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Introduction

The American Diabetes Association (ADA) guidelines 
indicate that children who are above the 85th percentile for 
age and gender with additional risk factors should be screened 

for diabetes [1]. Overweight and obese adolescents with type 
2 diabetes are at risk of developing heart disease and other 
diabetes related complications before the age of 35 years [2]. 
The prevalence of Cardio-metabolic risk factors in many 
children has increased substantially over the last 15 years, 
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and a study conducted in South India has shown that 68% of 
children have at least one elevated risk factor [3]. Clustering 
of these risk factors will result in enormous personal, societal, 
and economic costs for many decades. Strategies to address 
this problem are needed immediately, as prevention of cardio-
metabolic disorder is far preferable to treatment [4].

Presence of cardiovascular risk factors in youth is known 
to be associated with the extent of arterial wall damage and 
intima-media thickness [5]. Given that many cardio-metabolic 
risk factors track through adolescence and into adulthood, it is 
vital that these risks be assessed as children progress through 
puberty and into early adulthood [6,7]. Thus, assessment and 
modulation of CVD risk factors during childhood is essential. 
Further, there is a need for effective interventions that target 
reduction of cardio-metabolic risk factor levels beginning at 
an early age.

Hypertension and Obesity in Youth (AHOY) recently 
emphasized that besides clinical set up, schools were 
important stakeholders in population-based health promotion 
and risk-reduction efforts [8]. The primary objective of the 
study was to assess the cardiometabolic risk among school 
children using standardized non-invasive tools. Our central 
hypothesis is that screening and recruitment will be effective in 
identifying children at high risk for cardio metabolic diseases 
and successfully enrolling them in a lifestyle modifi cation 
program. To accomplish this objective, validated non-invasive 
tools to assess cardiovascular risk (the Healthy Heart Score) 

[4] and diabetes risk (Indian Diabetes Risk score) [1], score 
were used in present study to stratify the cardio metabolic risk 
among the children. The impact of life style intervention on the 
knowledge regarding preventive strategies for cardio metabolic 
risk reduction (Diet and Physical Activity, Weight control) was 
also delineated. 

Materials and Methods

Approval from the Institutional Ethics Committee was 
obtained before initiating the study (N-EC/2019/04/49).

Study design: Prospective, Interventional type of study

Study site: MGM School, Nerul, Navi Mumbai

Sample size: Three hundred and fi ve (305) children were 
screened to identify overweight and obese children. 

Study conducted by Pawar, et al. demonstrates the 
prevalence of overweight and obesity among South Mumbai 
children as 17.5% and 7.8 % respectively [9].

Assumptions: Educational intervention study prior data 
indicates that difference in the response of matched pairs is 
normally distributed with standard deviation 4.  If the true 
difference in the mean response of matched pairs is 2.25, we 
will need to study 30 obese and overweight children to be able 
to reject the null hypothesis that this response difference is 
zero with probability (power) 0.9. The Type I error probability 
associated with this test of this null hypothesis is 0.05.

Study population: Children who conform to the specifi ed 
Inclusion and Exclusion Criteria were enrolled for the study.

• Inclusion criteriaAge ≥10 years of age 

• Obese and overweight children (Age specifi c BMI cut-
off values corresponding to Adult equivalent BMI of 23 
and 28 kg/m2, Khadilkar, et al. 2002) [10].

• Children and whose parents agreed to sign the informed 
consent form.

Exclusion criteria

• More than 18 years

Case Record Form (CRF)

A CRF was prepared to record the following information of 
the school children 

1. Demographic profi le: Age, Gender

2. Anthropometry: BMI and waist Circumference.

3. Lifestyle 

• Physical activity: refers to the previous 7-days 
and required children to recall, activities that they 
participated in over the previous week [11]. 

• Dietary habits: The children were required to recall 
previous 7-days dietary habits. 

4. Cardiovascular fi tness: The test begins with children 
running 20-m laps at 8.5kmph. Running speed 
increases by 0.5kmph after each 1-min stage. Children 
continue running until they can no longer maintain the 
pace. The test has been shown to be a valid and reliable 
measure of cardiovascular fi tness in children [12].

5. Blood pressure: A systolic and diastolic blood pressure 
was recorded using sphygmomanometer. 

6. Healthy heart score for assessment of CVD risk: Thus, 
Healthy Heart Scores could range between 5and 18 
with lower scores representing a more favourable CVD 
risk factor profi le (Low CVD risk (Score less than 5), 
Moderate CVD risk (Score between 6-10) and High CVD 
risk (Score between 11-14).

