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Prevalence of Metabolic Syndrome among Obese Children
and Adolescents
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Abstract:

high triglyceride (TGe”150 mg/dl), low high-density
lipoprotein cholesterol (HDL cholesterol<40mg/dl), Systolic
or diastolic blood pressure>95th percentile for age and sex,
IGT.

Objectives: The Prevalence and magnitude of childhood
obesity are increasing dramatically. The study was
undertaken to see the prevalence of metabolic syndrome
among children and adolescents with obesity, attending the
Paediatric Endocrine OPD, BIRDEM.

Results: A total of 161 children presented with obesity. Male
to female ratio was 1.3:1. Mean age was 10.3±2.5 years.
Metabolic syndrome was identified in 36.6% subjects (59
out of 161, twentyfive male and 34 female). Higher BMI
and hip circumference, systolic and diastolic hypertension,
high TG, low HDL cholesterol and IGT were significantly
associated with metabolic syndrome.

Methods: A cross sectional study was conducted from
January 2006 to December 2008 among obese children and
adolescents (6-18 years) attending Paediatric endocrine out
patient department of BIRDEM. Children with any other
endocrine disorder, dysmorphism/syndrome were excluded.
Obesity was defined as BMIe”95th percentile for age and
sex using CDC growth chart. Children underwent two-hour
oral glucose tolerance test, anthropometric and blood
pressure measurement. Fasting serum insulin and lipid
profile were measured. Impaired glucose tolerance (IGT)
was defined as fasting plasma glucose (FPG) <7 mmol/L
and 2 hr post glucose load e”7.8 mmol/L to<11.1 mmol/L.
Metabolic syndrome was identified if 3 or more of following
criteria were met: BMI > 97th percentile for age and sex,

Conclusions: The prevalence of metabolic syndrome is high
among obese children and adolescents. Factors contributing
towards obesity needs to be identified and strategies should
be planned for prevention and management of this health
problem.
Key Words: Obesity, Children, Adolescent, Metabolic
syndrome
(Birdem Med J 2011; 1(1): 21-25)

Introduction:
The prevalence of childhood obesity has risen several
times in past few decades in developed as well as
developing countries.1,2Urbanization, unhealthy diets
and increased sedentary lifestyles have contributed to
the increased prevalence of childhood obesity,
particularly in developing countries.3 The prevalence
of obesity was found to be17.9% and that of overweight
was 23.6% among affluent school children and
adolescents in Dhaka.4 Childhood obesity is associated
with several metabolic and endocrine derangements
including hyperinsulinaemia, glucose intolerance,
hypertension and dislipidaemia that predispose
individuals to early development of cardiovascular
disease and type 2 diabetes mellitus (T2DM).The
clustering of these cardiovascular and metabolic risk
factors have been identified as metabolic syndrome. 5,6
The prevalence of metabolic syndrome varied from
28.7% to 50% in various studies among obese children
and adolescents. 7-9 We have found a high rate of
Impaired glucose tolerance (IGT) and dislipidaemia in
obese children and adolescents.10 Limited data is
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available from our country on metabolic syndrome in
children and adolescents and hence the present study
was conducted to see the prevalence of metabolic
syndrome among obese children and adolescents.
Methods:
A cross sectional study was conducted from January
2006 to December 2008 among children and adolescents
attending Paediatric endocrine outpatient Department
(OPD) of BIRDEM with the complaints of excessive
weight gain.
Obese children and adolescents aged 6-18 years were
included in the study. Children with any other endocrine
disorder, dysmorphism/syndrome were excluded.
History was obtained from all subjects and physical
examination was performed. Blood pressure was
measured using appropriate sized cuff encircling at least
2/3rd of upper arm. Anthropometric measurement of
weight, standing height, waist and hip circumference
were taken. Weight was measured using a bathroom
scale to the nearest 100 gram. Standing height was
measured with stadiometer and measurement was done
to nearest 0.1 cm. The waist circumference was
measured at the level midway between the lower rib
margin and iliac crest, at the level of umbilicus with the
child breathing out gently. The hip circumference was
measured at the maximum width over the buttocks at
the level of the greater trochenter with a plastic
measuring tape. The body mass index (BMI) was
calculated as weight in kilogram (Kg) divided by square
of the height in meter. Obesity was defined as BMIe”95th
centile for age and sex using CDC growth chart.11
Children underwent two-hour oral glucose tolerance test
(OGTT). Patients were kept on unrestricted
carbohydrate diet for at least three consecutive days
prior to the test and kept fasting for 8-14 hours on the
night before doing the test. Blood was collected at “0
minute” for estimation of glucose, serum insulin, lipid
profile and other relevant investigations. Then
anhydrous glucose was given in the amount of 1.75mg/
kg body weight (maximum 75 gram) dissolved in water
for OGTT. The second sample of blood glucose was
collected at “120 minute”. Estimation of blood glucose
and lipid profile was done by enzymatic colorimetric
method using multichannel autoanalyzer. Impaired
glucose tolerance (IGT) was defined as fasting plasma
glucose (FPG) <7 mmol/L and 2 hr post glucose load
22
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>7.8 mmol/L to<11.1 mmol/L.12 Diabetes Mellitus
(DM) was defined as FPGe”7mmol/L or 2 hr post
glucose loade”11.1mmol/L.12 Insulin resistance index
(Ins-resistance index)was determined by homeostatic
model and calculated as the product of the fasting plasma
insulin level (µUnit/ml) and the fasting plasma glucose
level (mmol/l),divided by 22.5.13 Total cholesterole”
200mg/dl,Triglyceride (TG) e”150 mg/dl, low-density
lipoprotein cholesterol(LDL cholesterol) e” 130mg/dl,
high-density lipoprotein cholesterol (HDL
cholesterol)<40mg/dl were designated abnormal..14.15
Hypertension was defined as BPe”95th percentile for
age and sex16.
Metabolic syndrome(MT) was identified if 3 or more
of following criteria were met: BMI > 97th percentile,
high TG, low HDL cholesterol , Systolic or diastolic
blood pressure>95th percentile, IGT. 9
Data were analysed using SPSS software ( version
12).Student T test and Chi-Square test was performed
when applicable. P value of < 0.05 was considered
significant. Descriptive statistics were reported as mean
(±SD).
Results:
A total of 161 children presented with obesity. Male to
female ratio was 1.3:1. Mean age was 10.3±2.5 years.
Metabolic syndrome was identified in 36.6% of
subjects(59 out of 161).There was a female
predominance with 34 female and 25 male (female to
male ratio 1.36:1).
Clinical and biochemical data of children with metabolic
syndrome (Group 1) and without metabolic syndrome
(group 2) are shown in table 1. While comparing the
clinical phenotype and biochemichal data of obese
children and adolescents with metabolic syndrome
(group 1) and without metabolic syndrome (group 2)
BMI, hip circumference, systolic blood pressure,
diastolic blood pressure, Blood glucose at 2 hour of
OGTT and triglyceride was found significantly higher
among the former group. HDL cholesterol was lower in
group 1 compared to that of group 2. Fasting serum
insulin was measured in 34 subjects. Mean serum insulin
level was not significantly different among the two
groups. Mean insulin-resistance index (Ins-resistance
index) was higher in the former group, although it was
not statistically significant. The clinical and metabolic
profile of children and adolescents of both groups are
shown in TableI.
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Table I
Showing clinical and biochemical data of children with metabolic syndrome (group1) and without metabolic
syndrome (group 2)

