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Objective: This study aimed to investigate the mediating role of sleep
disturbance in the relationship between internet addiction and peer relationship
difficulties among adolescents.

Methods and Materials: A descriptive correlational design was employed, and
the study was conducted with 405 adolescents from Colombia, selected based on
the Morgan and Krejcie sampling table. Participants completed three
standardized instruments: the Internet Addiction Test (IAT), the Sleep
Disturbance Scale for Children (SDSC), and the Peer Problems subscale of the
Strengths and Difficulties Questionnaire (SDQ). Data were analyzed using
Pearson correlation coefficients to examine bivariate relationships, and
Structural Equation Modeling (SEM) was conducted using AMOS-21 to test the
mediating model. The assumptions of normality, linearity, homoscedasticity,
and multicollinearity were checked and confirmed.

Findings: Internet addiction was significantly and positively associated with
sleep disturbance (r = .52, p <.001) and peer relationship difficulties (r = .43, p
<.001). Sleep disturbance also had a significant positive correlation with peer
relationship difficulties (r = .47, p < .001). The SEM analysis confirmed an
acceptable model fit (%2(48) = 108.53, ¥?/df=2.26, GF1 = .95, CF1=.96, RMSEA
= .055). Direct effects were significant from internet addiction to sleep
disturbance (B = .52, p <.001), sleep disturbance to peer difficulties (B = .41, p
<.001), and internet addiction to peer difficulties (§ = .33, p <.001). An indirect
effect from internet addiction to peer difficulties via sleep disturbance was also
significant (f = .21, p <.001), supporting partial mediation.

Conclusion: The findings demonstrate that sleep disturbance plays a significant
mediating role in the link between internet addiction and peer relationship
difficulties. These results highlight the need for targeted interventions that
address both digital behavior and sleep hygiene to improve adolescents’ social
well-being.

Keywords: Internet addiction, peer relationship difficulties, sleep disturbance.
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1. Introduction

eer relationships are among the most critical elements

of adolescent development, shaping not only
emotional growth and social identity but also impacting
psychological ~ well-being and academic  success.
Adolescents who experience challenges in forming or
maintaining peer bonds often face long-term emotional and
behavioral consequences, including internalizing and
externalizing disorders, decreased academic performance,
and even social withdrawal (Healy, 2017; Szcze¢$niak et al.,
2022). Peer relationship difficulties have been widely linked
to variables such as emotional dysregulation, shyness, social
anxiety, and environmental stressors (Boivin et al., 2013;
Chen & Santo, 2015; Garcia et al., 2021). However, in recent
years, the digital transformation of adolescent social life has
introduced new factors that could disrupt traditional peer
dynamics—particularly internet addiction, which has been
recognized as a potential contributor to social isolation and
impaired real-life interactions among youth (Chu et al.,
2021; Yu, 2019).

Internet addiction, characterized by compulsive online
behavior and impaired control over internet use, has been
increasingly associated with negative psychosocial
outcomes, especially among adolescents. As digital
communication becomes more dominant, problematic
internet use may paradoxically interfere with the
development of genuine peer intimacy, emotional
reciprocity, and trust (Forrest et al., 2018; O'Hare et al.,
2015). Adolescents who spend excessive amounts of time
online often substitute digital engagement for face-to-face
interactions, resulting in superficial social contact and
detachment from meaningful relationships (Chu et al., 2021;
Manis & Stewart, 2024). Moreover, the nature of online
environments, where social comparison, cyberbullying, and
exclusion are common, can further undermine the
development of healthy peer bonds (Buissonniére-Ariza et
al., 2018; Loper & Hellmich, 2024). These patterns are
especially concerning in the context of younger individuals
whose emotional and interpersonal skills are still maturing,
making them more vulnerable to the adverse effects of
digital overuse (Bishop et al., 2018; Siegel et al., 2014).

