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ABSTRACT Background and aims: Metabolic syndrome (MS) in adolescents is considered precursor of cardiovascular 
diseases and diabetes in adults. This study aimed to screen adolescents for obesity, lifestyle risk factors, 

and metabolic syndrome.
Methods: We enrolled 522 adolescents from 2 Delhi schools. We collected information about cardiovascular risk fac-
tors and  body mass index . MS was defined by modified NCEP ATP III and IDF criteria. Percentages and odds ratio 
were calculated.
Results: Overweight and obesity were found in 18% and 4% adolescents respectively. Prevalence of MS was 11-18% 
in overweight and 40-47% in obese adolescents by different criteria. Prevalence of life style risk factors were higher in 
overweight and obese adolescents but was not statistically different from normal weight adolescents.
Conclusions: Adolescents with overweight and obesity should be screened for presence of metabolic syndrome.
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INTRODUCTION
According to World Health Organization (WHO) esti-
mates 2010, non-communicable diseases account for ap-
proximately 63% of all deaths in the world  and  78%  of  
deaths by non-communicable diseases occur in the devel-
oping countries1.A potential emerging public health issue 
is the increasing incidence of adolescent obesity in de-
veloping countries2. Adolescent obesity is associated with 
a high prevalence of metabolic syndrome which itself is a 
clustering of cardiovascular risk factors i.e. hypertension, 
hyperinsulinemia and dyslipidemia2,3. 

Since the metabolic syndrome if present in adolescence 
tracks into adulthood,its early identification and man-
agement and also prevention by modifying lifestyle and 
maintaining normal BMI  may alleviate the morbidity and 
mortality related to cardiovascular diseases4,5,6. This study 
aimed to screen the otherwise normal school going ado-
lescents of Delhi for presence of lifestyle risk factors and 
overweight and obesity and to further target the over-
weight and obese adolescents for presence of metabolic 
syndrome. 

METHODS
This is a cross-sectional observational descriptive study, 
subjects were enrolled from 2 schools (one government 
and one private school) in Delhi. The  study  was  carried  
out  from  Nov. 2010  to  March  2012.  This study was 
approved by institutional ethical committee. The  subjects 
of both sexes from 10 to 18 years  were  selected  from 
class 7th to 12th  proportionately  using  stratified   random  
sampling.

The study was conducted in following 3 steps:
Step 1:This step consisted of  a questionnaire  which was 
divided into 2 parts .

Part 1 of the questionnaire (for the parents) was given to 
the students  along  with the consent forms .This consisted  
of  questions on :

1)Socio-demographic variables 
2)Medical history  .

3)Family  history 
The students  who  got  the  consent  forms  signed  and  
Part 1 of  the  questionnaire  filled from  their  parents  
were  enrolled  for  the  further  study.
The enrolled  students  were  then  given  part 2  of the  
questionnaire. This consisted  of  questions  on:-
1) dietary  patterns  ( using   food  frequency  question-
naire, 
2) physical activity and sedentary behaviour 
3) High  risk  activities  like  smoking  and  alcohol  intake 

Step  2  : In this step anthropometric measurements and 
clinical examination of  all  subjects  were  done to rule 
out any medical/surgical disease which comes in our exclu-
sion criteria.

1) Weight  : It was recorded in light clothing to the nearest 
0.1kg on a SECA Model 813 digital weighing scale (SECA, 
Germany).

2) Height : It  was measured without shoes to the near-
est 0.1 cm using a SECA Stadiometer Model 214 (SECA, 
Germany). 

3) Body  mass  index (BMI)-  This was  calculated using the 
formula;  BMI=weight (kg)/height (m)2

4)  Waist  circumference; (WC)  was  measured  midway  
between  the  iliac  crest  and   the   lower-most  mar-
gin of  the  ribs according  to WHO guidelines for waist 
circumference measurement. Means of three readings were 
recorded  to  the  nearest  0.1 cm;  using a SECA Model 
200 tape (SECA, Germany). 

5) Blood pressure. Arterial blood pressure was measured 
manually using a mercury sphygmomanometer with a suit-
able cuff size for each participant  

Step 3:  – The data was analyzed for presence of   the  
overweight  and  obesity i.e. BMI Z-score >1.