Age(Yrs)
Weight (Kg)
Height (cm)
BMI kg/m2
Waist (cm)
Hip (cm)
Waist/hip
Systolic BP(mm of Hg)
Diastolic BP(mm of Hg)
Fasting Plasma glucose(mmol/l)
Plasma glucose at 2 hr of OGTT(mmol/l)
Insulin (µU/ml)
Ins-resistance index
TG(mg/dl)
Cholesterol (mg/dl)
LDL cholesterol(mg/dl)
HDL cholesterol(mg/dl)

Group 1

Group 2

p-value

10.56(±1.95)
60.15(±14.77)
143.48(±12.27)
29.02(±3.76)
87.80(±9.81)
96.66(±10.63)
0.90(±0.05)
114.79(±13.02)
74.93(±10.11)
4.85(±0.59)
7.26(±1.27)
22.05(±8.68)
4.72(±1.94)
200.89(±83.96)
182.14(± 36.05)
106.31(± 32.89)
35.75(±7.43)

10.40(±2.63)
56.07(±16.17)
142.68(±14.84)
27.46(±3.74)
85.41(±10.33)
91.36(±11.12)
0.93(±0.09)
107.58(±14.58)
68.98(±9.53)
4.76(±0.63)
6.73(±1.26)
21.91(±15.35)
3.84(±2.24)
131.03(±55.08)
181.91(±41.88)
112.06(±39.40)
42.34(±9.86)

0.73
0.14
0.74
0.02
0.25
0.02
0.06
0.005
0.001
0.41
0.02
0.97
0.27
0.00
0.97
0.39
0.00

Among the 59 children and adolescents with metabolic
syndrome BMI >97 th percentile was found in
51(86.4%), low HDL-Cholesterol in 44 (74.5%), high
TG in 41(69.4%), IGT in 19 (32.2%), diastolic
hypertension in 18 (30.5%) and systolic hypertension
in 16 (27.1%) of subjects. Fig I shows the frequency of
various components of metabolic syndrome.
On Chi-square analysis BMI>97th percentile (p=0.01),
high TG (p=0.000), low HDL cholesterol(p=0.000),
IGT(p=0.000), Systolic hypertension(p=0.008) and
diastolic hypertension(p=0.02) were significantly
associated with metabolic syndrome. No association was
Fig.-I: Showing frequency of various components of
found with family history of diabetes, presence of high
metabolic syndrome
cholesterol and high LDL cholesterol (Table II)
Table II
Showing association of various factors in obese subjects with and without metabolic syndrome (MetS)
Characteristics
BMI>97th percentile
High triglyceride level
High total cholesterol
Low HDL cholesterol
High LDL cholesterol
Family H/O diabetes present
IGT present
Systolic hypertension present
Diastolic hypertension present