Among the various mechanisms that may explain the
connection between internet addiction and peer relationship
problems, sleep disturbance stands out as a particularly
important mediating factor. Numerous studies have shown
that problematic internet use—especially at night—

significantly interferes with sleep quality, sleep duration,
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and circadian rhythm, leading to chronic sleep deprivation
and daytime dysfunction (Marsus et al., 2022; Yu, 2019).
Adolescents who suffer from poor sleep are often more
irritable, less empathic, and more prone to emotional
dysregulation, which in turn affects their capacity to
maintain  cooperative and  emotionally  satisfying
relationships with peers (Gultom & Wibowo, 2025; Ozdemir
et al,, 2016). Indeed, sleep has been linked to critical
cognitive and emotional processes such as emotion
recognition, impulse control, and prosocial behavior—all of
which are foundational to building strong peer connections
(Lukas et al., 2022; Schoeps et al., 2020).

Furthermore, sleep problems may indirectly influence
peer difficulties through their effect on mood and mental
health. Adolescents experiencing sleep deprivation often
exhibit symptoms of anxiety, depression, and social
withdrawal, which can further erode their interpersonal
functioning (Chen & Santo, 2015; Szczesniak et al., 2022).
The bidirectional relationship between sleep and social
functioning suggests that while internet addiction may
initially disrupt sleep, the resulting sleep problems can create
a negative feedback loop in which poor peer relationships
further increase online dependency as a form of escape or
compensation (Chu et al., 2021; Li et al., 2023). This loop
may be particularly pronounced in adolescents from
vulnerable social contexts, such as those experiencing family
instability, neurodevelopmental disorders, or social stigma,
who may already be at risk of peer rejection or social anxiety
(Manis & Stewart, 2024; Mikami & Normand, 2015; Yu,
2019).

Peer relationship difficulties are themselves a

multifaceted  construct that encompasses various
dimensions, including social withdrawal, conflict, lack of
closeness, and exclusion. Prior research has shown that these
difficulties can stem from both individual characteristics
(e.g., temperament, emotional regulation) and contextual
influences (e.g., family environment, school climate)
(Boivin et al., 2013; Garcia et al., 2021; Schoop-Kasteler &
Miiller, 2019). For example, studies have demonstrated that
children and adolescents with attention-deficit/hyperactivity
disorder (ADHD) are more likely to experience peer
rejection, partly due to their impulsive behavior and
difficulty interpreting social cues (Marsus et al., 2022;
Mikami & Normand, 2015). Similarly, adolescents with
neurodevelopmental or emotional difficulties, such as
anxiety or language disorders, are often less accepted by
their peers, leading to increased social alienation (Forrest et

al., 2018; Garcia et al., 2021).
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The current research landscape underscores the
importance of exploring not only the direct effects of internet
addiction on peer relationship quality but also the mediating
psychological processes that may exacerbate or buffer this
association. Structural equation modeling has emerged as a
robust approach for testing such complex relationships,
allowing researchers to evaluate the simultaneous influence
of multiple variables within a theoretical framework (Li et
al.,2023; Lukas et al., 2022). In particular, understanding the
mediating role of sleep disturbance can inform the design of
preventive and therapeutic interventions that target both
behavioral (e.g., screen time regulation) and physiological
(e.g., sleep hygiene) components of adolescent health
(Ozdemir et al., 2016; Schoeps et al., 2020).

Additionally, social and environmental changes in recent
years—such as those brought by the COVID-19 pandemic—
have reshaped the nature of adolescent peer relationships and
digital behavior. Studies indicate that periods of social
distancing and remote learning significantly increased
adolescents’ reliance on digital communication, often
exacerbating feelings of isolation and eroding opportunities
for meaningful peer contact (Gultom & Wibowo, 2025;
Manis & Stewart, 2024). While digital platforms can offer
avenues for connection, they are not always sufficient for
developing the emotional depth and mutual understanding
characteristic of close peer bonds (Loper & Hellmich, 2024;
Yu, 2019). Moreover, adolescents from disadvantaged or
broken homes may be especially vulnerable to these
dynamics, with internet use sometimes becoming a
maladaptive coping strategy for unmet emotional needs
(Gultom & Wibowo, 2025; Szcze¢éniak et al., 2022).

