors (Table 4).
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Table 2. Distributions and prevalence of MetS risk components defined by TPA and IDF adolescent criteria and JIS-Adult criteria in adolescents, Taiwan.

MetS Components Junior (12–15 years) Senior (16–18 years) All

Total Male Female p 1 Total Male Female p 1 Total Male Female p 1

Distribution, aMean ± SE 2

WC (cm) 74.8 ± 0.4 75.4 ± 0.6 74.2 ± 0.5 0.162 78.3 ± 0.4 79.7 ± 0.6 76.8 ± 0.4 <0.001 76.3 ± 0.3 77.2 ± 0.4 75.2 ± 0.3 <0.001

HDL-C (mg/dL) 55.1 ± 0.5 53.4 ± 0.7 56.8 ± 0.9 0.005 55.2 ± 0.4 51.2 ± 0.6 59.7 ± 0.7 <0.001 55.1 ± 0.4 52.4 ± 0.5 58.1 ± 0.6 <0.001

SBP (mmHg) 104.4 ± 0.4 108.6 ± 0.6 99.7 ± 0.5 <0.001 104.3 ± 0.4 109.7 ± 0.5 98.4 ± 0.5 <0.001 104.4 ± 0.3 109.2 ± 0.4 99.1 ± 0.4 <0.001

DBP (mmHg) 60.6 ± 0.3 61.1 ± 0.5 60.1 ± 0.5 0.180 60.0 ± 0.3 60.0 ± 0.4 59.9 ± 0.4 0.865 60.3 ± 0.2 60.6 ± 0.3 60.0 ± 0.3 0.228

FTG (md/dL) 71.6 ± 1.4 71.9 ± 2.4 71.2 ± 1.8 0.846 72.5 ± 1.2 74.8 ± 1.7 69.9 ± 1.7 0.043 71.9 ± 1.0 73.1 ± 1.6 70.6 ± 1.2 0.227

FG (mg/dL) 95.2 ± 0.3 96.3 ± 0.4 94.0 ± 0.4 <0.001 94.8 ± 0.5 96.4 ± 0.5 92.9 ± 1.0 0.001 95.0 ± 0.3 96.3 ± 0.3 93.6 ± 0.5 <0.001

Prevalence, %

Central obesity 3

TPA (high BMI) 18.3 23.9 11.9 0.003 16.8 19.8 13.6 0.046 17.7 22.2 12.6 <0.001
IDF (high WC) 15.0 12.5 17.9 0.026 22.5 18.3 27.2 0.002 18.1 14.9 21.8 <0.001
JIS-Adult (high WC) 15.0 12.5 17.9 0.026 22.5 18.3 27.2 0.002 18.1 14.9 21.8 <0.001

Low HDL-C
TPA/JIS-Adult 21.3 12.5 31.3 <0.001 16.5 12.3 21.2 0.001 19.3 12.4 27.1 <0.001
IDF 9.4 12.5 5.8 0.005 16.5 12.3 21.2 0.001 12.3 12.4 12.2 0.484

Increased BP 3.8 6.4 1.0 <0.001 2.3 4.0 0.4 0.003 3.2 5.4 0.8 <0.001

Elevated FTG 2.8 2.9 2.6 0.454 3.2 4.0 2.4 0.219 3.0 3.3 2.5 0.215

High FG 24.9 29.1 20.1 0.043 18.2 25.2 10.5 <0.001 22.1 27.5 16.1 <0.001

Abbreviations: TPA, Taiwan Pediatric Association; IDF, International Diabetes Federation; JIS-Adult, Joint Interim Statement of MetS for adults; MetS, metabolic syndrome; WC, waist
circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; FTG, fasting triglyceride; FG, fasting glucose; BMI, body mass
index; BP, blood pressure.1 p values for the mean or proportional differences between genders were obtained adjusted for area, age, and puberty.2 aMean displays the estimated prediction
when the covariates were set as mean values.3 Central obesity was determined by TPA-defined gender-age-specific BMI criteria, IDF-defined >90th percentile of WC, and JIS-Adult-defined
WC ≥90 cm in male and ≥80 cm in female, respectively.
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Table 3. Prevalence of MetS defined by TPA and IDF adolescent criteria and JIS-Adult criteria in adolescents, Taiwan.

