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Abstract

Smartphone addiction has become increasingly prevalent among college students and is associated
with various negative physical and psychological outcomes. Functional exercise capacity, a key
indicator of physical fitness and health, may be adversely affected by excessive smartphone use due to
sedentary behavior and reduced physical activity. This article examines the association between
smartphone addiction and functional exercise capacity in college students by analyzing behavioral,
psychological, physiological, and methodological perspectives. Evidence suggests that higher levels of
smartphone addiction are linked to decreased physical activity, poor cardiovascular endurance, and
reduced functional performance. Psychological factors such as stress, anxiety, depression, and sleep
disturbances further mediate this relationship. Intervention strategies, including structured exercise
programs, behavioral modification techniques, digital detox interventions, and wearable technology,
have shown promise in improving both smartphone use patterns and exercise capacity. The findings
highlight the need for integrated health promotion strategies targeting both digital behavior and
physical fitness among college populations.
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sedentary behavior, mental health, exercise tolerance, digital health

INTRODUCTION

Smartphone addiction has emerged as a major behavioral concern among college students owing to
their increased reliance on mobile devices for communication, education, and entertainment, with recent
studies highlighting a rapid escalation in daily screen time and dependency patterns among young
adults. The integration of smartphones into nearly every aspect of academic and social life has
transformed them from simple communication tools into indispensable devices that significantly shape
behavior, cognition, and lifestyle habits. The widespread availability of high-speed internet, social
media platforms, and mobile applications has further intensified smartphone usage, making it difficult
for students to regulate their engagement and maintain healthy usage patterns. Consequently, excessive
usage patterns characterized by compulsive
checking, prolonged screen exposure, and reduced
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gratification mechanisms, such as notifications,
likes, and continuous content streams, which
contribute to the development of addictive
tendencies. Over time, such patterns can lead to

psychological dependence, withdrawal symptoms,
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and a diminished capacity to disengage from digital
environments, even when necessary. The impact of
smartphone addiction extends beyond mental health
and cognitive functioning, significantly affecting
physical health outcomes, including reduced
physical activity and increased sedentary behavior.
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. According to the Global System for Mobile Communications, there are 4.3 billion
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Figure 1. Global prevalence trends of smartphone addiction among college students.

Functional exercise capacity, defined as the ability to perform sustained physical activity efficiently,
is a critical indicator of overall health and fitness in young adults and is influenced by cardiovascular
endurance, muscular strength, and respiratory efficiency [1]. In college students, maintaining optimal
functional exercise capacity is essential for supporting academic performance, mental well-being, and
long-term health outcomes. However, the increasing prevalence of sedentary lifestyles driven by
excessive smartphone use has raised concerns regarding declining levels of physical fitness in this
population. Prolonged screen time often replaces time that could otherwise be spent engaging in
physical activities such as sports, exercise, or recreational movement, leading to reduced energy
expenditure and lower fitness levels [2]. Additionally, smartphone use is frequently associated with
passive behaviors such as sitting or lying down, which further contribute to decreased physical activity
and increased risk of metabolic disorders. The coexistence of high smartphone use and declining
physical activity levels has therefore become a critical area of concern for researchers and health
professionals seeking to understand the broader implications of digital behavior on physical health.
Emerging evidence suggests that individuals with higher levels of smartphone addiction demonstrate
significantly lower functional exercise capacity compared to those with moderate or controlled usage
patterns [3]. This association is influenced by multiple interacting factors, including reduced motivation
for exercise, increased fatigue, and disrupted sleep patterns resulting from excessive screen exposure.
Sleep disturbances, particularly those caused by late-night smartphone use and blue light exposure,
negatively impact recovery processes and reduce overall physical performance [4]. Furthermore, the
habitual use of smartphones in static postures contributes to musculoskeletal strain and discomfort,
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which may further discourage participation in physical activity. The psychological dimension of
smartphone addiction also plays a significant role, as increased levels of stress, anxiety, and depression
are commonly observed among individuals with problematic smartphone use. These psychological
factors not only reinforce addictive behaviors but also reduce engagement in health-promoting activities
such as exercise and outdoor recreation [5]. Consequently, a negative cycle is established in which
smartphone addiction leads to reduced physical activity, which in turn contributes to declining
functional exercise capacity and overall health. Figure 1 illustrates the global rise in smartphone
addiction among college students over the past decade, showing a consistent upward trend that reflects
increasing digital dependence and its relevance to modern student lifestyles. This trend underscores the
urgency of addressing smartphone addiction as a multidimensional health issue that requires
comprehensive intervention strategies targeting both behavioral and physical health domains.
Understanding the relationship between smartphone addiction and functional exercise capacity is
therefore essential for developing effective prevention and intervention programs aimed at improving
the health and well-being of college students in the digital age [6].

BACKGROUND AND THEORETICAL FRAMEWORK

Smartphone addiction is conceptualized as a behavioral addiction involving impaired control over
usage, development of tolerance, and the presence of withdrawal symptoms when access to the device
is limited, reflecting patterns similar to other non-substance-related addictions observed in young adults.
This form of addiction is increasingly recognized within the framework of behavioral sciences as it
interferes with daily functioning, academic responsibilities, and social interactions among college
students [7]. The compulsive nature of smartphone use is driven by repeated engagement with
rewarding digital content, reinforcing habitual checking and prolonged screen exposure over time.
Neurobehavioral evidence suggests that such repetitive behaviors activate reward pathways in the brain,
particularly those associated with dopamine release, thereby strengthening dependence and habitual
use. The dual process theory provides a useful explanation for this phenomenon by highlighting the
imbalance between the impulsive system, which seeks immediate gratification, and the reflective
system, which regulates self-control and decision making. In individuals with smartphone addiction,
the impulsive system becomes dominant, leading to excessive engagement with digital stimuli despite
awareness of negative consequences [8]. This imbalance reduces the ability to regulate usage patterns
and contributes to the persistence of addictive behaviors even in the presence of academic or health-
related concerns. Functional exercise capacity, on the other hand, is influenced by the integrated
functioning of cardiovascular, respiratory, and musculoskeletal systems, which collectively determine
an individual’s ability to perform sustained physical activity. Adequate cardiovascular endurance
ensures efficient oxygen delivery to working muscles, while respiratory efficiency supports optimal gas
exchange during physical exertion. Musculoskeletal strength and flexibility further contribute to the
ability to perform physical tasks effectively and without fatigue. In college students, maintaining
functional exercise capacity is essential for supporting both physical health and cognitive performance
[9]. However, reduced physical activity resulting from excessive smartphone use has emerged as a
critical factor linking behavioral addiction to declining physical fitness. Prolonged engagement with
smartphones often leads to sedentary behavior, characterized by extended periods of sitting or lying
down with minimal energy expenditure. This sedentary lifestyle reduces opportunities for engaging in
moderate to vigorous physical activity, which is necessary for maintaining cardiovascular and muscular
fitness [10]. Over time, decreased physical activity contributes to deconditioning of physiological
systems, resulting in reduced endurance, lower exercise tolerance, and impaired functional capacity.
Additionally, excessive smartphone use is frequently associated with poor posture and limited
movement, which further exacerbates musculoskeletal strain and reduces overall physical efficiency
[11]. The interaction between behavioral addiction and physical inactivity creates a complex cycle in
which increased smartphone use leads to reduced activity levels, which in turn contribute to declining
physical health and further reinforce sedentary habits. Psychological factors such as stress, anxiety, and
reduced motivation also play a mediating role by influencing both smartphone usage patterns and
engagement in physical activity. Individuals experiencing higher levels of psychological distress may
rely more heavily on smartphones as a coping mechanism, thereby increasing screen time and reducing
participation in physical exercise [12].
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Figure 2. Conceptual framework linking smartphone addiction, sedentary behavior, and functional
exercise capacity.

This interaction highlights the multidimensional nature of the relationship between smartphone
addiction and functional exercise capacity, which involves behavioral, psychological, and physiological
components. Figure 2 presents a conceptual framework demonstrating how smartphone addiction leads
to sedentary behavior and reduced exercise capacity through multiple interacting pathways, integrating
theoretical and empirical insights to provide a comprehensive understanding of this relationship. This
framework emphasizes the central role of reduced physical activity as a key mediator linking digital
behavior to physical health outcomes while acknowledging the influence of psychological and
environmental factors. Understanding these interconnected pathways is essential for developing
targeted interventions aimed at restoring the balance between digital engagement and physical activity
in college students [13].

