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Abstract

Background: Presence of metabolic syndrome (MetS) in early life may influence cardiovascular outcome later in
adulthood. There is limited data regarding MetS among Thai adolescents. This study aimed to estimate the
prevalence of MetS and related factors in Thai adolescents.

Methods: Data on MetS components of 1934 Thai adolescents aged 10–16 years were obtained from the 5th
National Health Examination Survey. Age at first screen time exposure, duration of screen time, frequency of food
intake and physical activities were collected from interviews. MetS was defined according to 3 definitions:
International Diabetes Federation (IDF), Cook’s, and de Ferranti’s.

Results: The prevalence of MetS was 4.1% by IDF, 8.0% by Cook’s, and 16.8% by de Ferranti’s definition. The overall
prevalence was higher in male (19.0%) than female adolescents (15.3%). The most common MetS components
composition among Thai adolescents was high waist circumference with high serum triglyceride and low HDL-
cholesterol (40.0% for IDF, 22.6% for Cook’s and 43.5% for de Ferranti’s definition). Exposure to screen media during the
first 2 years of life had a 1.3- fold increased odds of MetS by 1 out of 3 definitions (OR 1.30, 95% CI. 1.01–1.68). Duration
of physical activity associated with decreased odds of MetS by Cook’s definition (OR 0.96, 95% CI. 0.92–0.99).

Conclusions: The prevalence of MetS among Thai adolescents was higher than previously reported by other studies.
Screen media exposure during the first 2 years of life should be discouraged and measures to promote physical activity
among children and adolescents should be strengthen.
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Background
Cardiovascular disease is a leading cause of mortality and
morbidity worldwide and it contributed to over 120,000
deaths or 23% of all deaths in Thailand in 2016 [1].
Metabolic syndrome, a cluster of cardiometabolic risks,
has been shown to be associated with coronary heart
disease in adults [2]. Many studies suggested that
childhood metabolic risk factors are associated with adult
cardiovascular disease. Atherosclerosis begins in child-
hood and progresses to more advanced stages during
adulthood [3, 4]. Metabolically unhealthy children and
adolescents have tendency to become adults with higher
cardiovascular risk later in life [5–9]. Early identification
with appropriate treatment and health supervision in these
adolescents with multiple risk factors are important in
lowering their future cardiovascular risk.
There is currently no universal definition of metabolic

syndrome in children and adolescents. The available
definitions are based on five common cardiometabolic
risk factors including abdominal obesity, high level of
serum triglyceride, high fasting blood glucose, high blood
pressure and low plasma HDL cholesterol (HDL-C). The
commonly used pediatric definitions of metabolic
syndrome include those adapted from the Third report of
National Cholesterol Education Program expert panel on
detection, evaluation, and treatment of high blood choles-
terol in adults (NCEP-ATP III) criteria such as Cook’s [10]
and de Ferranti’s [11] definitions. Both of these two defini-
tions require 3 out of 5 previously mentioned components,
but with different cut-off levels. Another widely used defin-
ition is from the International Diabetes Federation (IDF),
which requires abdominal obesity as a mandatory criterion
plus 2 out of the other 4 components to define metabolic
syndrome, again with some differences in the cut-off levels
from other definitions [12].
There are few studies that have reported the prevalence

of metabolic syndrome in children and adolescents in
Thailand. A cross-sectional study in Grade 1–9 school-
children from a single district in 2009 revealed the meta-
bolic syndrome prevalence by de Ferranti’s definition of
only 4% in the study population of 348 children [13].
However, serum HDL-C was not evaluated in the study.
Another study in a different province among 393 adoles-
cents aged 13–16 years during 2013–2014 showed the
prevalence of metabolic syndrome of 3.5, 5.8, and 11.2%
according to IDF, Cook’s, and de Ferranti’s definition
respectively [14]. Both of the studies were limited to a
district and a provincial level. Currently, there has been
no study evaluating the prevalence of metabolic syndrome
among Thai adolescents on the national level. The present
study used the data from the National Health Examination
Survey in 2014 to estimate the prevalence of metabolic
syndrome and determine life style factors that related to
the condition in Thai adolescents.

Methods
The 5th Thai National Health Examination Survey
(NHES V) was a large-scale survey carried out all over
the country in 2014. The survey included 32,400 partici-
pants of all ages starting from 1 year old from five regions
including Bangkok, Central region, Northern region,
North-eastern region, and Southern region. For this study,
adolescents aged 10–16 years from Thai NHES V survey
were included. Metabolic syndrome components including
waist circumference, systolic and diastolic blood pressure,
serum triglyceride, serum HDL-C, and fasting blood glu-
cose were analysed to classify metabolic syndrome accord-
ing to 3 different definitions: IDF, Cook’s, and de Ferranti’s.
All metabolic syndrome components were measured

using standardized techniques. Waist circumferences
were measured twice in each participant at midpoint
between the lowest rib and iliac crest using non-elastic
tape to the closest 0.1 cm, the average between the two
measurements were used for analysis. Blood pressures
were measured in sitting position after a 5-min rest.
Each participant had 3 measurements of blood pressure
recorded at 1-min intervals, the first reading was
discarded and the average between the second and third
readings were used for analysis. Blood collection for
fasting blood glucose, HDL-C and triglyceride were
performed after a 12-h fast.
The demographic data including age, sex, caretaker’s

education level and income were collected from inter-
views. Body weight was measured using digital weighing
scale with 0.1 kg accuracy. Height was measured using
standard metal tape with 0.1 cm accuracy. Weight for
age z-score, height for age z-score, and weight for height
z-score were calculated according to national Thai
growth reference. The World Health Organization’s
growth standard was used to determine body mass index
(BMI) z-score for age and sex. Obesity was defined by
BMI z-score of > 2 and overweight by BMI z-score of > 1
and ≤ 2. Waist circumference percentile curves for Ma-
laysian children and adolescents [15] were used as refer-
ence for calculation of waist circumference percentiles
for age and sex. Data on intake of foods high in sugar
and saturated fat including sweetened milk, soft drinks
and other sugar sweetened beverages, and dessert with
coconut milk were derived from food frequency
questionnaire [16]. Daily amount (serving) of fruits and
vegetables consumption was estimated based on separate
questions. Age at onset of screen media exposure, screen
time duration including television watching, computer,
smart phone, tablet use, and time involved in physical
activities were also obtained from interviews. The partic-
ipants and their parent or caretaker took part in the
interview process together. The age at onset of screen
media exposure was categorized into two groups using
the cut-off age of 2 years old to represent early life
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screen exposure. The cut-off age was chosen according
to the screen time recommendation by the American
Academy of Pediatrics, which suggested avoiding screen
media for children up to age 2 years.