While a growing body of research supports the negative
impact of excessive internet use and poor sleep on peer
functioning, few studies have explored these variables
together within a unified model. Understanding how sleep
disturbance mediates the relationship between internet
addiction and peer difficulties can illuminate intervention
points that are both feasible and impactful in educational and
clinical settings (Buissonniére-Ariza et al., 2018; Healy,
2017; Siegel et al.,, 2014). For instance, school-based
programs that teach adolescents about digital balance and
healthy sleep routines could indirectly enhance social
functioning and peer integration. Similarly, family therapy
and psychoeducation targeting screen time management and
emotional regulation may reduce the compounding effects
of sleep problems and social stressors (Lukas et al., 2022;
Yu, 2019).
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This study aims to contribute to this growing field by
investigating whether sleep disturbance mediates the
relationship between internet addiction and peer relationship
difficulties in adolescents from Colombia.

2.  Methods and Materials
2.1.  Study Design and Participants

This study employed a descriptive correlational design to
examine the relationship between internet addiction and peer
relationship difficulties, with sleep disturbance serving as a
mediating variable. The target population consisted of
adolescents residing in Colombia. A total of 405 participants
were selected using a stratified random sampling method,
with the sample size determined according to the Morgan
and Krejcie (1970) table to ensure statistical adequacy for
structural modeling. Participants ranged in age from 13 to 18
years and were recruited from various educational
institutions to ensure diversity in socio-economic
background and school type. Inclusion criteria required
participants to have access to digital devices and internet
connectivity and to provide informed consent (with parental
approval where necessary). Exclusion criteria included
diagnosed neurological disorders or any condition that could
interfere with self-reporting. Ethical approval was obtained
from the appropriate institutional review board prior to data

collection.

2.2.  Measures
2.2.1.  Peer Relationship Difficulties

Peer relationship difficulties were assessed using the Peer
Problems subscale of the Strengths and Difficulties
Questionnaire (SDQ), developed by Goodman (1997). This
subscale is part of a broader behavioral screening tool for
children and adolescents aged 4 to 17 years. The Peer
Problems subscale includes 5 items that address various
aspects of peer interactions, such as being bullied, feeling
isolated, and having good relationships with other children
(reverse scored). Responses are given on a 3-point Likert
scale ranging from 0 (not true) to 2 (certainly true), with
higher scores indicating greater difficulty in peer
relationships. The total score for this subscale ranges from 0
to 10. The SDQ, including its Peer Problems subscale, has
demonstrated acceptable internal consistency (Cronbach's
alpha above .70) and construct validity in a wide range of

international studies, confirming its reliability and cross-
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cultural applicability (Healy, 2017; Marsus et al., 2022;
Siegel et al., 2014; Su et al., 2016).

2.2.2.  Sleep Disturbance

Sleep disturbance was measured using the Sleep
Disturbance Scale for Children (SDSC), developed by Bruni
et al. (1996). Although originally designed for pediatric
populations aged 6 to 16 years, this scale has been widely
used and adapted for adolescent and young adult populations
as well. The SDSC contains 26 items, each rated on a 5-point
Likert scale ranging from 1 (never) to 5 (always), reflecting
the frequency of sleep problems over the past six months.
The scale includes six subscales: Disorders of Initiating and
Maintaining Sleep, Sleep Breathing Disorders, Disorders of
Arousal, Sleep-Wake Transition Disorders, Disorders of
Excessive Somnolence, and Sleep Hyperhidrosis. Higher
scores indicate more severe sleep disturbances. The SDSC
has shown excellent psychometric properties, with reported
Cronbach’s alpha coefficients ranging from .71 to .89 for the
subscales, and its validity and reliability have been
confirmed in numerous clinical and community-based
research studies (Khpalwak & Hamidi, 2024; Sarfo et al.,
2024; Solmaz et al., 2025).

