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Metabolic Syndrome in Obese Thai Children: Defined
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Background: Obesity is considered to be a risk of metabolic syndrome; however, data on the prevalence of metabolic
syndrome in Thai obese children are scarce.
Objective: The present study aims to determine the prevalence of metabolic syndrome in Thai obese children.
Material and Method: A cross-sectional study was conducted on 113 obese children who were students of a public elementary
school in Ongkharak district, Thailand, in 2013. Anthropometric data, blood pressure and biochemical parameters were
measured. Metabolic syndrome was defined using modified ‘the National Cholesterol Education Program/Adult Treatment
Panel III (NCEP/ATPIII)’ criteria.
Results: The prevalence of metabolic syndrome in obese children was 50.4%. Children with metabolic syndrome had
significantly higher waist circumference (86.9 vs. 82.4 cm, p-value = 0.049), biceps skinfold thickness (17.2 vs. 14.9 mm,
p-value = 0.017), suprailiac skinfold thickness (36.5 vs. 31.8 mm, p-value = 0.019), systolic blood pressure (119.7 vs. 112.6
mmHg, p-value = 0.007), diastolic blood pressure (73.7 vs. 69.0 mmHg, p-value = 0.022), fasting blood glucose (97.4 vs.
93.6 mg/dL, p-value = 0.009) and triglyceride levels (140.0 vs. 85.6 mg/dL, p-value <0.001) than those without metabolic
syndrome. HDL-cholesterol was significantly lower in children with metabolic syndrome than those in without metabolic
syndrome (48.7 vs. 63.1 mg/dL, p-value <0.001).
Conclusion: Of the sample, approximately half of children with obesity had metabolic syndrome. The prevalence of metabolic
syndrome appears to be on the increase. Strategies for childhood obesity and metabolic syndrome prevention are urgently
needed for Thai children.
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Prevalence of childhood obesity has increased
worldwide during the past few decades, in both
developed and developing countries(1). In Thailand,
the increasing prevalence of childhood obesity follows
the trend found in other countries(1-3). Obesity is
associated with the development of co-morbidities such
as metabolic syndrome (MetS), sleep apnea, gall
bladder diseases, dermatological conditions, as well as
with the social and psychological consequences of
contracting such co-morbidities(4). Metabolic
syndrome, a cluster of cardiovascular diseases (CVD)

risk factors, was first defined for diagnosis in adults by
the World Health Organization (WHO)(5). Following the
releasing of the WHO criteria, the National Cholesterol
Education Program/Adult Treatment Panel III (NCEP/
ATPIII) and the International Diabetes Federation (IDF)
released their definitions of metabolic syndrome in
adults in 2001 and 2005 respectively(6,7). All definitions
encompassed CVD risk factors including obesity,
dyslipidemia, hyperglycemia and hypertension, with
few differences in threshold levels. There was evidence
that MetS had been developing in some subjects
since childhood(8,9) and that there was a strong
association with the presence of metabolic syndrome
in adulthood(10). Prevalence of MetS in children varied
among studies, where obesity and ethnicity were found
to possibly be major contributors(8,11).

There are a scant data of the prevalence of
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metabolic syndrome in Thai children(12,13). Allowing for
the passage of time, and using more detailed diagnosis
criteria for metabolic syndrome, we hypothesized that
the prevalence of metabolic syndrome in obese Thai
children had increased since the previous report.
Therefore, the present study aimed to report the current
level of prevalence of metabolic syndrome in obese
Thai children.

Material and Method
A cross-sectional study was performed in

school children who were students of a public
elementary school in Ongkharak district, Nakhon Nayok
province, Thailand, in 2013. Obese children who were
currently studying in this school were eligible for the
study. In order to classify each participant for obesity,
body weight and height of all schoolchildren were
measured and their body mass index was calculated.
Children who had a BMI >2SD by sex- and age-specific
criteria of the World Health Organization (WHO) were
classified as obese(14) and were invited to participate in
the study.

Children with a known history of chronic
illnesses, bleeding tendency or who had been
commenced on any medications that might interfere
with blood sugar or serum lipid levels were excluded
from the study. Children who could not stand upright,
who bore their weight on their legs for measuring their
height and weight, who were absent on the assigned
examination date, were also excluded from the study.
The study was approved by the Ethics committee of
the Faculty of Medicine, Srinakharinwirot University,
Thailand. Written informed consent and assent were
obtained from the children’s parents or guardians as
well as from the participating children.