Scoring: SBP and DBP score 1 ≤ 75th percentile, score 
2 = 76th-85th percentile, score 3=86th-95th percentile and 
score 4 ≥95th percentile; BMI >95th percentile (score 4) and 
overweight as BMI between 85th-95th percentile (score 3), 75-
85th percentile (score 2) and BMI <75th percentile (score 1). 
Physical activity > 60 min (score 1), 30-60 min (score 2), < 
30 min (score 3). Cardiac fi tness (No of 20m laps completed) 
above (score 1), within (score 2) or below (score 3) criterion 
based age and sex appropriate values.

7. Assessment of diabetes risk: Indian diabetes risk 
score tool was used to assess the risk of development 
of diabetes among school children based on their Age, 
abdominal Obesity, Physical activity and family history 
of diabetes. 
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Scoring: Risk Interpretation as high, moderate and low risk 
if their IDRS score is ≥60, 30-50 and <30 respectively. Children 
having scores <30 fell under low diabetes risk category, between 
30-50 as moderate risk and >60 as high diabetes risk category.

8. Study procedure: School children between the age of 
10 to 18 years were screened to identify the overweight 
and obese children who were enrolled for the study 
after taking written informed consent from their 
parents. Assent was also taken from the children. 
Subsequently the parameters mentioned on the CRF 
were fi lled up. The Healthy Heart Score and diabetes 
risk score for assessment of cardio-metabolic risk was 
used to stratify the overweight and obese children into 
risk categories (low, moderate, high). The children’s 
baseline knowledge on preventive Strategies for cardio 
metabolic risk modifi cation were scored. Subsequently, 
the children were counseled on preventive strategies 
for cardio-metabolic Risk Reduction and thereafter 
re-administered the same questionnaire to assess the 
impact of educational intervention. 

Data analysis and statistical methods

SPSS software was used to summarize the children’s survey 
responses. Mean + SD was used to summarize the study results. 
Student t test was used to compare the pre and post counselling 
scores of the school children. P <0.05 was considered as 
statistically signifi cant.

Results 

Disposition summary of type II diabetic patients

Three hundred and fi ve (305) school children were screened 
for Cardio-metabolic risk stratifi cation and overweight as well 
as obese children were selected for life style interventions for 
risk reduction (Figure 1). 

Socio-demographic and anthropometric profi le of 
school children

Socio-demographic: A total of 305 children from classes 6th 
to 10th of MGM School, Nerul were screened for categorizing 
them into obese and overweight category. They fell under 
the age group of 10-16 years with an average age of 13.15. It 
included 176 males and 129 females.

Anthropometric: Patterned gradual increase in height 
was seen among school children beginning from classes 6th 
to 10th with an average height of 154.33 + 10.2 cm. Similarly, 
considering the weight there is gradual increase in body weight 
starting from lower classes. However 10th grade shows fall in 
weight taken from averages. The combined average BMI rounds 
to 18.76 + 2.2.

Categorization of students as per BMI into overweight 
and obese

After calculating the BMI which is a considered a reliable 
tool for determining obesity, 10.16% (i.e 31) children were 
found to be overweight and 3.93% (i.e 12) were obese out of the 

total 305 children. Rest of the children was under the normal 
BMI category (Table 1). 

Distribution of diabetes risk among obese and ove-
rweight children

Post categorization, depending on their age, waist 
circumference, physical activity and family history, the 
children were stratifi ed into low, moderate and high diabetes 
risk categories. Only 1% of school children were found to be 
under low diabetes risk, 61.3% under moderate risk and 35.5%  
under high diabetes risk out of the 31 children categorized to be 
obese and overweight.

Among the 31 children with high BMI, were divided into 
two categories-obese and overweight. 22 fell under overweight 
category and 9 under obese category. Only 1 child in the 
overweight category fell under low diabetes risk. Maximum 
number of overweight children fell under moderate risk of 
diabetes (68.2%). Distribution of obese children into moderate 
and high risk is almost equal with 44.4% and 55.5% respectively 
(Figure 2).

Distribution of Cardiovascular Disease (CVD) risk 
among obese and  overweight children

Based on their BMI, systolic blood pressure, diastolic blood 
pressure, cardiac fi tness and physical activity, the children were 
categorized  into low, moderate and high CVD risk categories 
(scores <5 in low category, 6-10 under moderate category and 
>11 under high risk category) The highest score noted among 
school children was  found to be 18.

