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ABSTRACT
The present study was performed to determine the presence and risk factors of metabolic syndrome
(MS) determinants in Indian obese children and adolescents. The study included 220 obese children
and adolescents (body mass index [BMI]≥84th percentile) aged between 5-11 years(children) and 1217 years(adolescents). The diagnosis of MS was made according to the criteria adapted from the
National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) guidelines.
BMI percentiles were calculated to assess the degree of obesity. The prevalence of MS and risk
factors were determined. Quantitative variables were determined using unpaired t-test between two
groups and ANOVA test between three groups. Qualitative variables were compared by using chisquare test or fisher’s exact test as appropriate. The prevalence of MS in male was (56.09%) higher
than female (53.62%). The age at onset of obesity, sedentary life-style in patients with MS, all
laboratory values (fasting plasma glucose, lipid profile: triglyceride (TG) and very-low-density
lipoprotein (VLDL-C), were higher in patients with MS than without MS and were statistically
significant (p<0.001) except LDL-C,HDL-C and total cholesterol(TC),in which mean value is
slightly differentiate in patients with MS but are not statistically significant and the number of
actively spent hours were lower in cases with MS. The most important determinant of MS was BMI
percentile (p<0.001). A one-point increase in BMI percentile increased the prevalence of MS in
group having more than two metabolic risk factors (51.66%) in comparison to the prevalence of MS
in more than three metabolic risk factors (35%) and more than four metabolic risk factors (13.33%)
respectively but there was no significant difference observed (p>0.05).The results from this study
indicate that, although should be replace by because the correlation between MS and BMI percentile
were strong, so the BMI percentile still may be an effective parameter in identification of obese
Indian children and adolescents who are at risk for MS. Screening of the patients with BMI
percentile≥85 for MS is important for establishing an early diagnosis.

Copyright © Gupta Vani et al, 2017, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is
properly cited.

INTRODUCTION
The metabolic syndrome (MS) is a cluster of glucose
intolerance, central obesity, hypertension, dyslipidemia and is
associated with a higher incidence of metabolic risk factors
events in adult life and mortality. The pathophysiology of the
MS has not been elucidated in children. Obesity is a serious
disease associated with behavioral, environmental, eating
habitat and also affected by genetic susceptibility. In children
obesity is also a result of imbalance between food intake and
low energy expenditure. Obesity plays a potential impact on
many metabolic related diseases. In children, several

competing definitions of metabolic syndrome are in use and
each is differently linked to BMI (percentile or z-score). These
definitions include that of the National Cholesterol Education
Program (NCEP) Adult Treatment Panel Third (ATP III)
(Grundy et al. 2005), the International Diabetes Federation
(IDF) (Alberti et al.2006) and the Institute for clinical system
improvement (ICSI). The ICSI definition requires the BMI plus
any two other metabolic traits. But NCEP ATP III and IDF
definitions require at least three metabolic including BMI
(percentile). In studies of ATP III metabolic syndrome, as
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many as half of patients have increased BMI (Lion et al.2004,
Cheal KL et al. 2004, Meigset al.2006).
From many of the guideline ATP III or IDF metabolic
syndrome definitions identify patients with abnormal BMI
(Rathmannet al.2006). The metabolic syndrome also called X
syndrome. Many chronic diseases are developed with
metabolic syndrome. Obesity in the early childhood is the main
cause of hyperlipidimia later in life.
The sedentary lifestyle and increasing obesity is main cause of
increasing metabolic syndrome in children worldwide. The
chronic diseases are a growing problem for developing
countries which ignored health strategies (Kelishadiet al.
2007).
There is no genetic prevision to support, but actually white
people and African-Americans people are more predict for
obesity and metabolic syndrome, whereas Africans, Arabic and
Asiatic race are less commonly affected. The reason behind it,
the cultural differences, economical disadvantages and lifestyle
behaviors for the development of obesity-related diseases and
disease outcomes. In last 20 years, the rates of obesity are
increasingly in developed and developing countries (Whitaker
et al.2006, Boardman et al. 2005, White et al.2004).
In adults, the metabolic syndrome defined according to NCEPATP III cut point, such as 3 or more factors from the following:
abnormalities in waist circumference, fasting blood glucose
level, triglyceride level, high density lipoprotein cholesterol
level, systolic blood pressure (Bethesda et al.2001),but in
children no any guideline is present to define metabolic risk
factors.
In the current study, we determined the MS and risk factors in
children and adolescents according to the criteria adapted from
the National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP III) guidelines (Yasaret al.2008). BMI
percentile and z-scores were calculated to assess the degree of
obesity. The most important determinant of MS was abnormal
BMI percentile or z- scores. The Metabolic syndrome was
considered if three or more of the following criteria were
present in obese children: elevated triglyceride reduced HDL,
elevated systolic blood pressure and elevated fasting blood
glucose.
The absence of guideline for MS in children and adolescent’s
studies in our country as in other poor countries, make
interesting to design the current study about this emerging
problem in comparison with other countries.
The objective of our study was to determine the presence of
MS determinants in Indian obese children and adolescents
according to NCEP ATP III criteria.