2.2.3.  Internet Addiction

Internet addiction was assessed using the Internet
Addiction Test (IAT), developed by Young (1998). This 20-
item self-report measure evaluates the presence and severity
of problematic internet use in adolescents and adults. Each
item is rated on a 5-point Likert scale ranging from 1 (rarely)
to 5 (always), with total scores ranging from 20 to 100. The
IAT covers key dimensions such as compulsive internet use,
neglect of social life, and emotional preoccupation with
online activity. Higher scores reflect more severe levels of
internet addiction, with suggested cutoffs for mild (20—49),
moderate (50-79), and severe (80-100) addiction. The IAT
has been wvalidated in various cultural contexts and
demonstrates strong internal consistency (Cronbach’s alpha
> .85), test-retest reliability, and convergent validity with

Table 1

Descriptive Statistics for Study Variables (N = 405)
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related behavioral indicators, making it a widely accepted
instrument for assessing internet-related problems (Wu et
al., 2025; Yumru Mentes & Koc, 2025).

2.3.  Data Analysis

The collected data were analyzed using both descriptive
and inferential statistical methods. Descriptive statistics
were used to summarize the demographic characteristics of
the participants and to assess the distribution of the study
variables. To examine the direct associations between peer
relationship difficulties and each independent variable
(internet addiction and sleep disturbance), Pearson
correlation coefficients were calculated using SPSS-27.
Following this, Structural Equation Modeling (SEM) was
conducted using AMOS-21

mediating role of sleep disturbance in the relationship

to test the hypothesized

between internet addiction and peer relationship difficulties.
Model fit was assessed using standard indices such as the
Chi-square statistic, the Root Mean Square Error of
Approximation (RMSEA), the Comparative Fit Index (CFI),
and the Tucker-Lewis Index (TLI). These analyses allowed
for the evaluation of both direct and indirect effects among
the study
understanding of the underlying mechanisms at play.

variables, providing a comprehensive

3. Findings and Results

Of the 405 participants in the study, 212 (52.3%) were
female and 193 (47.7%) were male. In terms of age
distribution, 89 participants (22.0%) were aged 13, 97
(24.0%) were 14, 83 (20.5%) were 15, 69 (17.0%) were 16,
42 (10.4%) were 17, and 25 (6.2%) were 18 years old.
Regarding grade level, 112 students (27.7%) were in seventh
grade, 98 (24.2%) in eighth grade, 96 (23.7%) in ninth grade,
61 (15.1%) in tenth grade, and 38 (9.4%) in eleventh grade.
As for access to technology, 381 participants (94.1%)
reported having regular access to the internet at home, while
24 (5.9%) had limited or no internet access. Additionally,
368 adolescents (90.9%) reported daily use of a smartphone,
while 37 (9.1%) used shared or school-provided devices.

Variable Mean (M) Standard Deviation (SD)
Internet Addiction 58.73 12.42

Sleep Disturbance 42.89 9.36

Peer Relationship Difficulties 6.14 2.57
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The results indicate that participants reported a moderate
level of internet addiction (M = 58.73, SD = 12.42), a
moderate to high level of sleep disturbance (M = 42.89, SD
=9.36), and a somewhat elevated level of peer relationship
difficulties (M = 6.14, SD = 2.57), suggesting social
challenges are present in this population alongside
problematic internet use and disrupted sleep (Table 1).

Prior to conducting the main analyses, key statistical
assumptions for Pearson correlation and Structural Equation
Modeling were evaluated. The assumption of normality was

examined using skewness and kurtosis values for each

Journal of Adolescent and Youth Psychological Studies 6:3 (2025) 161-169

kurtosis values from -0.62 to 0.77, indicating approximate
normal distribution. Linearity was confirmed through
scatterplot inspection, showing clear linear trends between
variables. Homoscedasticity was assessed using residual
plots and found to be satisfactory. Multicollinearity was
ruled out as all Variance Inflation Factor (VIF) values were
below 2.5 and tolerance values exceeded 0.40. Additionally,
no significant outliers were detected based on Mahalanobis
distance (p > .001), ensuring the suitability of the data for
SEM analysis. These results confirmed that all necessary
assumptions for conducting Pearson correlation and SEM

variable; all values fell within the acceptable range of -1 to were met.
+1, with skewness values ranging from -0.43 to 0.58 and
Table 2
Pearson Correlation Coefficients and p-values Between Variables
Variables 1 2 3
1. Internet Addiction —
2. Sleep Disturbance 52%% (p<.001) —
3. Peer Relationship Difficulties A43** (p <.001) A7** (p <.001) —