OPERATIONAL DEFINITIONS

Smartphone addiction refers to excessive and uncontrolled smartphone use characterized by
behavioral dependence, inability to regulate usage, withdrawal symptoms, and significant interference
with daily academic, social, and physical activities among college students. This condition has gained
increasing recognition as a form of behavioral addiction due to its similarity with substance use
disorders in terms of compulsive engagement and negative consequences. Individuals experiencing
smartphone addiction often demonstrate persistent checking behaviors, craving for digital interaction,
and difficulty in reducing usage despite awareness of its harmful effects. These patterns are reinforced
by psychological gratification derived from social connectivity, entertainment, and instant access to
information through digital platforms. Withdrawal symptoms such as irritability, restlessness, and
anxiety are commonly reported when access to smartphones is restricted, further indicating the addictive
nature of this behavior [14]. Over time, such excessive usage disrupts daily routines, impairs
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concentration, and reduces productivity, particularly in academic environments. Functional exercise
capacity refers to the ability of an individual to perform physical tasks efficiently and sustain activity
over a period of time, reflecting overall physical fitness and endurance. It is a comprehensive measure
influenced by cardiovascular, respiratory, and musculoskeletal systems working in coordination to
support physical performance. Common methods used to assess functional exercise capacity include
endurance-based tests such as the six-minute walk test, shuttle walk test, and maximal oxygen uptake
measurements. These assessments provide valuable insights into an individual’s aerobic capacity,
exercise tolerance, and ability to perform daily physical activities. In young adults, particularly college
students, maintaining optimal functional exercise capacity is essential for supporting both physical
health and mental well-being [15]. However, lifestyle changes associated with increased digital
engagement have contributed to declining physical activity levels and reduced exercise performance in
this population. Sedentary behavior refers to activities that involve low energy expenditure, typically
performed in sitting or reclining positions, such as watching screens, browsing the internet, or engaging
in prolonged smartphone use. This type of behavior has become increasingly prevalent with the
widespread use of digital devices and is considered a major risk factor for various health conditions.
Prolonged sedentary time is associated with reduced metabolic activity, decreased cardiovascular
fitness, and increased risk of obesity and related disorders. In the context of smartphone addiction,
sedentary behavior often replaces time that could otherwise be allocated to physical activity, thereby
contributing to reduced energy expenditure and declining fitness levels. The interaction between
smartphone addiction and sedentary behavior creates a reinforcing cycle in which increased screen time
leads to decreased physical movement, further promoting inactivity and physical deconditioning.
Additionally, sedentary behavior is linked to poor posture and musculoskeletal discomfort, particularly
in the neck, shoulders, and lower back, which can further limit physical activity participation.
Psychological factors such as stress and lack of motivation also contribute to increased sedentary
behavior and reduced engagement in exercise. The combined effect of smartphone addiction and
sedentary lifestyle significantly impacts functional exercise capacity by reducing cardiovascular
endurance, muscular strength, and overall physical performance. Understanding these operational
definitions is essential for establishing a clear conceptual framework when examining the relationship
between digital behavior and physical health outcomes in college students. Clear definitions also enable
researchers to standardize measurement approaches and improve the comparability of findings across
studies. Furthermore, recognizing the interconnected nature of smartphone addiction, sedentary
behavior, and functional exercise capacity provides a foundation for developing targeted interventions
aimed at promoting healthier lifestyles and reducing the negative impact of excessive digital
engagement [16-20].

METHODOLOGY

This article is based on a narrative review of literature published within the last ten years, aiming to
synthesize existing evidence on the association between smartphone addiction and functional exercise
capacity among college students through a structured yet flexible approach. A narrative review
methodology was selected to allow comprehensive integration of findings from diverse study designs,
including cross-sectional, observational, and experimental research, thereby providing a broad
understanding of the topic. Relevant studies were identified using major electronic databases such as
PubMed, Scopus, Web of Science, and Google Scholar, which are widely recognized for indexing high-
quality peer-reviewed research in health sciences and behavioral studies. A systematic search strategy
was employed using combinations of keywords, including smartphone addiction, mobile phone
dependence, physical activity, exercise capacity, sedentary behavior, and college students, to ensure
comprehensive retrieval of relevant literature. Boolean operators such as AND and OR were used to
refine the search and improve the accuracy of results by linking related concepts and filtering irrelevant
studies. The search was limited to articles published in English within the last decade to ensure the
inclusion of recent and relevant findings reflecting current technological and behavioral trends.
Inclusion criteria were defined prior to the search and included studies focusing on college or university
students, studies assessing smartphone addiction or problematic smartphone use, and studies reporting
outcomes related to physical activity or functional exercise capacity.
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Table 1. Prevalence and associated risk factors of smartphone addiction among college students.

Study/region Prevalence (%)| Population characteristics Key risk factors identified

Asia (multi-country) 30-50 Undergraduate students High academic .stress. social media overuse.
poor sleep quality

India 35-60 College and university students Exgqsswe screen  time. lack of physical
activity. peer influence

China 25-45 Medical and non-medical students| Anxiety. depression. academic pressure

Europe 20-40 University students Sedentary lifestyle. low physical activity.
internet dependency

Middle East 40-70 Health science students Em.otlonal.stress. sleep disturbances. high
social media usage

United States 2550 College students B.e}.laworal habits. poor time management.
digital engagement

Korea 35.55 University students Gammg addiction. psychological distress.
academic burden

Global average 30-60 Mixed student populations Sedentary behavior. poor lifestyle habits.
lack of awareness

Exclusion criteria involved studies conducted on clinical populations, studies focusing on children or
older adults, and articles lacking sufficient methodological rigor or full-text availability. After initial
identification, titles and abstracts were screened to determine relevance, followed by full-text review of
selected articles to confirm eligibility based on predefined criteria. Data extraction was performed
systematically by reviewing selected studies and identifying key variables such as sample
characteristics, measurement tools, study design, and major findings related to smartphone use and
physical fitness. The extracted data were then organized into thematic categories to facilitate qualitative
synthesis and interpretation of relationships between variables. This qualitative synthesis approach
enabled the identification of consistent patterns, trends, and gaps in literature without restricting
analysis to statistical aggregation. The methodology also emphasized comparison across studies to
highlight similarities and differences in findings based on geographical, cultural, and demographic
variations. To ensure reliability, preference was given to studies employing validated measurement
tools such as the Smartphone Addiction Scale and International Physical Activity Questionnaire. The
methodological framework also considered the quality of included studies by evaluating factors such as
sample size, study design, and clarity of outcome measures. Table 1 summarizes the prevalence of
smartphone addiction across different populations and highlights key contributing factors such as
gender differences, academic stress, and social media usage patterns, thereby providing a
comprehensive overview of the scope of the issue. Table 1 also facilitates comparison of findings across
regions and helps identify populations at higher risk of developing problematic smartphone use. The
narrative review approach allows for integration of multidisciplinary perspectives, including
physiological, psychological, and behavioral dimensions of smartphone addiction and exercise
capacity. Additionally, this methodology supports the identification of research gaps, particularly in
relation to longitudinal and intervention-based studies, which are currently limited in literature. By
synthesizing evidence from diverse sources, the review provides a holistic understanding of how
smartphone addiction influences physical health outcomes in college students. Furthermore, the
methodology acknowledges potential limitations such as publication bias, language restrictions, and
reliance on self-reported data in many studies, which may affect the generalizability of findings. Despite
these limitations, the structured approach to literature selection and analysis enhances the credibility
and relevance of the findings presented in this article.

MEASUREMENT TOOLS AND INSTRUMENTS

Standardized tools such as the Smartphone Addiction Scale and International Physical Activity
Questionnaire are widely used for assessing behavioral and physical health variables in research related
to smartphone addiction and functional exercise capacity among college students, ensuring consistency
and comparability across studies.
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The Smartphone Addiction Scale is one of the most commonly used instruments and evaluates
multiple dimensions of addictive behavior, including daily life disturbance, withdrawal, tolerance, and
overuse, thereby providing a comprehensive assessment of problematic smartphone use. Short versions
of this scale have also been developed to facilitate easier administration while maintaining reliability
and validity in large population studies. The problematic mobile phone use questionnaire is another
widely used tool that focuses on behavioral dependence and psychosocial consequences associated with
excessive smartphone use. These tools are often self-reported and rely on Likert scale responses,
allowing researchers to quantify subjective experiences related to smartphone use. In addition to
addiction-specific scales, broader psychological assessment tools are sometimes used to evaluate
associated factors such as stress, anxiety, and depression, which are closely linked to smartphone usage
patterns. Physical activity levels are commonly measured using the International Physical Activity
Questionnaire, which assesses frequency, duration, and intensity of physical activities performed over
a specified period. This questionnaire categorizes activity into different domains such as walking,
moderate activity, and vigorous activity, providing a detailed overview of an individual’s physical
activity profile. The international physical activity questionnaire (IPAQ) is widely used due to its
simplicity, cost-effectiveness, and ability to capture data across diverse populations and settings.
Objective measures such as accelerometers and pedometers are also sometimes used to complement
self-reported data and provide more accurate estimates of physical activity and sedentary behavior.
Functional exercise capacity is measured using performance-based tests that evaluate an individual’s
ability to sustain physical activity over time, reflecting real-world functional ability. The six-minute
walk test is one of the most commonly used assessments and measures the distance an individual can
walk on a flat surface within six minutes, serving as an indicator of aerobic endurance and
cardiovascular fitness. This test is simple, non-invasive, and widely applicable across different
populations, making it a preferred choice in both clinical and research settings. Another important
measure of functional exercise capacity is maximal oxygen uptake or VO, max, which represents the
maximum amount of oxygen the body can utilize during intense exercise and is considered the gold
standard for assessing cardiorespiratory fitness. VO, max is typically measured using graded exercise
tests conducted on treadmills or cycle ergometers under controlled conditions. Shuttle run tests and step
tests are also used as alternative methods for assessing aerobic capacity and endurance, particularly in
field-based studies. These tests provide valuable information about an individual’s physical
performance and ability to engage in sustained activity. Figure 3 demonstrates commonly used
measurement tools and their domains, illustrating how smartphone addiction is assessed through
behavioral and psychological indicators while functional exercise capacity is evaluated through
physiological and performance-based measures. The integration of subjective and objective assessment
tools enhances the accuracy and reliability of research findings by capturing multiple dimensions of the
variables under study. Additionally, combining self-reported questionnaires with performance-based
tests allows researchers to explore the relationship between perceived behavior and actual physical
capacity. The use of validated measurement tools also ensures standardization across studies, enabling
meaningful comparison of results and synthesis of evidence in systematic reviews and meta-analyses.
However, it is important to acknowledge limitations such as response bias in self-reported
questionnaires and variability in test administration, which may affect the precision of measurements.
Despite these challenges, the use of established assessment tools remains essential for advancing
research on smartphone addiction and its impact on physical health outcomes.