MATERIALS AND METHODS
Patient’s selection and methods
A total of 220 obese children (82 males and 138 femalesof
aged 5-11 years and 12-17 years) referred to the Department of
Physiology, K.G.M.U., between oct 2011 to sep 2014 were
enrolled in our study. From them few were selected by
conducting obesity awareness camps in schools of Lucknow
District. The age and gender adjusted body mass index

(BMI)≥85th percentile (according to National Cholesterol
Education Program (NCEP-ATP III) were enrolled in the
study(Yasaret al. 2008). Patients with obesity secondary to
endocrinological, genetic diseases, having any viral/bacterial
infection, any respiratory/inflammatory diseases or other
systemic diseases and pharmacological agents, as well as those
on medication were excluded from the study. Informed consent
was obtained from all children and their families during
enrollment.
Information about the level of their physical activity or outdoor
activity including level of daily activities such as pattern of
nutrition, time spent indoors watching TV, using computers,
playing computer and video games, sleeping hours and
studying time was recorded using a self-reporting
questionnaire. Age at onset of obesity was also assessed.
Family history of obesity, hypertension (HT), diabetes mellitus
(DM), dyslipidemia (DL) and educational status of the parents
were recorded. The study protocol was previously reviewed
and approved by the ethics and research committee of the King
George Medical University Lucknow.
The height and weight were measured in the first visit of
patient, calculating the body mass index (BMI) according to the
formula (weight in kilograms divided by the square of the
height in meters). Additionally, waist circumference was also
calculated. The degree of obesity was determined usingBMI
percentile or z-scores. The BMI percentile and z-score was
calculated by online BMI-for-age CDC software with
theLambda, Mu, Sigma (LMS) method (Cole et al. 2000, Cole
et al. 1995, Garrowet al. 1981) and thepatients were divided
into four groups according to their percentile 5-84, 85-94, 9598 and >98 or z-scores between 1.65–1.99, 2–2.49, 2.50–2.99
and ≥3 were considered to reflect healthy weight or without
metabolic syndrome, overweight, obese, severally obese
respectively. Blood pressure was measuredby a manometer
with an appropriate cuff on the rightarm after 5 min of rest and
the values were compared withstandard percentiles for age and
gender (Tumeret al. 1999).
The fasting plasma glucose was performed after a 12-h fast,
glucose levels was measured in blood samples. Lipid profiles
[(triglyceride (TG), total cholesterol (TC), high-density
lipoprotein-cholesterol (HDL-C), low-density lipoproteincholesterol (LDL-C), and very-low-density lipoproteincholesterol (VLDL-C)] were determined in the fasting blood
samples. Plasma glucose levels were measured with the
enzymatic colorimetric method GOD-PAP. Lipid profile was
measured by enzymatic method (Randox Laboratories Ltd.,
Antrim, UK) and LDL and VLDL calculated by Friedewald
formula. (Friedewald et al.1972)
VLDL = Triglyceride / 5
LDL-Cholesterol = Total Cholesterol- (HDL-C + VLDL)
For the diagnosis of MS, the presence of at least three of the
following criteria (in accordance with National Cholesterol
Education Program Adult Treatment Panel III [NCEP ATP III]
recommendations) was required. These criteria include (Abate
et al. 2000, Cameron et al. 2004, Keskin et al 2005, Molnar
et al. 2004, Viner et al.2005)
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1. Overweight: BMI 85-94th percentile, obese BMI: 95-98th
percentile, severally obese BMI: >98th percentile (2–20
years, Centers for Disease Control and Prevention [CDC]
growth charts, United States) (Viner et al. 2005)
2. Abnormal glucose homeostasis: the presence of the
following:
Elevated fasting glucose (EFG): FG≥100 mg/dl
3. Hypertension: systolic/diastolic blood pressure≥90th
percentile for age and sex or elevated systolic BP ≥ 130
mm of Hg / diastolic BP ≥ 85 mm of Hg
4. Dyslipidemia: presence of one of the following (Vineret
al.2005):
a. High TG (≥90th percentile for age and sex) or ≥ 150 mm
of Hg
b. Low HDL-C levels (<5th percentile for age and sex) or <
40 mg/dl in male children and < 50 mg/dl in female
children
c. LDL-C (≥95th percentile for age and sex) or ≤ 40
mg/dlLDL-Cholesterol = Total Cholesterol- (HDL-C +
VLDL)
Statistical analysis
Categorical variables are presented in number and percentage
(%) and continuous variables are presented as mean and
Standard Deviation. Quantitative variables were compared
using unpaired t-test between two groups and ANOVA test
between three groups. Qualitative variables were compared
using Chi-Square test /Fisher’s exact test as appropriate. A p
value of <0.05 was considered statistically significant. The data
was entered in MS EXCEL spreadsheet and analysis was done
using Statistical Package for Social Sciences (SPSS) version
21.0.

