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Abstract

Introduction: The relationship between Internet addiction (IA) and participation in physical activity (PA) among youth is well
recognized; however, the specific mechanisms that drive this connection have not been thoroughly examined in the current body
of research.

Objective: This study aims to delve into the mediating roles of sleep disruption and fatigue, which may serve as critical pathways
linking IA to reduced PA in adolescents.

Methods: This cross-sectional study utilized a sample of 389 adolescents (1317 years), selected through convenience sampling. The
IAT, PAS, PSQ and FIS were implemented to measure the research variables. Data analysis was performed using the PROCESS macro
(Model 6).

Results: IA serves as a significant negative predictor of PA (B=-0.452). Furthermore, IA positively correlates with sleep disruption
(B=0.226), which in turn negatively impacts PA (f=—0.143). Additionally, IA is associated with increased fatigue (=0.364), and this
fatigue also negatively influences PA (B=—0.151). Finally, both sleep disruption and fatigue fully mediate the relationship between IA
and PA (B=0.339).

Conclusion: A recommended strategy is to implement school-based programs that combine digital literacy and screen-time
management with sleep education and structured PA, aiming to reduce internet overuse, improve sleep quality, alleviate fatigue,

and consequently increase adolescents’ engagement in PA.
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1. Introduction

Since the mid-twentieth century, the global
proliferation of the Internet has significantly
transformed various facets of human life. It has evolved
into a ubiquitous public resource, accessible to
individuals from diverse backgrounds (1). This
widespread availability has notably benefited many,
particularly students, by enhancing educational
opportunities and facilitating social connections (2).
Students engage with the Internet through a variety of
devices, including computers, laptops, tablets, and
smartphones, which have become integral to their
learning processes. However, the extensive use of the
Internet among youth has given rise to a concerning
trend known as IA in recent years (3). Recent data
indicates that around 36.7% of individuals worldwide
are grappling with IA, a condition that manifests in
varying degrees of severity. Specifically, 33.9% of the
population is classified as experiencing moderate
addiction, while a smaller segment, comprising 2.8%,
suffers from severe IA. Notably, adolescents aged 13 to
17 are particularly vulnerable, with an alarming 73% of
this age group showing signs of addiction to the

Internet (4). This statistic underscores the pressing
need for awareness and intervention strategies aimed
at mitigating the risks associated with excessive
Internet use among teenagers, who are increasingly
reliant on digital platforms for social interaction,
education, and entertainment.

While the Internet itself serves as a neutral tool, its
excessive and inappropriate use poses the risk of
developing addictive behaviors (5). The impact of
cyberspace and the Internet on human life and
experiences is profound, prompting researchers to
investigate the adverse consequences associated with
pathological and addictive usage of this relatively new
technology (6). Numerous scholars, medical
professionals, and mental health experts are
increasingly recognizing the detrimental
psychological effects associated with excessive Internet
use and engagement in cyberspace, which have
emerged as significant global concerns (7,8). This
phenomenon is characterized by a range of
pathological behaviors, including an obsessive
preoccupation with online activities, an intense
craving for Internet access, and a noticeable decline in
the ability to function effectively in daily life.
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Individuals may experience social isolation as they
withdraw from real-world interactions, develop a
tolerance that necessitates greater amounts of online
engagement to achieve satisfaction, and ultimately
lose control over their usage patterns (9,10). These
factors contribute to a cycle of negative consequences,
where the individual becomes increasingly aware of
the adverse effects of their online habits yet feels
powerless to change their behavior, leading to a
profound sense of psychological distress and
dysfunction (11).

Physical activity (PA) is essential for students as it
aids in the development of vital skills, improves fitness,
enhances knowledge, and cultivates positive attitudes,
all of which contribute significantly to their overall
growth and well-being (12,13). It serves as a foundation
for promoting physical and mental health among
youth (14,15). In contemporary society, PA has emerged
as a significant instrument for governments, enabling
them to steer populations toward specific objectives, as
the sports industry has become a primary avenue for
public education (12). However, despite the numerous
advantages associated with PA, there is a troubling
trend of declining interest among youth in engaging
with PA, both within school settings and during their
leisure time (14,15). One of the key factors contributing
to this waning enthusiasm is the excessive use of the
Internet, which often leads to addiction and distracts
school-students from pursuing PA (16,17). This shift in
focus not only undermines the potential benefits of PA
but also poses challenges for educators and
policymakers aiming to promote a healthier, more
active lifestyle among the youth.