 
Impact of educational intervention assessed 

Structured Counselling regarding Preventive lifestyle statergies for Cardiometabolic risk 
Modification 

Children startified into low, moderate, high cardiometabolic risk cateogories

Cardiometabolic disease risk profile determined

Demographic profile, lifestyle noted

Administered Case record form

Overweight and Obese  children meeting the inclusion criteria, enrolled for the study

Based on BMI values, Overweight and Obese children identified

Children between the age group of 10 to 16 years attending school screened 

Figure 1: Disposition summary of Cardio-metabolic risk stratifi cation and life style 
interventions for risk reduction among overweight and obese children.

Table 1: Categorization of Students as per BMI into Overweight and Obese.

Class
No of 

Students
Normal (BMI<23)

Overweight (BMI: 
23-28)

Obese (BMI>28)

(Std) (N) (N) (Percentage) (N) (Percentage) (N) (Percentage)

10 70 66 94.28571 2 2.857143 2 2.857143

9 59 43 72.88136 11 18.64407 5 8.474576

8 51 42 82.35294 6 11.76471 3 5.882353

7 61 54 88.52459 6 9.836066 1 1.639344

6 64 57 89.0625 6 9.375 1 1.5625

Total 305 262 85.90164 31 10.16393 12 3.934426
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 Almost all obese children (88.9%) i.e 8 out of 9 children 
had high CVD risk. The two children mentioned earlier had 
BMIs above the 95th percentile and fell under this category. 
15 overweight children (68.2%) fell under the high CVD risk 
category while 7 fell under moderate CVD risk (Figure 3).

Profi le of obese and overweight children

Among the overweight children 72.7 % had waist 
circumference (>+2 SD) compared to age matched controls 
whereas 100 % children had waist circumference (>+2 SD) in 
the obese group. Systolic and diastolic blood pressure (>+2 
SD) was encountered among 4.5 % of the overweight children 
compared to 11.1 % in the obese group (Table 2).

Lifestyle pattern among overweight and obese children

Intake of fruits & vegetable Intake /day (400-500 g) was 
noted among 27.3 % children who were overweight as compared 
to 11.1% obese children. Salt restriction (<5 g/day) was noted 
among 27.3 % belonging to overweight category as compared 
to 11.1% obese children. Saturated fat restriction (<30 % of 
total calories) was encountered in 27.3 % overweight children 
as compared to 0 % children who were obese. Physical activity 
less than 30 min was encountered in 9.1% school children who 
were overweight compared to 33.3 % obese children (Table 3).

Impact of Structured Educational Intervention on 
Knowledge regarding cardio-metabolic risk modifi cation 
among school children.

The school children’s baseline knowledge on Preventive 
Strategies for Cardio-metabolic Risk modifi cation was scored. 
Subsequently, the children were counseled based on WHO CVD 
Risk Reduction Guidelines and thereafter re-administered 
the same questionnaire to assess the impact of educational 
Intervention. Counseling resulted in a signifi cant increase 
in knowledge regarding preventive Strategies for Cardio-
metabolic risk modifi cation. Post Counseling the total score 
and score related to item: diet (p<0.05) improved signifi cantly 
as compared to Pre-Counseling scores (Figure 4). Majority of 
the school children found the counseling to be useful, complete 
and balanced.
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Figure 2: Distribution of Diabetes Risk among Obese and Overweight children.
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Figure 3: Cardiovascular disease Risk among Obese and Overweight children.

Table 2: Profi le of Overweight and Obese Children.

Overweight (n=22) Obese (n=9)

Number Percentage Number Percentage

Gender

Male (N=24) 17 77.3% 7 77.7%

(Female (N=7) 5 22.7% 2 22.2%

BMI 22 71% 9 29%

Waist Circumference

More than + 1 SD 6 27.3% 0 0%

More than + 2 SD 16 72.7% 9 100%

Systolic Blood Pressure

More than + 1 SD 2 9.1% 3 33.3%

More than + 2 SD 1 4.5% 1 11.1%

Diastolic Blood Pressure

More than + 1 SD 0 0% 0 0%

More than + 2 SD 1 4.5% 1 11.1%

Table 3: Lifestyle Pattern among Overweight and Obese Children.