Demographic characteristics and anthro-
pometric data including body weight, height, waist and
hip circumferences, mid arm circumference, skin fold
thicknesses and body fat composition were collected
by trained staff. Body weight was measured to the
nearest of 100 g using a digital scale (Tanita body
composition analyzer, Model BF-680W, Tokyo, Japan)
and height was measured to the nearest 0.1 cm using a
height rod (Seca, Model 220, Humburg, Germany). Body
mass index (BMI) was calculated as the ratio of weight/
height2 [kg/m2]. Waist and hip circumferences were
measured at the mid-point between the lower costal
margin and the top of the iliac crest and at the maximum
circumference over the buttock, respectively, by using
a non-elastic flexible tape whilst the subject was in a
standing position(8). Waist to height ratio and waist to

hip ratio were calculated as the ratio of waist
circumference to height and the ratio of waist
circumference to hip circumference, respectively. Mid
arm circumference was measured at the mid-point
between the olecranon process and the acromion
process of the left arm. Triceps and biceps skinfold
thickness were measured over the tricep and bicep
muscles, respectively, at the same level as measurement
of the mid-arm circumference. Subscapular skinfold
thickness was measured at 1cm below to the lower angle
of left scapular. Suprailiac skinfold thickness was
measured at 1 cm above to the left anterior superior
iliac crest. A Lang skinfold caliper was used for
measurement of all skinfold thicknesses. Body fat
percentage was measured by bioelectrical impendence
using a body composition analyzer (Tanita, Model BF-
680W, Tokyo, Japan). Blood pressure was measured
twice at a 1 minute interval in a sitting position after
rest for 5 minutes, using an automated oscillometric
measurement device (Omron, Model HEM-7211, Kyoto,
Japan). The average of two readings of systolic and
diastolic blood pressure was used to represent systolic
blood pressure (SBP) and diastolic blood pressure
(DBP).

After approximately 10 hours of overnight
fasting, blood samples were collected via a finger prick
into a heparinized hematocrit tube. Blood glucose was
measured by the enzymatic cleavage method using an
Accu-Check Advantage (Roche Diagnostics,
Mannheim, Germany). Total cholesterol, HDL-
cholesterol and triglyceride were measured by the
reflectance photometry method (Cardiochek,
Indianapolis, USA). The LDL-cholesterol level was
calculated using a Cardiochek machine based on the
Friedewald formula(15).

Metabolic syndrome was defined using a
modified NCEP/ATPIII criteria proposed by de Ferranti
et al(16). Children who had 3 or more of the following
were defined as having metabolic syndrome: (1) fasting
triglycerides equal to or higher than 100 mg/dL; (2)
HDL-cholesterol in boys <45 mg/dL, in girls <50 mg/
dL; (3) fasting glucose equal to or higher than 100 mg/
dL; (4) waist circumference >75 percentile of the same
age and sex for Thai children(17); (5) SBP and/or DBP
>90th percentile of the same age and sex(18).

Statistical analysis
Sample size was estimated from an anticipated

prevalence of metabolic syndrome in obese children at
17% and estimated effect size of 0.5. The desired sample
size of 109 obese children was required when using 5%
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absolute precision with 95% level of significance.
Continuous variables were tested for the

normal distribution using the Kolmogorov-Smirnov
test, and it was found that all of them distributed
normally. Continuous data was descriptively presented
in the form of mean averages, and standard deviations
and categorical data was presented as numbers and
percentages. The students’ t-test and Chi-square test
were used to compare the differences of continuous
variables and categorical variables, respectively,
between obese children with or without metabolic
syndromes. Statistical analysis was performed using
the SPSS 19.0 software package (SPSS Inc., Chicago,
IL). A two-tailed p-value of less than 0.05 was considered
statistically significant.