Statistical analysis
Descriptive statistics including prevalence, proportion,
mean, and standard deviation were used. Prevalence of
metabolic syndrome by each definition was calculated.
Cohen Kappa was used to measure the degree of
agreement between each pair of metabolic syndrome
definitions. The characteristics of participants with and
without metabolic syndrome were compared using chi-
square test for categorical variables and t-test or Kruskal
Wallis for ratio scale where appropriate. Percentages of
each and clustering of metabolic syndrome components
among male and female participants were compared
using chi-square test. Multivariable logistic regression
analysis was performed to determine association be-
tween risk factors and metabolic syndrome. In the logis-
tic regression model, independent variables included age,
sex, food intake of each item (> 3 vs ≤3 times/week),
total screen time (hour/week), screen media exposure
during the first 2 years of life (yes/no), physical activity
(hour/week), fruit and vegetable intake (portion per day).
Odds ratio and 95% confidence interval (CI) were re-
ported. All statistical analysis was done using IBM SPSS
Statistics software version 22.

Results
There were 2831 children aged 10–16 years in the NHES
V study. A total number of 1934 participants (68.3%)
were included in this analysis and 897 children were
excluded due to incomplete glucose and lipid data. The
number of participants who had metabolic syndrome
according to at least one of the three definitions was 332
(17%). The participants who had metabolic syndrome by
at least one definition were slightly younger than those
without metabolic syndrome. There were significantly
higher proportion of male sex, obesity, and overweight
among participants with metabolic syndrome. Weight-
for-age z-score, height-for-age z-score, weight-for-height
z-score, BMI z-score, waist-to-height ratio, fasting blood
glucose, serum triglyceride, and serum LDL-C levels
were significantly higher in participants with metabolic
syndrome compared to those without metabolic syn-
drome. Serum HDL-C levels were significantly lower in
participants with metabolic syndrome compared to those
without. There were no statistically significant differ-
ences in the duration of physical activities, screen time,
onset of screen media exposure, daily amount of fruits
and vegetables intake, frequent intake of sweetened milk,
soft drinks or other sweetened beverages, and dessert

with coconut milk between the two groups. The charac-
teristics of the participants are shown in Table 1.
The prevalence of metabolic syndrome by definition of

IDF, Cook’s and de Ferranti’s were 4.1, 8.0, and 16.8%,
respectively. Substantial agreement was found between
the IDF and Cook’s definitions (Cohen kappa = 0.635).
The agreement between Cook’s and de Ferranti’s defi-
nitions was moderate (Cohen kappa = 0.576). The IDF
and de Ferranti’s definitions had the lowest agreement
(Cohen kappa = 0.343). Among obese adolescents, the
prevalence of metabolic syndrome was 23.0% by IDF,
37.2% by Cook’s, and 60.1% by de Ferranti’s definition.
The prevalence of high blood pressure was lowest in

the IDF definition due to higher cut off level compared
to the other two definitions. The systolic blood pressure
was considered high according to IDF definition in 4.0%
and diastolic blood pressure in 1.0% of participants. Only
2.7% of children aged 10–12 years had systolic or dia-
stolic blood pressure at or above 130 and 85mmHg.
However, the proportion doubled among children aged
13–16 years (5.8%). For Cook’s and de Ferranti’s defini-
tions, the fasting glucose level was the least common
component. The HDL-C criterion was most prevalent in
de Ferranti’s definition. Using de Ferranti’s definition,
almost half of the participants were classified as having
low HDL-C. The blood pressure and HDL-C criteria
were significantly more common in male than female
adolescents. The prevalence of metabolic syndrome and
its components classified by each definition are shown
in Table 2.
The combinations of metabolic syndrome components

were classified into 11 different patterns by IDF definition,
and 16 patterns for Cook’s and de Ferranti’s definitions.
The most common pattern among all three definitions
was the combination of the waist circumference, HDL-C,
and triglyceride criteria, which was found in 40, 22.6 and
43.5% of participants with metabolic syndrome by IDF,
Cook’s. and de Ferranti’s definition, respectively. There
was no statistically significant difference between the
occurrence of each pattern among male and female ado-
lescents. (Supplementary Table S1).
From multivariable logistic regression analysis, age was

negatively associated with metabolic syndrome by 1 out
of 3 definitions (OR 0.88, 95% CI. 0.82–0.95) and de
Ferranti’s definition (OR 0.89, 95% CI. 0.83–0.95). Male
adolescents had significantly increased odds of metabolic
syndrome by Cook’s (OR 1.46, 95% CI. 1.01–2.10) and
de Ferranti’s definition (OR 1.44, 95% CI. 1.11–1.87).
Participants who were exposed to screen media during
the first 2 years of life was found to have an increased
risk of having metabolic syndrome by at least one defin-
ition (OR 1.3, 95% CI. 1.01–1.68). Duration of physical
activity was related to lower odds of metabolic syndrome
by IDF definition (OR 0.96, 95% CI. 0.92–0.99). The
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association between these factors and metabolic syn-
drome are shown in Table 3. There were no significant
association between frequency of intake of any listed
food items, and amount of fruits and vegetables intake
with metabolic syndrome.

