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Abstract
Method: The investigator obtained ethical clearance from institution and permission from school authorities and carried out an
observational study amongst 105 high school students of R.V Educational Institutions, Bengaluru through convenient
sampling. A written signed informed consent from the parent/legal guardian and a written signed informed assent from the
student were taken. The investigator screened the subjects in the selected class for meeting the requirements of inclusion and
exclusion criteria. Data was collected using self-administered Physical Activity Questionnaire for adolescents (PAQ A), Body
Mass Index (BMI) and 20m shuttle run test.
Results: 105 high school students participated in the study out of which 37.14% (n=39) were males and 62.85% (n=66) were
females, with the mean age of 14.11 ± 0.80years. 43.80% (n=46) of the population were underweight, out of which 20%
(n=21) were males and 23.8% (n=25) were females.6.6% (n=7) were overweight, out of which 2.85% (n=3) were males and
3.8% (n=4) were females. 99.04% of the population were found to be moderately physically active. Mean cardiorespiratory
fitness assessment by measuring VO2 max was 36.21±6.15ml/kg/min,13.3% (n=14) had very poor cardiorespiratory fitness
and all of them were males, 48.57% (n=51) had fair cardiorespiratory fitness out of which 12.38% (n=13) and 36.19% (n=38)
were males and females respectively,9.52% (n=10) had excellent cardiorespiratory fitness and out of which 4.76% (n=5) were
males.1.9% (n=2) had superior cardiorespiratory fitness and all of them were females.
Conclusion: In the studied population prevalence of obesity is null but overweight is seen, most of the children were
underweight and most are moderately physically active and have fair cardiorespiratory fitness levels. Hence focus should be
on maintaining overweight children under normal BMI and nourishment to the underweight children. Programmes to stimulate
physical activity and to improve cardiorespiratory fitness should be initiated.
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Introduction
Overweight and obesity are excessive fat accumulations in
the body which are linked to serious diet-related noncommunicable diseases that affect human health [1]. Dietary
and lifestyle factors play an important role in the
development of non-communicable diseases, like diabetes,
hypertension, cardiovascular diseases and obesity [2] and
these are identified to be the major predisposing factors,
making India the highest country with loss in productive
years of life [3, 4].
Consumption of high-energy, high fat diets and
deterioration in dietary quality coupled with sedentary
behaviour often causes accumulation of adipose tissue and
consequently, a progressive rise of overweight. Amount of
energy intake and weight are strictly related to insulin
resistance, low-grade inflammation and increased risk of
cardio-metabolic abnormalities [5].
It is now common to find undernutrition and obesity
existing side-by-side with in the same country, the same
community, and the same household. Children in low and
middle income countries are vulnerable to inadequate
nutrition; at the same time, they are exposed to high fat,
sugar, salt, energy dense, micronutrient-poor foods, which