EPIDEMIOLOGY OF SMARTPHONE ADDICTION IN COLLEGE STUDENTS

The prevalence of smartphone addiction among college students ranges between 20% and 45%
globally, reflecting a growing public health concern that varies across regions and populations
depending on technological access and lifestyle patterns. This wide range in prevalence is influenced
by differences in assessment tools, cultural norms, and patterns of smartphone use among young adults
in different countries. In many developed and developing nations, college students represent one of the
highest risk groups for smartphone addiction because of their constant engagement with digital
platforms for both academic and social purposes. Academic demands play a significant role in
increasing smartphone usage, as students rely heavily on mobile devices to access study materials,
attend online classes, and communicate with peers and faculty.
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Figure 3. Measurement tools used for assessing smartphone addiction and functional exercise
capacity.
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The integration of digital learning environments has further blurred the boundary between productive
and excessive smartphone use, making it difficult to distinguish between necessary and addictive
behaviors. Social networking is another major contributing factor, as platforms offering instant
messaging, content sharing, and social validation encourage prolonged engagement and repeated
checking behaviors. The need for social connectivity and fear of missing out often drives students to
remain constantly connected, thereby increasing the risk of developing addictive patterns. Accessibility
also plays a crucial role, as the widespread availability of affordable smartphones and high-speed
internet has made continuous online engagement possible across diverse socioeconomic groups. In
regions with higher technological penetration, prevalence rates tend to be higher due to greater exposure
and ease of access to digital content. Conversely, variations in cultural attitudes toward technology use
and lifestyle habits can influence the extent of smartphone dependence among students. For instance,
societies that emphasize outdoor activities and physical engagement may exhibit lower levels of
addiction compared to those with predominantly sedentary lifestyles. Gender differences have also been
observed, with some studies indicating higher addiction rates among females due to increased social
media use, while others report higher rates among males due to gaming and entertainment-related
activities. Psychological factors such as stress, anxiety, and depression further contribute to smartphone
addiction by increasing reliance on digital devices as coping mechanisms. Students experiencing higher
levels of academic or emotional stress are more likely to engage in excessive smartphone use, which in
turn reinforces addictive behavior. Environmental factors such as hostel living, peer influence, and lack
of structured routines also contribute to increased screen time among college students. Figure 4
illustrates the distribution of smartphone addiction across different regions, highlighting variations
influenced by sociocultural and technological factors, and demonstrating how prevalence rates differ
between urban and rural populations as well as between developed and developing countries. Figure 4
also emphasizes the role of digital infrastructure and internet penetration in shaping usage patterns and
addiction risk. Regional differences in educational systems and lifestyle habits further contribute to
variations in smartphone use, with some regions reporting higher dependence due to greater integration
of technology in daily life. Additionally, policy frameworks and awareness programs related to digital
health can influence the prevalence of smartphone addiction by promoting responsible usage and
reducing excessive screen time.
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Figure 4. Regional distribution of smartphone addiction prevalence among college students.

Despite these variations, the overall trend indicates a steady increase in smartphone addiction among
college students worldwide, highlighting the need for targeted interventions and preventive strategies
to address this issue. The growing prevalence also underscores the importance of understanding the
underlying factors contributing to this issue to develop effective solutions. Addressing smartphone
addiction requires a multifaceted approach that considers behavioral, psychological, and environmental
determinants, as well as regional differences in technology use.

FUNCTIONAL EXERCISE CAPACITY IN YOUNG ADULTS

Functional exercise capacity is influenced by a wide range of lifestyle and physiological factors that
collectively determine an individual’s ability to perform sustained physical activity efficiently,
particularly among college students who are undergoing significant behavioral and environmental
transitions. Lifestyle factors such as physical activity levels, dietary habits, sleep patterns, and daily
routines play a crucial role in maintaining optimal functional capacity and overall physical fitness.
Regular engagement in moderate to vigorous physical activity enhances cardiovascular endurance,
muscular strength, and respiratory efficiency, which are essential components of functional exercise
capacity. However, modern lifestyle changes characterized by increased reliance on digital devices have
significantly altered activity patterns among students, leading to reduced engagement in physical
exercise. Reduced physical activity is one of the primary contributors to declining fitness levels, as it
results in decreased energy expenditure and gradual deconditioning of physiological systems. The
increasing prevalence of screen-based activities, particularly smartphone use, has further exacerbated
this issue by promoting sedentary behavior and limiting opportunities for movement. Increased screen
time is associated with prolonged sitting, which negatively affects cardiovascular health, metabolic
function, and musculoskeletal integrity. Over time, these effects lead to reduced aerobic capacity,
diminished endurance, and impaired ability to perform physical tasks efficiently. Physiological factors
such as age, gender, body composition, and genetic predisposition also influence functional exercise
capacity, although lifestyle factors often have a more immediate and modifiable impact. For instance,
individuals with higher body fat percentage and lower muscle mass may experience reduced exercise
tolerance and increased fatigue during physical activity. Cardiovascular fitness, measured through
parameters such as heart rate response and oxygen uptake, is a key determinant of exercise capacity and
is directly influenced by physical activity levels.
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Figure 5. Determinants of functional exercise capacity in college students.

Respiratory efficiency, including lung capacity and ventilation rate, plays a significant role in
sustaining physical performance during exercise. Behavioral factors, such as motivation, self-discipline,
and health awareness, further affect an individual’s engagement in physical activity and, consequently,
their functional capacity. Students who lack motivation or perceive exercise as a low priority are more
likely to adopt sedentary lifestyles, thereby reducing their physical fitness. Environmental influences,
including access to recreational facilities, availability of safe outdoor spaces, and institutional support
for physical activity, also contribute significantly to exercise behavior. In college settings, factors such
as academic workload, time constraints, and social environment can facilitate or hinder participation in
physical activity.

For example, students with demanding academic schedules may find it difficult to allocate time for
regular exercise, leading to decreased activity levels and reduced fitness levels. Additionally, peer
influence and social norms can shape attitudes toward physical activity, either encouraging active
lifestyles or reinforcing sedentary behavior. Psychological factors such as stress, anxiety, and
depression also impact functional exercise capacity by affecting energy levels, motivation, and overall
well-being. Students experiencing high levels of stress may be less likely to engage in physical activity
and more likely to engage in passive behaviors, such as smartphone use. Figure 5 shows the
determinants of functional exercise capacity, including physical, behavioral, and environmental
influences, providing a comprehensive overview of the multiple factors that interact to influence
physical fitness in college students. Figure 5 highlights the interconnected nature of these determinants
and emphasizes the importance of addressing multiple domains when designing interventions to
improve exercise capacity. Understanding these determinants is essential for developing targeted
strategies to promote active lifestyles and reduce the negative impact of sedentary behavior on physical
health.

