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Abstract 
BACKGROUND: The prevalence of the cardio-metabolic risk factors is rapidly increasing amongst the children and 

adolescents and is a topic of concern due to their induced risk of development of cardiovascular diseases (CVDs) and 

diabetes mellitus (DM) in adulthood. The aim of this study is to determine the prevalence of the cardio-metabolic risk 

factors associated with sociodemographic variables amongst the teenagers of rural population in India. 

METHODS: This cross-sectional study was carried out on 405 teenagers (13-19 years old) in a rural population of 

central India. The data on the socio-demographic variables and cardio metabolic risk factors were collected using a 

predesigned proforma. The blood pressure and body mass index (BMI) of the subjects were also recorded. Blood 

samples were collected for lipid profile and blood sugar. Data was analyzed with the Epi Info software version 6.04. 

RESULTS: A total of 405 subjects were studied, of whom 182 were male and 223 were female.  The prevalence of 

metabolic syndrome was found to be 9.9% [95% confidence interval (CI): 7.3-13.1]. The prevalence of 

cardiometabolic risk factors, including low level of high-density lipoprotein cholesterol (HDLC) and impaired fasting 

glucose (IFG), were found to be 58.3% (95% CI: 53.4-63.0) and 13.8% (95% CI: 10.7-17.5), respectively. 2.2% of 

the teenagers had a waist circumference (WC) more than the cut off (> 90th percentile), while high blood pressure 

was found in 24.40% (95% CI: 18.6-26.7), i.e. > 90th percentile for age, sex, and height. Similarly, risk factors such 

as obesity and overweight were found significant (P < 0. 05) in teenagers with family history of obesity. 

CONCLUSION: Cardiometabolic risk factors is slowly extending to rural areas. Therefore, early detection of these 

risk factors can be an attempt to prevent or delay the metabolic syndromes, DM, and CVDs. 
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Introduction1
 

Metabolic syndrome is rapidly becoming a 
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global health issue and a topic of concern for 
epidemiologists and clinicians due to the risk of 
development of cardiovascular diseases (CVDs) 
and diabetes mellitus (DM) in early adult life.1 
There has been an increase in the prevalence of 
cardio-metabolic risk factors amongst the 
children and adolescents worldwide in the last 
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decades.2 It has been estimated that by the year 
2025, 80% of the global DM and CVD burden 
shall be in the low and middle income countries 
with the bulk being in South Asian countries 
like India and China.3 

Epidemiological evidence suggests a high 
level of risk factors and a high mortality 
burden of cardiometabolic diseases in rural 
India, which is of concern, as 68% of  
India’s population live in rural areas. The  
socio-economic patterning of cardiometabolic 
risk factors also has an important implication 
for individuals and households in the low and 
middle income countries like India, where the 
reach of preventative health programs and 
health care services remain substantially 
underdeveloped.4 

The association between the metabolic 
syndrome and the risk of CVDs is notable. 
Metabolic syndrome increases the risk of the 
subsequent CVDs in children and is 
characterized by obesity with increased  
waist-hip ratio (WHR), dyslipidemia, insulin 
resistance, hypertension, and non-alcoholic 
fatty liver disease (NAFLD). The prevalence of 
MS in adolescents is increasing, in parallel 
with the increasing trends in obesity, as 90% of 
obese adolescents have at least one feature of 
the metabolic syndrome.5 Obesity plays a 
central role for initiating the other risk factors, 
including hyperinsulinemia, hypertension, 
hyperlipidemia, type 2 DM, and an increased 
risk of atherosclerotic CVDs.6  Excess adipose 
tissue in obese children releases inflammatory 
cytokines, leading to proinflammatory state, 
and at the same time, the production of the 
potentially protective adipokine and 
adiponectin is reduced. In India, the 
prevalence of obesity in adolescents is around 
19.3%.5 Reduced physical activity and 
unhealthy dietary habits had a major role in 
the causation of childhood obesity.6   However, 
very little data is available in this regard, 
especially in rural areas of India. Therefore, the 
aim of this study is to explore the prevalence 

of cardiometabolic risk factors associated with 
the sociodemographic variables in teenagers of 
rural population. 

Methods 

This cross-sectional study was carried out in 
the rural area of primary health center (PHC) 
Anji, Wardha District, India, from June 2014 to 
June 2016.  All the teenagers in the age group 
of 10-19 years of PHC were included in the 
study. The study protocol was approved by 
the Institutional Review Board (IRB), Mahatma 
Gandhi Institute of Medical Sciences, Wardha, 
Reference No. /IEC/MS/257/14 prior to the 
commencement. 

