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Abstract

Background
Cardiorespiratory fitness (CRF) is a key indicator of cardiovascular and overall health status. Lifestyle
behaviors, physical inactivity, and excessive screen time significantly affect CRF among adolescents.
This study aimed to examine the association between excessive screen time and physical activity levels,
and to determine their relationship with cardiorespiratory fitness among healthy adolescents.

Methods
This analytical study included 276 adolescents (boys and girls) aged 10–16 years from Karachi,
Pakistan. Screen time and physical activity levels were assessed using a modified Physical Activity
Questionnaire for Older Children (PAQ-C). Cardiorespiratory fitness was evaluated using a 3-minute walk
test. Data were analyzed using IBM SPSS Statistics version 23.0. The Pearson Chi-Square test was used
to determine the association between physical activity levels and screen time. Multiple regression
analysis was done for relationships between physical activity, screen time, and CRF parameters.
Statistical significance was set at p < 0.05.

Results
Most participants were female (64.5%). Physical activity scores showed significant associations with
screen time (p < 0.01), oxygen saturation (p < 0.04), and exertion levels (p < 0.01). The 3-minute walk test
demonstrated significant increases in systolic blood pressure, diastolic blood pressure, rate of perceived
exertion, and heart rate (all p < 0.01) from pre- to post-test. Physical activity scores correlated positively
with BMI, systolic blood pressure, and oxygen saturation. Screen time showed direct relationships with
BMI, diastolic blood pressure, heart rate, and oxygen saturation. Distance covered during the test
correlated with systolic blood pressure, rate of perceived exertion, heart rate, and oxygen saturation.

Conclusion
Physical inactivity demonstrated a positive correlation with screen time. The observed changes in
cardiorespiratory parameters suggest that excessive screen time may negatively impact overall physical
fitness among adolescents.

Background
Physical inactivity among adolescents is an emerging global public health concern, serving as an
important predictor of future health problems. Research has linked physical inactivity with numerous
non-communicable diseases (NCDs) in adolescents, including obesity, type II diabetes mellitus,
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hypertension, and cardiovascular diseases (CVD) [1]. Excessive screen time has emerged as a leading
contributor to physical inactivity among adolescents, resulting in various adverse health outcomes [2].

Cardiorespiratory fitness (CRF) is a significant indicator of cardiovascular and physical health status.
Recent literature reports that decreased physical activity directly correlates with reduced CRF levels [3].
Furthermore, low CRF levels are recognized as independent risk factors for both morbidity and mortality
among adolescents [4].

The management of cardiorespiratory diseases is very challenging for healthcare systems due to the
significant financial burden imposed on national economies. Recent estimates indicate that
cardiorespiratory care costs 54 billion USD globally, with approximately $31 billion funded by
governments in both high- and middle-income countries [5]. Healthcare costs vary significantly across
countries, reaching $2 billion USD annually in the United States, $3.6 billion USD in Canada, and
€282 billion for the 28 European Union countries [6]. The World Economic Forum and Harvard School of
Public Health predict that Asia will experience approximately $2.17 trillion in economic losses due to
CVD between 2012 and 2030 [7].

Cardiovascular disease remains the leading cause of death worldwide, accounting for 31.8% of all
deaths and 14.7% of Disability Adjusted Life Years (DALYs) in 2017 [8]. According to Global Burden of
Disease (GBD) findings, South Asia contributes the largest CVD burden, estimated at approximately
422 million cases globally [9].

Recent observations indicate that sedentary behavior among adolescents is increasing in developing
countries due to technological advancement, which significantly affects CRF levels. It has also been
reported that among healthy individuals, CRF serves as a reliable prognostic indicator [10].

This study aimed to examine the association between excessive screen time and physical activity levels
using the modified PAQ-C questionnaire, and to determine its relationship with CRF through submaximal
exercise testing using a 3-minute walk test among healthy adolescents in urban Karachi, Pakistan.

Materials and Methods

Study Design and Participants
This analytical cross-sectional study was conducted in schools across different urban areas of Karachi,
Pakistan, using non-probability purposive sampling.

This study included participants aged 10–16 years of both genders. Patients with congenital cardiac
birth defects or a history of cardiac surgery were excluded. The purpose of the study was explained to all
participants who met the inclusion criteria, and enrollment occurred following written informed consent
from parents and verbal assent from adolescent participants.
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Sample Size
The sample size (n = 276) was calculated using OpenEpi software with a 95% confidence interval (CI), 5%
margin of error, and an assumed correlation of 29% between screen time and VO₂ max [11]. Power
analysis was conducted using PASS 2021 to justify a sample size of 276 participants. Based on multiple
linear regression analysis with a 95% confidence interval, the calculated power was 83.53%.