ASSOCIATION BETWEEN SMARTPHONE ADDICTION AND PHYSICAL ACTIVITY

A negative association exists between smartphone addiction and physical activity levels, with
numerous studies demonstrating that increased reliance on smartphones is linked to a decline in
engagement in regular exercise among college students. This relationship is primarily driven by the
displacement effect, wherein time spent on smartphones replaces time that could otherwise be used for
physical activities such as sports, walking, or structured exercise. Increased screen time contributes to
prolonged sedentary behavior, which reduces overall energy expenditure and leads to lower physical
fitness.
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College students who exhibit higher levels of smartphone addiction are more likely to spend extended
periods sitting or lying down while interacting with their devices, further limiting opportunities for
physical movement. The convenience and accessibility of digital entertainment, including social media,
streaming platforms, and mobile gaming, make smartphones a preferred source of leisure activity,
thereby reducing motivation to engage in physically demanding tasks. Behavioral patterns associated
with smartphone addiction, such as compulsive checking and multitasking, also interfere with structured
exercise routines and reduce adherence to fitness programs. In addition, excessive smartphone use is
often associated with irregular daily schedules and poor time management, which can further hinder
participation in planned physical activities. Psychological factors such as decreased motivation,
increased fatigue, and reduced self-regulation play a significant role in mediating the relationship
between smartphone addiction and physical inactivity. Individuals with high smartphone dependence
may experience lower intrinsic motivation for exercise, preferring passive activities that require
minimal physical effort. Moreover, the overstimulation associated with continuous digital engagement
can lead to mental fatigue, which reduces the willingness to participate in physical activity. Sleep
disturbances resulting from excessive screen time, particularly during late-night hours, also contribute
to reduced energy levels and decreased physical performance during the day. Social and environmental
factors further influence this relationship, as peer behavior and cultural norms surrounding technology
use can either encourage or discourage active lifestyles. Students who are part of social groups that
prioritize digital interaction over physical engagement are more likely to adopt sedentary behaviors and
neglect exercise. Conversely, supportive environments that promote physical activity can help mitigate
the negative impact of smartphone addiction on fitness levels. The physiological consequences of
reduced physical activity include decreased cardiovascular endurance, reduced muscular strength, and
impaired metabolic function, all of which contribute to lower functional exercise capacity. Over time,
these changes can increase the risk of chronic health conditions such as obesity, cardiovascular disease,
and metabolic syndrome. The inverse relationship between smartphone use and physical activity is
further explained in Figure 6, which depicts how increasing smartphone use correlates with decreasing
physical activity intensity, illustrating a clear downward trend in activity levels as screen time increases.
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This graphical representation highlights the dose-dependent nature of the relationship, indicating that
higher levels of smartphone engagement are associated with progressively lower levels of physical
exertion. Figure 6 also emphasizes the cumulative impact of prolonged screen exposure on physical
health, demonstrating how small reductions in daily activity can lead to significant declines in overall
fitness over time. Understanding this inverse relationship is essential for developing targeted
interventions aimed at reducing smartphone addiction and promoting physical activity among college
students. Strategies such as time management training, digital detox programs, and structured exercise
interventions have been shown to improve both behavioral and physical outcomes. Additionally,
integrating technology-based solutions such as fitness tracking applications and activity reminders can
help encourage movement and reduce sedentary behavior.

DOSE RESPONSE RELATIONSHIP

Higher duration of smartphone use is consistently associated with greater declines in physical activity
and exercise capacity among college students, indicating a significant behavioral and physiological
impact of prolonged screen exposure. As daily smartphone usage increases, the amount of time
available for engaging in physical activities correspondingly decreases, leading to reduced overall
movement and energy expenditure. This inverse relationship is particularly concerning for young adults,
as consistent physical activity is essential for maintaining cardiovascular fitness, muscular strength, and
metabolic health. Prolonged screen exposure often results in extended periods of sedentary behavior,
which contributes to physical deconditioning and reduced functional exercise capacity over time. The
cumulative effect of such inactivity is reflected in diminished aerobic endurance and lower tolerance
for physical exertion, even during routine activities. Additionally, increased smartphone use is
frequently associated with behavioral patterns such as late-night usage and irregular daily routines,
which can further disrupt opportunities for exercise. Sleep disturbances caused by excessive screen time
negatively impact recovery and energy levels, thereby reducing the ability to engage in physical activity
during waking hours. Psychological factors also contribute to this relationship, as individuals with
higher smartphone use may experience reduced motivation, increased fatigue, and a preference for
passive forms of leisure. Over time, these behavioral tendencies reinforce sedentary habits and further
limit participation in physical exercise. The dose-dependent nature of this relationship suggests that
even small increases in daily screen time can lead to measurable declines in physical activity levels and
exercise performance. For example, students who spend several hours per day on their smartphones are
less likely to meet recommended physical activity guidelines compared to those with moderate usage
patterns. This gradual reduction in activity contributes to long-term physiological changes such as
decreased cardiovascular efficiency, reduced muscle endurance, and impaired metabolic function.
Furthermore, prolonged smartphone use often occurs in static postures, which not only limits movement
but also contributes to musculoskeletal discomfort and reduced physical efficiency. Environmental and
social factors may further amplify this effect, as increased digital engagement is often normalized within
peer groups, reducing the perceived importance of physical activity. The cumulative impact of
prolonged screen exposure is therefore not limited to immediate behavioral changes but extends to long-
term health outcomes, including reduced functional exercise capacity and increased risk of chronic
diseases. Understanding this relationship is essential for developing targeted interventions aimed at
reducing excessive smartphone use and promoting active lifestyles among college students. Strategies
such as limiting screen time, encouraging regular physical activity breaks, and integrating movement
into daily routines can help mitigate the negative effects of prolonged smartphone use.

IMPACT ON FUNCTIONAL EXERCISE CAPACITY

Smartphone addiction negatively impacts exercise capacity through multiple interrelated
mechanisms, including reduced physical activity, poor sleep quality, and progressive physiological
deconditioning, all of which contribute to declining fitness levels among college students. Reduced
physical activity is one of the most direct consequences of excessive smartphone use, as prolonged
screen engagement limits time available for exercise and promotes sedentary behavior. Students with
high levels of smartphone addiction often spend several hours daily in inactive postures, leading to
decreased energy expenditure and reduced stimulation of cardiovascular and muscular systems. Over
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time, this inactivity results in diminished aerobic capacity, reduced muscular endurance, and impaired
overall physical performance. Poor sleep is another critical factor linking smartphone addiction to
reduced exercise capacity, as excessive screen exposure, particularly during nighttime, disrupts
circadian rhythms and delays sleep onset. The blue light emitted by smartphone screens suppresses
melatonin production, leading to shorter sleep duration and poorer sleep quality. Inadequate sleep
negatively affects recovery processes, reduces energy levels, and impairs cognitive and physical
performance during the day. As a result, individuals with high smartphone usage often experience
fatigue and decreased motivation for engaging in physical activity. Physiological deconditioning further
exacerbates this issue, as prolonged inactivity leads to a gradual decline in cardiovascular efficiency,
muscle strength, and metabolic function. This deconditioning process reduces the body’s ability to
perform sustained physical activity, thereby lowering functional exercise capacity. Additionally,
excessive smartphone use is associated with poor posture and musculoskeletal strain, particularly in the
neck, shoulders, and lower back, which can further limit physical performance and increase discomfort
during exercise. Psychological factors such as stress, anxiety, and reduced self-regulation also play a
mediating role by influencing both smartphone usage patterns and participation in physical activity.
Individuals experiencing higher levels of psychological distress may rely more heavily on smartphones
as a coping mechanism, thereby increasing screen time and reducing engagement in health-promoting
behaviors. This creates a reinforcing cycle in which smartphone addiction leads to reduced physical
activity and poor health outcomes, which in turn further increase dependence on digital devices. Table
2 presents a comparison of functional exercise capacity parameters between high and low smartphone
usage groups, clearly demonstrating reduced endurance and performance in highly addicted individuals,
with lower values observed in measures such as six-minute walk distance, VO, max, and exercise
tolerance. Table 2 highlights significant differences in cardiovascular and respiratory efficiency,
indicating that individuals with excessive smartphone use exhibit compromised physiological functions.
These findings are consistent across multiple studies, reinforcing the negative impact of smartphone
addiction on physical fitness and performance. Furthermore, the data suggest that even moderate
increases in smartphone usage can lead to measurable declines in exercise capacity, emphasizing the
importance of early intervention. Environmental and lifestyle factors such as academic workload, lack
of access to recreational facilities, and social norms surrounding technology use may further influence
this relationship. Addressing smartphone addiction, therefore, requires a comprehensive approach that
targets behavioral, psychological, and environmental determinants of health.

Interventions such as structured exercise programs, sleep hygiene education, and digital detox
strategies have shown potential for improving both smartphone usage patterns and physical fitness
outcomes. Encouraging regular physical activity and reducing sedentary behavior can help reverse the
effects of physiological deconditioning and restore the functional exercise capacity.

Table 2. Comparison of functional exercise capacity between high and low smartphone addiction

groups.

Parameter High smartphone | Low smartphone Interpretation

addiction group addiction group
Six-minute walk . Reduced endurance in the high addiction
. Lower Higher
distance (meters) group
VO: max. (ml/kg/min) |Decreased Normal or higher Lower acrobic capacity with higher
smartphone use

Resting heart rate Higher Lower Indicates poorer cardiovascular fitness
(beats/min)
Heart rate recovery Slower Faster Delayed recovery suggests reduced fitness
Physical activity level |Low Moderate to high Sedentary behavior linked to addiction
Muscular endurance Reduced Better Lower stamina in high usage individuals
Flexibility Decreased Normal Poor posture and inactivity affect flexibility
Eg;cgved exertion Higher Lower Higher fatigue during exercise
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Figure 7. Psychological mediation model linking smartphone addiction and functional exercise
capacity.