MetS/Category Junior (12–15 years) Senior (16–18 years) All

Total Male Female p 1 Total Male Female p 1 Total Male Female p 1

Metabolic disorders, %

TPA criteria
High BMI + 1aC 8.06 10.33 5.51 0.079 6.31 6.59 6.00 0.998 7.34 8.80 5.71 0.148
MetS (high BMI + ≥2aC) 4.66 5.48 3.74 0.521 3.35 4.37 2.21 0.089 4.12 5.03 3.11 0.169

IDF criteria
High WC + 1aC 5.13 5.41 4.81 0.765 8.35 6.17 10.75 0.009 6.45 5.72 7.27 0.057
MetS (high WC + ≥2aC) 2.73 3.59 1.76 0.161 3.41 4.37 2.35 0.110 3.01 3.91 2.01 0.040
MetS Kappa (TPA vs. IDF) 0.690 * 0.783 * 0.519 * 0.990 * 1.000 * 0.969 * 0.808 * 0.871 * 0.686 *

JIS-Adult criteria
2aC 10.02 9.31 10.82 0.620 10.07 9.00 11.25 0.210 10.04 9.18 11.00 0.251
MetS (≥3aC) 4.35 4.38 4.32 0.967 3.57 4.67 2.35 0.074 4.03 4.50 3.50 0.403
MetS Kappa (TPA vs. JIS-adult) 0.874 * 0.836 * 0.925 * 0.967 * 0.966 * 0.969 * 0.907 * 0.887 * 0.938 *

TPA-IDF-defined central adiposity + 1aC, % 9.82 10.33 9.24 0.786 8.84 6.86 11.02 0.019 9.42 8.91 9.98 0.137

TPA-IDF generalized MetS 2, % 4.80 5.48 4.03 0.602 3.41 4.37 2.35 0.110 4.23 5.03 3.34 0.224

Abbreviations: TPA, Taiwan Pediatric Association; IDF, International Diabetes Federation; JIS-Adult, Joint Interim Statement of MetS for adults; MetS, metabolic syndrome; BMI, body
mass index; WC, waist circumference; 1aC, 1 abnormal component; 2aC, 2 abnormal components; 3aC, 3 abnormal components; *, p < 0.05.1 p values for the proportional differences
between genders were obtained adjusted for area, age, and puberty.2 Generalized to include adolescents who meet the TPA or IDF MetS criteria.
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Figure 1. Two-dimensional biplot for risk components of adolescent metabolic syndrome (MetS) and
gender-age-specific adolescent groups. Note: Red circles denote six adolescent MetS-associated risk
components defined by the TPA-IDF generalized criteria. Arrows denote four gender-age-specific
adolescent groups (J-Boy, junior boys; J-Girl, junior girls; S-Boy, senior boys; S-Girl, senior girls). The
percentages indicate the amount of variance accounted for by principal components PC1 and PC2.
Total explained variance from the first two components is 93.8%.

The relationship between dietary pattern and the clustering of TPA–IDF generalized
criteria-defined risk components for MetS is displayed in Table 4. The consumption of ≥1 serving/week
of dairy products (adjusted odds ratio (aOR) = 0.5) and fresh fruit (aOR = 0.4) was associated with
a lower likelihood of contracting ≥2 abnormal components of MetS in both girls and boys. Similar
patterns were observed among adolescent boys with high BMI or high FG.

