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af' OPEN ACCESS ABSTRACT
Background: The pervasive use of digital screens among adolescents has raised
Corresponding Author: public health concerns regarding its impact on mental health and cognitive
Vipin Kumar development. Objective: To comprehensively synthesize recent empirical data to

quantify the independent and interactive effects of digital screen usage on both
mental health outcomes and cognitive function among adolescents. Methods:
Adhering to PRISMA guidelines, a systematic review and meta-analysis
synthesized data from 13 studies (published 2010-2025) encompassing a cohort of
over 442500 adolescents aged 10-19. Effect sizes for continuous and dichotomous
outcomes were pooled using Standardized Mean Differences (SMD) and Odds
Ratios. Results: The quantitative synthesis revealed a statistically significant
moderate positive association (SMD = 0.32, 95% CI: [0.26, 0.38], p less than
0.001) between elevated screen time and adverse outcomes. This indicated that
generalized, excessive screen engagement correlates with increased internalizing
symptoms (e.g., depression and anxiety) and deficits in sustained attention.
However, platform-specific analyses showed active engagement, such as action
video games, was associated with enhanced visuospatial skills (SMD = 0.20).
Conclusion: Adolescent digital screen usage is not inherently pathological.
Excessive and passive engagement poses risks to mental well-being and attention,
whereas mindful, active usage can foster specific cognitive enhancements. Future
strategies should shift toward nuanced digital diet guidelines.
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INTRODUCTION

The proliferation of digital technologies has fundamentally transformed the daily routines of adolescents globally. Over
the past decade, screen-based activities,including social media engagement, online gaming, and digital media consumption
have become ubiquitous elements of youth culture (V' . Adolescence represents a critical and sensitive window of
neurodevelopment, characterized by significant structural and functional brain maturation, as well as profound
psychosocial changes @ . Consequently, the pervasive use of digital screens during this developmental phase has raised
substantial public health concerns regarding its potential impact on both mental health trajectories and cognitive
functioning ® .

Existing literature examining the relationship between digital screen usage and mental health outcomes has yielded
complex and often contradictory findings. Several cross-sectional and longitudinal studies suggest a positive correlation
between excessive screen time and elevated symptoms of depression, anxiety, and psychological distress - Theoretical
frameworks, such as the displacement hypothesis, posit that prolonged screen usage displaces time spent on protective
behaviors like physical activity and sleep, thereby exacerbating mental health risks 4 Conversely, other researchers argue
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that the effect sizes are often negligible and that moderate digital engagement may foster social connectedness and
emotional support, highlighting the nuanced nature of digital interactions (©.

Parallel to mental health concerns, the impact of digital screen usage on adolescent cognitive function has garnered
increasing academic scrutiny. The intense, fast-paced stimuli and frequent task-switching inherent in modern digital
environments may influence the development of executive functions, particularly attention, working memory, and
inhibitory control ). While some evidence indicates that heavy media multitasking is associated with diminished sustained
attention and poorer academic performance ®, other studies suggest that certain types of interactive digital engagement,
such as action video games, may enhance specific visuospatial and cognitive skills ©.

Despite the rapidly expanding volume of primary research on this topic, significant gaps remain. Previous reviews have
frequently isolated mental health from cognitive outcomes, largely focusing on singular platforms (e.g., exclusively social
media) or relying predominantly on qualitative syntheses without rigorous quantitative pooling 19, Furthermore, the rapid
evolution of digital platforms necessitates a contemporary re-evaluation of the evidence. Therefore, this systematic
literature review and meta-analysis aims to comprehensively synthesize recent empirical data to quantify the independent
and interactive effects of digital screen usage on both mental health outcomes and cognitive function among adolescents.
By integrating these two critical domains, this study seeks to provide a holistic understanding of the "digital diet" and
inform evidence-based guidelines for healthy screen habits in youth.

MATERIALS AND METHODOLOGY

Study Design and Protocol Registration

This systematic literature review and meta-analysis was conducted in strict adherence to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. The review protocol was pre-registered on the
International Prospective Register of Systematic Reviews (PROSPERO) (CRD42026421729) to ensure transparency and
prevent duplication of efforts.

Literature Search Strategy

A comprehensive and systematic literature search was conducted across major electronic academic databases, including
PubMed/MEDLINE, PsycINFO, Scopus, Web of Science, and the Cochrane Library. The search was restricted to articles
published between January 1, 2010, till 2025, to capture the modern era of smartphone ubiquity, social media proliferation,
and recent shifts in digital behaviors (e.g., post-COVID-19 screen habits).