Results
Of the 735 children who were currently

studying in the school, 10 children were missing the
data measurement schedule and were therefore not
included into the analysis. Of the remaining 725 children
who were measured for body weight, height and BMI,
113 children (15.6%) were diagnosed as obese. All 113
obese children consented to participate in research
and further anthropometric data and demographic
characteristics were obtained. Of the 113 obese children,
71 (62.8%) were male. The mean age, weight, height
and BMI of the study population were 10.1 years (SD
1.8; range 7.1 to 13.0 years), 52.3 (SD 17.1) kg, 139.8
(12.6) cm and 26.2 (SD 5.1) kg/m2, respectively. None of
the obese children had ever smoked but 70 (61.9%)
lived with smokers. 4 (3.5%), 5 (4.4%) and 35 (31.0%)
obese children had family history of dyslipidemia,
premature cardiovascular diseases (CVD) and diabetes
mellitus, respectively.

Metabolic syndrome was diagnosed in 57
(50.4%) of the obese children. Demographic
characteristics and anthropometric data of the study
population are separately showed, according to the
present or absent of metabolic syndrome, in Table 1.
Obese children with metabolic syndrome had higher all
anthropometric characteristics including weight, height,
BMI, body circumferences, skinfold thicknesses
and body fat percentage than those of obese children
without metabolic syndrome, however, only waist
circumference, biceps skinfold thickness and suprailiac
skinfold thickness were deemed statistically significant
(Table 1). There were no statistically significant
differences in age, sex, level of habitation with smokers,
degree of family history of dyslipidemia, premature
cardiovascular diseases or diabetes mellitus between

groups of study.
The mean total of cholesterol, HDL-

cholesterol, LDL-cholesterol, triglyceride levels and
fasting blood glucose in obese children were 165.3 (7.8)
mg/dL, 56.0 (14.8) mg/dL, 86.7 (35.0) mg/dL, 113.0 (53.6)
mg/dL and 95.5 (7.8) mg/dL, respectively. Children with
metabolic syndrome had significantly higher levels of
triglyceride, fasting blood glucose, systolic and
diastolic blood pressures than those of children without
metabolic syndrome. The HDL-cholesterol level in
children with metabolic syndrome was significantly
lower than those in children without metabolic
syndrome (Table 2). There were no significant
differences in total cholesterol and LDL-cholesterol
levels between children with and without metabolic
syndrome.

Discussion
The present study demonstrated that the

prevalence of metabolic syndrome was high in obese
Thai children and had shown an increasing trend from
the previous survey. Obese children with MetS had
higher blood pressure and body fat parameters
including waist circumference, biceps and suprailiac
skinfold thicknesses than obese children without MetS.
Moreover, obese children with MetS showed a trend
of being older and heavier than obese children without
MetS. This study also found that the presenting of
metabolic syndrome in obese children was not related
to their demographic characteristics, such as smokers
in the family or a family history of metabolic syndrome.
With regards to biochemistry parameters, the present
study found that children with MetS had higher fasting
blood glucose, triglycerides but had lower HDL-
cholesterol than in children without MetS.

This trend of increasing obesity prevalence
in Thai children correlates to several other studies,
especially from developing countries(1-3). Savva et al(2)

reported that the prevalence of obesity among Cyprus
school-aged children had increased from 5.9% in 2000
to 8.1% in 2010. The increasing trend of obesity was
supported by a long-term, 25-year comparative study
(1985-2010) among Chinese children, which revealed a
9% annual increase of obesity or overweight
condition(3). A meta-analysis study among Indian
children also confirmed the increasing trend of
childhood obesity during the last decade, in which
results were divided into 3 levels of prevalence ranging
from 6% (95% CI, 6-7%) for the low-prevalence group,
to 18% (95% CI, 17-18%) for the intermediate-
prevalence group, and 36% (95% CI, 34-37%) for
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Without metabolic With metabolic p-value
syndrome (n = 56) syndrome (n = 57)

Systolic blood pressure (mmHg) 112.6 (12.8) 119.7 (14.6)   0.007
Diastolic blood pressure (mmHg)   69.0 (10.8)   73.7 (10.8)   0.022
Fasting blood glucose (mg/dL)   93.6 (6.6)   97.4 (8.4)   0.009
Total cholesterol (md/dL) 162.5 (35.1) 168.1 (39.3)   0.432
HDL-cholesterol (mg/dL)   63.1 (14.9)   48.7 (10.7) <0.001
LDL-cholesterol (mg/dL)   81.9 (31.1)   91.4 (38.0)   0.147
Triglyceride (mg/dL)   85.6 (35.2) 140.0 (55.2) <0.001