Discussion
This is the first study reporting Thailand’s national data
on metabolic syndrome among adolescents. In previous
studies, prevalence of metabolic syndrome in adolescents
varies by definitions, age, sex, and ethnicities [17–21]. A
multicenter cross-sectional study among adolescents
aged 10–15 years in China and Spain found lower preva-
lence of metabolic syndrome by IDF definition com-
pared to our study [17]. The prevalence of metabolic
syndrome was only 0.5% in China and 2.5% in Spain,
while in our study it was 4.1%. However, the waist
circumference cut-off for adults was used, which can
contribute to lower prevalence of metabolic syndrome
compared to using the pediatric percentile cut-off.
Another recently published national data from China

[18], using pediatric waist circumference references,
revealed the prevalence of metabolic syndrome by IDF
definition of 2.5%. This was comparable to Korean [19]
and Taiwanese [20] national studies, which reported the
metabolic syndrome prevalence of 2.1 and 3.0% respect-
ively. The national data from the United States in 2011–
2016 [21] showed similar prevalence of metabolic
syndrome by IDF definition (4.2%) as in Thai adolescents
(4.1%). However, when using Cook’s and de Ferranti’s def-
initions, the prevalence of metabolic syndrome was lower
in American (3.7 and 10.1%) than Thai adolescents (8.0
and 16.8%). A study in urban Vietnamese adolescents [22]
also revealed comparable prevalence of metabolic syn-
drome by IDF definition (4.6%) to Thai adolescents and
lower prevalence of metabolic syndrome by Cook’s and de
Ferranti’s definitions (6.3 and 12.5%).
In our study, younger adolescents had higher risk of

metabolic syndrome. This finding is consistent to a
previous study in children and adolescents aged 7–17
years in Guangzhou, China [23], which found that the
prevalence of metabolic syndrome was highest among

Table 2 Prevalence of metabolic syndrome and its components by different definitions

Definitions Total
N = 1934

Male
N = 973

Female
N = 961

p-value

n % n % n %

International Diabetes Federation’s definition

Metabolic syndrome (WCa criterion plus ≥2/4 components) 80 4.1 47 4.8 33 3.4 0.123

WC≥ P90 or adult cut-off if lower (mandatory criterion) 334 17.3 170 17.5 164 17.0 0.813

1. TGb ≥ 150mg/dL 212 11.0 109 11.2 103 10.7 0.733

2. HDL-Cc < 40 mg/dL 332 17.2 192 19.7 140 14.6 0.003

3. SBPd≥ 130 and/or DBPe ≥ 85 mmHg 86 4.4 63 6.5 23 2.4 < 0.001

4. Fasting glucose ≥100mg/dL 156 8.1 85 8.7 71 7.4 0.276

Cook’s definition

Metabolic syndrome (≥3/5 components) 155 8.0 88 9.0 67 7.0 0.093

1. WC≥ P90 325 16.8 169 17.4 156 16.2 0.504

2. TG≥ 110mg/dL 522 27.0 249 25.6 273 28.4 0.163

3. HDL-C≤ 40mg/dL 386 20.0 223 22.9 163 17.0 0.001

4. SBP and/or DBP ≥ P90 355 18.4 221 22.7 134 13.9 < 0.001

5. Fasting glucose ≥110mg/dL 62 3.2 35 3.6 27 2.8 0.326

de Ferranti’s definition

Metabolic syndrome (≥3/5 components) 324 16.8 179 18.4 145 15.1 0.051

1. WC > P75 630 32.6 306 31.4 324 33.7 0.288

2. TG≥ 100mg/dL 684 35.4 334 34.3 350 36.4 0.336

3. HDL-C < 50mg/dL (< 45 mg/dL for boys aged 15–16) 895 46.3 474 48.7 421 43.8 0.030

4. SBP and/or DBP > P90 304 15.7 189 19.4 115 12.0 < 0.001

5. Fasting glucose ≥110mg/dL 62 3.2 35 3.6 27 2.8 0.326
a Waist circumference
b Triglyceride
c High-density lipoprotein cholesterol
d Systolic blood pressure
e Diastolic blood pressure
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adolescents aged 10–12 years. Another study in South
Africa [24] also reported the inverse relationship be-
tween age and metabolic syndrome among adolescents
aged 13–18 years. Insulin resistance was proposed as the
central mechanism in the development of metabolic
syndrome. Insulin sensitivity has been shown to decline
transiently during puberty and can lead to impaired
fasting plasma glucose [25, 26]. Changes in serum lipid
profile also occur during puberty with the tendency of
increasing serum triglyceride and decreasing HDL-C
[27], contributing to the manifestation of metabolic
syndrome during this period. In this study, the overall
prevalence of metabolic syndrome was found to be high-
est at age 11 years in both male and female. This age is
close to the previously reported average timing of
puberty in Thai adolescents at around age 10 in female
and 11–12 in male [28, 29]. The study by Cook et al.
[10] also found that the prevalence of metabolic
syndrome increased during early (Tanner stage 2–3) and
decreased during late puberty (Tanner stage 4–5).
However, studies had yielded inconsistent results on the
association between age and metabolic syndrome in ado-
lescents. The study by Messiah et al. [30] in the United
States during 1999–2002 found that the prevalence of
metabolic syndrome using Cook’s definition was only
1.2% in children aged 8–11 years and increased to 8.6%
in those aged 12–14 years. Some other studies [18, 31]
also reported the increasing risk of metabolic syndrome
with age. The more prolonged course of obesity may
contribute to higher occurrence of metabolic syndrome
among older adolescents. Furthermore, the inconsistency
could be due to the differences in race and the variation
of the timing of puberty. Due to the potential effect of
puberty-associated insulin resistance, the age range and
pubertal status of the participants enrolled in each study

can affect the prevalence of metabolic syndrome. Transi-
ent increase in the prevalence can occur among adoles-
cents undergoing pubertal development.
The prevalence of metabolic syndrome in our study

was higher in male than female adolescents. The same
finding was also found in Chinese and American adoles-
cents [18, 21]. However, previous report in Thai adults
[32] revealed that metabolic syndrome was more preva-
lent among female than male, suggesting that age and
pubertal stages might also play roles in the distribution
of metabolic syndrome among both sexes.
The prevalence of metabolic syndrome among adoles-