RESULTS
A total of 468 pediatric patients visits were performed between
Oct 2011 to Sep 2014 finding 220 patients with the diagnosis
of obesity. From them total number of obese with MS cases
were found 120 (54.5%) and non-MS but obese cases were
100(45.5%). From them, the male patients were 82 and females
were 138. The prevalence of MS in male was higher (56.09
%)than in female(53.62%). (Table 1).
Table 1Gender based data of population study, divided
into two subgroups with and without metabolic syndrome
Gender
Male
Female
Total

Without MS
36 (36%)
64(64%)
100(100%)

With MS
46(38.3%)
74(61.7%)
120(100%)

Total
82(37.3%)
138(62.7%)
220(100%)

The patients were divided into two groups according to age: (a)
5-11 years (b) 12-17 years. The prevalence of MS was higher
in age group of 5-11 years than age group of 12-17 years.
(Table 2)
Table 2
Male
23
With MS
50.00%
Cases
23
12 to 17 years
50.00%
20
5 to 11 years
Without MS
55.60%
cases
16
12 to 17 years
44.40%
5 to 11 years

Female
42
56.80%
32
43.20%
29
46.00%
34
54.00%

Total
65
54.20%
55
45.80%
49
49.50%
50
50.50%

The BMI in percentile and BMI z-scores were 94.66 ± 4.08 and
1.80 ± 0.58 respectively in MS cases was higher than patients
without MS (BMI in percentile 54.75±12.67 and BMI in zscore 0.14±0.35)and are statistically significant (p<0.001)
Table(3)
It showed the mean distribution of clinical characteristics of
patients. Higher mean of chronologic age, body weight, height,
BMI percentile, BMI z-score, average systolic and diastolic
blood pressures was found in with MS group compared to non
MS group and found statistically significant difference
(p<0.001) (Table 3).
Table 3clinical data of the population study, divided into
two subgroups with and without metabolic syndrome
Characteristics
Weight (Kg)
Height (cm)
BMI(Kg/m*m)
BMI (Percentile)
BMI z-score
Waist circumference(cm)
Systolic BP
Diastolic BP

Without MS
(n=100)
(45.45%)
37.96±9.54
144.19±13.87
17.88±1.34
54.75±12.67
0.14±0.35
74.26±7.81
105.83±9.53
68.32±7.14

With MS (n=120)
(54.54%)

P Value

44.98± 12.45
133.54 ± 16.21
24.85±3.49
94.66±4.08
1.80±0.58
78.59±8.10
114.88±7.29
77.16±5.66

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

MS=metabolic syndrome; M=male; F=female; BMI=body mass index. Values are
mean±SD.

In patients with MS, all laboratory values (fasting plasma
glucose, lipid profile TG and VLDL-C), were higher in patients
with MS than without MS and were statistically significant
(p<0.001) except LDL-C,HDL-C and total cholesterol(TC),in
which mean value is slightly differentiate in patients with MS
but are not statistically significant(Table 4).
Table 4 Plasma glucose and lipids of the population
study, divided into two subgroups with and without MS
Biochemical
characteristics
Fasting glucose, mg/dl
Blood Glucose(PP)
Triglycerides (mg/dl)
LDL-cholesterol (mg/dl)
HDL-cholesterol (mg/dl)
VLDL-cholesterol
(mg/dl)
Total cholesterol (mg/dl)

Without
MS(n=100)
107.42±4.45
151.03±15.40
103.09±13.86
121.19±7.99
42.59±4.09

With
MS(n=120)
115.02±12.51
145.96±3.13
114.63±9.86
122.83±24.23
42.66±6.12

<0.001*
0.001*
<0.001*
0.517
0.919

20.6182±2.77

23.0975±0.72

<0.001

184.80±7.71

188.51±24.88

0.153

p-value

MS=metabolic syndrome; HOMA-IR=homeostasis model assessment of insulin
resistance; LDL=low-density lipoprotein; HDL=high-density lipoprotein;
VLDL=very-low-density lipoprotein. Values are mean ±SD