The association of SSB intake and physical activity with the clustering of MetS risk components
in adolescents is presented in Table 5. In boys, an association was identified between coffee intake
and high BMI as well as between sports drinks intake and high FG. Excessive soda consumption
(≥7 drinks/week) was associated with ≥2 abnormal components of MetS and developing MetS.
In girls, the clustering of these two categories of risk components was correlated with tea intake.
No significant correlation between factors associated with physical activity and the clustering of MetS
risk components was identified.

Table 6 presents the associations of significant dietary habits with the clustering of MetS risk
components adjusted for independent variables among adolescents. Because of the strong correlation
between the intake of dairy products and the intake of fresh fruit, these two factors were combined into
one variable. In boys, the intakes of ≥1 drinks/week of coffee and ≥7 drinks/week of sports drinks
were associated with high BMI or high FG (aOR = 1.7 and 2.7, respectively). Compared with boys who
consumed <1 drink/week, boys who consumed ≥7 drinks/week of soda had a 3.5- and 4.6-fold higher
risk of ≥2 abnormal components of MetS and MetS, respectively. In girls, MetS was correlated with
the consumption of 1–6 drinks/week and ≥7 drinks/week of tea (aOR = 2.8 and 5.2, respectively).
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Table 4. Adjusted odds ratio (aOR) of the clustering of MetS risk components associated with the dietary pattern in adolescents, Taiwan.

Factor/Category

Male Female

High BMI High FG High BMI
or High FG

≥2
MetS-aC MetS High WC Low

HDL-C
High WC

or Low HDL-C
≥2

MetS-aC MetS

aOR
(95%CI)

aOR
(95%CI)

aOR
(95%CI)

aOR
(95%CI)

aOR
(95%CI)

aOR
(95%CI)

aOR
(95%CI)

aOR
(95%CI)

aOR
(95%CI)

aOR
(95%CI)

Total calories intake 1

≥2500 vs. <2500 kcal/day 0.8
(0.5–1.4)

1.4
(0.8–2.5)

1.3
(0.8–2.1)

0.7
(0.4–1.4)

1.1
(0.4–2.8)

1.5
(0.7–2.8)

1.3
(0.6–2.6)

1.5
(0.8–2.8)

1.4
(0.6–3.2)

0.6
(0.1–3.3)

Dietary pattern 2

Egg

1–6 vs. <1 serving/week 1.2
(0.5–2.7)

1.0
(0.5–2.3)

1.4
(0.7–2.9)

1.3
(0.5–3.6)

1.1
(0.2–5.2)

1.3
(0.5–3.6)

1.3
(0.5–3.4)

1.6
(0.6–4.3)

0.8
(0.3–2.3)

1.9
(0.2–15.9)

≥7 vs. <1 serving/week 1.2
(0.5–2.7)

0.9
(0.4–2.0)

1.2
(0.6–2.5)

1.4
(0.5–4.2)

1.3
(0.3–6.5)

2.2
(0.8–6.1)

1.4
(0.5–3.7)

2.1
(0.8–5.6)

1.5
(0.5–4.6)

2.4
(0.3–21.3)

Dairy products

≥1 vs. <1 serving/week 0.6
(0.4–0.9)

0.7
(0.5–1.1)

0.6
(0.4–0.9)

0.5
(0.3–0.8)

0.6
(0.3–1.5)

0.7
(0.4–1.2)

1.0
(0.6–1.7)

0.9
(0.6–1.5)

0.5
(0.2–0.9)

0.6
(0.2–2.0)

Fresh fruit

≥1 vs. <1 serving/week 0.5
(0.3–0.8)

0.7
(0.5–1.1)

0.6
(0.4–0.9)

0.4
(0.2–0.7)

0.6
(0.2–1.5)

0.7
(0.4–1.2)

1.1
(0.6–1.8)

1.0
(0.6–1.6)

0.4
(0.2–0.9)

0.5
(0.2–1.8)

Meat

1–6 vs. <1 serving/week 1.0
(0.6–1.7)