Considering the prevalence of metabolic 
syndrome among teenagers as 4.2%,7 a sample 
size of 405 was required at α-error level of  
5%, the allowable error of 2%, and  
non-response rate 5%. The subjects were 
selected by using simple random sampling. 
The sampling frame available with the 
Department of Community Medicine was used 
for drawing the sample. The subjects were 
selected after obtaining written informed 
consent from the parents, and in case of 
children aged 18 years and above, consent was 
taken from them. The subjects who were not 
willing to participate in the study or not 
willing to remain fasting during the sample 
collection, were excluded from the study. 

The sociodemographic data were collected 
in a predefined proforma by house to house 
visit. The data pertaining to age, sex, 
education, caste, physical activity, type of 
family, family income, family history of 
obesity, hypertension, and DM was recorded. 

Physical activity was calculated using close-
ended questions probing self-perceived, self-
reported domestic activity, leisure time, and 
transport, and intensity of physical activity. 
The physical activity scores based on the 
intensity and time spent were allotted to each 
activity and the scores were added together to 
assess the overall physical activity.7,8 
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Height and weight of the subjects were 
measured (without shoes) with a standard tape 
measure and weighing machine to the nearest 
0.1 cm and 0.1 kg, respectively. Waist 
circumference (WC) was measured in 
centimeters (cm) to the nearest 0.1 cm at a level 
midway between the lower rib margin and the 
iliac crest, when subjects were lightly clothed. 
Body mass index (BMI) was assessed by 
dividing weight (kg) by height (m2). Blood 
pressure was recorded in the right arm in 
sitting position, three times in subjects after 
giving a rest of 10 minutes between each 
recording with a mercury sphygmomanometer 
(which was regularly calibrated against a 
standard blood pressure instruments).  
The systolic and diastolic high blood pressure 
is defined by the blood pressure value  
> 90th percentile for age, sex, and height.9 

The obesity in the family was assessed by 
measuring BMI of parents, at least one parent 
being obese was considered as the family 
history of obesity.10 Likewise, blood pressure 
of the parents was taken for family history of 
hypertension. At least one parent being 
hypertensive by the Seventh Joint National 
Committee (JNC-VII) criteria was considered 
as family history of hypertension. The parents 
were asked whether they had DM or were on 
medication for family history of DM. 

Biochemical Analysis: After an overnight fast 
(8-10 hour), early morning blood samples were 
taken from the subjects. All the collected 
samples were stored and transported to the 
laboratory in a blood transport box 
(maintained at a temperature of 2 to 6 °C], and 
were processed within 4-6 hours after sample 
collection. Fasting plasma glucose (FPG) was 
measured by the glucose oxidase peroxidase 
method. Total cholesterol, triglyceride, and 
high-density lipoprotein cholesterol (HDLC) 
were respectively measured using the 
cholesterol oxidase peroxidase method, 
glycerol peroxidase oxidase method, and a 
phospotungstic acid method using XL-300 

autoanalyser (Erba, Tranasia, Germany), and 
the low-density lipoprotein (LDL) cholesterol 
value was calculated. In our laboratory, the 
coefficient of variation (CV) of glucose, total 
cholesterol, triglyceride, and HDLC by the 
above stated methods lay within 4.0%, 3.5%, 
6.5%, and 7.0%, respectively, indicating a good 
precision of the methods in use. The National 
Cholesterol Education Program (ATP III) 
definition modified for age was used to define 
abnormal levels of cardio-metabolic risk 
factors in adolescent.11-14  

The criteria were as follows:  
1) Abdominal obesity (> 90th percentile WC). 
2) Triglyceride level > 110 mg/dl. 
3) HDLC level < 40 mg/dl. 
4) Systolic or diastolic high blood pressure 

defined by blood pressure value > 90th 
percentile for age, sex, and height 

5) Fasting blood glucose levels > 100 mg/dl.15 
The presence of any three of five risk factors 

mentioned above were consider as the 
metabolic syndrome. 

Statistical analysis was performed using the 
SPSS (version 12.0, SPSS Inc., Chicago, IL, 
USA) and Health Watch Pro version  
3.1 software. P value < 0.05 considered as 
significant and the chi-square test was used to 
test the significance. The odd ratio was 
calculated to evaluate the risk factors along 
with their 95% confidence interval (CI). 