tend to be lower in cost, but also lower in nutrient quality.
These dietary patterns in conjunction with lower levels of
physical activity result in sharp increase in childhood
obesity while undernutrition issues remain unsolved [6].
Contrary to westernized societies, in India and more
generally in South -Asian countries, overweight and fat
deposals are mostly visible through abdominal adiposity. A
high rate of overweight and a general trend of obesity on an
abdominal level are quite frequent also in early age, as
shown by surveys on children and adolescents. A reduction
in outdoor activities and a preference for indoor activities
such as TV viewing could partially explain the rise in
childhood obesity rates [7, 8]. Physical inactivity is one of the
major factors that lead to obesity.
The World Health Organization (WHO) defines Physical
activity as any bodily movements produced by skeletal
muscles that substantially elevate energy expenditure [9].
Physical
activity
is
important
for
improving
cardiorespiratory fitness. Several studies have demonstrated
that more active children have better cardiorespiratory
fitness than inactive ones [10-12].
Physical activity in adolescence has several health benefits,
such as weight control and maintenance and reduction of
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cardiovascular risks, depression [13, 14]. The benefits
provided by the regular practice of physical activity during
childhood and adolescence are important for the biological
process of human growth and development because they
enable improvement of cardiovascular, metabolic, skeletal
muscle functions and assist with the control and reduction of
body fat [15].
Cardiorespiratory fitness is the ability of the circulatory and
respiratory systems to supply oxygen to skeletal muscles
during sustained physical activity. CRF is the interaction
between the heart and the lungs in determining overall
fitness [16-18]. Cardiorespiratory fitness has been considered
as a direct measure of the physiological status of the
individual [19, 20].
The gold standard for the measurement of cardiorespiratory
fitness is the maximal oxygen uptake (VO2max). The level
of cardiorespiratory fitness is highly associated with the
performance of other health-related fitness parameters such
as strength and power output in young people and in adults
[21]
.
Children with high cardiorespiratory fitness and low body
mass index (BMI) have a lower metabolic syndrome risk
compared to those with low cardiorespiratory fitness and
high BMI [22, 23]. Adolescents should engage in moderate to
vigorous intensity physical activities for at least 60 minutes
a day, thus reaching 300 minutes a week. Such activities
may be practiced at school or not, either consisting of
supervised or unsupervised practice [24].
World Health Organization global estimates found that the
prevalence of overweight and obesity among children and
adolescents aged 5-19 has risen dramatically from just 4%
in 1975 to just over 18% in 2016. The rise has occurred
similarly among girls and boys: in 2016 18% girls and 19%
of boys were overweight. 124 million children and
adolescents were obese in 2016 [25].
Prevalence data from 52 studies conducted in 16 out of 28
states in India were included in analysis. The pooled data
after 2010 estimated a combine prevalence of 19.3% of
childhood overweight and obesity which was a significant
increase from the earlier prevalence of 16.3% reported in
2001-2005 [26]. Adolescents are also one of the vulnerable
groups to overweight and obesity that could result in
premature deaths and disabilities in adulthood [1, 27, 28].
Prevalence of overweight and obesity among adolescent
school children in South Karnataka was found to be 9.9%
and 4.8% respectively [29].
Cardiovascular diseases (CVD) have now become the
leading contributor of mortality in India [30, 31]. Numerous
studies have shown that physical inactivity and poor
cardiorespiratory fitness (CRF) and obesity are associated
with mortality and morbidity from CVD [32-35].
Globally, 81% of adolescents aged 11-17 years were
insufficiently physically active in 2010. Adolescent girls
were less active than adolescent boys, with 84% versus 78%
not meeting WHO recommendations. Environmental factors
such as high density traffic, pollution, lack of parks,
sidewalks, sports facilities, fear of violence and crime in
outdoor areas can discourage people from being more active
[36]
.
Moreover, cohort studies have evidenced that physical
inactivity during childhood and/or adolescence tends to
continue into adulthood, becoming difficult to change [37].
Therefore, programs to stimulate physical activities in this
age range should be a priority for public health policies and

a focus for teachers.
Studies also show that health professionals need to
encourage better fitness and resolve obesity-related
problems in children to ensure overall positive health during
their childhood and into adulthood [38].
Materials and Methods
Research Design: Observational study
Sources of Data
 R.V Public School, Bengaluru
 R.V Girls High School, Bengaluru
Duration- 6 months
Sample technique- Convenient sampling
Sample size
Total 105 samples were taken

Inclusion criteria
 School children studying in high school belonging to
age group 13-18 years
 Subjects whose parents /legal guardian are willing to
sign the written informed consent
 Subjects who are willing to sign the written informed
assent and participate
Exclusion criteria
 Physical impairments or disabilities
 Any systemic illness
Informed consent of the subject was taken, after explaining
the purpose of the study and assuring them of
confidentiality.
Equipment
 Bathroom scale
 Stadiometer
 Whistle
 Cones
 Metronome
 5meter measuring tape
 A clear pathway with distance 20meters
 Physical activity questionnaire for adolescents (PAQ A)
 Stationeries
Procedure
The investigator obtained ethical clearance from the
institute. All participants completed the Physical Activity
Questionnaire for Adolescents (PAQ-A). It is a 9 item,
seven days self-report recall questionnaire developed to
assess general levels of physical activity for high school
students and it provides a summary of physical activity
score, derived from 8items (9th item does not factor into the
overall score), each score on a 5-point scale.
Height and weight were recorded by the investigator and
BMI was calculated and classified as per the WHO
standards for age group 5-19 years.