All correlations were significant at the 0.01 level. Internet
addiction was significantly positively correlated with both

positively associated with peer difficulties (r= .47, p <.001),

supporting the hypothesis that these constructs are

sleep disturbance (r = .52, p < .001) and peer relationship interrelated (Table 2).
difficulties (r = .43, p < .001). Sleep disturbance was also
Table 3
Fit Indices of the Structural Model
Fit Index Value Acceptable Threshold
Chi-Square (x?) 108.53 —
Degrees of Freedom (df) 48 —
w/df 2.26 <3
GFI 95 >.90
AGFI 91 >.90
CFI .96 >.95
TLI 94 >.90
RMSEA .055 <.08

The structural model demonstrated good fit to the data, as
indicated by ¥2(48) = 108.53, y*/df = 2.26, GFI1 = .95, AGFI
= 91, CFI = .96, TLI = .94, and RMSEA = .055. These

Table 4

Total, Direct, and Indirect Effects in the Structural Model

indices fall within acceptable thresholds, confirming that the
model is suitable for

relationships (Table 3).

interpreting the hypothesized

Path

B S.E. B p
Internet Addiction — Sleep Disturbance 0.41 0.06 0.52 <.001
Sleep Disturbance — Peer Relationship Difficulties 0.36 0.07 0.41 <.001
Internet Addiction — Peer Relationship Difficulties (Direct) 0.29 0.08 0.33 <.001
Internet Addiction — Peer Relationship Difficulties (Indirect via Sleep) 0.15 0.04 0.21 <.001
Internet Addiction — Peer Relationship Difficulties (Total) 0.44 0.06 0.54 <.001
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The path coefficients reveal that internet addiction
significantly predicted sleep disturbance (B =0.52, p <.001),
and sleep disturbance in turn significantly predicted peer
relationship difficulties (§ = 0.41, p < .001). A significant
direct path was also found from internet addiction to peer
relationship difficulties (§ = 0.33, p < .001), along with a

Figure 1

Final Model of the Study

Journal of Adolescent and Youth Psychological Studies 6:3 (2025) 161-169

significant indirect path mediated by sleep disturbance (p =
0.21, p <.001). The total effect of internet addiction on peer
difficulties (B = 0.54) reflects both direct and mediated
pathways, highlighting the central role of sleep disturbance
as a partial mediator (Table 4).

Sleep Disturbance

B=.41,p<.001

Internet Addiction

4. Discussion and Conclusion

The results of this study revealed significant relationships
among the variables of interest—namely, internet addiction,
sleep disturbance, and peer relationship difficulties—among
adolescents in Colombia. Pearson correlation analyses
demonstrated that higher levels of internet addiction were
positively associated with greater sleep disturbance and
more severe peer relationship difficulties. Additionally,
sleep disturbance itself was positively correlated with peer
relationship problems. Structural Equation Modeling further
supported the mediating role of sleep disturbance in the
relationship between internet addiction and peer relationship
difficulties. Specifically, the path from internet addiction to
peer relationship difficulties was partially mediated by sleep
disturbance, indicating that internet addiction contributes
both directly and indirectly (through sleep problems) to
challenges in adolescents’ social interactions.