The parents  of adolescent having  BMI Z-score >1 were 
contacted and were informed about the presence of risk 
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factors in their children and then were asked to come in 
Adolescent Clinic in Kalawati Saran Children’s Hospital, 
New Delhi for blood tests and further management. The 
subjects were asked to come after 12 hr fasting.

A venous blood sample (4ml) was collected using the 
standard venepuncture technique by a trained doctor for - 

1.Total  cholesterol

2.Triglycerides (TG), 

3.High-Density Lipoprotein Cholesterol (HDL-C),, 

4.Low –density  Lipoprotein Cholesterol (LDL-C)

5.Fasting Blood Glucose (FBG). 

DEFINITIONS
1. Overweight  defined  as  BMI  z  score > 1-2  and  obe-
sity  defined  as  BMI  z  score > 2 using WHO Anthroplus 
software7. 

2.High waist  circumference - > 90th centile   for   age   
and   gender .We have no nomograms for WC for Indian 
adolescents, therefore, percentiles were compared to esti-
mated value for percentile regression for European-Amer-
ican children and adolescents, according to gender and 
age8 .

3. High blood  pressure - The  centiles  used  were  those  
given  by NHLBI9. 

4.Metabolic syndrome is defined by IDF (International 
diabetic federation) considers   presence of central obe-
sity (defined as waist circumference> 90th centile) as the 
essential factor, and the presence of any two of the four 
additional factors viz.(1) raised TG  level:≥150 mg/ dl, (2)
reduced  HDL-cholesterol: <  40 mg/dl  in males  and   <  
50 mg/ dl  in  females in children >=16 years and < 40 
mg/dl in both males and females in children < 16 years, 
(3)raised  blood  pressure > 130 systolic or  >85 mm Hg 
diastolic or both and (4) raised  fasting  plasma  glucose  
(FPG>100 mg/dl)10. 

Metabolic syndrome according to modified NCEP ATP III 
( National Cholesterol Education Programme Adult Treat-
ment Panel) is defined as presence of  at least 3 of the 
following 5 risk factors i.e. (1)abdominal  obesity (defined 
as waist circumference  >=90 th centile for age and gen-
der , (2)high TG >=110 mg/dl ,(3) low HDL<=40 mg/dl , 
(4)elevated  BP  ( defined as  systolic or diastolic or both 
BP >=90th percentile  for age  and  gender)  and (4)high  
fasting  blood  glucose >110 mg/dl 11,12 .

The data was collecred on pretested proforma and was 
first entered in a spreadsheet. Dats was checked for errors 
and was corrected. This data was transferred to the soft-
ware STATA 8.2  for further analysis. Sociodemographic 
factors,prevalence of overweight ,obesity, metabolic syn-
drome and risk factors are described as percentages. Com-
parison of proportions was done using t-test taking p-val-
ues of<0.05 as significant statistically.

RESULTS   
In our study 569 adoelscents were screened for inclusion. 
After excluding 45 children who did not brought consent 
form and one child with hypothyroidism and one child 
with post polio paralysis, 522 children were included in 

the study. 117 students were found to be overweight and 
obese and parents were contacted and counselled for 
blood tests of which 70 children turned up to the hospital 
for the same .  

Table  No.1  : Demographic variables, overweight ,obe-
sity and metabolic syndrome  in study population

Number of subjects 
Age group
10-13 year ( Early adolescence ) 148(28%)
14-16 year ( Mid adolescence ) 215(41%)
16-18 year ( Late adolescence ) 159(30%)
Sex distribution
Male 293(56%)
Female 229(44%)
Socioeconomic status
Lower 139(26%)
Middle 273(52%)
Upper 110(21%)
Prevalence  of  overweight
Males ( n=293 ) 42(14%)
Females (n= 229) 52(23%)
Total (n=522) 94(18%)
Prevalence  of  obesity
Males (n-=293) 15(5%)
Females(n=229) 7(3%)
Total (n=522) 22(4%)
Prevalence of metabolic syn-
drome 

IDF 
criteria

NCEP ATP III 
criteria

Overweight adolescents 6(11%) 10(18%)
Obese adolescents 6(40%) 7(47%)