0.8
(0.5–1.4)

0.9
(0.6–1.4)

1.5
(0.8–2.9)

2.1
(0.8–5.8)

1.2
(0.8–1.9)

1.0
(0.6–1.5)

1.0
(0.6–1.5)

1.3
(0.7–2.3)

1.5
(0.5–4.4)

≥7 vs. <1 serving/week 1.4
(0.7–2.5)

1.1
(0.6–1.9)

1.2
(0.7–2.1)

2.0
(0.9–4.2)

1.9
(0.6–6.0)

1.1
(0.6–2.0)

0.9
(0.5–1.7)

0.9
(0.5–1.5)

1.6
(0.8–3.1)

0.5
(0.1–2.8)

Fried food

1–6 vs. <1 serving/week 0.7
(0.5–1.1)

0.8
(0.6–1.2)

0.8
(0.6–1.2)

0.9
(0.5–1.4)

0.7
(0.3–1.6)

1.0
(0.7–1.5)

1.1
(0.7–1.6)

1.0
(0.7–1.4)

1.2
(0.8–2.0)

1.3
(0.5–4.0)

≥7 vs. <1 serving/week 0.8
(0.3–2.1)

1.1
(0.5–2.5)

0.8
(0.3–1.8)

0.8
(0.3–2.5)

1.3
(0.3–4.7)

0.5
(0.2–1.8)

0.5
(0.2–1.7)

0.5
(0.2–1.4)

0.2
(0.02–1.3) NA

Abbreviations: MetS, metabolic syndrome; FG, fasting glucose; BMI, body mass index; WC, waist circumference; HDL-C, High-density lipoprotein cholesterol; ≥2 MetS-aC, central
adiposity + ≥1 abnormal components (aC) of MetS (MetS and its abnormal components were defined by TPA-IDF generalized criteria); NA, non-applicable due to limited sample size.1

aOR were adjusted for area, age, puberty, physical activity, cigarette smoking, and alcohol drinking. 2 aOR were adjusted for area, age, total energy intake, puberty, physical activity,
cigarette smoking, and alcohol drinking.
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Table 5. Adjusted odds ratio (aOR) of the clustering of MetS risk components associated with beverage consumption and physical activity in adolescents, Taiwan.

Factor/Category

Male Female

High BMI High FG High BMI
or High FG

≥2
MetS-aC MetS High WC Low

HDL-C
High WC

or Low HDL-C
≥2

MetS-aC MetS

aOR 1

(95% CI)
aOR 1

(95% CI)
aOR 1

(95% CI)
aOR 1

(95% CI)
aOR 1

(95% CI)
aOR 1

(95% CI)
aOR 1

(95% CI)
aOR 1

(95% CI)
aOR 1

(95% CI)
aOR 1

(95% CI)

Type of beverage

Coffee

≥1 vs. <1 drink/week 2.1
(1.3–3.3)

1.2
(0.8–1.9)

1.7
(1.1–2.6)

1.7
(0.9–3.0)

2.3
(0.9–6.0)

1.6
(1.0–2.6)

1.1
(0.7–1.7)

1.3
(0.8–1.9)

1.6
(0.9–2.7)

2.2
(0.7–6.8)

Sport drink

1–6 vs. <1 drink/week 1.2
(0.8–1.8)

1.1
(0.7–1.6)

1.2
(0.9–1.7)

1.2
(0.7–2.0)

0.5
(0.2–1.3)

1.3
(0.7–2.3)

1.1
(0.7–2.0)

1.2
(0.7–1.9)

1.0
(0.4–2.3)

4.7
(1.3–17.0)

≥7 vs. <1 drink/week 1.9
(0.8–4.7)

3.5
(1.3–9.1)

2.8
(1.1–6.9)

2.4
(0.8–6.8)

3.4
(0.97–12.1)

0.2
(0.0–1.1)

1.2
(0.3–4.5)