Cardiorespiratory fitness was assessed using multi stage
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20meter shuttle run test and test was carried out on the
school playgrounds. Subjects were asked to run back and
forth on a 20 meter course and touch the 20m line, the speed
was increased continuously every minute by 0.5 km/h. The
pace was maintained using a metronome. The 20meter
course has to be completed within the next beep. The
interval between these beeps will be reduced every minute
in order to elicit the speed increments. When the subjects
could no longer keep the pace or who did not reach the line
within the beep more than two times were asked to
terminate the test and the number of shuttles were recorded
and used to calculate the maximum oxygen uptake (VO2
max).
VO2max = 0.276x + 27.504 ml/kg/min

Table 2: BMI and Sex Cross tabulation
Sex

BMI

Male
21(20%)
15(14.28%)
3(2.85%)
39(37.14%)

Underweight
Normal
Overweight
Total
Mean BMI ± SD
*Brackets represent percentage

Total
Female
25(23.80%)
46(43.80%)
37(35.23%)
52(49.52%)
4(3.80%)
7(6.6%)
66(62.85%)
105(100%)
19.27±3.34 kg/m2

Table2 represents BMI and sex cross tabulation of 105
students. Mean BMI was 19.27±3.34. 43.80% were
underweight (20% males and 23.80% females).49.52% were
normal (14.28% males and 35.23% females).6.6% were
overweight (2.85% males and 3.80% females)

Where,
x = number of shuttles
Statistical analysis
Data collected for this study were analysed using the
descriptive statistics like computing the mean and standard
deviation (SD). The categorical variables were analysed
using frequencies and percentages and results are given in
terms of test photographs, tables and figures in the
following pages.
Results
Age and sex distribution
Table 1: Age (years) and Sex Cross tabulation
Sex
Total
Male
Female
Age (years) 13-14 32(30.47%) 39(37.14%) 71(67.61%)
15-16
07(6.6%)
27(25.71%) 34(32.38%)
Total
39(37.14%) 66(62.85%) 105(100%)
Mean age ± SD
14.11 ± 0.80years
*Brackets represent percentage

Fig 2: BMI and Sex distribution

The above figure represents the BMI and sex distribution
Table 3: PAQ-A and Sex Cross tabulation
Sex
Male
Female
Low 1
0
1(0.95%)
Moderate 1.1- 4.9 39(37.14%) 65(61.90%)
Total
39(37.14%) 66(62.85%)
*Brackets represent percentage
PAQ-A

Table 1 represents the age and sex cross tabulation of 105
high school students. The mean age was 14.11 ± 0.80years.
30.47% of males and 37.14% of females were there in the
age group of 13-14 years. 6.6% of males and 25.71% of
females were present in the age group of 15-16 years. Total
37.14% of males and 62.85% of females were there.

Total
1(0.95%)
104(99.04%)
105(100%)

Table3 represents physical activity questionnaire score and
sex cross tabulation of 105 students. 99.04% (37.14% males
and 61.90% females) of the total population were found to
be moderately physically active.

Fig 1: Age and sex distribution

The above figure represents the age and sex distribution

Fig 3: PAQ-A and sex distribution
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The above figure represents the PAQ-A and sex distribution
Table 4: VO2max and Sex Cross tabulation
Sex
Total
Male
Female
Very Poor
14(13.3%)
0
14(13.3%)
Poor
2(1.9%)
13(12.38%) 15(14.28%)
Fair
13(12.38%) 38(36.19%) 51(48.57%)
Good
5(4.76%)
8(7.61%)
13(12.38%)
Excellent
5(4.76%)
5(4.76%)
10(9.52%)
Superior
0
2(1.9%)
2(1.9%)
Total
39(37.14%) 66(62.85%) 105(100%)
Mean VO2max ± SD
36.21±6.15 ml/kg/min
*Brackets represent percentage
VO2max

Table 4 represents the VO2 max and sex cross tabulation of
105 subjects
Mean vo2max was 36.21±6.15ml/kg/min
13.3% had very poor cardiorespiratory fitness and all of
them were males.
14.28% (1.9% males and 12.38% females) had poor fitness.
48.57% had fair cardiorespiratory fitness out of which
12.38% and 36.19% were males and females respectively
12.38% (4.76% males and 7.61% females) had good
cardiorespiratory fitness.
9.52% had excellent cardiorespiratory fitness and out of
which 4.76% were males.
1.9% had superior cardiorespiratory fitness and all of them
were females.