These findings confirm the growing body of research
emphasizing the negative psychosocial consequences of
excessive internet use in adolescence. Internet addiction,
often characterized by compulsive engagement in online
activities, time displacement, and emotional dependence on
digital content, was found in this study to impair
adolescents’ capacity to sustain healthy relationships with
peers. This is consistent with the findings of Chu et al. (Chu
et al.,, 2021), who reported that social networking site
addiction is linked to social anxiety and decreased face-to-

166
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face social competence. The displacement of in-person
interactions by virtual communication reduces opportunities
for practicing empathy, reading non-verbal cues, and
engaging in shared real-life experiences, all of which are
vital for fostering positive peer relationships (Bishop et al.,
2018; Forrest et al., 2018).

Moreover, the partial mediation effect of sleep
disturbance suggests that one of the mechanisms through
which internet addiction affects peer relationships is through
disrupted sleep. Adolescents addicted to the internet often
use devices late into the night, delaying bedtime, reducing
sleep duration, and impairing sleep quality. These patterns
are in line with those reported by Yu (Yu, 2019), who
demonstrated that late-night screen use and poor sleep
hygiene among children led to interpersonal and emotional
difficulties. Poor sleep impairs self-regulation, increases
irritability, and reduces social engagement—all factors that
can erode peer bonds over time. Our results align with
Schoeps et al. (Schoeps et al., 2020), who found that
emotional regulation and peer empathy—two functions
compromised by sleep deprivation—are strong predictors of
peer acceptance and prosocial behavior.

The significant direct path from internet addiction to peer
problems also highlights that beyond physiological
disruption (e.g., sleep), cognitive and emotional mechanisms
may be involved. Internet addiction can lead to withdrawal
from real-world interactions, decreased interest in school or

extracurricular activities, and increased engagement in
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solitary behaviors, which over time hinder the development
of social competencies. These observations echo those of Li
etal. (Li et al., 2023), who found that difficulties in emotion
regulation—often a byproduct of digital overuse—mediate
the relationship between negative peer experiences and
maladaptive outcomes like self-injury. Similarly, Manis and
Stewart (Manis & Stewart, 2024) reported that children's
peer relationships declined significantly during the COVID-
19 pandemic when internet use increased, underscoring the
broader social implications of digital overdependence.

The relationship between sleep disturbance and peer
relationship difficulties has been well-documented in earlier
studies and is corroborated here. Adolescents with irregular
or poor-quality sleep are more likely to experience
interpersonal tension, mood instability, and lower social
initiative, all of which negatively influence peer interactions
(Gultom & Wibowo, 2025; Szczesniak et al., 2022). The
findings of this study mirror those of Buissonniére-Ariza et
al. (Buissonniére-Ariza et al.,, 2018), who observed that
youths with chronic health problems and resulting sleep
issues reported significantly lower quality peer relationships.
Sleep problems compromise the brain’s ability to regulate
affect and facilitate social cognition, both crucial for
engaging in emotionally reciprocal interactions.

This study also supports the broader notion that peer
difficulties are not simply the result of external rejection but
are often co-constructed through internal cognitive,
emotional, and behavioral factors. According to Mikami and
Normand (Mikami & Normand, 2015), children with ADHD
struggle to form peer relationships not just because of peer
bias, but due to their own impaired social awareness and
self-monitoring—issues that are similarly exacerbated by
both sleep deprivation and compulsive digital engagement.
Adolescents with sleep disturbances may lack the social
energy or clarity of thought needed to interpret others’
emotions accurately, contributing to relational conflict or
avoidance (Ozdemir et al., 2016).

The observed findings also align with research exploring
peer relationship difficulties among adolescents from
emotionally or socially vulnerable backgrounds. For
instance, youth who have experienced familial instability or
adoption are more likely to struggle with peer bonding due
to attachment-related anxieties and mistrust (Bishop et al.,
2018). These vulnerabilities may be compounded when
internet addiction is used as a coping mechanism for
loneliness or emotional distress, further distancing the
adolescent from real-life social experiences. Similarly,
students with neurodevelopmental differences, such as
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language disorders or intellectual disabilities, have been
found to exhibit increased peer victimization and social
rejection, especially when combined with digital
disengagement from their surroundings (Garcia et al., 2021;
Schoop-Kasteler & Miiller, 2019).