Initial assessment
A detailed explanation of the study procedures, including cardiorespiratory fitness (CRF) testing, was
provided to all eligible participants. Than who showed interest and met the predefined inclusion criteria
were enrolled in the study after providing written informed consent. Participants were recruited from the
schools across different urban areas of Karachi. Baseline anthropometric characteristics were assessed
by the investigator and included body mass index (BMI), calculated from height (cm) and weight (kg).

Data collection
Following the assessment of anthropometric characteristics, physical activity and screen time were
assessed using the standardized questionnaire modified Physical Activity Questionnaire for Children
(PAQ-C). Than the investigator recorded the participants’ baseline anthropometric measurements.
Height was measured in centimeters using a measuring tape, with each participant standing barefoot in
an upright position with their back supported against a wall. Weight was measured in kilograms using a
weighing scale, with participants standing barefoot on the scale without any accessories or additional
items.

Before commencing the cardiorespiratory fitness (CRF) test, baseline measurements of blood pressure,
heart rate, oxygen saturation (SpO₂), and perceived exertion were recorded. Blood pressure was
measured using a manual sphygmomanometer, while heart rate and oxygen saturation were assessed
using a pulse oximeter. Perceived exertion was evaluated using the standardized Borg Rate of Perceived
Exertion (RPE) Scale.

For the CRF assessment, participants were instructed to walk along a 30-meter corridor, from one end to
the other, at their normal comfortable pace for 3 minutes. The stopwatch was started at the beginning of
the test, and participants were instructed to continue walking for the entire 3-minute period.

To assess changes during the test, blood pressure, heart rate, oxygen saturation, and perceived exertion
were recorded at baseline and after the test for comparison of the participants CRF fitness.

Outcome measure
Outcome measure
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An English-language version of the Modified Physical Activity Questionnaire for Older Children (Modified
PAQ-C) was used to assess physical activity levels among adolescents. The questionnaire was originally
developed by Kowalski et al. and subsequently modified by Kolimechkov et al. [11] The questionnaire
included nine items evaluating time spent on various physical activities, along with additional items
assessing screen-based activities. Questions were structured separately for weekdays and weekends. A
self-administered, paper format was used for data collection.

The questionnaire had three components. The first component, completed by the principal investigator,
included demographic information such as weight (kg) and height (cm). Weight was measured using a
manual weight scale, while height was measured using a height chart. Participants completed the
second component, which consisted of the modified PAQ-C questionnaire containing nine standard
items about time spent in physical activities, including walking, cycling, running, swimming, football,
badminton, volleyball, and basketball. Additional questions assessed screen time activities such as
watching Netflix and playing video games, with separate assessments for weekdays and weekends.

Cardiorespiratory Fitness Assessment
The third part of the questionnaire was the CRF testing, evaluated by using the 3-minute walk test. It was
completed by the principal investigator. This test was selected because it was simple, time-efficient, and
feasible for administration in school settings with limited space and resources, and provided a reliable
estimate of cardiorespiratory fitness in adolescents.

Initially, baseline measurements were obtained for blood pressure, oxygen saturation, heart rate, and
exertion levels. Blood pressure was measured using a digital BP apparatus (Model No: HEM-7120-E),
while oxygen saturation and heart rate were assessed using a pulse oximeter (Model No: A3-10).
Exertion levels were measured by using the Borg Rate of Perceived Exertion Scale.

Participants were then instructed to walk along a 30-meter corridor at a normal pace for three minutes.
During the walk, the principal investigator counted the number of laps completed to calculate the total
distance covered. After the three-minute walk, post-exercise measurements of blood pressure, oxygen
saturation, heart rate, and exertion levels for compared by using the same apparatus.

Statistical analysis
Data were stored and analyzed using IBM-SPSS version 23.0. Comparison of cardiorespiratory
parameters from pre- to post-exercise was conducted using paired sample t-tests. Pearson chi-square
tests examined associations between screen time, physical activity levels, and CRF parameters.
Statistical significance was set at p < 0.05 for Pearson chi-square analysis. Multiple regression analysis
assessed relationships among PAQ-C scores, blood pressure measurements, exertion levels, heart rate,
oxygen saturation, and distance covered during the three-minute walk. Beta coefficients with correlation
values and 95% confidence intervals were reported for multiple regression analysis.
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Results

Demographic Characteristics
A total of 276 adolescents participated in this study, comprising 98 boys and 178 girls. The mean age
was 13.8 years, and the mean BMI was 30.3 kg/m².