cents in Thailand was previously reported in a couple
of studies from a single district and province. The
prevalence of metabolic syndrome in the current study
was higher than the report from Ubon Ratchathani
province [14]. The prevalence of metabolic syndrome
in Ubon Ratchathani was 3.1, 5.8, and 11.2% by IDF,
Cook’s, and de Ferranti’s definitions, compared to 4.1,
8.0 and 16.8% in our study. The differences in meta-
bolic syndrome prevalence could be due to regional
variation and also the lower rate of obesity in the study
from Ubon Ratchathani (5.1%) compared to our study
(15.3%). Approximately 27% of the adolescents in that
study were recruited from a local sports school and had
significantly better metabolic profile than the rest of
the participants recruited from conventional schools. In
the same study, male adolescents was also found to be
more predisposed to metabolic syndrome. Another
study from Ongkhaluck district [13] found the preva-
lence of metabolic syndrome by de Ferranti’s definition
of only 4%, which was substantially lower than that of
our study (16.8%). The reason could be that serum
HDL-C was not evaluated in the study, therefore the
diagnosis was based on only four criteria.

Table 3 Risk factors and their association with metabolic syndrome

Factor Odds ratio (95% CI)

MetS by any 1
of 3 definitions

MetS by IDF
definition

MetS by Cook’s
definition

MetS by de Ferranti’s
definition

Age 0.88a (0.82–0.95) 0.95 (0.83–1.09) 0.91 (0.83–1.01) 0.89a (0.83–0.95)

Male sex 1.44 (1.11–1.87) 1.59 (0.95–2.65) 1.46a (1.01–2.10) 1.44a (1.11–1.87)

Screen exposure at age ≤ 2 y 1.30a (1.01–1.68) 1.18 (0.72–1.94) 1.29 (0.90–1.85) 1.27 (0.98–1.65)

Total screen time (h/wk) 1.00 (0.99–1.00) 1.00 (0.99–1.02) 0.99 (0.98–1.00) 1.00 (0.99–1.00)

Physical activity time (h/wk) 0.98 (0.96–1.00) 0.96a (0.92–0.99) 0.98 (0.95–1.01) 0.98 (0.97–1.00)

Frequency of food intake
(> 3 vs ≤3 times/wk)

- Sweetened milk 0.84 (0.64–1.12) 0.86 (0.49–1.48) 0.88 (0.60–1.31) 0.80 (0.60–1.06)

- Sugar sweetened beverages 1.09 (0.83–1.44) 1.16 (0.68–1.97) 1.29 (0.88–1.88) 1.09 (0.83–1.44)

- Dessert with coconut milk 0.88 (0.56–1.39) 1.12 (0.49–2.57) 0.79 (0.41–1.52) 0.91 (0.57–1.43)

Amount of fruit and vegetable
intake (portion/day)

1.05 (0.41–2.68) 1.10 (0.98–1.24) 1.02 (0.93–1.12) 1.03 (0.96–1.10)

a p < 0.05
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The most common combination of metabolic syn-
drome components found in Thai adolescents consisted
of waist circumference, HDL-C, and triglyceride. The
same pattern was also identified as the most prevalence
pattern among Thai adults [32].
In our study, we found that screen media exposure

during the first 2 years of life was independently associ-
ated with increased risk of metabolic syndrome during
adolescence. Screen media exposure during the first few
years of life had been reported to be associated with
increased BMI in later childhood [33, 34], but there is
negligible evidence regarding the risk of developing
metabolic syndrome. Our finding suggests that the rec-
ommendation to avoid screen time in children younger
than two years of age should be reinforced. Early child-
hood is the critical period for the development of life
style habits that can persist in later life and have long
term effects. Therefore, health supervision during this
period is crucial in the prevention of future health risks.
Many studies had reported the increased risk of meta-

bolic syndrome with increasing screen time [35–37].
However, we found no differences in the total duration
of screen time including television watching, smart
phone, tablet, and computer use between those with and
without metabolic syndrome. It might be due to the fact
that there is small variation in the screen time in this
population. Some previous studies also found no rela-
tionship between screen time and metabolic syndrome
among children and adolescents [38, 39]. Another study
in obese adolescents reported no association of self-
reported screen time with cardiometabolic risk factors
[40]. Previous studies had suggested that the relationship
between children’s screen time and its metabolic impacts
does not depend solely on the amount of time spent in
front the screens but also the concomitant food con-
sumption and exposure to food advertisements [41, 42].
We identified an inverse association between duration

of physical activity and metabolic syndrome by IDF
definition. Previous studies had suggested a protective
role of physical activity against metabolic syndrome [38,
43–45]. Physical activity has also been shown to improve
insulin sensitivity [46] and decrease inflammatory markers
levels [47]. These findings emphasize the importance of
promoting physical activity among children and adoles-
cents for reduction of future cardiovascular risk.
We found no significant association between fre-

quency of intake of sweetened milk, soft drinks or other
sweetened beverages, and dessert with coconut milk with
metabolic syndrome. However, intake of sugar sweet-
ened beverages has been shown to be associated with
metabolic syndrome in adolescents [48]. Added sugar
was related to metabolic risk factors including obesity,
abnormal lipid profile, hypertension, insulin resistance,
and non-alcoholic fatty liver disease [49, 50]. High intake

of saturated fatty acids has also been reported to associate
with metabolic syndrome and its components [51–53].
In this study, there was no association between the

amount of fruit and vegetable intake and metabolic syn-
drome. The reason could be that the reported fruits and
vegetable intake were low in the majority of the partici-
pants. Over 70% of participants had only few portions of
fruits and vegetable per day and less than 5% of them
met the national daily recommendation. Some studies
had found the inverse relationship between fruit and
vegetable intake with metabolic syndrome and its
components among adolescents [44, 54, 55]. However, a
systematic review [56] suggested that there was incon-
sistency of the available evidences.
The limitations in this study include the cross-

sectional design. Thus, the study cannot take into ac-
count the future metabolic consequences of the current
lifestyle. There were 31.7% of NHES V subjects excluded
from this study. The mean age of the excluded subjects
was slightly lower than those included (12.82 (1.93) vs
13.40 (1.94) years). However, the sex distribution, obesity
status, and area of residence were similar to those in-
cluded in the analysis. Food intake in this study was
measured as frequency of consumption which may not
reflect amount of intake. The screen time and physical
activity time was derived from self- and parent- reported
data and there could be some under- or over-reporting.
Regarding screen media use, the child and their parents
or caretaker responded to the interview together as these
are not sensitive questions. A series of questions were
asked for each screen device including mobile phone,
computer, tablet, and television. For each device, the
questions on whether or not the child had used it, then
the duration of screen time, and age at first exposure
were asked. This process might help the respondents re-
call the data better than using a single question. The
strengths of this study include the national representa-
tive sample and a relatively complete measurements of
metabolic syndrome components.