The prevalence of obesity was (54.1%), fasting blood glucose
(100%), elevated TG (99.1%) and elevated blood pressure
(1.6%) was found higher but the HDL was reduced (34.1%) in
all the patients of with MS compare with without MS. (Table
5).
The patients with metabolic risk factors were categorized into
three groups. In group Istoverweight patients have higher
prevalence (40%) of developing metabolic risk factors than that
of patients in group II (35%) and group III (25%) respectively.
Overall the prevalence of developing metabolic risk factors was
higher in patients having two metabolic risk factors but is not
statistically significant. (Table 6).
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Table 5 Distribution of metabolic risk factors of the
population study, divided into two subgroups with and
without MS
Metabolic risk factors
Obesity: BMI percentile
or z-score
Abnormal glucose
homeostasis or fasting
glucose
Dyslipidemia
a.
Elevated TG
b. Reduced HDL
Hypertension or elevated
systolic BP

Without MS (n=100)

With MS
(n=120)

4(4%)

65(54.1%)

88 (88%)

120(100%)

a.
b.

33(33%)
2(2%)
1(1%)

(a) 119 (99.1%)
(b) 41 (34.1%)
2 (1.6%)

MS=metabolic syndrome; BMI=body mass index; HOMA=homeostasis model
assessment. Results are expressed as n (%).

Table 6Number of metabolic risk factors of population
study, categorized according to BMI (percentile)
BMI
(percentile)

Group I (85- Group II (95- Group III
94) (n=48)
98) (n=42) (>98) (n=30)
(40%)
(35%)
(25%)

+4 Metabolic
5(10.41%)
risk factors
+3 Metabolic
20(41.66%)
risk factors
+2 Metabolic
23(47.91%)
risk factors

7(16.66%)

Total

PValue

4(13.33%) 16(13.33%) 0.684

14 (33.33%)

8 (26.66%)

21(50%)

18(60%)

42(35%)

0.385

62(51.66%) 0.562

BMI= Body mass index. Result are expressed as n

Among various parameters that may influence the risk of MS
(i.e., obesity, BMI percentile, elevated TG, fasting glucose,
reduced HDL), the most important determinant of MS was the
BMI percentile (p<0.001). A one-point increase in BMI
percentile increased the prevalence of MS in group having
more than two metabolic risk factors(51.66%) in comparison to
the prevalence of MS in more than three metabolic risk factors
(35%) and more than four metabolic risk factors (13.33%)
respectively but there was no significantly difference observed
(p>0.05) (Table 6)

DISCUSSION
The lack of previous studies about metabolic syndrome in
Indian children makes it interesting to know the actual situation
in one of the developing country in Asia. The numbers of
patients were not the ideal to try to show the prevalence in the
entire country, but it would be an initial point for future studies.
The prevalence of MS is reported to be 30–50% among obese
children (CDC 2000, WHO 1980). Many more studies are
tremendous increase on obesity and MS in children; but the
results are conflicting (Hanson et al. 2000, Cook et al.2003)
because of the lack of consensus on the diagnostic criteria of
MS in children and adolescents. In addition to the previous
attempts, there is now greater consensus regarding the
components of MS during childhood and adolescence. These
should include central obesity, insulin resistance, glucose
intolerance, hypertension and dyslipidemia (Weiss et al.2004).
However, this new definition using age-specific cutoffs has not
yet resolved the issue completely and it is suggested that MS
should not be diagnosed in children younger than 10 years
(Weiss et al.2004).