PSYCHOLOGICAL AND BEHAVIORAL MEDIATORS

Psychological factors such as stress, anxiety, and depression play a crucial role in influencing both
smartphone use and physical activity levels among college students, thereby shaping the relationship
between digital behavior and functional exercise capacity. High levels of academic stress and social
pressure often lead students to seek immediate relief through smartphone use, particularly through
social media and entertainment applications that provide temporary distraction and emotional comfort.
This coping mechanism, although initially effective in reducing stress, can gradually develop into
habitual and excessive use, increasing the risk of smartphone addiction. Anxiety further contributes to
this pattern, as individuals experiencing heightened worry or social apprehension may rely on digital
communication as a safer alternative to face-to-face interaction. This increased reliance on smartphones
reduces opportunities for physical engagement and promotes sedentary behavior, thereby negatively
affecting physical activity levels. Depression is also strongly associated with both increased smartphone
use and reduced physical activity, as individuals with depressive symptoms often exhibit low
motivation, fatigue, and decreased interest in physical exercise. These psychological states create a
barrier to engaging in health-promoting behaviors, reinforcing inactivity, and further worsening
physical fitness. The interaction between these psychological factors and behavioral patterns forms a
self-reinforcing cycle in which increased stress, anxiety, and depression lead to greater smartphone use,
which in turn reduces physical activity and contributes to further psychological distress. This cyclical
relationship highlights the complex interplay between mental health and lifestyle behaviors in
determining overall well-being. Reduced physical activity, in particular, has been shown to exacerbate
symptoms of stress and depression, as regular exercise is known to have positive effects on mood
regulation and psychological resilience. Therefore, the decline in physical activity associated with
smartphone addiction not only affects physical health but also contributes to worsening mental health
outcomes. Additionally, excessive smartphone use can lead to cognitive overload and mental fatigue,
which further reduces motivation to engage in physical activities and increases preference for passive
behaviors. Social comparison and exposure to unrealistic standards on digital platforms may also
contribute to feelings of inadequacy and anxiety, reinforcing dependence on smartphones for validation
and escape. Environmental and contextual factors such as academic workload, peer influence, and lack
of social support can further intensify psychological stress and influence smartphone usage patterns.
Figure 7 illustrates the mediating role of psychological variables in the relationship between smartphone
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addiction and exercise capacity, demonstrating how stress, anxiety, and depression act as intermediate
factors that influence both digital behavior and physical fitness outcomes. Figure 7 highlights the
bidirectional nature of these relationships, showing that psychological distress not only leads to
increased smartphone use but is also exacerbated by reduced physical activity and poor health. This
mediation model emphasizes the importance of addressing psychological factors when designing
interventions aimed at reducing smartphone addiction and improving exercise capacity. Interventions
that focus on stress management, emotional regulation, and mental health support can help break this
cycle by reducing reliance on smartphones and encouraging active lifestyles. Mindfulness-based
approaches, cognitive behavioral strategies, and counseling services are effective in improving
psychological well-being and promoting healthier behavioral patterns. Encouraging participation in
physical activity not only improves physical fitness but also enhances mood and reduces symptoms of
anxiety and depression, thereby creating a positive feedback loop that supports overall health.
Integrating mental health and physical activity interventions within college settings can therefore
provide a comprehensive approach to addressing the interconnected challenges of smartphone addiction
and reduced exercise capacity.

SLEEP AND CIRCADIAN RHYTHM DISTURBANCES

Excessive smartphone use has been widely associated with significant disruptions in sleep patterns
among college students, primarily due to prolonged screen exposure and irregular usage habits that
interfere with normal circadian rhythms. The use of smartphones late at night delays sleep onset, as
engaging content and continuous notifications keep the brain in an alert state, making it difficult for
individuals to transition into restful sleep. One of the key mechanisms underlying this disruption is the
emission of blue light from smartphone screens, which suppresses melatonin production and alters the
body’s natural sleep—wake cycle. As a result, individuals who frequently use smartphones before
bedtime often experience shorter sleep duration and poorer sleep quality compared to those with limited
nighttime use. Sleep deprivation resulting from these patterns has a direct impact on physical health,
particularly in terms of reduced energy levels and increased daytime fatigue. Fatigue negatively affects
motivation and willingness to engage in physical activity, leading to decreased participation in exercise
and reduced overall physical fitness. Furthermore, inadequate sleep impairs cognitive and motor
functions, which are essential for performing physical tasks efficiently and safely. Reduced alertness
and slower reaction times can compromise exercise performance and increase the risk of injury during
physical activity. Sleep deprivation also affects physiological recovery processes, as the body relies on
sleep for muscle repair, energy restoration, and hormonal regulation. Disruption in these processes leads
to decreased endurance and reduced ability to sustain prolonged physical activity. Additionally, poor
sleep is associated with increased levels of stress hormones such as cortisol, which can further impair
physical performance and contribute to fatigue. The cumulative effect of these factors is a decline in
functional exercise capacity, as individuals become less capable of performing activities that require
sustained effort. Over time, chronic sleep deprivation linked to excessive smartphone use can lead to
long-term health consequences, including reduced cardiovascular fitness and increased risk of
metabolic disorders. Psychological effects such as irritability, reduced concentration, and mood
disturbances further compound the impact of poor sleep on physical activity and overall well-being. In
college students, where academic demands and lifestyle factors already challenge healthy sleep patterns,
excessive smartphone use exacerbates these issues and creates a cycle of poor sleep and reduced
physical performance. Addressing this problem requires interventions aimed at promoting healthy sleep
hygiene, such as limiting screen time before bedtime and encouraging consistent sleep schedules.

POSTURAL AND MUSCULOSKELETAL IMPLICATIONS

Prolonged smartphone use has emerged as a significant contributor to musculoskeletal disorders,
particularly affecting the cervical spine, shoulders, and upper back, due to sustained poor posture and
repetitive strain, as individuals tend to adopt forward head posture and excessive neck flexion while
using mobile devices, which increases mechanical load on the cervical spine and surrounding
musculature, ultimately leading to discomfort, pain, and reduced physical efficiency during daily and
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exercise-related activities. Continuous use of smartphones encourages static postures that alter normal
spinal alignment, resulting in increased stress on ligaments and muscles, thereby contributing to fatigue
and reduced endurance capacity during physical exertion. Sustained neck flexion during smartphone
activities significantly elevates muscle activation in the neck extensors and upper trapezius, which
accelerates muscle fatigue and limits the ability to perform prolonged physical tasks efficiently.
Research indicates that prolonged smartphone usage is strongly associated with neck pain and decreased
neck muscle endurance, which directly affects exercise tolerance and physical performance in young
adults. Improper posture during smartphone use, such as slouching or forward head positioning, has
been identified as a major risk factor for musculoskeletal discomfort in the neck, shoulders, and lower
back regions. Extended periods of smartphone engagement led to cumulative biomechanical stress,
which disrupts normal musculoskeletal function and contributes to chronic pain conditions that impair
movement efficiency. Experimental findings demonstrate that even short durations of continuous
smartphone use can result in noticeable increases in neck and shoulder discomfort, indicating the rapid
onset of musculoskeletal strain. The repetitive nature of smartphone interactions, including scrolling
and typing, further exacerbates strain on upper limb muscles and joints, compounding the overall
musculoskeletal burden. Alterations in posture and gait associated with excessive smartphone use
reduce overall physical stability and coordination, thereby negatively influencing exercise performance
and functional mobility. Forward head posture induced by prolonged smartphone use increases spinal
loading, which not only causes pain but also reduces respiratory efficiency and endurance during
physical activity. Musculoskeletal discomfort caused by excessive smartphone use often leads to
decreased participation in physical activity, further lowering exercise tolerance and contributing to
sedentary behavior patterns. Over time, these combined effects of poor posture, muscle fatigue, and
chronic discomfort significantly impair physical efficiency, highlighting the importance of ergonomic
awareness and moderated smartphone use in maintaining musculoskeletal health and optimal exercise

capacity.

PHYSIOLOGICAL MECHANISMS

Smartphone addiction has been increasingly associated with reduced cardiovascular efficiency and
impaired oxygen utilization, primarily due to sedentary behavior and decreased engagement in physical
activity, which are essential determinants of cardiorespiratory fitness and overall health status.
Excessive smartphones use often replaces time that could be spent on moderate to vigorous physical
activity, leading to diminished aerobic capacity and reduced efficiency of the cardiovascular system
during exercise. Cardiorespiratory fitness, commonly measured through maximal oxygen uptake, is
highly dependent on regular physical activity, and reduced activity linked to smartphone addiction
contributes to lower oxygen consumption efficiency. A sedentary lifestyle induced by prolonged
smartphone engagement negatively affects heart rate variability and circulation, which are critical for
maintaining optimal cardiovascular endurance. Reduced physical activity levels associated with
smartphone addiction have been shown to correlate with increased body mass index and decreased
metabolic efficiency, further impairing cardiovascular performance. Additionally, poor posture and
restricted thoracic expansion during prolonged device use can indirectly limit respiratory efficiency,
thereby reducing oxygen intake and utilization during physical exertion. Lower engagement in exercise
due to smartphone overuse contributes to diminished stroke volume and cardiac output over time,
reducing the body’s ability to meet oxygen demands during physical activity. Studies suggest that
individuals with higher levels of smartphone addiction demonstrate poorer fitness indicators, including
reduced endurance and lower exercise tolerance, highlighting its impact on cardiovascular health. The
decline in cardiovascular efficiency is further compounded by associated factors such as poor sleep
quality and increased stress, both of which are commonly linked with excessive smartphone use and
negatively influence oxygen utilization. Moreover, reduced participation in physical training diminishes
mitochondrial efficiency and aerobic metabolism, leading to decreased energy production and
endurance capacity. Over time, these physiological alterations result in a measurable decline in overall
fitness levels, as the cardiovascular and respiratory systems become less efficient in delivering and
utilizing oxygen during physical activity. Therefore, smartphone addiction not only promotes sedentary
behavior but also significantly impairs cardiovascular efficiency and oxygen utilization, ultimately
reducing overall physical fitness and increasing the risk of long-term health complications.
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GENDER DIFFERENCES AND SOCIODEMOGRAPHIC FACTORS