0.7
(0.2–2.6)

0.3
(0.1–2.1)

1.9
(0.2–18.1)

Soda

1–6 vs. <1 drink/week 0.8
(0.6–1.3)

1.4
(0.95–2.0)

1.1
(0.8–1.6)

0.8
(0.5–1.4)

0.8
(0.4–1.9)

1.1
(0.7–1.9)

1.3
(0.8–2.2)

1.3
(0.8–2.0)

1.1
(0.5–2.4)

2.5
(0.7–9.1)

≥7 vs. <1 drink/week 2.1
(0.8–5.6)

1.4
(0.5–3.7)

1.4
(0.6–3.5)

3.5
(1.2–10.0)

4.6
(1.1–19.0)

0.4
(0.1–3.0)

0.9
(0.2–3.9)

0.5
(0.1–2.1)

0.8
(0.1–6.6) NA

Tea

1–6 vs. <1 drink/week 1.0
(0.6–1.6)

1.0
(0.7–1.5)

1.1
(0.8–1.6)

1.1
(0.6–1.9)

0.6
(0.2–1.6)

1.4
(0.9–2.1)

1.1
(0.7–1.7)

1.1
(0.8–1.6)

1.8
(1.1–3.0)

3.0
(1.2–7.4)

≥7 vs. <1 drink/week 1.8
(0.98–3.2)

0.9
(0.5–1.5)

1.5
(0.9–2.5)

1.9
(0.9–3.8)

1.1
(0.4–3.2)

2.0
(1.0–3.8)

1.4
(0.7–2.6)

1.5
(0.9–2.6)

2.0
(0.8–4.8)

6.8
(1.3–36.6)

Physical activity

Sedentary behavior

≥60 vs. <60 min/day 1.1
(0.7–1.6)

1.0
(0.7–1.4)

1.0
(0.7–1.4)

1.1
(0.7–1.7)

1.5
(0.7–3.1)

1.2
(0.8–1.8)

0.8
(0.6–1.2)

1.0
(0.7–1.4)

1.1
(0.7–1.8)

0.3
(0.1–1.1)

Physical exercise

≥30 vs. <30 min/day 1.4
(0.96–2.1)

0.9
(0.6–1.3)

1.1
(0.8–1.5)

1.4
(0.9–2.2)

1.0
(0.5–2.1)

1.4
(0.96–2.1)

1.2
(0.8–1.8)

1.4
(0.96–1.9)

1.4
(0.8–2.3)

0.8
(0.3–2.6)

Abbreviations: MetS, metabolic syndrome; FG, fasting glucose; BMI, body mass index; WC, waist circumference; HDL-C, High-density lipoprotein cholesterol; ≥2 MetS-aC, central
adiposity + ≥1 abnormal components (aC) of MetS (MetS and its abnormal components were defined by TPA-IDF generalized criteria); NA, non-applicable due to limited sample size. 1

aORs were adjusted for area, age, daily energy intake, total sugar-sweetened beverage intake, puberty, physical activity, smoking, and alcohol drinking.
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Table 6. Multivariable-adjusted odds ratio (aOR) of the clustering of MetS risk components associated with significant dietary habits in adolescents, Taiwan.

Factor/Category
Male Female1

High BMI High FG High BMI
or High FG

≥2
MetS-aC MetS High WC ≥2

MetS-aC MetS

aOR 2

(95% CI)
aOR 2

(95% CI)
aOR 2

(95% CI)
aOR 2

(95% CI)
aOR 2

(95% CI)
aOR 2

(95% CI)
aOR 2

(95% CI)
aOR 2

(95% CI)

Dietary pattern

Dairy products or fresh fruit 3

≥1 vs. <1 serving/week 0.6
(0.4–0.9)

0.9
(0.6–1.2)

0.7
(0.5–1.0)

0.5
(0.3–0.8)

0.7
(0.3–1.5)

0.8
(0.5–1.1)