Results 

405 teenagers in the age group of 10-19 years 
were included in the study, of who 185 were 
male and 223 were female, with a male-to-
female ratio of 0.8:1. The overall prevalence of 
the metabolic syndrome was about 9.9%  
(95% CI: 7.3-13.1) in the study population. The 
prevalence rate of the cardiometabolic risk 
factors including low level of HDLC, 
hypertriglyceridemia, and impaired fasting 
glucose (IFG) were found to be 58.3%  
(95% CI: 53.4-63.0), 27.9% (95% CI: 23.7-32.4), 
and 13.8% (95% CI: 10.7-17.5), respectively.  
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2.2% (95% CI: 1.1-4.0) of the teenagers had a 
WC more than the cut off (> 90th percentile), 
while high blood pressure was found in 24.4 % 
(95% CI: 18.6-26.7), i.e. > 90th percentile for age, 
sex, and height (Figure 1). 
 

 
Figure 1. Prevalence of metabolic syndrome 

and cardiometabolic risk factors in the  
study population 

M.S: metabolic syndrome; WC: Waist circumference; HBP: High 

blood pressure, HTG: High triglyceride; HDL: High density 
lipoprotein; IFG: Impaired fasting glucose 

 
Association of Sociodemographic Variables 
with Metabolic Syndrome and Cardiometabolic 
Risk Factors 

Age, Sex, and Physical Activity: The 
prevalence of metabolic syndrome did not 
differ significantly (P > 0.05) by age, sex, and 

physical activity. Prevalence of individual 
cardiometabolic risk factors such as high blood 
pressure, obesity, overweight, lower level of 
HDLC, hypertriglyceridemia, and IFG did not 
differ significantly (P > 0.05) with 
sociodemographic variables of age, sex, and 
physical activity (Table 1). 

Family Income and Family History of Obesity: 
The prevalence of metabolic syndrome  
(P > 0.05) and cardio-metabolic risk factors 
such as high blood pressure, obesity, 
overweight, lower level of HDLC, 
hypertriglyceridemia, and IFG did not differ 
significantly (P > 0.05) with family income. 

In contrast, the prevalence of metabolic 
syndrome was found to be higher (18.6%) in 
the subjects with family history of obesity 
compared to the subjects (8.8%) without a 
family history of obesity. The prevalence 
differed significantly with a family history of 
obesity (P < 0.05) (Table 2). 

The prevalence of obesity (14.0%) and 
overweight (14.0%) was also found higher in 
the subjects with a family history of obesity 
than the subjects without a family history of 
obesity (0.8%) and overweight (0.8%), and the 
difference was statistically significant (P < 0.05). 

 
Table 1. Association of age, sex, and physical activity with cardio-metabolic risk factors  

and metabolic syndrome 
Variables 

Total (n) 
M.S HBP WC BMI HDLC HTG IFG 

n (%) 
Age group (year)         

< 15 159 17 (10.7) 37 (23.3) 3 (1.9) 9 (5.7) 86 (54.1) 47 (29.6) 20 (12.6) 
> 15 246 23 (9.3) 62 (25.2) 6 (2.4) 13 (5.3) 150 (61.0) 66 (26.8) 36 (14.6) 

Total 405 40 (9.9) 99 (24.4) 9 (2.2) 22 (5.4) 236 (58.3) 113 (27.9) 56(13.8) 
P - > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 
Sex         

Male 182 14 (7.7) 43 (23.6) 3 (1.6) 14 (7.7) 103 (56.6) 47 (25.8) 27 (14.8) 
Female 223 26 (11.5) 56 (25.1) 6 (2.7) 8 (3.6) 133 (59.6) 66 ((29.6) 29 (13.0) 

Total 405 40 (9.9) 99 (24.4) 9 (2.2) 22 (5.4) 236 (58.3) 113 (27.9) 56 (13.8) 
P - > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 
Physical activity         

Light 291 25 (8.6) 69 (23.7) 9 (3.1) 16 (5.5) 161 (55.3) 76 (26.1) 35 (12.0) 
Moderate 114 15 (13.2) 30 (26.3) 0 6 (5.3) 75 (65.8) 37 (32.5) 21 (18.4) 