Table no.2  :  Prevalence of lifestyle risk factors

Risk factors
Obese

n=22
Over-
weightn=94 Others P 

value

Family history of 
cardiovascular 
disease

13(59%) 25(27%) 27(7%) >0.05

Junk food intake 
in last 1 week 10(45%) 43(46%) 167(41%) >0.05

Went for a meal 
outside home in 
last 1 week

16(73%) 58(62%) 253(62%)   
>0.05

Low Physical activ-
ity in last 1 week 6(27%) 34(37%) 113(28%) >0.05

Daily TV viewing 
for at least 1 hour 
in last 1week

18(82%) 60(65%) 246(62%) >0.05

TV viewing >2 
hours/day usually 12(55%) 56(60%) 229(58%) >0.05

Computer surfing 
at least once in 
last 1 week

17(77%) 52(55%) 228(56%) >0.05

Daily computer 
surfing in last 
1week

2(12%) 15(29%) 78(34%) >0.05

Prevalence of 
smoking ever 2(9%) 3(20%) 7(2%) >0.05

Alcohol intake 
ever 1(5%) 4(10%) 10(2%) >0.05

 
Low physical activity was defined as physically active for 
<3 days in a week for at least 60 minutes in games and 
sports with moderate physical activity).The prevalence of 
lifestyle risk factors was overall higher in overweight and 
obese adolescents than the non-overweight adolescents 
although it was not statistically significant. 
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DISCUSSION
In our  study we  studied  the  prevalence  of   overweight  
and  obesity  in  adolescents. The results were comparable 
to various studies conducted in India in last decade which 
report  a prevalence of overweight in adolescents to be  
4.6% to 18.5%  and  prevalence of obesity  as 0.79% to 
5.3% 13-18.

High BMI status predispose an individual for metabolic 
syndrome . The  prevalence  studies  of  metabolic  syn-
drome in adolescents show  a prevalence  range  of  2-4% 
in  general population  whereas  it  is  much  higher  in  
the  high risk  group  i.e. overweight  and  obese  adoles-
cents  as  in  our  study.

Table No.3:Prevalence studies of metabolic syndrome in 
adolescents

Country Criteria 
used

Prevalence of metabolic 
syndrome

Obese Overweight Over-
all

India,Chandigarh19 NCEP 
ATP III 36.6% 11.5%

India,J& K20 NCEP 
ATP III 33% in centrally obese 3%

China21 IDF 35.2% 23.4% 3.7%

Kuala Lumpur22 IDF 5.3% in overweight 
and obese

Turkey23 NCEP 
ATP III 24%

Tehran24 IDF 42% in overweight 
and obese 10%

Egypt25 IDF 20%

Jordan26 IDF 15.1% 3% 0.3%

Mexico27 NCEP 
ATP III 62%

Korea28 IDF 24.7% 3.2% 1.9%

 
Using  a questionnaire  based  on  WHO  STEPS ap-
proach29  we  also  studied  the  prevalence  of  high risk  
behavioural and  lifestyle  factors  in  adolescents . We  
noticed  that  the  overall  prevalence  of  these  risk  fac-
tors  was  higher  in  overweight  and  obese  adolescents  
although  it was  not  statistically  significant  which  may  
due  to our  small sample size.. 

LIMITATIONS  OF  STUDY : 
We  could not  study the  prevalence  of  metabolic syn-
drome in non-overweight non-obese adolescent  popula-
tion as the ethical committe did not give approval for sam-
pling of these normal adolescents.  This could have  been  
an important  comparative tool  to  assess the  utility   for  
targeted  screening. The information about high risk be-
haviours was taken only from adolescents and the results 
were not statistically significant. Parents should also be 
asked about these behaviours present in their wards and 
providing adequate privacy and ensuring confidentiality in 
clinical setting may help in extracting correct information.
The sample size  of  our  study  was  also small  as it  is 
used  to study  the  approach  and  not  mainly  as  a 
cross-sectional  observational  study.

SUMMARY: 
We found high prevalence of metabolic syndrome in over-
weight and obese adolescents even when their high risk 
behaviours were not much different from adolescents hav-

ing normal weight. For identifying metabolic syndrome 
objective features like overweight and obesity are reliable 
indicators.

RECOMMENDATIONS:
Adolescents should be examined for having high BMI 
status i.e.overweight and obesity. All adolescents hav-
ing overweight and obesity should be screened for pres-
ence of metabolic syndrome. Targeted screening of  life 
style,physical and metabolic risk  factors  in  adolescents 
can be used as a tool  for  primardial  prevention  of car-
diovascular  disease in adult life.
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