0.5
(0.3–0.9)

0.5
(0.2–1.2)

Type of beverage

Coffee

≥1 vs. <1 drink/week 2.1
(1.3–3.3) NI 1.7

(1.1–2.5) NI NI 1.5
(0.96–2.5) NI NI

Sport drink

1–6 vs. <1 drink/week NI 1.1
(0.7–1.6)

1.2
(0.8–1.7) NI NI NI NI 4.0

(1.4–12.0)

≥7 vs. <1 drink/week NI 3.5
(1.4–9.0)

2.7
(1.1–6.6) NI NI NI NI 2.0

(0.2–22.8)

Soda

1–6 vs. <1 drink/week NI NI NI 0.8
(0.5–1.3)

0.8
(0.4–1.9) NI NI NI

≥7 vs. <1 drink/week NI NI NI 3.5
(1.2–10.0)

4.6
(1.1–18.5) NI NI NI

Tea

1–6 vs. <1 drink/week NI NI NI NI NI 1.3
(0.9–2.0)

1.8
(1.1–3.0)

2.8
(1.1–7.0)

≥7 vs. <1 drink/week NI NI NI NI NI 1.9
(0.97–3.6)

2.0
(0.9–4.8)

5.2
(1.3–20.5)

Abbreviations: MetS, metabolic syndrome; FG, fasting glucose; WC, waist circumference; BMI, body mass index; ≥2 MetS-aC, central adiposity + ≥1 abnormal components (aC) of MetS
(MetS and its abnormal components were defined by TPA-IDF generalized criteria); NI, the variable that was not included in the multivariable-adjusted regression models. 1 Because no
significant factors for the outcomes of ‘Low HDL-C’ and ‘High WC or Low HDL-C’ were found in Tables 4 and 5, the related analyses were omitted here. 2 aORs were adjusted for area,
age, daily energy intake, total sugar-sweetened beverage intake, puberty, physical activity, smoking, and alcohol drinking, as well as the covariates in the model. 3 The intakes of dairy
products and fresh fruit were combined into a variable due to the strong correlation between the two factors.
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4. Discussion

Given the insight into the nationwide pattern for the clustering of MetS risk components in
adolescents using three common diagnostic criteria, this study identified that high FG, low HDL-C,
and central obesity are prevalent in the adolescent population of Taiwan, in that the overall prevalence
was found to be 22.1%, 19.3% (TPA/JIS-Adult criteria), and 17.7%–18.1%, respectively. The clustering
of metabolic risk factors is not regarded as a disease and is easily overlooked during all life stages.
Because epidemiological studies have identified such gathering of metabolic dysfunctions in childhood
predicting adult MetS, T2DM, and cardiovascular diseases [32,33], early identification and management
for pediatric MetS becomes a vital focus in child healthcare. Central obesity is a common metabolic risk
factor. However, our data additionally focus on the issues of high FG and low HDL-C in Taiwanese
adolescents, with a higher emphasis on high FG in boys (prevalence, 27.5%) and low HDL-C in girls
(prevalence, 27.1%).

In the assessment of adolescent central obesity, the TPA criteria used the cutoff points of BMI >95
percentile for gender- and age-specific groups [26], whereas the IDF criteria used the cutoff points
of WC >90 percentile, and JIS-Adult criteria used the cutoff points of WC of ≥90 cm and ≥80 cm
for boys and girls, respectively [14,27]. In this investigation, the TPA-defined prevalence of central
obesity was higher in boys than in girls (23.9% vs. 11.9% in juniors and 19.8% vs. 13.6% in seniors);
however, the IDF- and JIS-Adult-defined prevalence was higher in girls than in boys (17.9% vs. 12.5%
in juniors and 27.2% vs. 18.3% in seniors). This raises the argument that which bodyweight-associated
indicator is better. From juniors to seniors, the change in the prevalence for central obesity was in
the same direction as that for the IDF- and JIS-Adult criteria (5.8% and 9.3% increases in boys and
girls, respectively) but in the opposite direction for the TPA criteria (4.1% decrease in boys and 1.7
increase in girls). WC-defined cutoff points provide a stable method for identifying central obesity
in adolescents.