Physical Activity Levels
Analysis of physical activity levels using the modified PAQ-C questionnaire revealed concerning patterns.
Most participants (79.0%) reported no physical activity per week, while 19.9% reported one hour of
physical activity weekly. Only 1.1% of participants reported engaging in two hours of physical activity per
week.

Screen Time Assessment
Screen time analysis using the modified PAQ-C questionnaire assessed usage during weekdays and
weekends, average daily duration, device types, activity nature, and late-night usage patterns. Results
demonstrated that 31.9% of participants engaged in television viewing or video game playing five times
per week. Additionally, 33.3% reported average daily screen time of 2–3 hours, while 10.1% limited their
daily screen exposure to one hour. Laptops were the most commonly used device, reported by 29% of
respondents. Furthermore, 44.9% of participants engaged in screen-related activities during late-night
hours.

Association Analysis
The association analysis between physical activity levels, screen time, and cardiorespiratory parameters
revealed significant findings. Physical inactivity scores demonstrated a 61.5% significant positive
correlation with screen time, a 16.7% negative correlation with rate of perceived exertion, and a 12.3%
positive correlation with oxygen saturation. However, screen time showed no significant associations
with cardiorespiratory parameters (Table 1).

Page 6/14



Table 1
Association of Screen Time with Physical activity levels on Cardio respiratory

Fitness
Parameters PAQ-C p-value Screen time p-value

Screen time 0.615** < 0.01* - -

Distance covered by participant 0.105 0.08 0.059 0.32

Age (years) -0.103 0.08 0.018 0.76

Body mass index 0.055 0.36 0.109 0.07

Systolic 0.005 0.99 0.062 0.30

Diastolic -0.079 0.91 0.046 0.44

Rate of perceived exertion -0.167** < 0.01* -0.004 0.94

Heart rate -0.115 0.06 0.046 0.44

Oxygen saturation 0.123* < 0.04* 0.050 0.41

Standard distance -0.037 0.99 -0.072 0.23

*p < 0.05 was considered Statistically Significant

 

 

Exercise Testing Results
The 3-minute walk test results demonstrated significant physiological responses. Significant increases
were observed in systolic blood pressure, diastolic blood pressure, exertion levels, and heart rate from
pre- to post-test (all p < 0.05). However, no significant changes were detected in oxygen saturation levels
(p > 0.05) (Table 2).

Table-2 Pre and Post Exercise Test Comparison
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Variables Pre Post p-value

Mean SD Mean SD

Systolic 104.6 15.6 112.5 17.4 < 0.01*

Diastolic 68.9 11.4 74.2 13.6 < 0.01*

Exertion Level 6.0 0.01 7.3 1.6 < 0.01*

Heart rate 96.2 16.9 115.6 21.8 < 0.01*

Oxygen saturation 97.5 4.3 97.4 5.9 0.85

*p < 0.05 was considered Statistically Significant Using Paired Sample t-test

Regression Analysis
Multiple regression analysis examining relationships between physical activity levels, distance covered,
screen time, and cardiorespiratory parameters revealed several significant associations. BMI, systolic
blood pressure, and oxygen saturation showed direct associations with PAQ-C scores. Distance covered
during the test demonstrated direct associations with systolic blood pressure, rate of perceived exertion,
heart rate, and oxygen saturation. Screen time showed direct relationships with BMI, diastolic blood
pressure, heart rate, and oxygen saturation. Correlation values and confidence intervals were reported
for all parameters (Table 3).

Table-3: Relationship of PAQ-C, Distance Covered by Participants and Screen Time on Cardio
Respiratory parameters
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Dependent Variables Parameter Beta
Coefficient