With Met S, n=59 n (%)

Without Met S, n=102 n (%)

P value

51(86.44)
41(69.49)
17 (28.81)
44 (74.57)
13(22.03)
32(54.23)
19(32.20)
16(27.11)
18(30.50)

71(69.64)
23(22.54%)
26(25.49%)
35(34.31)
24(23.52)
46 (45.09)
8(7.84)
11(10.78)
16(15.68)

0.01
0.000
0.64
0.000
0.82
0.48
0.000
0.008
0.02
23
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Discussion:
In our study the prevalence of metabolic syndrome in
obese children and adolescence is 36.6%.This is
comparable with the figures of 28.7% to 37.5% reported
in other studies carried out among obese children and
adolescents.7,17,18 In one study in USA the prevalence
of metabolic syndrome increased with the severity of
obesity, it was 38.7% in moderately obese subjects (a
BMI z-score of 2 to 2.5) and reached 49.7% in severely
obese subjects(a BMI z-score above 2.5).9
The metabolic syndrome in adults is defined as a Cluster
of cardiovascular and diabetes risk factors including
abdominal obesity (expressed by waist circumference),
dyslipidaemia, glucose intolerance and hypertension.3
There are a range of published metabolic syndrome
definition in paediatrics 7-9,17,19 and the result of study
on metabolic syndrome in children and adolescent can
vary with the criteria used to define metabolic syndrome.
We have adopted the criteria from Weiss et al 9 where
obesity was defined on the basis of BMI instead of waist
circumference. Waist circumference and waist hip ratio
are difficult to interpret in children as body proportion
changes during childhood and adolescents. We have
slightly modified the criteria for abnormal TG and HDL
cholesterol level. A TG level of more than 95th percentile
and HDL cholesterol level of less than 5th percentile
for their population was designated as abnormal by
Weiss. In our study a TGe”150mg/dl and HDL
cholesterol<40mg/dl was taken as abnormal as used by
others in case of children and adolescents.14
In our study BMI was significantly higher in children
with metabolic syndrome as found in other studies7,9,20
Metabolic syndrome was more frequent in female than
males, which does not agree with the data reported in
other studies of similar age.7-9 A study carried out among
adult population in Bangladesh has found higher
prevalence of metabolic syndrome in females using
International Diabetes Foundation (IDF) criteria.21 We
did not find age, family history of diabetes to be
associated with metabolic syndrome in agreement with
Cook et al.7 In the present study the waist-hip ratio in
obese children in all age group was more than 0.9
indicating abdominal adiposity. Waist -hip ratio is an
excellent predictor of abnormalities of lipids and glucose
metabolism in the adult population and similar
correlation have been made for paediatric obesity22. A
ratio greater than 0.8 in women and 0.9 in men is
24
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associated with an increased risk of insulin resistance
and associated disease23. Several studies have shown
that waist circumference more than 90th percentile are
more likely to have multiple risk factors7,18,24-26In our
study we have not found any association of waist
circumference and waist hip ratio with metabolic
syndrome. Surprisingly hip conference was higher in
children with metabolic syndrome. We have found
similar association of hip circumference with IGT in
our previous study.10 This can be due to racial difference
in fat distribution but needs further studies to comment.
Moreover body proportion normally changes with age
and may vary among different races and ethnic groups.
We found IGT, high triglyceride, systolic and diastolic
hypertension and low HDL cholesterol to be associated
with risk of metabolic syndrome as found in other
studies.9,18 This is expected as these are components of
metabolic syndrome. Insulin resistance index were
higher in subjects with metabolic syndrome compared
to those without metabolic syndrome but did not reach
statistical significance. This may be due to the fact that
serum level of insulin could be measured in a small
number of subjects. Various studies among obese
children and adolescents have found higher insulin
resistance index to be important risk factor for metabolic
syndrome.9,18
The present study has certain limitations. It was a crosssectional, clinic based study. Only obese children were
included and it was not a case-control study. Risk factors
for obesity were not identified. The prevalence of
metabolic syndrome as found in our study can vary
depending on various criteria used while defining
paediatric metabolic syndorome.
We have found a high rate of metabolic syndrome in
our obese subjects. Lifestyle modification can lead to
reduction in the incidence of metabolic
syndromere.27,28,29 Obesity is of critical importance in
the development of metabolic syndrome and needs to
be prevented in childhood.
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