Environmental and contextual factors also play a crucial
role in the formation and disruption of peer relationships.
The classroom environment, for example, significantly
shapes social opportunities and norms of interaction. As
Loper and Hellmich (Loper & Hellmich, 2024) highlighted,
the quality of student—teacher relationships and the teacher’s
own social behaviors influence how students interact with
one another. In classrooms where mutual respect and
inclusion are modeled and encouraged, peer difficulties may
be mitigated, even among students who face challenges such
as sleep disruption or digital dependency. This suggests that
intervention programs should not only target individual
behavior but also work to cultivate supportive social
environments.

Additionally, individual psychological traits such as self-
esteem and emotional literacy play a mediating role between
sleep and peer relationships. Szczesniak et al. (Szczesniak et
al., 2022) reported that communication with peers
significantly mediated the relationship between adolescents’
self-esteem and life satisfaction. This implies that even when
adolescents face challenges like poor sleep or internet
overuse, strengthening their interpersonal communication
skills could protect against peer isolation. Likewise, O’Hare
et al. (O'Hare et al., 2015) found that youth with Tourette’s
syndrome often faced peer rejection not because of the
condition itself but due to resulting behavioral patterns and
stress—paralleling how digital addiction or disrupted sleep
may indirectly harm peer ties.

In summary, this study contributes to a nuanced
understanding of the ways in which digital habits and
physiological disruptions interact to shape adolescents’
social worlds. It confirms that internet addiction not only
reduces the quantity of in-person interactions but also
influences adolescents’ biological rhythms (i.c., sleep) and
psychological functioning, ultimately impairing the quality
of their peer relationships. The mediating role of sleep
disturbance highlights a modifiable pathway, suggesting that
improvements in sleep hygiene could mitigate some of the
relational damage associated with digital overuse.

5. Limitations & Suggestions
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Despite its contributions, this study is not without
limitations. First, the cross-sectional nature of the design
limits the ability to draw causal inferences about the
directionality of the observed relationships. While internet
addiction and sleep disturbance were significantly
associated with peer relationship difficulties, longitudinal
studies are needed to confirm these pathways over time.
Second, all data were collected through self-report measures,
which may be subject to response bias, particularly social
desirability or underreporting of problematic behavior.
Third, while the sample size was statistically adequate, it
was limited to adolescents in Colombia, which may
constrain the generalizability of the findings to other cultural
contexts. Lastly, other potentially relevant mediators such as
emotional regulation, social support, or family dynamics
were not included in the model and may have contributed to
the complexity of the observed relationships.

Future studies should employ longitudinal designs to
better understand how internet addiction and sleep
disturbance evolve over time and interact to influence peer
relationships. Such designs would help establish causal links
and capture dynamic patterns across developmental stages.
Moreover, future research should incorporate multi-
informant approaches, including peer, teacher, or parent
reports, to provide a more holistic understanding of
adolescents’ social functioning. Expanding the sample to
include diverse geographical and cultural settings would also
enhance the external validity of the findings. Finally,
examining additional psychological or contextual
mediators—such as social anxiety, emotion regulation, or
family conflict—would offer a more comprehensive model
of how internet use and biological rhythms influence
adolescent social adjustment.

In light of these findings, educators and school counselors
should incorporate sleep hygiene education and digital
literacy programs into the school curriculum to promote
healthy technology habits. Structured screen-free time,
especially before bedtime, should be encouraged both at
school and at home. Schools can also implement peer
mentoring programs that support social inclusion and
emotional connection, especially for students who may be
digitally over-engaged or socially withdrawn. Clinicians
working with adolescents should assess both sleep quality
and internet use patterns when addressing social or
emotional concerns. Families should be guided to set clear
and consistent rules about internet use, particularly in the
evening, to ensure adequate rest and foster in-person social
interactions. By targeting both behavioral and physiological
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factors, these interventions can help mitigate peer
relationship difficulties and promote healthier adolescent
development.
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