Total 405 40 (9.9) 99 (24.4) 9 (2.2) 22 (5.4) 236 (58.3) 113 (27.9) 56 (13.8) 
P - > 0.05 > 0.05 - > 0.05 > 0.05 > 0.05 > 0.05 

n: Number of subjects; M.S: Metabolic syndrome; HBP: High blood pressure; WC: Waist circumference for obesity; BMI: 

Body mass index for overweight; HDLC: High density lipoprotein cholesterol (< 40 mg/dl); HTG: high triglyceride; IFG: 

Impaired fasting glucose 

9.9 2.2 

24.4 

27.9 

58.3 

13.8 

M.S W.C HBP

HTG HDL IFG
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Table 2. Association of cardio metabolic risk factors and metabolic syndrome with family  
income and family history of obesity 

Risk factors 
Total (n) 

M.S HBP WC BMI HDLC HTG IFG 

n (%) 

Family Income in quartiles         
1

st
 Quartile 117 9 (22.5) 23 (23.2) 1 (11.1) 5 (22.7) 67 (28.4) 32 (28.3) 13 (23.2) 

2
nd

 Quartile 115 10 (25.0) 22 (22.2) 1 (11.1) 6 (27.3) 75 (31.8) 29 (25.6) 14 (25.0) 
3

rd
 Quartile 89 11 (27.5) 28 (28.3) 2 (22.2) 4 (18.2) 49 (20.8) 26 (23.0) 15 (26.8) 

4
th
 Quartile 84 10 (25.0) 26 (26.3) 5 (55.6) 7 (31.8) 45 (19.1) 26 (23.0) 14 (25.0) 

Total 405 40 (9.9) 99 (24.4) 9 (2.2) 22 (5.4) 236 (58.3) 113 (27.9) 56 (13.8) 
P  > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 
Family history of obesity         

Yes 43 8 (18.6) 13 (30.2) 6 (14.0) 6 (14.0) 29 (67.4) 12 (27.9) 10 (23.3) 
No 362 32 (8.8) 86 (23.8) 3 (0.8) 16 (4.4) 207 (57.2) 101 (27.9) 46 (12.7) 

Total 405 40 (9.9) 99 (24.4) 9 (2.2) 22 (5.4) 236 (58.3) 113 (27.9) 56 (13.8) 
P - < 0.05 > 0.05 < 0.05 < 0.05 > 0.05 > 0.05 > 0.05 

n: Number of subjects; M.S: Metabolic syndrome; HBP: High blood pressure; WC: Waist circumference for obesity; BMI: Body mass 

index for overweight; HDLC: High density lipoprotein cholesterol (< 40 mg/dl); HTG: high triglyceride; IFG: Impaired fasting glucose 

 
However, the prevalence of high  

blood pressure, low level of HDLC, 
hypertriglyceridemia, and IFG did not  
differ significantly (P > 0.05) with a family 
history of obesity. 

Family History of Hypertension and DM: The 
prevalence of metabolic syndrome was found to 
be higher (25.0%) in the subjects with a family 
history of hypertension and lower (8.9%) in the 
subjects with no family history of hypertension. 
Thus, the metabolic syndrome differed 
significantly (P < 0.05) in the subjects with a 
family history of hypertension. Additionally, 
the prevalence of overweight and IFG was 
significantly different (P < 0.05) in the subjects 
with a family history of hypertension. 

Nevertheless, the prevalence rate of high 
blood pressure, low level of HDLC, and 
hypertriglyceridemia were not significantly 
different in the subjects with a family history 
of hypertension (P > 0.05). 

However, in the families with a history of 
DM, obesity, and overweight, they were found 
higher (15.4%) and (23.1%), respectively. Thus, 
the prevalence of obesity and overweight 
differed significantly (P < 0.05) with the family 
history of DM. 

The prevalence of metabolic syndrome, 
high blood pressure, lower level of HDLC, 
hypertriglyceridemia, and IFG did not differ 
significantly (P > 0.05) with the family history 
of DM (Table 3). 