Conclusion
The prevalence of metabolic syndrome in the current
study are higher than previously reported. Exposure to
screen media during the first 2 years of life was associ-
ated with metabolic syndrome. Physical activity has a
protective relationship with metabolic syndrome. Mea-
sures to prevent early screen exposure in young children
and promote physical activity should be strengthened.

Abbreviations
BMI: Body mass index; HDL-C: High density lipoprotein cholesterol;
IDF: International Diabetes Federation; MetS: Metabolic syndrome; NCEP-ATP
III: Third report of National Cholesterol Education Program expert panel on
detection, evaluation, and treatment of high blood cholesterol in adults;
NHES V: National Health Examination Survey V; OR: Odds ratio; LDL-C: Low
density lipoprotein cholesterol

Siwarom et al. BMC Public Health          (2021) 21:678 Page 8 of 10



Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-021-10728-6.

Additional file 1: Supplementary Table S1. Patterns of combinations
of metabolic syndrome components.

Acknowledgements
The authors thank Professor Emeritus Dr. Amnuay Thitaphan for English
language editing.

Authors’ contributions
S.S. participated in manuscript conception, data processing and analysis,
manuscript writing and revision. W.A. was the lead of the NHES V study,
participated in manuscript conception, data analysis, manuscript writing and
revision. K.P. participated in manuscript conception, supported in data
processing and analysis, and manuscript revision. W.P. participated in
manuscript conception, supported in data processing and analysis. P.K., N.N.,
S.C., S.A., S.T. participated in the study design and conduct of the NHES V
study. All authors read and approved the final manuscript.

Funding
This research received no specific grant from any funding agency,
commercial or not-for-profit sectors. The 5th National Health Examination
Survey of Thailand was supported by the Bureau of Policy and Strategy,
Ministry of Public Health, Thai Health Promotion Foundation, National Health
Security Office, Thailand and Health System Research Institute.

Availability of data and materials
This study is a secondary analysis of the data obtained from the 5th Thai
National Health Examination Survey. The dataset and the questionnaire
supporting the conclusions are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving research study
participants were approved by institutional review board of the Faculty of
Medicine Ramathibodi Hospital, Mahidol University. We received the
permission to access and use the 5th Thai National Health Examination
Survey database from the Department of Community Medicine, Faculty of
Medicine Ramathibodi Hospital, Mahidol University; Email:
headracm@mahidol.ac.th.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand. 2Department of Community Medicine,
Faculty of Medicine Ramathibodi Hospital, Mahidol University, 270 Rama VI
Road, Thung Phayathai, Ratchathewi, Bangkok 10400, Thailand. 3Department
of Community Medicine, Faculty of Medicine, Khon Kaen University, Khon
Kaen, Thailand. 4Ramathibodi School of Nursing, Faculty of Medicine
Ramathibodi Hospital, Mahidol University, Bangkok, Thailand. 5Faculty of
Public Health, Chiang Mai University, Chiang Mai, Thailand. 6Epidemiology
Unit, Faculty of Medicine, Prince of Songkla University, Songkhla, Thailand.
7College of Public Health Sciences, Chulalongkorn University, Bangkok,
Thailand.

Received: 1 September 2020 Accepted: 29 March 2021

References
1. World Health Organization. Noncommunicable diseases country profiles

2018. Geneva: World Health Organization; 2018.
2. Alexander CM, Landsman PB, Teutsch SM, Haffner SM. NCEP-defined

metabolic syndrome, diabetes, and prevalence of coronary heart disease
among NHANES III participants age 50 years and older. Diabetes. 2003;52(5):
1210–4. https://doi.org/10.2337/diabetes.52.5.1210.

3. McGill HC Jr, McMahan CA, Herderick EE, Malcom GT, Tracy RE, Strong JP.
Origin of atherosclerosis in childhood and adolescence. Am J Clin Nutr.
2000;72(5 Suppl):1307S–15S. https://doi.org/10.1093/ajcn/72.5.1307s.

4. Stary HC. Lipid and macrophage accumulations in arteries of children and
the development of atherosclerosis. Am J Clin Nutr. 2000;72(5):1297s–306s.

5. Baker JL, Olsen LW, Sørensen TI. Childhood body-mass index and the risk of
coronary heart disease in adulthood. N Engl J Med. 2007;357(23):2329–37.
https://doi.org/10.1056/NEJMoa072515.

6. Twig G, Yaniv G, Levine H, Leiba A, Goldberger N, Derazne E, et al. Body-
mass index in 2.3 million adolescents and cardiovascular death in
adulthood. N Engl J Med. 2016;374(25):2430–40. https://doi.org/10.1056/
NEJMoa1503840.

7. Morrison JA, Glueck CJ, Horn PS, Yeramaneni S, Wang P. Pediatric
triglycerides predict cardiovascular disease events in the fourth to fifth
decade of life. Metabolism. 2009;58(9):1277–84. https://doi.org/10.1016/j.
metabol.2009.04.009.

8. Nguyen QM, Srinivasan SR, Xu JH, Chen W, Kieltyka L, Berenson GS. Utility of
childhood glucose homeostasis variables in predicting adult diabetes and
related cardiometabolic risk factors: the Bogalusa heart study. Diabetes Care.
2010;33(3):670–5. https://doi.org/10.2337/dc09-1635.