Differences in smartphone usage patterns are evident across gender and socioeconomic groups,
significantly influencing both addiction levels and engagement in physical activity. Research indicates
that males and females tend to use smartphones for different purposes, with males more inclined toward
gaming and females more engaged in social networking, leading to varying addiction risk profiles.
Studies have shown that sex plays a critical role in determining smartphone addiction severity, with
some recent findings suggesting higher prevalence rates among females, particularly due to increased
social media engagement and emotional attachment to digital communication. Additionally, gender
differences extend to physical activity levels, where higher smartphone addiction is often associated
with lower participation in exercise, especially among adolescents and young adults. Socioeconomic
status further contributes to disparities in smartphone usage, as individuals from higher-income groups
may have greater access to smartphones and digital resources, increasing their screen time and potential
dependency, while those from lower socioeconomic backgrounds may experience different usage
patterns influenced by accessibility and lifestyle factors. Research also highlights that urban
populations, often associated with higher socioeconomic status, demonstrate increased smartphone
dependency compared to rural populations, which can influence sedentary behavior and reduce physical
activity. Furthermore, behavioral and psychological factors linked to socioeconomic conditions, such
as stress, lifestyle habits, and access to recreational facilities, mediate the relationship between
smartphone addiction and physical activity levels. Evidence suggests that individuals with greater
screen exposure due to socioeconomic advantages may engage less in outdoor or physical activities,
contributing to declining fitness levels and increased sedentary lifestyles. Conversely, limited access to
digital devices in lower socioeconomic groups may reduce the risk of addiction but does not necessarily
guarantee higher physical activity, as other environmental and social constraints may exist.

ROLE OF ACADEMIC ENVIRONMENT AND LIFESTYLE FACTORS

Academic stress and lifestyle habits play a crucial role in shaping smartphone use and physical
activity levels among college students, as increased academic pressure often leads individuals to seek
distraction and relief through excessive smartphone engagement, thereby increasing the risk of
addiction. High levels of perceived stress among students have been identified as a significant predictor
of problematic smartphone use, as students frequently turn to digital devices to cope with anxiety,
academic workload, and emotional strain. This coping mechanism, although temporarily relieving
stress, contributes to prolonged screen time and reduced participation in physical activities, ultimately
affecting overall health and fitness levels. Lifestyle habits such as irregular sleep patterns, poor time
management, and sedentary routines further exacerbate smartphone dependency, creating a cycle where
increased usage leads to decreased physical activity and vice versa. Moreover, academic demands often
limit the time available for exercise, and students with higher stress levels are less likely to engage in
structured physical activity, further reducing their fitness levels. Research also indicates that physical
activity can act as a protective factor by improving self-control and reducing stress perception, thereby
decreasing smartphone addiction tendencies among college students. Additionally, emotional
regulation and coping strategies influenced by lifestyle habits significantly mediate the relationship
between academic stress and smartphone use, highlighting the behavioral complexity of this issue. The
interaction between academic stress and unhealthy lifestyle patterns contributes to decreased motivation
for physical activity and increased reliance on smartphones for entertainment and social interaction.
Consequently, addressing academic stress and promoting healthier lifestyle habits are essential
strategies to reduce smartphone addiction and improve physical activity levels among college students,
thereby enhancing their overall well-being and academic performance.

DIGITAL HEALTH AND WEARABLE TECHNOLOGY

Wearable devices and health applications have emerged as effective tools for monitoring physical
activity and reducing sedentary behavior by providing real-time feedback, goal tracking, and
personalized health insights, which enhance user awareness and motivation to engage in regular
exercise.
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These technologies utilize sensors to track steps, heart rate, and energy expenditure, enabling
individuals to monitor their daily activity levels and make informed decisions to improve their health.
Health applications integrated with smartphones further support behavior change by offering reminders,
progress reports, and tailored exercise programmes that encourage consistent physical activity. The use
of wearable technology has been associated with increased physical activity levels and reduced
sedentary time, particularly among young adults and college students. Additionally, gamification
features and social connectivity embedded within these applications promote engagement and
adherence to physical activity routines by fostering competition and providing peer support. Figure 8
presents an integrated intervention model combining digital health tools and physical activity strategies
to improve outcomes, illustrating how wearable devices, mobile applications, and structured exercise
programs can work synergistically to enhance physical fitness and reduce inactivity in older adults.
Such models emphasize continuous monitoring, behavioral feedback, and goal setting as key
components in promoting long-term adherence to healthy lifestyles. Furthermore, wearable devices can
assist healthcare professionals in remotely tracking patient activity and providing timely interventions,
thereby improving overall health outcomes and preventive care quality. The integration of artificial
intelligence in modern health applications has further enhanced their capability to provide personalized
recommendations based on user data, optimize exercise plans, and improve adherence. Evidence
suggests that individuals who regularly use wearable devices demonstrate better physical activity
patterns and improved cardiovascular health than non-users. Moreover, these technologies help identify
periods of inactivity and prompt users to take breaks, thereby reducing prolonged sedentary behavior
and associated health risks.

INTERVENTION STRATEGIES

Interventions aimed at reducing smartphone addiction and improving physical activity levels include
structured exercise programs, behavioral therapy, and digital detox approaches, each addressing
different aspects of behavior and lifestyle modification to enhance overall health outcomes. Structured
exercise programs play a crucial role in increasing physical activity levels and improving cardiovascular
and musculoskeletal fitness, while also reducing screen time by encouraging individuals to engage in
scheduled physical routines. Behavioral therapy, particularly cognitive behavioral therapy, is effective
in addressing problematic smartphone use by modifying thought patterns and promoting healthier
coping strategies.

Digital addiction
intervention integrated
platform
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Screening assessment of] . . Implementation of Pre-posttest of
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digital addiction L intervention measures intervention
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Figure 8. Integrated intervention model for reducing smartphone addiction and improving exercise
capacity.
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Table 3. Intervention strategies for smartphone addiction and improvement of functional exercise
capacity.

Intervention type Strategy description Target outcome Effectiveness
Structured exercise Regular aerobic and strength training sessions|Improved cardiovascular fitness. [High
programs integrated into the daily routine increased endurance
Behavioral therapy Cognitive behavioral therapy to modify Reduced smartphone High
addictive patterns and improve self-control ~ |dependency. better coping
strategies
Digital detox Scheduled reduction or restriction of Decreased screen time. Moderate to
programs smartphone usage improved focus and activity high
levels
Health education Awareness programs on the risks of excessive|Improved knowledge. behavior |Moderate
smartphone use and the benefits of physical |change
activity
Time management Planning daily schedules to balance academic |Better routine adherence. Moderate
training work, screen time, and exercise reduced overuse
Use of wearable Activity trackers and fitness apps to monitor |Increased physical activity. High
devices movement and encourage activity Reduced sedentary behavior
Mindfulness and stress| Techniques such as meditation and relaxation [Reduced stress. improved Moderate
management exercises mental well-being
Social support Peer group activities and team-based exercise |Increased motivation. sustained |High
programs interventions engagement
Institutional policies |Guidelines limiting smartphone use in Controlled usage. improved Moderate to
academic settings and promoting physical lifestyle habits high
activity

Digital detox interventions, which involve intentional reduction or temporary cessation of
smartphone use, help individuals break dependency cycles and restore balance between digital
engagement and real-world activities. Table 3 summarizes these strategies and their effectiveness,
providing a practical framework for implementation, highlighting how combined approaches yield
better outcomes than single interventions. Additionally, structured interventions that integrate physical
exercise with behavioral counseling have demonstrated significant improvements in both physical
fitness and a reduction in smartphone addiction levels. Educational programs that raise awareness about
the negative impacts of excessive smartphone use further support behavior change and promote
healthier lifestyle habits among students. Time management strategies and goal-setting techniques are
also essential components of intervention programs, helping individuals allocate time effectively
between academic responsibilities, physical activity, and digital usage. Furthermore, social support and
peer-based interventions enhance adherence to these strategies by fostering accountability and
motivation. Evidence suggests that multi-component interventions combining exercise, behavioral
therapy, and digital detox approaches are more effective in sustaining long-term behavior change and
improving overall well-being. These interventions not only reduce sedentary behavior but also enhance
mental health, physical fitness, and productivity among individuals with high smartphone usage.