Table 2. Blood pressure and biochemical data of obese children with and without metabolic syndrome

Without metabolic With metabolic p-value
syndrome (n = 56) syndrome (n = 57)

Male; n (%)   38 (67.9)   33 (57.9) 0.332
Age (years)     9.9 (1.7)   10.4 (1.8) 0.180
Weight (kg)   49.4 (16.0)   55.2 (17.7) 0.070
Height (cm) 138.0 (12.7) 141.6 (12.5) 0.131
Body mass index (kg/m2)   25.4 (4.9)   26.9 (5.3) 0.111
Waist circumference (cm)   82.4 (11.6)   86.9 (12.6) 0.049
Hip circumference (cm)   87.7 (11.5)   91.2 (10.2) 0.092
Waist/height ratio     0.60 (0.06)     0.61 (0.07) 0.175
Waist/hip ratio     0.94 (0.05)     0.95 (0.07) 0.258
Mid arm circumference (cm)   26.1 (4.0)   27.5 (3.5) 0.055
Biceps skinfold thickness (mm)   14.9 (4.6)   17.2 (5.8) 0.017
Triceps skinfold thickness (mm)   22.9 (6.2)   24.9 (6.3) 0.085
Subscapular skinfold thickness (mm)   28.9 (9.5)   32.4 (9.7) 0.060
Suprailiac skinfold thickness (mm)   31.8 (10.3)   36.5 (10.7) 0.019
Body fat percentage (%)   33.8 (8.4)   36.1 (6.4) 0.106
Smoker in family; n (%)   34 (60.7)   36 (63.2) 0.848
Family history of; n (%)

Dyslipidemia     0     4 (7.0) 0.118
Premature CVD**     1 (1.8)     4 (7.0) 0.364
Diabetes mellitus   17 (30.4)   18 (31.6) 1.000

Table 1. Demographic characteristics and anthropometric data of obese children with or without metabolic syndrome*

* Present as mean (SD) unless otherwise indicated
** CVD = cardiovascular diseases

the high-prevalence group. The previous study in 2007
found that 9.4% of schoolchildren in Ongkharak district,
Thailand were diagnosed as obese(19). This had
increased to 12.9% in 2008(20) and reached 15.6% in the
present study (2013). The increased prevalence of
childhood obesity may be explained by the influence
of rapid economic growth and urbanization which leads
toward to a sedentary lifestyle and Westernized diet.
The difference in degree of prevalence of obesity
between the studies may be explained by the different

uses of the standard diagnostic criteria and growth
references. However, the overall prevalence of
childhood obesity in Thailand has highly increased
and new national policies are urgently needed to fight
this surging problem.

The previous study in Ongkharak district
using a modified NCEP/ATPIII criteria(16), the same
criteria as in the present study, found that 17.6% of
obese/overweight Thai children in year 2009 were
diagnosed with metabolic syndrome(12). Another report
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in 2007 using the IDF criteria found that 16.9% of obese
children, aged 4-18 years old, had metabolic
syndrome(13). However, due to the IDF criteria not
including diagnostic criteria for children aged less than
6 years old, the interpretation of the results in those
studies may not be entirely complete or reliable. In order
to compare the prevalence of MetS to previously, the
present study elected to use a modified NCEP/ATPIII
by de Ferranti et al(16) as a diagnostic criteria for MetS
in children, which defined criteria for all ages. The
impact of obesity on the risk of having MetS in children,
such as found in the present study, was in line with
previous studies from various countries. The high
prevalence of MetS amongst obese children was
reported in Korea (24 to 35%)(21), Brazil (32 to 36%)(22),
China (33%)(23), the United Arab Emirates (40%)(24) and
Mexico (44%)(25). The present study found that half of
obese Thai children had MetS, which is a significantly
higher rate than the numbers reported other countries.
The difference in prevalence of MetS in obese children
between studies may be explained by the different
diagnostic criteria used and the differences in ethnic
backgrounds(11). Criteria used for diagnosis of MetS in
children have been variably adapted from existing adult
definitions, adjusted for sex and age for the cut-off
levels. Almost all classifications of MetS in children
included the following 5 criteria(7,8,16): (1) increased waist
circumference; (2) an elevated fasting glucose level;
(3) an elevated triglyceride level; (4) a reduced HDL-
cholesterol level; and (5) a raised blood pressure.

