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According to the WHO, obesity is defined as abnormal or 
excessive fat accumulation that might impair health [1].
In India, the proportion of overweight children increased 

from 4.94% in 2003 to 6.57% in 2005, demonstrating the time 
trend of this rapidly growing epidemic [2]. The prevalence of 
obesity in school-going children was 19.3% in studies reported 
after 2010 [3]. Among the key lifestyle behaviors, little physical 
activity and high screen time (ST) have mainly been attributed 
to childhood obesity, worldwide [4]. Weight gain occurs when 
intake is greater than the energy expenditure [5]. Obesity is a 
strong predictor of morbidity with central obesity associated with 
insulin resistance, dyslipidemia, and hypertension which are all 
independent risk factors for cardiovascular disease [6].

Physical activity is defined as the bodily movement that is 
produced by the contraction of the skeletal muscles and that 
substantially increases the energy expenditure [7]. Watching 
television and playing computer games are associated with 
increased prevalence of obesity. ST is defined as the viewing or 
use of anything with a screen including TV, DVDs, video games, 
and computers. Due to the availability of new media technology, 
for example, cell phone and computer, ST duration has increased 
among children. Long periods of ST mean less opportunity for 
active, outdoor and creative play, less healthy eating habits, 

memory, and thinking skills, thus suggesting that ST activities are 
physically and cognitively sedentary [7].

Associations between television viewing, media use, and 
children’s weight status characteristics have been studied quite 
frequently [8]. Aerobic fitness contributes to health and is 
essential component of youth fitness testing [9]. Cardiorespiratory 
fitness is related to the ability to perform large muscle, dynamic, 
and moderate-  to high-intensity exercise for prolonged 
periods [7,10,11]. The aim of the study was to determine the 
correlation of ST with obesity and cardiorespiratory fitness 
among children aged 10–12 years.

MATERIALS AND METHODS

After receiving the approval from the ethical committee and 
obtaining consent from the school principal, the study was 
conducted in government and private schools in Pune. It was 
a cross-sectional study, in which 568 children (332  males and 
236  females) were recruited over the period of 3  months with 
convenient sampling. The student consent form and parents’ 
permission letter was obtained.

Healthy children aged 10–12  years, both males and females, 
were recruited in the study. Children suffering from any respiratory 
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conditions (asthma, tuberculosis, etc.), cardiac conditions 
(congenital heart diseases), neurological deficit (poliomyelitis, etc.), 
or musculoskeletal disorders (muscular pain, fractures, or any other 
related conditions) were excluded from the study.

Outcome Measures and Their Operational Definitions

Body mass index (BMI) was calculated by the formula: Weight 
in kilograms divided by the square of height in meters. A  high 
BMI can be an indicator of high body fatness. The waist–hip ratio 
(WHR) is the dimensionless ratio of the circumference of the waist 
to that of the hips. WHR is a quick measure of the fat distribution 
that may help indicate a person’s overall health. People who carry 
more weight around their middle than their hips may be at a higher 
risk of developing certain health conditions. VO2 max, also known 
as maximal oxygen uptake, is the measurement of the maximum 
amount of oxygen, a person can utilize during intense exercise. This 
is a good indicator of cardiovascular fitness. ST by leisure activity 
questionnaire (Children’s Leisure Activity Questionnaire [CLASS]), 
is a scale through which persons total time in front of screen, for 
example, phone, TV, and computer can be calculated.

Brief explanation of the procedure was given to each child. 
Parents and children were asked to sign a written consent before 
their participation. BMI was calculated, waist and hip circumference 
was measured with measuring tape, and ratio of waist-to-hip 
circumference was taken. Children were made to perform a 20-m 
multistage Shuttle run test. VO2 max was determined using linear 
model 2. Children were then asked to fill the CLASS questionnaire.