Overweight Obese

Number Percentage Number Percentage

Dietary Pattern

Intake of fruits & vegetable Intake /day (400-500 g )

Always 6 27.3% 1 11.1%

Sometimes 14 63.6% 8 88.9%

Never 2 9.1% 0 0%

Practice salt restriction (<5 g/day)

Always 6 27.3% 1 11.1%

Sometimes 0 0% 4 44.4%

Never 16 72.7% 4 44.4%

Practice saturated fat restriction (<30 % of total calories)

Always 6 27.3% 0 0%

Sometimes 13 59.1% 4 44.4%

Never 3 13.6% 5 55.6%

Physical Activity

More than 60 min 3 13.6% 1 11.1%

Between 30-60 minutes 17 77.3% 5 55.6%

Less than 30
minutes

2 9.1% 3 33.3%
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sensitivity of 72.5% and a specifi city of 60.1% and is based 
on the largest population based study in India [19]. Similarly 
a Healthy Heart Score for Assessment of CVD risk which uses 
established risk factors that can be easily assessed in a school 
environment was used. It was independent of both age and 
sex and acknowledged both number and severity of CVD Risk 
factors [20].

Wit h help of the different percentile charts from Indian 
Academy of Pediatrics (IAP) including the Revised IAP Growth 
charts for height, weight and BMI [10], SBP and DBP percentiles 
by age and gender [21] and waist circumference percentiles for 
Indian children 3-16 years of age (Kuriyan, et al. [22]), the 
children were classifi ed into low, moderate and high CVD and 
Diabetic risk. 80% had waist circumferences >95th percentile, 
22.5% had SBP >85th percentile, 28% had BMI >95th 
percentile. 61.3% children had moderate risk and 35.5% had 
high risk of diabetes and maximum number of children who 
fell under moderate risk of diabetes (68.2%) were overweight. 
Distribution of obese children into moderate and high risk was 
found to be 44.4% and 55.5% respectively. For CVD Risk, 25.8% 
children presented with moderate risk and 74.2%  with high 
risk while 0% presented with low risk. It was observed that 
31.2% of overweight had moderate and 68.2% had high risk of 
CVD; 11.1% of obese had moderate and 88.9% had high risk of 
CVD. Thus, 35.5% children who were overweight or obese had 
high diabetes risk and 74.2% children had high CVD risk in their 
adulthood. Studies show that uncontrolled body weight present 
as major culprits in development of diabetes and cardiovascular 
diseases like atherosclerosis, myocardial infarction and stroke 
in the future [9]. Therefore, efforts should be made to keep 
body weight under permissible limits.

Clinical profi le and life style pattern among obese 
and overweight children

Among the overweight children 72.7 % had waist 
circumference (>+2 SD) compared to age matched controls 
whereas 100 % children had waist circumference (>+2 SD) in 
the obese group. Systolic and diastolic blood pressure (>+2 
SD) was encountered among 4.5 % the overweight children 
compared to 11.1 % in the obese group. Thus, central obesity 
and hypertension are important determinants of increased 
cardio-metabolic risk and therefore need to be addressed to 
reduce the burden of diabetes and cardiovascular disease 
related morbidity and mortality.

Looking at the lifestyle pattern among obese and overweight 
children abstinence of intake of fruits & vegetable Intake /day 
(400-500 g) was noted in 9.1% children who were overweight. 
Abstinence of Salt restriction (<5 g/day) was noted among 72.7 
% belonging to overweight category as compared to 44.4% 
obese children. Not practicing saturated fat restriction (<30 
% of total calories) was encountered in 13.6 % overweight 
children as compared to 55.6 % children who were obese. 
Physical activity less than 30 min was encountered in 9.1% 
school children who were overweight compared to 33.3 % obese 
children. This shows that the children were lacking in baseline 
knowledge regarding lifestyle habits and needed guidance.

Discussion

Childhood obesity is on the rise in India especially in the 
urban areas. Prevalence of obesity among school children in 
India varies between 5.74% to 8.82% [13,14]. Studies have 
reported that 21.4% boys and 18.5% girls are either obese or 
overweight in South India [12,15]. In the present study out of 
the 305 children who were screened 10.16% were overweight 
and 3.93% were obese. Studies have reported that in children 
above 5 yr, the prevalence of obesity varied between 2 to 8 per 
cent [10]. Overweight rates were around two times higher and 
seem to be more in northern and eastern India than in southern 
India. One study from Srinagar reported a high prevalence rate 
of 25 per cent, probably due to the smaller numbers studied 
and being from affl uent families [16]. The least prevalence of 
obesity was reported from Nagaland (2.3%) and the maximum 
from New Delhi (29%) [14-16].

