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INTRODUCTION

The last quarter of the twentieth century has seen childhood 
obesity emerging as an epidemic in developed countries and 
a cause of concern worldwide as it is being reported in sig-
nificant numbers from nations previously considered poor or 
developing. Still, it is observed that 30% of obesity begins 
in childhood and out of that 50-80% become obese adults.1 

While the prevalence and factors associated with adolescent 
overweight and obesity in the developed world have been well 
documented, the same is not true for the developing world.2 
India being a country of a diverse population, it has regions 
still struggling with the burden of malnutrition, but at the same 
time, there are rapidly emerging population sub-groups that 
are falling into the trap of affluence related problems.3

The two areas of greatest interest in studies that have at-
tempted to link school performance and health are diet and 

physical activity. Although the impact of diet and nutrition 
on school performance in developing countries is difficult 
to assess and can be confounded by socioeconomic status, 
school factors and other variables4, there is growing and con-
vincing evidence for a link between diet and academic per-
formance in countries with advanced economies. Research 
has shown that malnourished children or children who eat 
unhealthy diets, for example, manifest several behaviours 
that can interfere with learning and academic performance.5,6 
To address these concerns, this study was designed to ex-
plore the longitudinal associations of Body Mass Index on 
academic performance among School going adolescents of 
Madurai District, Tamil Nadu, India and to the best of our 
knowledge, no such study has been conducted in this area 
earlier.
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ABSTRACT
Background: This study examined the prevalence of overweight, obesity and the association between BMI and Academic per-
formance in Indian school-going adolescents.
Methods: A school-based cross-sectional study was carried out in various government and private schools of Madurai District, 
Tamil Nadu, India to identify the prevalence rates of overweight and obesity among urban schoolgoing adolescents studying in 
fifth to twelfth classes of both genders. A pre-tested questionnaire was used to elicit information on family and individual charac-
teristics. Height and weight were measured and BMI was calculated.
Results: Overall prevalence of overweight and obesity was found to be 1.66 % and 5.05% respectively. The mean BMI of both 
genders showed a significant decrease with age. Amongst genders, girls had higher mean BMI values within each age group. 
Statistical results reveal that the changes in body mass index were highly related to academic performance in both of the school 
setups at a 1% level of significance(Private Schools - χ2 = 2.470; Government Schools - χ2 =20.051 p≤ 0.00).
Conclusion: Academic performance as an adolescent has significant implications for future adult health and social well-being; 
therefore, understanding factors that contribute to academic achievement are vital for the future success of these adolescents.
Keywords: Prevalence, Obesity, Adolescent, School going, Academic Performance
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MATERIALS AND METHODS 

Study Area and Sample Size 
Madurai District in Tamil Nadu, India is one of the ma-
jor cities of Tamil Nadu and 25th most populated city in 
India.7Madurai has been a known academic centre for Ta-
mil Culture, arts, Literature, music and dance for centuries. 
Hence, it was selected as a study area based on the author’s 
research direction on identifying the overweight and obesity 
prevalence and its association with Academic performance.

A cross-sectional study was carried out from February to 
April 2018 upon school children of both sexes, aged 13-
18 years, from the Madurai District, Tamil Nadu, India. 
The sample size was statistically determined using power 
calculations. The sample size was calculated using the for-
mula n = N*X / (X + N – 1), where, X = Zα/2

2  *p*(1-p) / 
MOE2. Zα/2 is the critical value of the Normal distribution 
at α/2 (e.g. for a confidence level of 95%, α is 0.05 and the 
critical value is 1.96), MOE is the margin of error, p is the 
sample proportion, and N is the population size.  Note that 
a Finite Population Correction has been applied to the sam-
ple size formula.8 With Margin of Error: 1.47%, Confidence 
Level: 99%, Sample Proportion: 50%, the Sample Size for 
the above-mentioned population is 7657. For better conveni-
ence, the sample size has culminated to 7660.

Informants 
Six Government & Government-aided schools and five pri-
vate schools have been chosen for the study. In all eleven 
schools, 7660 subjects were screened for the prevalence of 
overweight and obesity, which included 5339 school chil-
dren from Government and Government aided schools, 
2321 school children from private schools. 6.71 % (514) 
of children fall under the overweight and obesity category, 
whereas the rest of them falls either in the normal or un-
derweight category. Out of 5339, 63 (1.17%) children were 
overweight and 233 (4.36 %) were obese in Government and 
Government aided Schools (5.53 %) whereas 64 (2.75 %) 
were overweight and 154 (6.63 %) were obese out of 2321 
children from private schools (9.38 %). These 514 school go-
ing children were considered as respondents to elicit further 
information (Figure 1).

Questionnaire
A pre-tested, Semi-Structured and validated questionnaire 
was provided in both English and local language-Tamil. The 
required information was elicited through the direct inter-
view method. Socio-Demographic data were collected in 
the form of gender, age, educational qualification, monthly 
household income and occupation of the informant. So-
cioeconomic status was assessed using the Kuppuswamy 
scale, a standardized scoring system for the urban Indian 

population.9The people interviewed were representing both 
urban and rural lifestyles.