 
Table 3. Association of family history of hypertension and diabetes mellitus (DM) with cardio  

metabolic risk factors and metabolic syndrome 

Family history 
Total (n) 

M.S HBP WC BMI HDLC HTG IFG 

n (%) 

Family history of hypertension         
Yes 24 6 (25.0) 7 (29.2) 4 (16.7) 5 (20.8) 16 (66.7) 8 (33.3) 8 (33.3) 
No 381 34 (8.9) 92 (24.1) 5 (1.3) 17 (4.5) 220 (57.7) 105 (27.6) 48 (12.6) 

Total 405 40 (9.9) 99 (24.4) 9 (2.2) 22 (5.4) 236 (58.3) 113 (27.9) 56 (13.8) 
P - < 0.05 > 0.05 - < 0.05 > 0.05 > 0.05 < 0.05 
Family history of DM         

Yes 13 2 (15.4) 2 (15.4) 2 (15.4) 3 (23.1) 9 (69.2) 4 (30.8) 4 (30.8) 
No 392 38 (9.7) 97 (24.7 7 (1.8) 19 (4.9) 227 (57.9) 109 (27.8) 52 (13.3) 

Total 405 40 (9.9) 99 (24.4) 9 (2.2) 22 (5.4) 236 (58.3) 113 (27.9) 56 (13.8) 
P - > 0.05 > 0.05 < 0.05 < 0.05 > 0.05 > 0.05 > 0.05 

n: Number of subjects; M.S: Metabolic syndrome; HBP: High blood pressure; WC: Waist circumference for obesity; BMI: Body mass 

index for overweight; HDLC: High density lipoprotein cholesterol (< 40 mg/dl); HTG: high triglyceride; IFG: Impaired fasting glucose 
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Table 4. Association of caste with cardio metabolic risk factors and metabolic syndrome 

Caste Total  
(n = 810) 

M.S HBP WC BMI HDLC HTG IFG 

n (%) 

General 47 4 (8.5) 9 (19.1) 1 (2.1) 2 (4.3) 27 (57.4) 12 (25.5) 10 (21.3) 
OBC 187 24 (12.8) 54 (28.9) 7 (3.7) 13 (7.0) 113 (60.4) 57 (30.5) 30 (16.0) 
ST/SC 171 12 (7.0) 36 (21.1) 1 (0.6) 7 (4.1) 96 (56.1) 44 (25.7) 16 (9.4) 
Total 405 40 (9.9) 99 (24.4) 9 (2.2) 22 (5.4) 236 (58.3) 113 (27.9) 56 (13.8) 
P  > 0.05 > 0.05 < 0.05 > 0.05 > 0.05 > 0.05 > 0.05 

n: Number of subjects; M.S: Metabolic syndrome; HBP: High blood pressure; WC: Waist circumference for obesity; 

BMI: Body mass index for overweight; HDLC: High density lipoprotein cholesterol (< 40 mg/dl); HTG: high 

triglyceride; IFG: Impaired fasting glucose; OBC: Other Backward Classes; ST: Scheduled tribes; SC: Scheduled caste 

 
In the present study, the prevalence of 

dyslipidemia was found to be higher among 
other backward classes (Table 4). 

Discussion 

The overall prevalence of metabolic syndrome 
in the present study was 9.9%, which was on 
the higher side compared to the studies by 
Panda,5  Singh et al.,16 and Gupta et al.17 from 
India, which were 3.8, 2.6, and 3.3%, 
respectively.  Within the capital city of Iran, 
Esmaillzadeh et al. reported a prevalence of 
10.1% for the metabolic syndrome in 
adolescents aged 10-19 years (10.3 and 9.9% in 
boys and girls, respectively).18 Cook et al. also 
reported a 4.2% prevalence for metabolic 
syndrome in 12-19 year old group of 
adolescents, which increased to 6.4% in the 
National Health and Nutrition Examination 
Survey (NHANES) during 1999-2000.14 A 
comparatively higher prevalence of metabolic 
syndrome reported in the current study can be 
attributed to difference in study setting, 
population, and difference in the definition 
used for metabolic syndrome. 

Metabolic syndrome, in the present study, 
was significantly associated with a family 
history of obesity (P < 0. 05). It was found in the 
current study that the prevalence of metabolic 
syndrome was significantly higher, being 25% 
among those with a family history of 
hypertension as against 8.9% in subjects 
without a family history of hypertension  
(P < 0.05). Similarly, the prevalence of metabolic 
syndrome was significantly higher, being 18.6% 

among those with a family history of obesity as 
against 8.8% among those without family 
history of obesity (P < 0.05). Recent models 
identified some genes causing human obesity, 
which include leptin (LEP), leptin receptor 
(LEPR), melanocortin-4 receptor (MC4R), and 
pro-opiomelanocortin (POMC) genes. Deletion 
in POMC gene affects body weight and food 
motivation, thereby showing the importance of 
the overall leptin/melanocortin pathway on the 
obese phenotype.19 