Cardio-metabolic risk among obese and overweight 
children

Childhood obesity strongly correlates with insulin 
resistance and type-2 diabetes. Moreover, severe obesity occurs 
in a majority of diabetic youth, and the emergence of pre-
diabetes and type-2 diabetes in children closely correlated in 
time with the childhood obesity epidemic. A direct pathological 
association of obesity with cardiovascular disease may be 
mediated by increased preload and vascular damage. When 
combined with ectopic fat accumulation in the myocardium, 
increased ventricular stiffness leads to vascular dysfunction, 
hypertension and left ventricular hypertrophy. Independently, 
obesity-associated insulin and leptin resistance also promote 
infl ammation and endothelial dysfunction which increases 
arterial stiffness, susceptibility to plaque formation and 
accelerated atherosclerosis [17,18]. The myriad of cardio 
metabolic complications associated with diabetes will make the 
disease a public health problem in the future.

In the present study the cardio metabolic risk among 
school children who were overweight and obese was assessed 
using validated scales. Diabetes prediction tool like the Indian 
Diabetes Risk score, a simple user friendly tool modeled by 
Mohan, et al. from their Chennai Urban Rural Epidemiology 
Study cohort was used in the present study. The IDRS has a 
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Structured educational Intervention for cardiometabolic 
risk reduction

Overweight and obese children were administered 
structured counseling for CVD and Diabetes risk reduction. 
Also, the impact of structured counseling on the knowledge 
regarding cardiometabolic risk reduction was assessed.

The children who were obese and overweight were 
counseled based on WHO CVD Risk Reduction Guidelines and 
thereafter re-administered the same questionnaire to assess 
the impact of structured counseling. Educational Intervention 
resulted in a signifi cant increase in knowledge regarding 
preventive Strategies for Cardio-metabolic risk modifi cation. 
Post Counseling the total score and score related to item: diet 
(p<0.05) increased signifi cantly as compared to pre-Counseling 
scores. Majority of the school children found the counseling to 
be useful, complete and balanced.

Current clinical guidelines for childhood obesity are 
lifestyle, dietary and exercise interventions for prevention 
and management of obesity and using BMI to measure the 
success of the intervention along with other approaches like 
pharmacotherapy and bariatric surgery [23]. However, several 
studies adhere to the most common interventions for childhood 
obesity that include eating a healthy diet, increasing moderate-
to-vigorous physical activity and reducing sedentary activities 
[24].

In another study which focused mainly on exercise 
programs in treating childhood obesity, procured that regular 
exercise decreases BMI, Blood pressure, waist circumference 
and LDL-C which are also causes of metabolic syndromes. 
Regular short-term (10 weeks) exercise program had a positive 
infl uence in prevention and treatment of obesity such as 
reducing body weight and insulin resistance preventing type-
2-DM. Long-term exercise programs, one lasting 12 weeks, 
demonstrated improvements in endothelial function on adult 
individuals with diabetes and impaired glucose tolerance and 
short-term programs (4 weeks) improve arterial function in 
individuals with pre or mild hypertension [25].

Results of the present study have provided baseline 
information on the CVD risk profi le, diabetes risk profi le 
and life style intervention for obese children. The purpose of 
emphasizing the recommendations elaborated in the WHO 
guidelines through structured counseling is to motivate and 
assist cardio metabolic high-risk individuals to lower their 
cardiometabolic risk by: making healthy food choice, being 
physically active, reducing body mass index, lowering blood 
pressure, lowering blood cholesterol, controlling glycaemia, 
restricting salt intake.

Consumption of easily available savory fast foods sold at 
affordable prices and ignorance of parents towards the child’s 
eating habits are some the major etiological factors of obesity. 
Similarly, replacement of outdoor sports and physical activity 
by digital gaming platforms, having a sedentary lifestyle 
further amplifi es the risk of becoming obese and developing 
cardiovascular or metabolic diseases in adulthood [26].

Childhood obesity is on the rise. Obesity leads to many 
complications like type 2 diabetes mellitus and cardiovascular 
diseases, stroke, etc. The sample size used in the present study 
is a limitation and also the fact that long term follow up to 
determine how the educational intervention translates into 
clinical benefi ts does not fi t in the scope of the study. Although 
the preliminary results are interesting and meaningful; 
this issue warrants intensive studies of the prevalence of 
cardiometabolic risk among overweight and obese children and 
structured intervention for risk reduction. 

Conclusion

Healthy heart score for assessment of CVD risk and IDRS 
predicts that around 74.2% and 35.5% of obese and overweight 
children have High Risk of developing cardiovascular diseases 
and diabetes respectively in adulthood. Counseling resulted 
in a signifi cant increase in knowledge {related to weight 
control, salt intake, saturated fat restriction, physical activity, 
maintaining blood pressure} regarding preventive strategies 
for CVD and Diabetes Risk modifi cation. Early identifi cation of 
cardio metabolic risks in children with obesity is affi rmed to 
prevent long-term complications.
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