20-m Multistage Shuttle Run Test

A distance of 20 m was marked. Children were made to run from 
the start to the end point, while the metronome was being played 
on the speaker. Children were asked to run and take as many laps 
as possible unless they got tired. As the level increased, the duration 
between each beep reduced. The children were informed about this 
and thus were asked to increase their pace after every lap. The 
number of laps taken by each child was noted. VO2  max was then 
calculated using the linear model 2. CLASS: The questionnaire 
consists of 45 activities categorized into moderate- and vigorous-
intensity physical activities, and leisure activities which children 
usually perform in the entire week. The duration and frequency for 
leisure activities and moderate-  and vigorous-intensity physical 
activities were entered by the children or their parents. The duration 
for each activity performed in a day was calculated by dividing the 
total duration with the total frequency for that particular activity. 
Thus, total duration for all activities performed in a day was added.

All the data analyses were carried out in SPSS and Microsoft 
Word and Excel were used to generate graphs, tables, etc. An 
alpha level of 0.05 was used to determine statistical significance.

RESULTS

A total of 568 children (332 males and 236 females) were recruited 
during the study period. Of these, 173 (98 males and 75 females) 

were of 10 years of age, 212  (122 males and 90  females) were 
aged 11 years, and 183 students (112 males and 71 females) were 
aged 12  years. The average age of students was 11.09  years. 
Average BMI of males was 16.52±3.66  kg/m2 and for females 
was 17.12±2.46  kg/m2. Average VO2 max for students was 
35.83 ml/kg/min. ST for students was ranging from 40 to 190 min. 
There was no significant difference between ST of boys and girls.

Strong positive linear relationship between ST and BMI (r=0.66) 
suggested an increase in BMI with increasing ST (Fig. 1). Weak 
positive linear relationship between the ST and WHR (r=0.23) 
suggested that as ST increases, there is a trend of increasing WHR.

As shown in Fig. 2, there is a strong negative linear relationship 
between ST and cardiorespiratory fitness (VO2  max) with a 
correlation coefficient of −0.77. This suggests that as ST increases 
cardiorespiratory fitness reduces. This can be very critical as in this 
age group, children are at the risk of obesity or cardiorespiratory/
lifestyle disorders (hypertension, diabetes, and cardiac diseases).

DISCUSSION

This study was aimed to correlate ST with BMI, WHR, and 
cardiorespiratory fitness in children aged between 10 and 12 years. 
As shown in Fig. 1, there is a strong positive linear relationship 
between ST and BMI, suggesting that as the ST increased, there 
was also an increase in the BMI.

The normal ST for children is considered to be 60  min per 
day [4,5,11]. In our study, children with a higher BMI showed a 
higher ST ranging from 120 to 160 min per day. This suggests that 
children who were obese had a greater ST and vice versa as they 
were exposed to a greater degree of food advertising which resulted 
in intake of high density and nutrient-poor food. These results are 
in accordance with the previous studies [9,10]. However, a research 
has shown that increase in ST contributes to the improvement in 
academic performance due to easy access to the internet [8].

Studies have shown that TV viewing is inversely associated 
with intake of fruits and vegetables, despite their potential to 
promote health in various ways and protect against weight 
gain [12,22]. Viewing television for long periods and greater snack 
food consumption together contribute to increase in BMI [10]. The 
possible cause of increase in BMI is reduced metabolic equivalent 
(MET value), i.e.,  low metabolic rate associated with increasing 
ST. The MET required for watching TV is 1.0, only slightly above 
the MET value for sleeping (0.9). The MET values for physical 
activities are much higher than that for watching TV, for example, 
walking (5 mph) has a MET value of 6, jogging (5 mph) has a 
MET value of 8, bicycling (13 mph) has a MET value of 9, etc. [7].