Young individuals who engage in regular PA tend to
show less inclination towards sedentary pursuits, such

Sleep

as prolonged Internet usage. Research has shown that
prolonged engagement with computers and the
Internet can result in a range of negative physical
health effects (18-20). The excessive time individuals
spend online has led to a notable decline in PA and an
increase in sedentary lifestyles. Research has identified
a correlation between reduced PA and heightened
sedentary behavior as significant risk factors for 1A
(21,22). A particular study highlighted that individuals
who engage in minimal PA tend to exhibit higher
average scores on measures of IA (24). This suggests
that promoting increased PA could serve as an effective
strategy to mitigate the severity of IA. By encouraging
individuals to incorporate more movement into their
daily routines, it may be possible to foster healthier
habits that counteract the negative impacts of
excessive Internet use.

The relationship between IA and participation in PA
among youth is well recognized; however, the specific
mechanisms that drive this connection have not been
thoroughly examined in the current body of research.
This study aims to delve into the mediating roles of
sleep disruption and fatigue, which may serve as
critical pathways linking IA to reduced PA in
adolescents. By focusing on these mediators, the
research seeks to clarify how IA can lead to sleep
disturbances and increased fatigue, ultimately
impacting the likelihood of engaging in PA. The main
aim of this study is to clarify the relationship between
IA and PA among adolescents, while also examining
how sleep disruption and fatigue may sequentially
mediate this relationship. A conceptual model
outlining these relationships is presented in Figure 1,
providing a visual representation of the hypothesized
pathways involved in this complex interplay.
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Figure 1. The Theoretical Model of the Study.

2. Methods
2.1. Design and Participants

This research employed a descriptive-correlational
design and utilized structural equation modeling to
analyze data from a sample of 389 adolescents aged 13
to 17 years. Participants were recruited from various
middle and high schools, with the requirement that
they had no pre-existing physical or mental health
conditions. Those who did not meet these criteria or
who failed to complete the questionnaire were
excluded to maintain data integrity. A priori power
analysis conducted with G*Power 3.1 (f* = 0.15, ¢=0.05,
power=0.80) with three predictors, indicated that a
minimum sample size of 77 participants was necessary.
The final sample of 389 adolescents significantly
surpassed this threshold, ensuring sufficient statistical
power for detecting medium-sized effects in the
mediation analyses.
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2.2. Measurement
2.2.1. Internet Addiction

The Internet Addiction Test (IAT) was utilized for
evaluating IA (24). The IAT comprises 20 items that are
evaluated from 1 (rarely) to 5 (always). A score of 50 or
higher is considered indicative of potentially
problematic internet use, while a score of 80 or above
suggests a more severe, pathological level of addiction.
In this study, the Cronbach’s alpha coefficient was 0.91.

2.2.2. Physical Activity

The assessment of PA was conducted utilizing the
Physical Activity Scale (25). This scale comprises three
key components: intensity, duration, and frequency of
physical activity. Each component is categorized into
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five distinct levels, with intensity and frequency rated
on a scale from 1 to 5, while duration is measured from
0 to 4. To calculate the overall PA score, the individual
scores for each component are multiplied together,
resulting in a composite score that reflects PA; higher
scores correspond to greater levels of activity. In the
present study, the Cronbach’s alpha was 0.89.

2.2.3. Sleep Disruption

Pittsburgh Sleep Quality Questionnaire (PSQI) was
utilized to evaluate participants’ sleep disruption (26).
Each question within these categories is scored on a
scale from zero to three, yielding a total that ranges
from 0 to 21, with scores exceeding five indicating poor
sleep quality. In this study, the Cronbach’s alpha
coefficient was 0.85.

2.2.4. Fatigue

The Modified Fatigue Impact Scale (MFIS) was
employed to assess fatigue levels (27). The MEFIS
captures fatigue experiences over the preceding four
weeks, yielding a total score that ranges from 21 to 105.
Ahigher score indicates a more significant detrimental
effect of fatigue on an individual’s daily functioning. In
this study, the Cronbach’s alpha coefficient was 0.95.

2.3. Statistical Analysis

Descriptive statistics included mean and standard
deviation (SD). Additionally, the Pearson correlation
test was utilized to explore the relationships among
the research variables. The PROCESS macro (Model 6) in
SPSS was applied to examine the connections between
IA and PA in adolescents, focusing on the mediating
roles of sleep disruption and fatigue (¢=0.05). We
performed 5000 bootstrap resampling iterations to
improve the model’s fit and to derive 95% confidence
intervals, thereby enhancing the robustness of the
analysis.