There are no clear definition for metabolic syndrome in
children and adolescents, existing different criteria used
according to the place or population of the study. (Lambert
et al. 2004, Csabi et al. 2000, Cruz et al. 2004, Agirbasli
et al.2006, Esmaillzadeh et al 2006). NCEP-ATP III definition
with BMI cut-off values for youths was considered for the
diagnosis of metabolic syndrome in the current study.
Regional studies from our country suggest a prevalence of 2027.2% for MS in obese children and adolescents (Atabek et
al.2006, Yasar et al.2008). However, potential factors that may
affect the development of MS have not been analyzed in these
studies.
In the current study, the prevalence of MS was 54.5% in an
obese population admitted to a university clinic. This result
suggests that MS has become a serious problem in our country.
In the literature, there are diverse statements on the impact of
gender and puberty on the prevalence of MS (Atabek et al
2006, Cruz et al. 2004). Cruz et al, reported a higher
prevalence of MS and its components in male compared to
female children. It is also reported that the prevalence of MS
may be higher in pubertal patients (Atabek et al. 2006).
However, we found that the prevalence of MS is more in
patients of prepubertal age 5-11 years group (54.16%) rather
than subjects of pubertal age group 12-17 years (45.83%).
Prevalence in our study was higher in male (56.09%) rather
than female (53.62%).
Although the eating habits of children and adolescents
contribute significantly to the development of obesity, they do
not have a similar effect on MS (Smith et al. 2004). In the
current study, fast-food eating habits and indoor activities had
effect on the development of MS. Patients with MS spent a
shorter time on daily activities, or they spent more time on
sedentary life activities, such as studying and playing computer
and video games in comparison to children without MS. The
results of this study demonstrate the adverse effect of sedentary
lifestyle on the development of MS. However, since this data
rely on information obtained through self-reporting
questionnaires, it may not be absolutely reliable.
When family medical histories of both groups were analyzed,
the prevalence of diabetes, cardiovascular disease and its risk
factors were higher in the families of patients with MS
comparable without MS.
Csábiet al.’s demonstrated that lower numbers of risk factors
have low effect on duration of obesity than in patients with
three or four CV risk factors (Csábiet al 2000), but there was
no correlation between the duration of obesity and MS. Still,
higher mean chronologic age in patients with MS in their study
may support the hypothesis that some time is required for the
underlying pathologies to take effect (Viner et al.2005).
In contrast Viner et al. demonstrated that development of MS is
not effected by the genetic characteristics and presence of MS
in the family (Viner et al.2005, Freeman et al. 2002). Our
results are also similar that of Viner et al.
Our results on the prevalence of DL and HT are similar to that
of Yasar et al 2008 on children and adolescents. However, they
reported a higher prevalence of DL and HT in male, whereas
there were no patients with type 2 diabetes. The prevalence of
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DL, HT in the current study is comparable more into a previous
study from our country (Kelishadiet al. 2007). We found a
higher prevalence of MS (54.5%). In a study by Viner et al.
(2005), the prevalence of DL, HT were 30% and 32%,
respectively, while type 2 DM was not observed in any patient
(Maitra et al.2004).
The metabolic syndrome was found in 54.5% of studied
patients, with a slightly predilection in males with statistical
significance (p = 0.001). Lipidic abnormalities account for
most of the criteria of metabolic syndrome definition. High
blood pressure and high blood glucose have also affected MS
in current investigation as expected in comparison with another
studies.
In pigmented races, acanthosis Nigerians (AN) is an important
early manifestation of the obesity syndrome. AN helpidentifies
persons at particular risk of developing the obesity syndrome,
dyslipidemia, hypertension. Recognition of AN, therefore,
offers important opportunities for health screening and
preventative medicine. (Weiss et al.2004).
The prevalence of metabolic risk factors in obese children can
change because of varying diagnostic criteria and cut-off values
used in different studies (Cruz et al. 2004, Csabiet al. 2000).
Viner et al.’s in 2005 reported, the prevalence of the presence
of two risk factors in obese children, aged 2–18 years, was
36%, while the prevalence of patients with three and four risk
factors were 28% and 5%, respectively. In our patient group,
the prevalence of children with two metabolic risk factors was
51.66 %, while with three and four risk factors were found to
be 35% and 13.33%, respectively. Therefore, our results are
similar to those of the study by Viner et al,2005. It is stated that
an increase in the severity of obesity is not results in
deterioration of each component of MS, but it increases its
prevalence as well (Viner et al.2005). Similarly, in our study,
the prevalence of MS increased significantly in parallel to the
severity of obesity.
In the current study, the most important parameter indicating
the presence of MS was the BMI percentile. However, the
correlation between MS and the BMI percentile was weak,
suggesting possible role(s) of other factors. The risk of
developing MS is higher in patients with BMI percentile
between 85-94. When compared to those with BMI percentile
between 5 and 84.Our results are in good support with the
statement of Weiss et al 2004, who expressed that the risk of
MS among obese children and adolescents increased, by 50%
with a 0.5-unit increment in the BMI percentile.

CONCLUSION
In summary, the prevalence of MS among obese children and
adolescents referred to our department during the study period
showed a tendency to increase compared to previous studies
from Turkey, reaching levels as high as those reported from
Europe and the US. Our results also indicate that the BMI
percentile still may be an effective parameter in identifying
obese children and adolescents who are at risk for MS and

screening the patients with BMI percentile for MS may provide
an opportunity to establish early diagnosis criteria in obese
children and adolescents. However, as suggested, since the
correlation between MS and the BMI percentile is strong,
further studies should be conducted to reveal other factors that
may be responsible for identification of the presence of MS in
children and adolescents.
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