Thus, the energy expenditure while watching TV and spending 
time on other media are very little leading to increased risk of 
obesity among children [13]. As shown in Fig. 3, there is a weak 
positive linear relationship between ST and WHR, suggesting 
that as the ST increased, the WHR also increased and vice versa. 
A weak correlation suggests that sedentary behavior and physical 
activity are not always inversely correlated which means that 
though the level of physical activity of the child might be low, the 
child might not necessarily have a sedentary behavior [10].
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A combination of low levels of active play and higher ST cannot 
be avoided which may increase the likelihood of obesity persistence 
even in adulthood [10]. Increased intake of high-energy-density food 
due to increased media exposure (advertising), television viewing, 
and playing of computer and video games in children contributes 
to increased risk of sedentary behavior and thus leading to obesity 
[8]. A possible explanation of this can be given by the intracellular 
pressure changes which the fat cells undergo while sitting. The fat 
carrying molecules-lipid droplets undergo an accelerated growth 
when exposed to sustained chronic pressure. Unlike the muscle and 
bone tissue, which get mechanically weaker with disuse, fat depots 
in fat cells expand when they experience sustained loading. The 
researchers showed that, once cells accumulated lipid droplets, the 
structure of the cell changed causing it to become stiffer. When 
these cells gain mass, they expand deforming the surrounding cells 
and thus forcing them to expand further [14].

The probable cause for an increase in the waist circumference is 
due to large-sized adipocytes present within the subcutaneous tissue 
around the abdomen. Thus, when there is a greater consumption 
of energy-rich food, there is greater accumulation of fat within the 
adipocytes around the abdomen [15]. Another probable cause for 

an increase in the waist circumference is changes in the hormonal 
levels, but these hormonal changes are not very significant before 
adolescence [16]. Thus, increasing concentration of lipids within 
the cells and their expansion due to sedentary lifestyle contributes 
to increase in fat mass around susceptible areas.

As shown in Fig. 2, there is a strong negative linear relationship 
between ST and cardiorespiratory fitness which suggests that as the 
ST increased, the level of cardiorespiratory fitness decreased and 
vice versa. Increased dependence on vehicles for transportation, 
use of mechanical and computerized technology by children 
contribute to a decrease in physical activity, reducing the levels 
of physical fitness and enhancing the risk of cardiorespiratory 
illnesses. This increases the chances of the child to develop 
high blood pressure, hyperlipidemia, elevated insulin levels, and 
respiratory problems such as asthma which are more common in 
obese children than non-obese children [17].

Various metabolic and respiratory changes normally take place 
during exercise. There is a decrease in levels of glycogen or glycogen 
sparing. Exercise increases the capacity to mobilize and oxidize 
fat and increases the levels of fat mobilizing and fat metabolizing 
enzymes. There is an increase in alveolar ventilation causing diffusion 

Figure 1: Correlation between body mass index and screen time

Figure 2: Correlation between screen time and cardiorespiratory fitness (VO2 max)
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of gases (increase in O2 uptake and excretion of excess of CO2) across 
the alveolar-capillary membranes, thus increasing overall pulmonary 
ventilation [7,18]. Reduction in exercise leads to an increase in levels 
of fat within the blood vessels due to a reduction in fat mobilization 
and metabolism. Reduction of O2 uptake causes reduction in alveolar 
ventilation and reduction in CO2 excretion, thus reducing overall 
pulmonary ventilation [2,19,20]. All these mechanisms reduce the 
levels of cardiorespiratory fitness and accelerate the process of 
atherosclerosis [7,21]. Exercises also improve glucose tolerance by 
enhancing insulin sensitivity and carbohydrate metabolism, thus 
maintaining optimum levels of insulin and glucose.

Reduction in exercise fails to maintain these optimum levels and 
makes an individual susceptible to diabetes [21].Thus, an increase 
in energy consumptionand reduction in energy expenditure due 
to increased ST in children is one of the leading causes behind 
increased risk of obesity and reduced cardiorespiratory fitness 
[10,7,22]. The limitation of this study was that other risk factors 
(e.g.,  psychological risk factors like stress) were not measured 
which have significant effects on the change in eating habits.

CONCLUSION

Thus, it can be concluded that there is a significant effect of ST on 
children which increases the chances of obesity, reduces the level 
of cardiorespiratory fitness by reduction in the levels of physical 
activity.
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