3. Results

The demographic assessment indicated that the
mean age of the children participating in the study was
15.84 years, accompanied by a SD of 121 years,
suggesting a relatively homogeneous age group. In
terms of physical health, the participants exhibited a
body mass index (BMI) that fell within a normal and
healthy range, with an average BMI of 18.63 and a SD of
1.30, reflecting a consistent level of body weight relative
to height among the subjects. The analysis of skewness
and kurtosis for all variables measured yielded values
ranging from -2 to +2, thereby confirming that the data
conforms to the assumptions of normal distribution,
which is essential for the validity of subsequent
statistical analyses (Table 1).

Table 1. Description of Research Variables.

Mean SD Skewness Kurtosis
Internet Addiction 68.97 6.28 0.327 0.472
Physical Activity 17.49 274 0.253 0.419
Sleep Disruption 11.92 1.82 0.139 0.271
Fatigue 63.37 5.81 0.427 0.487

In addition, there was a significant negative
correlation was identified between IA and PA (p<0.001).
Conversely, IA exhibited a positive correlation with
both sleep disruption and fatigue (p<0.001).
Furthermore, the analysis uncovered significant

negative correlations between sleep disruption and PA
as well as between fatigue and PA (p<0.001).
Additionally, a positive correlation was found between
sleep disruption and fatigue (p<0.001) (Table 2).

Table 2. Pearson Correlation matrix among the Research Variables

1 2 3 4
1. Internet addiction -
2. Physical activity r=—0.719
p<0.001
3. Sleep disruption 1=0.608 r=—0.501
p<0.001 P<0.001
4. Fatigue r=0.678 r=—0.539 r=0.563
p<0.001 Pp<0.001 p<0.001

The analysis presented in Table 3 and illustrated in
Figure 2 demonstrates that, after accounting for
gender, IA serves as a significant negative predictor of
PA among adolescents (=—0.452). Furthermore, the
mediation model indicates that IA positively correlates
with sleep disruption (p=0.226), which in turn
negatively impacts PA (p=—0.143). Additionally, IA is

fatigue also negatively influences adolescent PA
(B=—0.151). Notably, the findings suggest that both sleep
disruption and fatigue fully mediate the relationship
between IA and PA (B=0.339). The extent of variance
accounted for by these mediation pathways is further
elaborated in Table 4, providing a comprehensive
understanding of the interplay between these

associated with increased fatigue ($=0.364), and this variables.
Table 3. Test of Mediation Model.
Outcome Variable Predictor Variable B SE t-Value R* E-Value
“Physical Activity Gender 0.049 0.046 1.063 0.287 39.475
Internet addiction —0.452 0.042 —10.857
Sleep disruption —0.143 0.043 —3.482
Fatigue —0.151 0.047 —3.214
Fatigue Gender 0.012 0.040 0.011 0.036 10.268
Internet addiction 0.364 0.045 3.726
Sleep disruption 0.339 0.043 7.485
Sleep Disruption Gender 0.032 0.045 0.025 0.146 20.392
Internet addiction 0.226 0.045 5.417
30 Phys. Act. Child. 2025; 2(2): e549827.
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Figure 2. Diagram of the Chain Mediation Model.
Table 4. Path Analysis of Mediation Model.
Intermediate path Effect Size SE Bootstrap 95% CI Proportion of
Mediating Effect
Total Effect —0.149 0.048 -0.240,-0.057
Direct Effect —0.042 0.041 —0.123,-0.041
Internet Addiction => Sleep Disruption => Physical Activity -0.083 0.022 —0.134, —0.042 55.667%
Internet Addiction => Fatigue => Physical Activity —0.020 0.011 —0.045,-0.004 12.667%
Internet Addiction => Sleep Disruption => Fatigue => Physical Activity —0.008 0.004 -0.020,-0.002 6.000%
Total Indirect Effect —0.112 0.028 —0.174,-0.062 74.333%

4, Discussion

The association between IA and the engagement in
PA among youth is widely acknowledged; however, the
underlying mechanisms that facilitate this
relationship remain inadequately explored in existing
literature. This research seeks to investigate the
mediating effects of sleep disruption and fatigue,
which may act as significant pathways linking IA to
diminished PA in adolescents. The findings of this
study reveal that IA is a significant negative predictor
of PA among this demographic. Moreover, the
mediation analysis indicates that IA is positively
associated with sleep disruption, which subsequently
exerts a detrimental effect on PA. Additionally, the
study highlights that IA correlates with heightened
fatigue, which also adversely affects adolescents’
engagement in PA. Importantly, the results suggest
that both sleep disruption and fatigue fully mediate
the relationship between IA and PA. These outcomes
align with previous research (23,25,28-30), reinforcing
the idea that increased IA correlates with decreased PA,
heightened sleep disturbances, and greater feelings of
fatigue among adolescents. Ultimately, the study
underscores the importance of considering sleep
issues and fatigue as potential mechanisms
influencing the relationship between IA and PA in this
age group.