9. Morrison JA, Glueck CJ, Wang P. Childhood risk factors predict
cardiovascular disease, impaired fasting glucose plus type 2 diabetes
mellitus, and high blood pressure 26 years later at a mean age of 38 years:
the Princeton–lipid research clinics follow-up study. Metabolism. 2012;61(4):
531–41. https://doi.org/10.1016/j.metabol.2011.08.010.

10. Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of a
metabolic syndrome phenotype in adolescents: findings from the third
National Health and nutrition examination survey, 1988-1994. Arch Pediatr
Adolesc Med. 2003;157(8):821–7. https://doi.org/10.1001/archpedi.157.8.821.

11. de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, Rifai N.
Prevalence of the metabolic syndrome in American adolescents: findings
from the third National Health and nutrition examination survey. Circulation.
2004;110(16):2494–7. https://doi.org/10.1161/01.CIR.0000145117.40114.C7.

12. Zimmet P, Alberti KGM, Kaufman F, Tajima N, Silink M, Arslanian S, et al. The
metabolic syndrome in children and adolescents–an IDF consensus report.
Pediatr Diabetes. 2007;8(5):299–306. https://doi.org/10.1111/j.1399-5448.2
007.00271.x.

13. Rerksuppaphol L, Rerksuppaphol S. Prevalence of metabolic syndrome in
Thai children: a cross-sectional study. J Clin Diagn Res. 2014;8(4):PC04.

14. Suebsamran P, Pimpak T, Thani P, Chamnan P. The metabolic syndrome
and health behaviors in school children aged 13–16 years in Ubon
Ratchathani: UMeSIA project. Metab Syndr Relat Disord. 2018;16(8):425–32.
https://doi.org/10.1089/met.2017.0150.

15. Poh BK, Jannah AN, Chong LK, Ruzita AT, Ismail MN, McCarthy D. Waist
circumference percentile curves for Malaysian children and adolescents
aged 6.0–16.9 years. Int J Pediatr Obes. 2011;6(3–4):229–35. https://doi.org/1
0.3109/17477166.2011.583658.

16. Boontaveeyuwat N. Validity of food consumption and nutrition survey
Questionnnaire for the National Health Examination Survey IV. Bangkok:
National Health Exmaination Survey Office; 2008.

17. Wang J, Perona JS, Schmidt-RioValle J, Chen Y, Jing J, González-Jiménez E.
Metabolic syndrome and its associated early-life factors among Chinese and
Spanish adolescents: a pilot study. Nutrients. 2019;11(7):1568. https://doi.
org/10.3390/nu11071568.

18. Zhu Y, Zheng H, Zou Z, Jing J, Ma Y, Wang H, et al. Metabolic syndrome
and related factors in Chinese children and adolescents: analysis from a
Chinese national study. J Atheroscler Thromb. 2020;27(6):534–44.

19. Kim S, So W-Y. Prevalence of metabolic syndrome among Korean
adolescents according to the national cholesterol education program, adult
treatment panel iii and international diabetes federation. Nutrients. 2016;
8(10):588. https://doi.org/10.3390/nu8100588.

Siwarom et al. BMC Public Health          (2021) 21:678 Page 9 of 10

https://doi.org/10.1186/s12889-021-10728-6
https://doi.org/10.1186/s12889-021-10728-6
mailto:headracm@mahidol.ac.th
https://doi.org/10.2337/diabetes.52.5.1210
https://doi.org/10.1093/ajcn/72.5.1307s
https://doi.org/10.1056/NEJMoa072515
https://doi.org/10.1056/NEJMoa1503840
https://doi.org/10.1056/NEJMoa1503840
https://doi.org/10.1016/j.metabol.2009.04.009
https://doi.org/10.1016/j.metabol.2009.04.009
https://doi.org/10.2337/dc09-1635
https://doi.org/10.1016/j.metabol.2011.08.010
https://doi.org/10.1001/archpedi.157.8.821
https://doi.org/10.1161/01.CIR.0000145117.40114.C7
https://doi.org/10.1111/j.1399-5448.2007.00271.x
https://doi.org/10.1111/j.1399-5448.2007.00271.x
https://doi.org/10.1089/met.2017.0150
https://doi.org/10.3109/17477166.2011.583658
https://doi.org/10.3109/17477166.2011.583658
https://doi.org/10.3390/nu11071568
https://doi.org/10.3390/nu11071568
https://doi.org/10.3390/nu8100588


20. Lin W-T, Lee C-Y, Tsai S, Huang H-L, Wu P-W, Chin Y-T, et al. Clustering of
metabolic risk components and associated lifestyle factors: a nationwide
adolescent study in Taiwan. Nutrients. 2019;11(3):584. https://doi.org/10.33
90/nu11030584.

21. Gaston SA, Tulve NS, Ferguson TF. Abdominal obesity, metabolic
dysfunction, and metabolic syndrome in US adolescents: National Health
and nutrition examination survey 2011–2016. Ann Epidemiol. 2019;30:30–6.
https://doi.org/10.1016/j.annepidem.2018.11.009.

22. Hong TK, Trang NHHD, Dibley MJ. Prevalence of metabolic syndrome and
factor analysis of cardiovascular risk clustering among adolescents in Ho Chi
Minh City. Vietnam Prev Med. 2012;55(5):409–11. https://doi.org/10.1016/j.
ypmed.2012.09.002.

23. Wang J, Zhu Y, Cai L, Jing J, Chen Y, Mai J, et al. Metabolic syndrome and
its associated early-life factors in children and adolescents: a cross-sectional
study in Guangzhou. China Public Health Nutr. 2016;19(7):1147–54. https://
doi.org/10.1017/S1368980015002542.

24. Sekokotla MA, Goswami N, Sewani-Rusike CR, Iputo JE, Nkeh-Chungag BN.
Prevalence of metabolic syndrome in adolescents living in Mthatha, South
Africa. Ther Clin Risk Manag. 2017;13:131–7. https://doi.org/10.2147/TCRM.
S124291.

25. Goran MI, Gower BA. Longitudinal study on pubertal insulin resistance.
Diabetes. 2001;50(11):2444–50. https://doi.org/10.2337/diabetes.50.11.2444.