The prevalence of metabolic syndrome was 
higher in females 182 (11.7%) than in males  
223 (7.7%), though it was not statistically 
significant. There was a considerable number 
of reports suggesting no significant difference 
in the prevalence of metabolic syndrome with 
age and sex. The cross-sectional survey of 
adolescents in Ho Chi Minh City showed an 
overall prevalence of metabolic syndrome as 
4.6%, and there was no difference by gender  
(P = 0.90), but the prevalence of metabolic 
syndrome was slightly higher in females 
(4.7%) than in males (4.6%).20 In contrary to the 
current finding, the study by Cook et al. 
reported a higher prevalence in males (6.1%) 
than in females (2.1%).14 In contrast, Panda PK5 
found a nearly equal prevalence of metabolic 
syndrome in males and females as 3.9 and 
3.8%, respectively.  

The reason for the gender differences in the 
prevalence of metabolic syndrome in the present 
study might be the different cutoff points set as 
criteria for metabolic syndrome like WC and 
HDLC. Moreover, the increase in the prevalence 
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of the metabolic syndrome is higher in females 
than in males worldwide, including developing 
South Asian countries, which is due to the 
increased obesity in females.21 

In the present study, the prevalence of 
obesity was found 2.2% (95% CI: 1.1-4.0) by 
WC percentile and that of overweight was 
5.4% by BMI.  

Similarly, Prasad et al. suggested that the 
prevalence of overweight and obesity was 
respectively 9.7 and 4.3% among teenagers 
aged 10 to 18 years.22 A study conducted by 
George et al. in Kerala among rural 
adolescents reported a prevalence of 
overweight and obesity as 16.0 and 7.0%, 
respectively.23 However, another study from 
Kerala among the rural school girls indicated 
that nearly 42.66% of subjects were 
overweight, whereas 8.7% were obese.24,25  

In the present study, the prevalence of 
overweight was found to be significantly 
higher in subjects with a family history of 
obesity, hypertension, and DM (P < 0. 05). 
Furthermore, the prevalence of obesity was 
found to be higher in children of families with 
higher (55.6%) monthly income (4th quartile) 
compared to those with lower monthly income 
(1st Quartile) and less educational 
achievements (< 7th class). Similarly, Goyal et 
al. suggested a positive association of obesity 
with a family history of obesity and higher 
economic level.25 However, in the USA, the 
prevalence of obesity was more in children of 
parents with lower monthly income and less 
educational achievement.5 

The overall prevalence of high blood 
pressure was found to be 24.4% (95% CI:  
18.6-26.7), 25.1% in females as against 23.6% in 
males. Another study from the rural central 
India found the prevalence of hypertension as 
6.8% and 7.0% in males and females, 
respectively.26 Moreover, the prevalence of 
adolescents’ hypertension vary between 
different populations within India. Goel et al. 
in their study on students aged 14-19 years in 

New Delhi found 6.4% of adolescents to be 
hypertensive.27 Kumar et al. from Patna, India 
showed an overall prehypertension prevalence 
of 10.9% in adolescents.28 

The prevalence of hypertension in teenagers 
is high in India compared to western countries 
like the USA where it was found to be 2.7-3.7% 
in different population-based surveys.26 
Variations  in the prevalence of hypertension 
among these studies could partly be attributed to 
differences in the study design, selection of 
different cutoff points for defining hypertension, 
age difference, number of visits made for 
measurement of BP, and type of instruments 
used for recording of the blood pressure.  

In contrast to several other studies, the 
present study did not find a significant 
association of family history of hypertension in 
adolescent with high blood pressure. Ezeudu 
et al. found that the prevalence of hypertension 
was higher among subjects with positive 
family history of hypertension.29 

The prevalence of hypertriglyceridemia and 
increased lower level of high-density 
lipoprotein cholesterol were found to be  
27.9% (95% CI: 23.7-32.4) and 58.3% (95%  
CI: 53.4-63.0), respectively. The prevalence of 
hypertriglyceridemia was found higher in 
females (29.6%) than in males (25.8%). 
Similarly, given the study by Krishna et al., 
hypertriglyceridemia was observed in 62.1% of 
girls and 47.8% of boys.30 

In the present study, the prevalence of 
dyslipidemia was found to be higher, among 
other backward classes. The possible causes of 
dyslipidemia in upper caste could be due to 
their higher socioeconomic groups, overeating 
dietary habit, low physical activity, and 
sedentary lifestyle.  