The TPA and JIS-Adult used a less stringent criterion for determining low HDL-C among
adolescent girls aged 10–15 years than did the IDF criteria (<50 and <40 mg/dL, respectively) [14,26,27],
thus showing a higher prevalence of low HDL-C in juniors versus seniors (31.3% vs. 5.8%).
Nevertheless, given that the difference is substantial, it implies a sizeable number of girls having
HDL-C levels between 40 and 50 mg/dL. Given that an active lifestyle for improving metabolic risk
components can postpone or circumvent T2DM and cardiometabolic diseases [10,11], generalized
measures that screen adolescents who meet the TPA or IDF criteria for all risk components are
warranted to be used.

In this study, the prevalence of high FG was determined to be 22.1%, with the prevalence among
boys being higher than that among girls (27.5% vs. 16.1%). Although this prevalence was higher
than those identified among Hispanic (15.2%), White (14.8%), Black (9.4%), and Korean (11.4%)
populations [6,7], a comparable prevalence (23.1%) was identified in the United States 2011–2016
National Health and Nutrition Examination Survey (boys vs. girls, 31.6% vs. 13.5%) [9]. The variations
in the prevalence of high FG across populations may be attributable to variations in the study region,
ethnicity, genetic susceptibility, subject age, and study period. In this survey, boys exhibited higher
SSB consumption and BMI values than did girls, and SSB intake (especially from sports drinks and
coffee) was linked to the clustering of high BMI and high FG. This might partly explain the higher
prevalence of high FG in boys than in girls.

The MetS prevalence in adolescents was reported to be 3.7%–8.6% in the United States, 2.1%–5.7%
in Korea, and 1.4%–3.4% in China by nationwide epidemiological surveys conducted during 2001 and
2016 using the diagnostic criteria of modified NCEP ATP III and IDF [6–9]. Comparable to those for
Korean and Chinese adolescents [7,8], this study correspondingly identified 4.1% and 3.0% of TPA-
and IDF-defined prevalence of MetS in adolescents, with the TPA criteria being more sensitive in
identifying this syndrome in both girls and boys (TPA vs. IDF: 5.0% vs. 3.9% in boys and 3.1% vs. 2.0%
in girls).
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The Kappa statistics exhibited a very good agreement for MetS diagnosis between the TPA and
JIS-Adult criteria (k, 0.836–0.925 in juniors and 0.966–0.969 in seniors; Table 3). Based on the TPA
method, which uses high BMI to define central obesity, adolescents are diagnosed with MetS if they
have central obesity plus two other risk components. By contrast, the JIS-Adult method uses high WC
to define central obesity, and the criteria for the diagnosis of MetS among adolescents is exhibiting
three out of five abnormal findings [26,27]. The high agreement in MetS diagnosis between these two
methods prompts two considerations. First, the majority of adolescents who meet the TPA criteria also
meet the criteria of adult MetS. Second, adolescents with three or more of the abnormal components
specified by the JIS-Adult method for diagnosing MetS have a greater likelihood of having a high BMI.
Because of the nature of a cross-sectional study, the 2010–2011 NAHSIT survey only offers a snapshot
of MetS risk components for the study population in a specific time period. Agreement between the
two criteria for MetS diagnosis must be validated in other adolescent populations.

The prevalence for adolescents having TPA–IDF-defined central adiposity and any one risk
component was found to be 2.2-fold higher than that for the TPA–IDF generalized MetS (9.42%
vs. 4.23%, Table 3). In clinical reports, the clustering of MetS risk components has been more
underscored over the need to ascertain pediatric MetS [34]. Our findings accentuate that the monitoring
of adolescent MetS should not ignore the children who have the potential to develop MetS.