26. Ball GD, Huang TT, Gower BA, Cruz ML, Shaibi GQ, Weigensberg MJ, et al.
Longitudinal changes in insulin sensitivity, insulin secretion, and β-cell
function during puberty. J Pediatr. 2006;148(1):16–22. https://doi.org/10.101
6/j.jpeds.2005.08.059.

27. Eissa MA, Mihalopoulos NL, Holubkov R, Dai S, Labarthe DR. Changes in
fasting lipids during puberty. J Pediatr. 2016;170:199–205. https://doi.org/1
0.1016/j.jpeds.2015.11.018.

28. Wacharasindhu S, Supornsilchai V, Aroonparkmongkol S, Sahakitrungrueng
T. Pubertal growth in normal Thai children: a longitudinal study. Asian
Biomed. 2010;4(5):793–5. https://doi.org/10.2478/abm-2010-0103.

29. Wacharasindhu S, Pri-Ngam P, Kongchonrak T. Self-assessment of sexual
maturation in Thai children by Tanner photograph. J Med Assoc Thail. 2002;
85(3):308–19.

30. Messiah SE, Arheart KL, Luke B, Lipshultz SE, Miller TL. Relationship between
body mass index and metabolic syndrome risk factors among US 8- to 14-
year-olds, 1999 to 2002. J Pediatr. 2008;153(2):215–21. https://doi.org/10.101
6/j.jpeds.2008.03.002.

31. Ford ES, Li C, Zhao G, Pearson WS, Mokdad AH. Prevalence of the metabolic
syndrome among US adolescents using the definition from the
international diabetes federation. Diabetes Care. 2008;31(3):587–9. https://
doi.org/10.2337/dc07-1030.

32. Aekplakorn W, Chongsuvivatwong V, Tatsanavivat P, Suriyawongpaisal P.
Prevalence of metabolic syndrome defined by the international diabetes
federation and National Cholesterol Education Program criteria among Thai
adults. Asia Pac J Public Health. 2011;23(5):792–800. https://doi.org/10.11
77/1010539511424482.

33. Schmidt ME, Rich M, Rifas-Shiman SL, Oken E, Taveras EM. Television
viewing in infancy and child cognition at 3 years of age in a US cohort.
Pediatrics. 2009;123(3):e370–e5. https://doi.org/10.1542/peds.2008-3221.

34. Pagani LS, Fitzpatrick C, Barnett TA, Dubow E. Prospective associations
between early childhood television exposure and academic, psychosocial,
and physical well-being by middle childhood. Arch Pediatr Adolesc Med.
2010;164(5):425–31. https://doi.org/10.1001/archpediatrics.2010.50.

35. Mark AE, Janssen I. Relationship between screen time and metabolic
syndrome in adolescents. J Public Health (Oxf). 2008;30(2):153–60. https://
doi.org/10.1093/pubmed/fdn022.

36. de Oliveira RG, Guedes DP. Determinants of lifestyle associated with
metabolic syndrome in Brazilian adolescents. Nutr Hosp. 2019;36(4):826–33.
https://doi.org/10.20960/nh.02459.

37. Khan MA, Shah SM, Shehab A, Ghosal S, Muhairi SJ, Al-Rifai RH, et al. Screen
time and metabolic syndrome among expatriate adolescents in the United
Arab Emirates. Diab Metab Syndr. 2019;13(4):2565–9. https://doi.org/10.1016/
j.dsx.2019.07.006.

38. Renninger M, Hansen BH, Steene-Johannessen J, Kriemler S, Froberg K,
Northstone K, et al. International Children's Accelerometry Database
(ICAD) Collaborators. Associations between accelerometry measured
physical activity and sedentary time and the metabolic syndrome: A
meta-analysis of more than 6000 children and adolescents. Pediatric
Obes. 2020;15(1):e12578.

39. Fadzlina AA, Harun F, Nurul Haniza MY, Al Sadat N, Murray L, Cantwell MM,
et al. Metabolic syndrome among 13 year old adolescents: prevalence and
risk factors. BMC Public Health. 2014;14(3):S7. https://doi.org/10.1186/14
71-2458-14-S3-S7.

40. Altenburg TM, Hofsteenge GH, Weijs PJ, Delemarre-van de Waal HA,
Chinapaw MJ. Self-reported screen time and cardiometabolic risk in obese
Dutch adolescents. Plos One. 2012;7(12):e53333.

41. Zimmerman FJ, Bell JF. Associations of television content type and obesity
in children. Am J Public Health. 2010;100(2):334–40. https://doi.org/10.21
05/AJPH.2008.155119.

42. Pearson N, Biddle SJ, Griffiths P, Johnston JP, Haycraft E. Clustering and
correlates of screen-time and eating behaviours among young children.
BMC Public Health. 2018;18(1):753. https://doi.org/10.1186/s12889-018-
5698-9.

43. Neto AS, Sasaki JE, Mascarenhas LP, Boguszewski MC, Bozza R, Ulbrich AZ,
et al. Physical activity, cardiorespiratory fitness, and metabolic syndrome in
adolescents: a cross-sectional study. BMC Public Health. 2011;11(1):674.
https://doi.org/10.1186/1471-2458-11-674.

44. Pan Y, Pratt CA. Metabolic syndrome and its association with diet and
physical activity in US adolescents. J Am Diet Assoc. 2008;108(2):276–86.
https://doi.org/10.1016/j.jada.2007.10.049.

45. Moore JB, Davis CL, Baxter SD, Lewis RD, Yin Z. Physical activity, metabolic
syndrome, and overweight in rural youth. J Rural Health. 2008;24(2):136–42.
https://doi.org/10.1111/j.1748-0361.2008.00144.x.

46. Jiménez-Pavón D, Ruiz JR, Ortega FB, Martínez-Gómez D, Moreno S,
Urzanqui A, et al. Physical activity and markers of insulin resistance in
adolescents: role of cardiorespiratory fitness levels–the HELENA study.
Pediatr Diabetes. 2013;14(4):249–58. https://doi.org/10.1111/pedi.12000.