The questionnaire included both the open and closed ques-
tions, which inquired about the informant’s individual 
characteristics like residence, type of school, religion, type 
of family, family history and dietary habits. Students were 
asked to self-report their average grades (%) obtained in 
their previous examination. Children were interviewed about 
the father’s occupation in the presence of the school teacher. 
The help of the school teacher was also taken if the child 
had any problem in explaining the father’s occupation. Dur-
ing data collection, the school authorities were asked to ac-
company us to the respective classes. An initial pilot study 
was undertaken with 10 informants; the questionnaire and its 
components were discussed with the informants to determine 
whether they found any aspect of the questionnaire difficult. 
After minor revisions, the final questionnaire was used for 
the survey.

Measures

Body Mass Index
Since BMI values are sensitive to changes in fat distribution 
and the development of muscle during puberty, we calcu-
lated and used a BMI z-score for each student’s age within 
the 2- year spread in the age of our study population.10

A child was labelled as underweight when BMI was less 
than or equal to the fifth percentile; labelled as overweight 
when BMI exceeded the eighty-fifth percentile and labelled 
as obese when BMI exceeded the ninety-fifth percentile for 
that age and sex. 

For labelling a child as underweight, normal, overweight or 
obese, the frequencies of BMI cutoffs relative to the National 
Centre for Health Statistics (NCHS)/World Health Organiza-
tion (WHO) reference data (CDC Charts) 11 were used.

Academic Performance
Academic performance was measured as the aggregate per-
centage of marks scored in subjects such as Language, Math-
ematics, Science, and Social Studies. All students took the 
same tests in school and the scores which ranged from 0 to 
100 were extracted from the school records at the end of each 
grade.

Statistical Analysis
The data obtained through the questionnaire were coded, clas-
sified and entered into MS Excel sheets for further statistical 
analysis. Data recorded were analyzed using SPSS version 
21.0. Descriptive statistical techniques were used to provide 
a summary of data in the form of mean, median and standard 
deviation for almost all the quantitative data. The Association 
between the Socio-demographic characteristics across the 
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BMI and Academic Performance were performed using cross-
tabulation: Chi-square test. Descriptive statistical analysis was 
used to present the general details and responses.

RESULTS

Table 1 represents the sample of 514 students comprising 
310 females and 204 males.  There were more girls than boys 
(60.78 vs. 39.22 %) in the total sample. Of the total 310 fe-
males, 210 (41.55 % of total students) and 100 (19.23% of 
total students) were from government and private schools, 
respectively. Similarly, of a total of 204 males, 82 (15.76 % 
of total students) and 122 (23.46% of total students) were 
from government and private schools respectively. In Gov-
ernment Schools, the largest group (24.48%) comprised of 
13-14 years old and the smallest (11.35%) of 15-16 years 
old. Similarly, in private schools, the largest group (31.15%) 
comprised of 13-14 years old and the smallest (4.62%) of 
17-18 years old.

Table 2 shows the prevalence of overweight and obesity 
among school-going adolescents.  In Government Schools, 
49 girls were overweight and 167 girls were obese when 
compared with 28 overweight and 68 obese girls from Pri-
vate schools. Similarly, In Government Schools, 13 Boys 
were overweight, 67 boys were obese when compared to 37 
overweight and 85 obese boys from Private schools. An as-
sociation of BMI with both gender and schools (Government 
and Private) was statistically significant (p<0.00). Girls from 
Government schools were found to be overweight and obese 
than girls from Private schools. On the contrary, Boys from 
Private schools were overweight and obese than boys from 
Government schools.

Table 3 shows the frequency distribution of obese and over-
weight adolescent children from different school sectors 
and grades of academic performance (‘Very good’; ‘Good’; 
‘Average’ and ‘Below average’). In Private Schools, major-
ity of overweight students fall under the Average (19.68) and 
very good marks (15.74) category, whereas in Government 
Schools, most of the overweight students were of Average 
marks (18.89) category and Good marks (11.81) category. 
With respect to Obese Students, the majority of them per-
formed averagely (16.79 & 34.10) in both Private and Gov-
ernment Schools. Statistical results reveal that the changes in 
body mass index were highly related to academic performance 
in both of the school setups at 1% level of significance which 
is also consistent with previous cross-sectional studies.

DISCUSSION

Obesity among children in India has become a public health 
problem (prevalence >5%). In the present study, overweight 
and obesity were found to be 1.66% and 5.05%, respectively, 

together constituting 6.71% for overweight/obesity. Further-
more, it is higher than that of studies found in various parts 
of India such as Lucknow city, Delhi, and Wardha.12,13,14This 
might be because of the inclusion of children from both rural 
and urban areas studying in government and private schools 
in contrast to other studies where they have included only 
rural areas or Government schools.