Fig 4: VO2max and sex distribution

The above figure represents the cardiorespiratory fitness and
sex distribution
Discussion
This study intended to find out the prevalence of obesity,
physical inactivity and to assess the level of
cardiorespiratory fitness among high school students and
found that prevalence of obesity was null in the studied
population.
M Shashidhar Kotian et al. found the prevalence of
overweight to be 9.9% in South Karnataka and Ramesh K
found 12% overweight prevalence in Kerala. A similar
study was carried out in Urban Ludhiana by Daisy A. David
et al. and found 15.5% of overweight prevalence. A cross
sectional study in North Ethiopia showed a prevalence of
12.3% overweight. The current study has shown relatively
lesser prevalence of overweight as compared to

underweight, which was found to be more.
BMI was used and classified as per international
classification of underweight, overweight and obesity
according to BMI (WHO, 2014).Cardiorespiratory fitness
was assessed by calculating VO2max using 20m shuttle run
test and categorized as per the physical fitness specialist
certification manual, the Cooper Institute for Aerobics
Research, TX, revised 1997 printed in Advance fitness
assessment and exercise prescription, 3rd edition Vivian H
Heyward 1998-p48.
BMI and physical activity are significantly correlated with
cardiorespiratory fitness level [39] In the current study; most
of the subjects had only fair level of CRF and moderate
level of physical activity. Pei-Lin Hsieh et al. found that
significantly higher level of cardiorespiratory fitness was
found in children who engaged in regular physical activity
than in children who engaged only in irregular physical
activity. Anthony D. Okely et al. conducted a study in
Australia from 1997 to 2004 and found that
Cardiorespiratory ﬁtness was higher among the most
socially advantaged boys and girls.
Bandyopadhyay et al. conducted a study on college students
and found that cardiorespiratory fitness was normal which is
well correlated with physical parameters.
This study was done on an urban population where there is
good motor vehicle transport facility which adds to lesser
physical activity such as walking or cycling.
The environmental factors such as high density traffic,
pollution, lack of parks, sidewalks, sports facilities, fear of
violence and crime in outdoor areas can discourage children
from participating in physically active games/sports. Parents
play a major role in keeping their children physically active.
Promoting physical activity and outdoor sports becomes an
important responsibility of parents/caregivers of young
children.
Miriam Reiner et al. conducted a systematic review and
found that physical activity appears to have positive long
term effect on preventing noncommunicable diseases such
as obesity, coronary heart disease, type2 diabetes mellitus,
Alzheimer’s disease and dementia. Camilo J. Ruggergo et
al. observed that cardiorespiratory fitness had a small but
significant protective effect against developing depression
among middle school girls.
Schools should provide access to safe spaces and facilities
for physical activity, promote healthy lifestyle that includes
regular physical activity, discourage the use of or
withholding of physical activity as punishment, encourage
parents to be physically active role models as recommended
by Centre of Disease Control and Prevention (CDC).
Hence, it is advised that, children should be actively
involved in sports and other related physical activities,
which would promote cardiorespiratory fitness and reduce
overweight in them, thereby minimizing the risk of
cardiovascular related diseases in the early adulthood.
Conclusion
In the studied population prevalence of obesity is null but
overweight is seen, most of the children were underweight
and most are moderately physically active and have just fair
cardiorespiratory fitness levels. Hence focus should be on
maintaining overweight children under normal BMI and
nourishment to the underweight children. Programmes to
stimulate physical activity and to improve cardiorespiratory
fitness should be initiated.
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