47. Linares-Segovia B, Guízar-Mendoza J, Amador-Licona N, Barbosa-Sabanero
G, Malacara J. Effect of an exercise program, on hemodynamic, metabolic
and inflammatory markers in obese Mexican adolescents. Endocrinol Metab
Synd S. 2013;2:2161–1017.

48. Li S, Cao M, Yang C, Zheng H, Zhu Y. Association of sugar-sweetened
beverage intake with risk of metabolic syndrome among children and
adolescents in urban China. Public Health Nutr. 2020;23(15):2770–80.

49. Vos MB, Kaar JL, Welsh JA, Van Horn LV, Feig DI, Anderson CA, et al. Added
sugars and cardiovascular disease risk in children: a scientific statement
from the American Heart Association. Circulation. 2017;135(19):e1017–e34.
https://doi.org/10.1161/CIR.0000000000000439.

50. O'Connor L, Imamura F, Brage S, Griffin SJ, Wareham NJ, Forouhi NG. Intakes
and sources of dietary sugars and their association with metabolic and
inflammatory markers. Clin Nutr. 2018;37(4):1313–22. https://doi.org/10.1016/
j.clnu.2017.05.030.

51. Julibert A, del Mar BM, Tur JA. Dietary fat intake and metabolic syndrome in
adults: a systematic review. Nutr Metab Cardiovasc Dis. 2019;29(9):887–905.
https://doi.org/10.1016/j.numecd.2019.05.055.

52. Rinaldi AEM, Gabriel GFCP, Moreto F, Corrente JE, McLellan KCP, Burini
RC. Dietary factors associated with metabolic syndrome and its
components in overweight and obese Brazilian schoolchildren: a cross-
sectional study. Diabetol Metab Syndr. 2016;8(1):58. https://doi.org/10.11
86/s13098-016-0178-9.

53. Hassana NE, El Shebinib SM, El-Masrya SA, Ahmedb NH, Alia MM, El-Saeedc
GS, et al. Association between dietary sodium, calcium, saturated fat and
blood pressure in obese Egyptian adolescents. Gaz Egypt Paediatr Assoc.
2019;67(1):6. https://doi.org/10.1186/s43054-019-0007-5.

54. Kelishadi R, Gouya MM, Adeli K, Ardalan G, Gheiratmand R, Majdzadeh R,
et al. Factors associated with the metabolic syndrome in a national sample
of youths: CASPIAN study. Nutr Metab Cardiovasc Dis. 2008;18(7):461–70.
https://doi.org/10.1016/j.numecd.2007.02.014.

55. Mellendick K, Shanahan L, Wideman L, Calkins S, Keane S, Lovelady C. Diets
rich in fruits and vegetables are associated with lower cardiovascular
disease risk in adolescents. Nutrients. 2018;10(2):136. https://doi.org/10.3390/
nu10020136.

56. Collese TS, Nascimento-Ferreira MV, de Moraes ACF, Rendo-Urteaga T, Bel-
Serrat S, Moreno LA, et al. Role of fruits and vegetables in adolescent
cardiovascular health: a systematic review. Nutr Rev. 2017;75(5):339–49.
https://doi.org/10.1093/nutrit/nux002.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Siwarom et al. BMC Public Health          (2021) 21:678 Page 10 of 10

https://doi.org/10.3390/nu11030584
https://doi.org/10.3390/nu11030584
https://doi.org/10.1016/j.annepidem.2018.11.009
https://doi.org/10.1016/j.ypmed.2012.09.002
https://doi.org/10.1016/j.ypmed.2012.09.002
https://doi.org/10.1017/S1368980015002542
https://doi.org/10.1017/S1368980015002542
https://doi.org/10.2147/TCRM.S124291
https://doi.org/10.2147/TCRM.S124291
https://doi.org/10.2337/diabetes.50.11.2444
https://doi.org/10.1016/j.jpeds.2005.08.059
https://doi.org/10.1016/j.jpeds.2005.08.059
https://doi.org/10.1016/j.jpeds.2015.11.018
https://doi.org/10.1016/j.jpeds.2015.11.018
https://doi.org/10.2478/abm-2010-0103
https://doi.org/10.1016/j.jpeds.2008.03.002
https://doi.org/10.1016/j.jpeds.2008.03.002
https://doi.org/10.2337/dc07-1030
https://doi.org/10.2337/dc07-1030
https://doi.org/10.1177/1010539511424482
https://doi.org/10.1177/1010539511424482
https://doi.org/10.1542/peds.2008-3221
https://doi.org/10.1001/archpediatrics.2010.50
https://doi.org/10.1093/pubmed/fdn022
https://doi.org/10.1093/pubmed/fdn022
https://doi.org/10.20960/nh.02459
https://doi.org/10.1016/j.dsx.2019.07.006
https://doi.org/10.1016/j.dsx.2019.07.006
https://doi.org/10.1186/1471-2458-14-S3-S7
https://doi.org/10.1186/1471-2458-14-S3-S7
https://doi.org/10.2105/AJPH.2008.155119
https://doi.org/10.2105/AJPH.2008.155119
https://doi.org/10.1186/s12889-018-5698-9
https://doi.org/10.1186/s12889-018-5698-9
https://doi.org/10.1186/1471-2458-11-674
https://doi.org/10.1016/j.jada.2007.10.049
https://doi.org/10.1111/j.1748-0361.2008.00144.x
https://doi.org/10.1111/pedi.12000
https://doi.org/10.1161/CIR.0000000000000439
https://doi.org/10.1016/j.clnu.2017.05.030
https://doi.org/10.1016/j.clnu.2017.05.030
https://doi.org/10.1016/j.numecd.2019.05.055
https://doi.org/10.1186/s13098-016-0178-9
https://doi.org/10.1186/s13098-016-0178-9
https://doi.org/10.1186/s43054-019-0007-5
https://doi.org/10.1016/j.numecd.2007.02.014
https://doi.org/10.3390/nu10020136
https://doi.org/10.3390/nu10020136
https://doi.org/10.1093/nutrit/nux002

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