Regarding the mediating role of sleep disruption in
the relationship between IA and reduced PA, it can be
several explanations. One potential explanation for the
relationship between problematic internet use and
sleep disruption is grounded in the “time
displacement theory” (31). This theory suggests that
engaging in unstructured leisure activities online,
which lack defined start and end times, can lead
individuals to spend excessive amounts of time on the
internet. Consequently, this extended usage may
encroach upon time that could otherwise be allocated
to essential activities, including sleep. Additionally,
another contributing factor may be the impact of light
emitted from devices used for internet access. Research
indicates that screens with LED backlighting emit
significant amounts of short-wavelength light, which
has been shown to inhibit the secretion of melatonin
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during evening hours (32). This suppression of
melatonin can lead to a decrease in both objective and
subjective feelings of sleepiness, further exacerbating
sleep disturbances associated with excessive internet
use.

In addition, the relationship between sleep
disruption and subsequent reduced participation in PA
is likely influenced by multiple interconnected
pathways. A shown in this study, disrupted sleep is
associated with fatigue. It has also been shown that
sleep disruption is associational with various negative
outcomes, including diminished cognitive function,
reduced concentration, and an elevated risk of stress-
related disorders, which can lead to social withdrawal
and feelings of loneliness (33,34). Factors such as
fatigue and tiredness can significantly reduce an
individual’s motivation to PA. Research consistently
indicates that these feelings often arise from
insufficient sleep, poor sleep quality, sleep-disordered
breathing, and being awake during times when the
body 1is naturally predisposed to rest (33,35).
Furthermore, research indicates that sleep deprivation
is linked to increased self-reported fatigue, diminished
arousal, and impaired behavioral inhibition and
attention. Additionally, individuals tend to exhibit
higher smoking behavior after a night of inadequate
sleep compared to a night of sufficient rest (31,36).
Additionally, research strongly suggests that
insufficient sleep is associated with increased caloric
consumption and poor food choices, which can
ultimately lead to weight gain (32,35). This relationship
plays a significant role in linking poor sleep patterns to
PA. Additionally, adequate sleep is essential for muscle
recovery and peak physical performance, highlighting
the critical role of sleep in sustaining an active lifestyle.

This study contributes to the theoretical
understanding of the interplay between IA and PA in
adolescents by elucidating the underlying
mechanisms through sleep disruption and fatigue. By
identifying a chain mediating pathway, our findings
extend existing frameworks on behavioral addictions
and adolescent health. Moreover, the results provide
empirical support for integrative models that link
digital behavior, sleep physiology, and energy
regulation, offering a more nuanced perspective on
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how modern lifestyle factors interact to influence
adolescent well-being. This theoretical insight can
guide future research in developing comprehensive
models that account for the complex, multi-step
pathways through which technology use affects health
behaviors.

This study, while valuable, is not without its
limitations. The cross-sectional design restricts the
ability to draw causal inferences regarding the
relationships among IA, sleep disruption, fatigue, and
PA. Second, reliance on selfreported measures may
introduce reporting bias, particularly in sensitive areas
such as internet use and fatigue levels. Third, the
sample may not be fully representative of all
adolescents, limiting the generalizability of the
findings across different cultural or socio-economic
contexts. Finally, while sleep disruption and fatigue
were examined as mediators, other potential
psychological or environmental factors, such as stress,
peer influence, or parental monitoring, were not
considered and may also play important roles in
shaping adolescents’ PA.

4.1 Conclusion

The cross-sectional study conducted among
adolescents uncovered a significant dose-response
relationship, demonstrating that increased severity of
IA correlates with a decline in PA. Additionally, the
findings indicated that sleep disturbances and fatigue
play a significant mediating role in this relationship,
suggesting that adolescents facing IA may experience
diminished PA partly due to the adverse effects of
disrupted sleep and resulting fatigue. Therefore, it is
imperative for researchers and public health
policymakers to enhance their understanding of how
IA and sleep patterns interact with PA across various
age groups, as this insight is vital for developing
effective intervention strategies that promote healthy
sleep habits and adequate levels of physical activity.
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