LONGITUDINAL AND CAUSAL EVIDENCE

Most studies examining the relationship between smartphone use, physical activity, and health
outcomes are predominantly cross-sectional in design, which limits the ability to establish causal
relationships between variables and restricts the depth of interpretation regarding long-term effects.
Cross-sectional studies provide a snapshot of associations at a single point in time, making it difficult
to determine whether smartphone addiction leads to reduced physical activity or if inactive individuals
are more likely to engage in excessive smartphone use. This limitation reduces the strength of evidence
available for developing effective interventions, as causal pathways remain unclear and potentially
confounded by external variables. Additionally, cross-sectional designs are susceptible to biases, such
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as self-reporting errors and recall bias, which may affect the accuracy of data related to smartphone
usage and physical activity levels. The lack of temporal sequencing in such studies further complicates
the understanding of how behavioral patterns evolve over time and interact with physiological and
psychological outcomes. Therefore, longitudinal research designs are essential to track changes in
smartphone use and physical activity over extended periods, allowing for a clearer understanding of
cause-and-effect relationships. These studies provide insights into the progression of smartphone
addiction and its long-term impact on physical fitness, mental health, and lifestyle behaviors.
Furthermore, longitudinal approaches enable researchers to control confounding variables and observe
trends, thereby improving the validity and reliability of the findings. Intervention-based longitudinal
studies are particularly valuable for assessing the effectiveness of strategies aimed at reducing
smartphone addiction and increasing physical activity levels over time. Such research can also help
identify critical periods for intervention and inform policy development in educational and healthcare
settings.

Limitations of Existing Studies

Research examining smartphone use, physical activity, and associated health outcomes is often
limited by reliance on self-reported data, which can introduce biases such as social desirability and
inaccurate recall, thereby affecting the validity of findings. Participants may overestimate their physical
activity levels or underestimate their screen time, leading to discrepancies between reported and actual
behaviors. Such inaccuracies reduce the reliability of conclusions drawn regarding the relationship
between smartphone addiction and health outcomes. Additionally, subjective measures of smartphone
usage and activity patterns lack the precision offered by objective monitoring tools such as
accelerometers and digital tracking applications. Another significant limitation in many studies is the
use of small sample sizes, which restricts statistical power and limits the ability to detect meaningful
associations between variables. Small samples may not adequately represent the broader population,
leading to findings that cannot be generalized across different demographic or geographic groups. This
issue is particularly relevant in studies focusing on college students, where samples are often drawn
from a single institution or region, reducing external validity. Furthermore, limited sample diversity in
terms of age, gender, and socioeconomic status can further constrain the applicability of results to wider
populations. The combination of self-reported data and small sample sizes increases the risk of bias and
reduces confidence in the observed relationships between smartphone use and physical activity. To
address these limitations, future research should incorporate larger and more diverse samples along with
objective measurement tools to enhance data accuracy and generalizability. Longitudinal and
multicenter studies can further strengthen evidence by providing more robust and representative
findings.

Public Health and Policy Implications

Smartphone addiction has emerged as a significant public health concern due to its widespread
prevalence and its negative impact on physical, mental, and social well-being, necessitating
comprehensive institutional and policy-level interventions to address this growing issue. The increasing
dependence on smartphones has been associated with sedentary behavior, reduced physical activity,
and various health complications, highlighting the need for structured public health strategies.
Educational institutions play a critical role in mitigating smartphone addiction by implementing
awareness programs, promoting digital literacy, and encouraging balanced technology use among
students. Policy-level interventions such as guidelines on screen time, integration of physical activity
programs, and restrictions on excessive device use in academic settings can contribute to healthier
behavioral patterns. Healthcare systems can also support intervention efforts by incorporating screening
for smartphone addiction into routine health assessments and providing counseling services where
necessary. Public health campaigns focusing on the risks associated with excessive smartphone use and
the benefits of active lifestyles can further enhance community awareness and engagement.
Additionally, collaboration between policymakers, educators, and healthcare professionals is essential
to develop effective, evidence-based strategies for reducing smartphone dependency. Workplace
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policies promoting digital well-being and encouraging regular breaks from screen use can also help
reduce overall exposure and associated health risks. Technological solutions, such as usage tracking
applications and digital well-being tools, can be integrated into broader intervention frameworks to
support behavior change. Research also emphasizes the importance of culturally tailored interventions
that consider demographic and socioeconomic differences in smartphone use patterns. Strong regulatory
frameworks and institutional support are necessary to ensure the successful implementation and
sustainability of these interventions.

Future Research Directions

Future research on smartphone addiction and its impact on physical activity and health outcomes
should prioritize experimental and longitudinal study designs to establish clearer causal relationships
and enhance the strength of the evidence in this field. Experimental studies, including randomized
controlled trials, can help determine the effectiveness of specific interventions aimed at reducing
smartphone use and improving physical activity. Such designs allow researchers to control for
confounding variables and directly assess the impact of targeted strategies on behavioral and
physiological outcomes. Longitudinal studies are equally important because they enable the tracking of
changes in smartphone use patterns and health indicators over time, providing insights into long-term
effects and trends. These approaches can help identify critical periods during which individuals are most
vulnerable to developing smartphone addiction and experiencing its negative effects. Furthermore,
longitudinal research can reveal bidirectional relationships between smartphone use and physical
activity, clarifying whether one behavior influences the other. Incorporating objective measurement
tools, such as wearable devices and digital tracking systems, in future studies can improve data accuracy
and reduce reliance on self-reported measures. Multicenter and cross-cultural studies are also needed to
enhance the generalizability of the findings across diverse populations and settings. Additionally,
integrating qualitative methods with quantitative designs can provide a deeper understanding of the
behavioral motivations and contextual factors influencing smartphone use. Advanced analytical
techniques, including machine learning, may further support the identification of complex patterns and
smartphone addiction.

DISCUSSION

The association between smartphone addiction and functional exercise capacity is multifactorial,
involving a complex interplay of behavioral, physiological, and psychosocial factors that collectively
influence physical performance and health outcomes. Excessive smartphone use contributes to
sedentary behavior, which directly reduces cardiovascular endurance, muscular strength, and flexibility,
thereby impairing functional exercise capacity [21]. Prolonged screen time is also linked to poor posture
and musculoskeletal discomfort, which can limit mobility and reduce the ability to perform physical
tasks efficiently. Additionally, smartphone addiction is associated with disrupted sleep patterns, leading
to fatigue and decreased energy levels, which negatively impact exercise performance and recovery
[22-26]. Psychological factors, such as stress, anxiety, and reduced motivation, further mediate this
relationship, as individuals with higher smartphone dependency may exhibit lower engagement in
physical activity. The decline in functional capacity is also influenced by reduced participation in
structured exercise programs, as increased screen time often replaces opportunities for physical activity.
Moreover, decreased social interaction and outdoor activities linked to smartphone overuse can further
contribute to lower physical fitness and endurance levels. Addressing this multifactorial association
requires integrated interventions that combine physical activity promotion, behavioral modification,
and digital usage regulation to achieve optimal outcomes [27-29]. Structured exercise programs, along
with cognitive behavioral strategies, can help improve physical fitness and reduce smartphone
dependency. The incorporation of digital health tools, such as activity trackers and monitoring
applications, can also support behavior change and enhance adherence to healthy routines. Furthermore,
educational and policy-level interventions are essential to raise awareness and promote balanced
technology use among different populations [30].
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CONCLUSION

The association between smartphone addiction and functional exercise capacity in college students
highlights a growing concern that extends beyond behavioral habits into physical health and overall
well-being, as excessive smartphone use contributes to sedentary lifestyles, reduced physical activity,
and impaired physiological functioning, all of which negatively influence exercise tolerance and
performance. Factors such as poor posture, disrupted sleep, psychological stress, and decreased
motivation further compound this relationship, making it multifactorial and complex, therefore
emphasizing the need for a holistic understanding of how digital behaviors interact with physical fitness
in this population. Moreover, the evidence suggests that unchecked smartphone addiction can gradually
diminish cardiovascular efficiency, muscular endurance, and daily functional capacity, potentially
leading to long-term health consequences if not addressed early. Consequently, there is a clear need for
targeted interventions within college settings that promote balanced technology use alongside regular
physical activity, including structured exercise programs, awareness initiatives, and behavioral
strategies aimed at reducing screen time and encouraging active lifestyles. Additionally, institutional
support and policy-level measures can play a vital role in creating environments that foster healthy
habits and limit excessive smartphone dependence, while the integration of digital health tools may also
offer opportunities for monitoring and improving activity levels. Ultimately, addressing smartphone
addiction among college students requires a coordinated and multidisciplinary approach that combines
education, behavioral change, and supportive environments to enhance functional exercise capacity and
promote long-term health, ensuring that technological advancements do not compromise the physical
fitness and well-being of the younger population.

REFERENCES

1. Daniele A, Lucas SJE, Rendeiro C. Detrimental effects of physical inactivity on peripheral and
brain vasculature in humans: Insights into mechanisms, long-term health consequences and
protective strategies. Front Physiol. 2022;13:998380. doi:10.3389/fphys.2022.998380. PMID:
36237532; PMCID: PMC9553009.

2. Bi S, Yuan J, Wang Y, Zhang W, Zhang L, Zhang Y, et al. Effectiveness of digital health
interventions in promoting physical activity among college students: Systematic review and meta-
analysis. J Med Internet Res. 2024;26:¢51714. doi:10.2196/51714. PMID: 39566049; PMCID:
PMC11618011.