In the present study, the mean body mass index (BMI) of 
both genders showed a significant decrease with age. Be-
tween genders, females had higher mean BMI values within 
each age group. The reason for this finding may be attrib-
uted to the fact that in children, BMI changes physiologically 
(substantially) with age and sex. Mahajan et al. reported that 
the mean BMI of both genders showed a significant increase 
with age in Shimla city which is in contrast to the results of 
the present study. This may also be due to the difference in 
age group and the place of the study. But, the similarity was 
found in the gender description, as females had higher mean 
BMI Values than Males.15 Similar findings have also been 
reported by Misra et al.16 and Kunwar et al.17 Higher prev-
alence of obesity among adolescent girls may be linked to 
early attainment of puberty as compared to boys. Post puber-
tal adolescent girls in the socio-cultural milieu of developing 
countries like ours have very low levels of physical activity 
that is mainly restricted to household chores. Their participa-
tion in outdoor games and other health-enhancing physical 
activities are much less as compared to boys.

The present study results revealed a strong association be-
tween the Body Mass Index and Academic Performance 
in both the school sectors. Literature regarding the BMI-
academic performance, the relationship remains equivocal. 
BMI or obesity is negatively associated with academic per-
formance among schoolchildren in some studies.2,19Others 
(adjusted with other forms of fitness) have indicated no 
significant association.18,20 Some studies have demonstrated 
that cognitive ability is influenced by obesity and the likeli-
hood of being obese is influenced by the quality of nutri-
tion.21 Obesity has also proven to lead to mental and emo-
tional problems, such as anxiety and depression.22 There is 
some potential explanation for reveres association between 
student grades average and BMI: firstly, as proven in previ-
ous studies, there is a significant correlation between high 
BMI and depression that could strongly affect student per-
formance.23,24 Noting that, a study in North Korea on 405 stu-
dents confirmed that, psychological problems in overweight 
and obese student are the major cause of poor school per-
formance rather than their body image.25 Besides, obese stu-
dents are mostly less physically activated which lead them to 
experience lower school performance compared with normal 
BMI students.26-29 Numerous studies have been performed 
across the United States on whether or not physical fitness 
levels have a significant positive correlation with academic 
achievement.30-33
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CONCLUSION

Obesity continues to be the most important preventable risk 
factor for lifestyle diseases. The prevalence of overweight 
and obesity among school-going adolescents has increased 
when compared with the previous studies. To mitigate the 
risk of overweight and obesity, adequate physical activity 
and Healthy dietary practices should be promoted not only 
among school-going children but also teachers and parents 
who motivate and help to implement behavioural changes 
among adolescents. It is highly recommended to allocate 
regular class hours on healthy food habits and lifestyle which 
will, in turn, help them to understand health-related prob-
lems and diseases. Parents should be educated on overweight 
and obesity problems not only for their children but also for 
themselves. Children should also be encouraged to play out-
door games and sports irrespective of their gender to main-
tain a healthy lifestyle.
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Table 1: Age and Gender wise distribution of the study population in different schools
Adolescent
Stage

Government Schools Private Schools
Grand 
Total

Boys (%) Girls (%) Total (%) Boys (%) Girls (%) Total (%)

Early (13-14yrs) 58
(13.13)

60
(11.35)

118 (24.48) 96
(18.46)

66
(12.69)

162 (31.15) 286
(55.63)

Middle (15-16yrs) 18
(3.26)

42
(8.09)

60  (11.35) 14
(2.69)

22
(4.23)

36  (6.92) 96
(18.27)

Later (17-18yrs) 06
(1.15)

108
(20.33)

114 (21.48) 12
(2.31)

12
(2.31)

24  (4.62) 138
(26.10)

Total 82
(15.76)

210
(41.55)

292 (57.31) 122
(23.46)

100
(19.23)

222 (42.69) 514
(100)

Table 2: Prevalence of Overweight and Obesity in school sectors
BMI Gender Type of School Total

Government School Private School

Over Weight Girls 49 28 77

Boys 13 37 50

Total 62 (12.3) 65 (12.5) 127 (24.8)

Obesity Girls 167 68 235

Boys 67 85 152

Total 234 (45.3) 153 (29.9) 387 (75.2)

Total Girls 216 96 312

Boys 80 122 202

Total 296 (57.6) 218(42.4) 514 (100)

χ2 = 5.310 P=0.021

Table 3: Association between BMI, Academic Performance and School Sectors
BMI Score- Category Private Schools Government Schools Total

Over Weight

50 - Below Average 6 (4.72) 10 (7.87) 16 (12.59)

60 – Average 25 (19.68) 24 (18.89) 49 (38.58)

70 – Good 14 (11.22) 15 (11.81) 29 (22.83)

>80 - Very Good 20 (15.74) 13 (10.23) 33 (25.98)

Total 65 (51.18) 62 (48.81) 127 (100)
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BMI Score- Category Private Schools Government Schools Total

Obese

50 -  BelowAverage 20 (5.16) 38 (9.81) 58 (14.98)

60 – Average 65 (16.79) 132 (34.10) 197 (50.90)

70 – Good 34 (8.78) 47 (12.14) 81 (20.93)

>80 - Very Good 34 (8.78) 17 (4.39) 51 (13.17)

Total 153 (39.53) 234 (60.46) 387 (100)

χ2 = 2.470* χ2 = 20.051** p≤ 0.00

(Figure in parenthesis indicates percentage).
** - 1% level of significance

Figure 1: Selection of study informants is depicted as flowchart.

Table 3: (Continued)