The prevalence of dyslipidemia was found 
to be higher in the subjects with family history 
of obesity, hypertension, and DM. Thus, the 
subjects from these families were at more risk 
of developing disease, including CVDs and 
DM in the future. 
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In the current study, 13.8% of subjects had 
IFG and 86.2% of them had normal glucose 
levels. The prevalence of IFG differed 
significantly (P < 0.05) with a family history of 
DM. Similarly, findings were also noted by 
Andrabi et al.7 in their study on the prevalence 
of MS in 758 school children (8-18-year-old) of 
Kashmir, India. 

The results of the present study revealed 
that clustering of the cardio-metabolic risk 
factors and metabolic syndrome is a major 
health problem in rural areas of developing 
countries.  Therefore, awareness of cluster of 
risk factors and preventive measures should be 
emphasized in population-wide prevention 
strategies in rural areas, primarily focusing on 
children and teenagers. The study was limited 
by its relatively small sample size and cross-
sectional design; we recommend a larger, 
prospective, cohort study, which will include 
all cardiometabolic risk factors and 
sociodemographic variables in the evolution of 
metabolic syndrome in teenagers. 

Conclusion 

The prevalence of metabolic syndrome is 
concerning even in rural India. Identification 
of cardiometabolic risk factors, i.e., family 
history of DM and hypertension at the early 
ages can be useful to prevent subsequent 
CVDs and DM in early adulthood. Families 
and health workers should be educated on 
integrated healthful lifestyles as measures to 
prevent early development and progression of 
cardiometabolic risk factors. 

Conflict of Interests 

Authors have no conflict of interests. 

Acknowledgments 

None. 

References 

1. Akinbodewa AA, Adejumo AO, Lamidi OA, 

Adeyemi O. Clustering of cardiometabolic risk 

factors among children and adolescents in a rural 

community in Ondo, southwest Nigeria. J Trop 

Pediatr 2020; 66(4): 366-76. 

2. Makkes S, Renders CM, Bosmans JE, van der Baan-

Slootweg OH, Seidell JC. Cardiometabolic risk 

factors and quality of life in severely obese children 

and adolescents in The Netherlands. BMC Pediatr 

2013; 13: 62. 

3. Council on Foreign Relations. The Emerging Global 

Health Crisis: Noncommunicable Diseases in Low- 

and Middle-income Countries. Washington, DC: 

Council on Foreign Relations; 2014. 

4. Gupta V, Millett C, Walia GK, Kinra S, Aggarwal A, 

Prabhakaran P, et al. Socio-economic patterning of 

cardiometabolic risk factors in rural and peri-urban 

India: Andhra Pradesh children and parents study 

(APCAPS). Z Gesundh Wiss 2015; 23(3): 129-36. 

5. Panda PK. Metabolic syndrome in children: 

Definition, risk factors, prevention and management-

a brief overview. Pediatr Oncall J 2019; 16: 67-72. 

6. Al-Hamad D, Raman V. Metabolic syndrome in 

children and adolescents. Transl Pediatr 2017; 6(4): 

397-407. 

7. Andrabi SM, Bhat MH, Andrabi SR, Kamili MM, 

Imran A, Nisar I, et al. Prevalence of metabolic 

syndrome in 8-18-year-old school-going children of 

Srinagar city of Kashmir India. Indian J Endocrinol 

Metab 2013; 17(1): 95-100. 

8. Jeemon P, Prabhakaran D, Mohan V, Thankappan 

KR, Joshi PP, Ahmed F, et al. Double burden of 

underweight and overweight among children (10-19 

years of age) of employees working in Indian 

industrial units. Natl Med J India 2009; 22(4): 172-6. 

9. Luepker RV, Evans A, McKeigue P, Reddy S. 

Cardiovascular survey methods. Geneva, 

Switzerland: World Health Organization; 2004. 

10. Asia-Pacific Steering Committee. The Asia-pacific 

perspective redefining obesity and its treatment. 

Melbourne, Australia: Health Communications 

Australia; 2000. 

11. Trinder P. Determination of glucose in blood using 

glucose oxidase with an alternative oxygen acceptor. 

Ann Clin Biochem 1969; 6(1): 24-7. 

12. Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. 

Enzymatic determination of total serum cholesterol. 