Several adult cohort studies have revealed the beneficial effects of dairy product intake on MetS
and glycemic disorders [35,36]. Our results support such findings, in that a reverse relationship
between the intake of ≥1 serving/week of dairy product and ≥2 risk components of MetS was
identified in both girls and boys. Similarly, adolescents who consumed ≥1 serving/week of fresh fruit
had less than 50% risk of having ≥2 MetS abnormal components in this study (aOR = 0.4 in both girls
and boys). A meta-analysis of 26 observational studies also suggested that the consumption of fruit is
inversely associated with MetS [37].

Sucrose is a disaccharide of 50% glucose and 50% fructose that is hydrolyzed to saccharide
in the body. Compared with glucose, fructose, either from sucrose or high-fructose corn syrup, is
considered to be a significant driver of developing fatty liver disease, hypertriglyceridemia, and
MetS by inducing liver de-novo lipogenesis [38–41]. Large-scale prospective and cross-sectional
studies conducted in the United States, Australia, China, and Taiwan have comparably linked the high
amount of SSB intake to elevated risks of abdominal obesity, overall cardiometabolic risk, and MetS
in adolescents [3,4,42,43], whereas some investigations have offered different findings [43,44]. Our
findings support a positive association between SSB consumption and pediatric MetS, in that a 4.6-
and 5.2-fold risk of MetS was identified among boys who consumed ≥7 drinks/week of soda and
girls who consumed ≥7 drinks/week of tea, respectively. In addition, high frequent consumptions of
sports drinks and coffee were linked to the clustering of high BMI and high FG in boys. In human
intervention studies, an enhanced level of visceral fat accumulation, triglycerides, and total cholesterol
has been detected among people with high SSB consumption [38].

In this study, special schools include subsidiary schools and special education schools. The
proportion of students enrolled in overseas Chinese schools and special schools among the general
student population is <0.10% and 0.31%, respectively [45]. Because relatively few students were
excluded in the sampling population, the potential selection bias should be limited.

The main strengths of this study are that a large-scale nationally representative sample was used
to investigate the clustering of adolescent MetS risk components and evaluate the correlates controlling
for several potential confounders. This study has several limitations. First, the clustering of risk
components was assessed using several diagnostic methods because currently, no standard criteria
exist for MetS in adolescents. Second, the cross-sectional nature of this study restricted any causal
evaluation between correlates and risk component clustering. Third, because blood samples were
collected and examined from only one time-point, this survey offered merely a snapshot of MetS risk
components for the study population.
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5. Conclusions

This study revealed the noticeable prevalence of high FG, low HDL-C, and central obesity and
their clustering in Taiwanese adolescents and demonstrated the reverse association of the intakes
of dairy product and fresh fruit and the positive association of SSB intake with risk component
clustering. Our findings reveal significant dimensions of MetS in adolescents, including detecting
population-specific prevalent patterns for MetS risk components and their clustering, and lend support
to the emphasis placed on health promotion activities for reducing SSB intake.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/3/
584/s1, Table S1: Criteria for the identification of metabolic syndrome defined by TPA, IDF, JIS-Adult, and
TPA-IDF generalization.
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Abbreviation

BMI body mass index
BP blood pressure
DBP diastolic blood pressure
FG fasting glucose
FTG fasting triglycerides
HC hip circumference
HDL-C high-density lipoprotein cholesterol
IDF International Diabetes Federation
JIS-Adult Joint Interim Statement of MetS for adults
MetS metabolic syndrome
NAHSIT Nutrition and Health Survey in Taiwan
NCEP-ATP III National Cholesterol Education Program, Adult Treatment Panel III
SBP systolic blood pressure
SSB sugar-sweetened beverage
T2DM type 2 diabetes mellitus
TPA Taiwan Pediatric Association
WC waist circumference
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