Currently, there is no consensus to define the
best criteria for classifying MetS in children. However,
the pediatric MetS definitions by de Ferranti et al(16),
which were modified from the National Cholesterol
Education Program Adult Treatment Panel III (NCEP/
ATPIII) criteria, have been widely accepted as one of
the most suitable diagnostic criteria. Compared the
prevalence of MetS in the present study with other
studies using the same criteria, prevalence was mostly
closely in line with a study from Korea, which showed
prevalence in children at 45% to 47%(26).

The finding of the increasing trend of MetS
among obese Thai children in the present study is
simultaneously supported by other studies(21,27).
Increasing trend of MetS in children may be explained
by the corresponding increase prevalence of childhood
obesity. Obesity is regarded as the key factor of MetS
development(11). Pathogenesis and hypothesis on the
relationship between obesity and MetS was extensively
reviewed elsewhere(28). In summary, obesity has a clear
impact on the development of MetS via the aberrant of

lipid partitioning pattern (the pattern of lipid storage).
The majority of excess fat in obese patients tends to
store upon the conventional sites, such as the insulin-
sensitive tissues (e.g. liver and muscle) and intra-
abdominal (visceral) fat compartment. This abnormal
pattern of lipid storage has influence on the levels of
adipokinases which lead to elevation of free fatty acids
and inflammatory cytokines levels, along with the
reduction of adiponectin levels. The combination of
these changes leads to peripheral insulin resistance
and endothelial dysfunction, which derives the
development of alter glucose metabolism and
cardiovascular disease.

The strength of the present study is that it is
a follow-up to the previous report that investigated the
same demographic area(12). Comparison of the two
studies has illustrated the clear trend of metabolic
syndrome in childhood obesity. Moreover, the present
study estimated abdominal obesity based on the
specific percentile cut-off values for Thai children
instead the cut-off values from other ethnicities. It has
clearly evidenced that ethnic disparity has an influence
on the distribution of abdominal fat distribution(29).
Using the international cut-off standards may not be
suitable for classifying metabolic syndrome for Thai
children; therefore, the prevalence of metabolic
syndrome in the present study could be more accurate
for Thai children.

There are some limitations in the present
study. Firstly, the data is limited to a cross-sectional
study from a single district of Thailand, which may
make it far from being a good representation of the
whole nation. Finally, blood pressure was measured
twice in a single visit and an average of two values was
used for identify cardiovascular risk of metabolic
syndrome. In general, classification of hypertension is
based upon two or more separate occasions of elevated
blood pressure before diagnosis. However, measuring
blood pressure on multiple occasions may cause a false
positive for hypertension due to anxiety. As the present
study had the aim of detecting hypertension and not
diagnosis, the twice-measuring of blood pressure on a
single visit was the best method to achieve a more
realistic result.

Conclusion
The present study indicates a high prevalence

of metabolic syndrome among obese school children
in Ongkharuk district, Nakhon Nayok province,
Thailand, and shows an increasing trend from previous
studies. Obesity and metabolic syndrome are
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considered as the primarypublic health problems leading
to the evolution of these conditions track into
adulthood. Urgent effort is needed to prevent childhood
obesity and metabolic syndrome in Thailand, which is
in a realm of fast economic development and nutritional
transition.

What is already known on this topic ?
Prevalence of childhood obesity and

metabolic syndrome has increased worldwide.
There are very few studies available on the

prevalence of metabolic syndrome in Thai obese
children and the evidence showed that metabolic
syndrome in Thai children was moderate.

Lack of a study that reported the prevalence
trend of metabolic syndrome in Thai children from the
same area of population.

What this study adds ?
Prevalence of obesity in Thai children is

continuing rising through the observation periods from
9.4% in 2007, to 12.9% in 2008 and 15.6% in the present
study (2013).

Prevalence of metabolic syndrome in Thai
obese children has increased over recent years, from
17.6% in 2009, to 50.4% in 2013.
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