3. Teychenne M, Sousa GM, Baker T, Liddelow C, Babic M, Chauntry AJ, et al. Domain-specific
physical activity and mental health: An updated systematic review and multilevel meta-analysis in
a combined sample of 3.3 million people. Br J Sports Med. 2026;60(4):267-285.
doi:10.1136/bjsports-2025-109806. PMID: 40903203; PMCID: PMC12702480.

4. Currier BS, D’Souza AC, Singh MAF, Lowisz CV, Rawson ES, Schoenfeld BJ, et al. American
College of Sports Medicine position stand: Resistance training prescription for muscle function,
hypertrophy, and physical performance in healthy adults: An overview of reviews. Med Sci Sports
Exerc. 2026;58(4):851-872. doi:10.1249/MSS.0000000000003897. PMID: 41843416; PMCID:
PMC12965823.

5. Lee DS, Jiang T, Crocker J, Way BM. Social media use and its link to physical health indicators.
Cyberpsychol Behav Soc Netw. 2022;25(2):87-93. doi:10.1089/cyber.2021.0188. PMID:
35021894; PMCID: PMC8864418.

6. SunY, Chen J, Ji M, Li X. Wearable technologies for health promotion and disease prevention in
older adults: Systematic scoping review and evidence map. J Med Internet Res. 2025;27:¢69077.
doi:10.2196/69077. PMID: 40553512; PMCID: PMC12238792.

7. Kidokoro T, Tomkinson GR, Lang JJ, Suzuki K. Physical fitness before and during the COVID-19
pandemic: Results of annual national physical fitness surveillance among 16,647,699 Japanese
children and adolescents between 2013 and 2021. J Sport Health Sci. 2023;12(2):246-254.
doi:10.1016/j.jshs.2022.11.002. PMID: 36343895; PMCID: PM(C9635948.

8. Leung KW, Sum KR, Yang YJ. Patterns of sedentary behavior among older adults in care facilities:
A scoping review. Int J Environ Res Public Health. 2021;18(5):2710. doi:10.3390/ijerph18052710.
PMID: 33800199; PMCID: PMC7967434.

© STM Journals 2026. All Rights Reserved 49



International Journal of Orthopedic Nursing and Practices
Volume 4, Issue 1
ISSN: 3049-3358

9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Mehmood M, Khan MR, Ishaque A, Tariq R, Himani G. Tech strain: The musculoskeletal impact
of electronic devices on young adults: A cross-sectional study. J Pak Med Assoc. 2025;75(7):1086—
1090. doi:10.47391/JPMA.22334. PMID: 40751618.

Zhu C, Li S, Zhang L. The impact of smartphone addiction on mental health and its relationship
with life satisfaction in the post-COVID-19 era. Front Psychiatry. 2025;16:1542040.
doi:10.3389/fpsyt.2025.1542040. PMID: 40171312; PMCID: PMC11960497.

Zvolensky MJ, Garey L, Rogers AH, Schmidt NB, Vujanovic AA, Storch EA, et al. Psychological,
addictive, and health behavior implications of the COVID-19 pandemic. Behav Res Ther.
2020;134:103715. doi:10.1016/j.brat.2020.103715. PMID: 32891956; PMCID: PMC7451060.
Piszka M, Kwapien E, Brasse P, Staszkiewicz K, Zerdka J, Staszkiewicz KK, et al. The impact of
screen time on the health of the pediatric population: Short- and long-term consequences for
lifestyle, ophthalmology, and  mental health. Cureus. 2025;17(11):€96944.
doi:10.7759/cureus.96944. PMID: 41409950; PMCID: PMC12706514.

National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Board
on Population Health and Public Health Practice; Committee on the Impact of Social Media on
Adolescent Health; Wojtowicz A, Buckley GJ, Galea S, editors. Social Media and Adolescent
Health. Washington (DC): National Academies Press (US); 2024 Mar 25. 4, The Relation between
Social Media and Health. Available from: https://www.ncbi.nlm.nih.gov/books/NBK 603429/
Presta V, Guarnieri A, Laurenti F, Mazzei S, Arcari ML, Mirandola P, et al. The impact of digital
devices on children’s health: A systematic literature review. J Funct Morphol Kinesiol. 2024;9:236.
doi:10.3390/jfmk9040236. PMID: 39584889; PMCID: PMC11587142.

Philippe TJ, Sikder N, Jackson A, Koblanski ME, Liow E, Pilarinos A, et al. Digital health
interventions for delivery of mental health care: Systematic and comprehensive meta-review. JMIR
Ment Health. 2022;9:€35159. d0i:10.2196/35159. PMID: 35551058; PMCID: PMC9109782.
Alhassan MA, Al-Otaibi EM, Bin Ofaysan MS, Alarjani KH, Alzuhairi MO, Alarfaj NS, et al.
Smartphone addiction and its psychosocial correlates among university students. Cureus.
2025;17(8):€91165. doi:10.7759/cureus.91165. PMID: 41018378; PMCID: PMC12475987.
LiZ,Zhao YY, Li X, Liu K, Tian DH, Li SX, et al. The relationship between anxiety and parent—
child attachment and psychological resilience among Chinese college students: take 100 thousand
college students as sample. Front Psychiatry. 2026;16:1667736. doi:10.3389/fpsyt.2025.1667736.
PMID: 41573047; PMCID: PMC12819800.

Zhang J, Zeng Y. Effect of college students’ smartphone addiction on academic achievement: The
mediating role of academic anxiety and moderating role of sense of academic control. Psychol Res
Behav Manag. 2024;17:933-944. doi:10.2147/PRBM.S442924. PMID: 38464809; PMCID:
PMC10924864.

Cox S, Dawkins L, Doshi J, Cameron J. Effects of e-cigarettes versus nicotine replacement therapy
on short-term smoking abstinence when delivered at a community pharmacy. Addict Behav Rep.
2019;10:100202. doi:10.1016/j.abrep.2019.100202. PMID: 31338412; PMCID: PMC6626064.
Xiang MQ, Lin L, Wang ZR, Li J, Xu Z, Hu M. Sedentary behavior and problematic smartphone
use in Chinese adolescents: The moderating role of self-control. Front Psychol. 2020;10:3032.
doi:10.3389/fpsyg.2019.03032. PMID: 32038398; PMCID: PMC6985778.

Bhanderi DJ, Pandya YP, Sharma DB. Smartphone use and its addiction among adolescents in the
age group of 16-19 years. Indian J Community Med. 2021;46(1):88-92.
do0i:10.4103/ijjem.IJCM_263 20. PMID: 34035584; PMCID: PMC8117907.

Nikolic A, Bukurov B, Kocic I, Vukovic M, Ladjevic N, Vrhovac M, et al. Smartphone addiction,
sleep quality, depression, anxiety, and stress among medical students. Front Public Health.
2023;11:1252371. doi:10.3389/fpubh.2023.1252371. PMID: 37744504; PMCID: PMC10512032.
Wang F. Effects of physical activity on mobile phone addiction among university students: The
mediating roles of self-control and resilience. Front Psychol. 2025;16:1503607.
doi:10.3389/fpsyg.2025.1503607. PMID: 40231003; PMCID: PMC11994967.

Atis Akyol N, Atalan Ergin D, Krettmann AK, Essau CA. Is the relationship between problematic
mobile phone use and mental health problems mediated by fear of missing out and escapism?
Addict Behav Rep. 2021;14:100384. doi:10.1016/j.abrep.2021.100384. PMID: 34938842; PMCID:
PMC8664862.

© STM Journals 2026. All Rights Reserved 50



Association Between Smartphone Addiction Bhalla et al.

25.

26.

27.

28.

29.

30.

Pinto AJ, Bergouignan A, Dempsey PC, Roschel H, Owen N, Gualano B, et al. Physiology of
sedentary behavior. Physiol Rev. 2023;103(4):2561-2622. doi:10.1152/physrev.00022.2022.
PMID: 37326297; PMCID: PMC10625842.

Patel H, Desai R, Shah M. Relationship between physical activity levels and smartphone usage in
university students. J Phys Act Health. 2020;17(6):601-608.

Pirwani N, Szabo A. One-year update on physical activity and smartphone addiction in university
students: A systematic review of novel research. Prev Med Rep. 2025;57:103178.
doi:10.1016/j.pmedr.2025.103178. PMID: 40734703; PMCID: PMC12304691.

Pengpid S, Peltzer K. Sedentary behaviour, physical activity and life satisfaction, happiness and
perceived health status in university students from 24 countries. Int J Environ Res Public Health.
2019;16(12):2084. doi:10.3390/ijerph16122084. PMID: 31200427; PMCID: PMC6617209.
LiuY, Tan D, Wang P, Xiao T, Wang X, Zhang T. Physical activity moderated the mediating effect
of self-control between bullying victimization and mobile phone addiction among college students.
Sci Rep. 2024;14(1):20855. doi:10.1038/s41598-024-71797-2. PMID: 39242798; PMCID:
PMC11379861.

Kumpfer KL, Bluth B. Parent/child transactional processes predictive of resilience or vulnerability
to substance abuse disorders. Subst Use Misuse. 2004;39(5):671-698. doi:10.1081/JA-120034011.
PMID: 15202804.

© STM Journals 2026. All Rights Reserved 51