r-
value

95% Confidence Interval

  Lower
Bound

Upper
Bound

PAQ-C Age (years) -0.028 -1.868 -0.058 0.002

BMI 0.004 1.111 -0.003 0.01

Systolic BP 0.001 0.755 -0.002 0.004

Diastolic BP -0.003 -1.447 -0.007 0.001

Rate of perceived
exertion

-0.028 -2.29 -0.053 -0.004

Heart Rate -0.002 -1.675 -0.004 0

oxygen saturation 0.006 1.748 -0.001 0.013

Distance covered by
participant

Age (years) -0.589 -0.18 -7.025 5.847

BMI -0.812 -1.139 -2.215 0.591

Systolic BP 0.086 0.248 -0.6 0.772

Diastolic BP -0.294 -0.714 -1.106 0.517

Rate of perceived
exertion

7.907 2.961 2.65 13.163

Heart Rate 0.027 0.127 -0.392 0.446

oxygen saturation 0.717 0.94 -0.784 2.217

Screen time Age (years) -0.001 -0.033 -0.063 0.061

BMI 0.01 1.395 -0.004 0.023

Systolic BP 0.00 0 -0.007 0.007

Diastolic BP 0.001 0.172 -0.007 0.009

Rate of perceived
exertion

-0.003 -0.106 -0.054 0.048

Heart Rate 0.001 0.41 -0.003 0.005

oxygen saturation 0.003 0.432 -0.011 0.018

Discussion
This study examined the relationships between screen time, physical inactivity, and cardiorespiratory
fitness parameters among healthy adolescents aged 10–16 years from urban Karachi. These factors are
interconnected and represent important modifiable predictors of current and future health outcomes.
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The results demonstrated significant associations between physical activity levels and screen time
parameters. Participants with higher physical inactivity scores showed a 61.5% significant positive
association with screen time and a 12.3% positive association with oxygen saturation. Conversely, a
16.7% negative association was observed with the rate of perceived exertion. These findings align with
recent literature by Santos et al., who examined relationships between screen time, physical inactivity,
and CRF. Their research indicated that even small amounts of moderate-to-vigorous physical activity
daily could improve CRF in children and adolescents. Specifically, increasing moderate-vigorous physical
activity through reduced screen time may help improve CRF outcomes [12]. However, some studies
present contrasting findings. Denton et al. found no significant association between screen time and
CRF, emphasizing that moderate and vigorous physical activity better predicted fitness outcomes in
school-aged children compared to sedentary behavior [13].

The current study's 3-minute walk test results demonstrated positive associations between systolic
blood pressure, diastolic blood pressure, rate of perceived exertion, heart rate, and physical activity levels
(p < 0.05). No association was observed with oxygen saturation (p = 0.85). These findings correspond
with research by Khamsuk et al., whose study involving a 6-minute walk test in normal-weight and
overweight/obese female adolescents reported significant increases in systolic blood pressure (p = 0.02)
and respiratory rate post-exercise, but no significant change in oxygen saturation at six minutes (p = 
0.322) [14]. Contrasting results were published by Innocenti et al. in 2021, who reported significant
decreases in oxygen saturation levels during the 6-minute walk test in teenagers with cystic fibrosis,
suggesting that test responses may vary significantly across different populations [15].

The regression analysis revealed relationships between physical inactivity, distance covered during the 3-
minute walk test, screen time, and cardiorespiratory parameters. BMI, systolic blood pressure, and
oxygen saturation correlated directly with PAQ-C scores, while distance covered showed direct
associations with systolic blood pressure, rate of perceived exertion, heart rate, and oxygen saturation.
These findings are consistent with previous research by Heshmat et al., who conducted comprehensive
research on adolescents and found that participants with limited physical activity and high screen time
had significantly higher systolic blood pressure, diastolic blood pressure, BMI, waist circumference, and
LDL levels, along with lower HDL levels. This indicates that limited physical activity combined with
excessive screen time represents a significant risk factor for cardiovascular disease development [16].
However, a study published in BMC Public Health examining children aged 9–15 years found no
connection between screen time habits and objectively measured moderate-to-vigorous physical activity
(MVPA), despite some cross-sectional associations [17].

Furthermore, this study found that heart rate, oxygen saturation, and rate of perceived exertion were
related to screen time. These findings align with an extensive study that examined cardiovascular
markers, including blood pressure and heart rate variability, under minor functional stress in over 4,000
Moscow primary school students aged 7–12 years. The researchers concluded that excessive screen
time altered autonomic heart rate regulation without increasing blood pressure [18]. According to a
comprehensive review and meta-analysis of 13 observational studies, heart rate variability and sedentary
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time showed no significant correlation. A small increase in resting heart rate was observed, but it was
not considered clinically meaningful. However, the relationship between screen time and heart rate
found in the current study requires further investigation, as screen-based sedentary behavior may have
minimal impact on resting heart rate or autonomic function [19–20].

Clinical Implication
These findings highlight the need for improving health-related physical fitness and reducing screen time
among adolescents. Recommendations include designing structured physical activity programs in
schools with mandatory exercise sessions, active classroom breaks, and encouraging sports
participation. Additionally, educational programs should target parents, teachers, and students regarding
health risks associated with sedentary lifestyles.

Future studies should employ validated instruments, objective measures such as accelerometry and VO₂
max testing, and representative sampling methods to better understand the complex relationships
between screen time, physical activity, and cardiorespiratory fitness in adolescents.

Conclusion
This study represents a novel attempt to assess cardiorespiratory fitness among adolescents in urban
Karachi, Pakistan, focusing on modifiable predictors such as physical inactivity and screen time. The
findings provide valuable insights for promoting healthy lifestyle interventions in this population.
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