Clin Chem 1974; 20(4): 470-5. 

13. Burstein M, Scholnick HR, Morfin R. Rapid method 

for the isolation of lipoproteins from human serum by 

precipitation with polyanions. J Lipid Res 1970; 

11(6): 583-95. 

14. 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 



 

 

 
 

http://cdjournal.muk.ac.ir,    06 July 

Cardiometabolic risk factors with and-demographics Bhalavi et al. 

  102   Chron Dis J, Vol. 9, No. 3, Summer 2021 

Pediatr Adolesc Med 2003; 157(8): 821-7. 

15. American Diabetes Association. Clinical Practice 

Recommendations 2005. Diabetes Care 2005; 

28(American Diabetes AssociationSuppl 1): S1-79. 

16. Singh N, Parihar RK, Saini G, Mohan SK, Sharma N, 

Razaq M. Prevalence of metabolic syndrome in 

adolescents aged 10-18 years in Jammu, J and K. 

Indian J Endocrinol Metab 2013; 17(1): 133-7. 

17. Gupta A, Sachdeva A, Mahajan N, Gupta A, Sareen 

N, Pandey RM, et al. Prevalence of pediatric 

metabolic syndrome and associated risk factors 

among school-age children of 10-16 years living in 

district Shimla, himachal pradesh, India. Indian  

J Endocrinol Metab 2018; 22(3): 373-8. 

18. Esmaillzadeh A, Mirmiran P, Azadbakht L, Etemadi 

A, Azizi F. High prevalence of the metabolic 

syndrome in Iranian adolescents. Obesity (Silver 

Spring) 2006; 14(3): 377-82. 

19. Albuquerque D, Nobrega C, Manco L, Padez C. The 

contribution of genetics and environment to obesity. 

Br Med Bull 2017; 123(1): 159-73. 

20. Nguyen TH, Tang HK, Kelly P, van der Ploeg HP, 

Dibley MJ. Association between physical activity and 

metabolic syndrome: A cross sectional survey in 

adolescents in Ho Chi Minh City, Vietnam. BMC 

Public Health 2010; 10: 141. 

21. Beigh SH, Jain S. Prevalence of metabolic syndrome 

and gender differences. Bioinformation 2012; 8(13): 

613-6. 

22. Prasad RV, Bazroy J, Singh Z. Prevalence of 

overweight and obesity among adolescent students in 

Pondicherry, South India. Int J Nutr Pharmacol 

Neurol Dis 2016; 6(2): 72. 

23. George S, Binu J, Joseph BB. A study on the prevalence 

of overweight and obesity and its influencing factors in 

rural adolescent school going children in Kerala, India. 

Int J Curr Res Rev 2012; 4: 89-99. 

24. Jacob JK, Jacob SK, George SB. Prevalence of 

overweight and obesity in adolescent children: A 

cross-sectional study. Int J Sci Study 2016; 4(6): 50-4. 

25. Goyal RK, Shah VN, Saboo BD, Phatak SR, Shah 

NN, Gohel MC, et al. Prevalence of overweight and 

obesity in Indian adolescent school going children: 

Its relationship with socioeconomic status and 

associated lifestyle factors. J Assoc Physicians India 

2010; 58: 151-8. 

26. Patel A, Bharani A, Sharma M, Bhagwat A, Ganguli 

N, Chouhan DS. Prevalence of hypertension and 

prehypertension in schoolchildren from Central India. 

Ann Pediatr Cardiol 2019; 12(2): 90-6. 

27. Goel R, Misra A, Agarwal SK, Vikram N. Correlates 

of hypertension among urban Asian Indian 

adolescents. Arch Dis Child 2010; 95(12): 992-7. 

28. Kumar P, Kumar D, Ranjan A, Singh CM, Pandey S, 

Agarwal N. Prevalence of hypertension and its risk 

factors among school going adolescents of Patna, 

India. J Clin Diagn Res 2017; 11(1): SC01-SC04. 

29. Ezeudu CE, Chukwuka JO, Ebenebe JC, Igwe WC, 

Egbuonu I. Hypertension and prehypertension among 

adolescents attending secondary schools in urban area 

of South-East, Nigeria. Pan Afr Med J 2018; 31: 145. 

30. Krishna P, Roopakala PKK, Kumar P. Dyslipidemia 

in type 1 diabetes mellitus in the young. Int J Diab 

Dev Ctries 2005; 25(4): 110-2. 