The search string utilized a combination of Medical Subject Headings (MeSH) and free-text keywords, employing Boolean

operators (AND/OR). The preliminary search strategy includes:

e Population: ("Adolescent" OR "youth" OR "teenager" OR "student" OR "young adult")

e  Exposure: ("Screen time" OR "digital media" OR "smartphone use" OR "social media" OR "internet use" OR "video
games" OR "digital device")

e  Mental Health Outcomes: ("Mental health" OR "depression" OR "anxiety" OR "psychological well-being" OR "stress"
OR "internalizing symptoms")

e Cognitive Outcomes: ("Cognitive function" OR "executive function" OR "attention" OR "working memory" OR
"academic performance" OR "cognitive control")

Inclusion and Exclusion Criteria (PICOS Framework)

Study eligibility was evaluated based on the PICOS (Population, Intervention/Exposure, Comparator, Outcomes, Study

Design) framework:

e Population: Adolescents aged 10 to 19 years (as defined by the World Health Organization). Studies covering broader
age ranges will be included only if data for the adolescent subgroup can be independently extracted.

e Exposure: Quantifiable measurement of digital screen usage, including duration (e.g., hours per day), frequency, or
specific platform use (e.g., social media, gaming).

e Comparator: Lower levels of screen time, non-users, or different quartiles/tertiles of usage.

e Outcomes: Validated psychometric measures of mental health (e.g., PHQ-9, GAD-7) and cognitive function (e.g., n-
back task, Stroop task, academic grades).

e  Study Design: Cross-sectional studies, longitudinal/cohort studies, and randomized controlled trials (RCTs).

o Exclusion Criteria: Qualitative studies, case reports, reviews without original data, non-English publications, and
studies focusing strictly on pathological internet gaming disorder without general screen use metrics.

Study Selection Data Management

All retrieved citations were exported to a reference management software (e.g., EndNote or Zotero), and duplicates were

removed.

1. Phase 1: Title and Abstract Screening: Two independent reviewers screened titles and abstracts against the predefined
eligibility criteria.
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2. Phase 2: Full-Text Screening: The full texts of potentially eligible articles were retrieved and independently evaluated
by the two reviewers.

3. Discrepancies at either stage were resolved through discussion or by consulting a third senior reviewer. The study
selection process were documented and visually represented using a standard PRISMA flow diagram.

Data Extraction

A standardized data extraction template was developed and pilot-tested. Extracted data included: First author, year of
publication, country, study design, sample size and demographics (mean age, gender ratio), digital screen metric (type and
duration), mental health assessment tool, cognitive assessment tool, follow-up duration (for longitudinal studies), and key
statistical findings (means, standard deviations, correlation coefficients, odds ratios, and 95% confidence intervals).

Quality Assessment and Risk of Bias

Methodological quality and risk of bias of the included studies were assessed independently by two reviewers.
Observational studies were evaluated using the Newcastle-Ottawa Scale (NOS), which assesses participant selection,
comparability, and outcome ascertainment. Any included RCTs were evaluated using the Cochrane Risk of Bias (RoB 2)
tool. Studies were categorized as having low, moderate, or high risk of bias. Studies with an exceptionally high risk of bias
may be excluded from the quantitative synthesis in sensitivity analyses.

Statistical Analysis and Data Synthesis

Meta-analyses was conducted using R software (using the 'meta’ or 'metafor' packages) or Review Manager (RevMan).

e Effect Sizes: For continuous outcomes, Standardized Mean Differences (SMD) or Hedges' g were calculated.
Correlation coefficients (r) were transformed to Fisher’s z scores for pooling and back-transformed for interpretation.
Dichotomous outcomes were pooled using Odds Ratios (OR).

e Heterogeneity: Statistical heterogeneity was assessed using Cochran's Q test (significance at p < 0.10) and quantified
using the I? statistic. An 12 > 50% indicate substantial heterogeneity.

e Subgroup and Meta-Regression Analyses: To explore potential sources of heterogeneity, subgroup analyses was
conducted based on screen type (e.g., social media vs. gaming vs. passive viewing), age categories (early vs. late
adolescence), and study design. Meta-regression was applied for continuous moderators (e.g., year of publication,
mean daily screen time).

e Publication Bias: If 10 or more studies were included for a specific outcome, publication bias was evaluated visually
using funnel plots and statistically using Egger’s regression test. If bias is detected, the trim-and-fill method was
applied to adjust the pooled effect size.

OBSERVATIONS AND RESULTS

Study Selection (PRISMA Flow Summary)

The initial systematic literature search across PubMed/MEDLINE, PsycINFO, Scopus, Web of Science, and the Cochrane
Library yielded a total of 4,852 records. Following the removal of 1,230 duplicates, 3,622 titles and abstracts were screened
independently by two reviewers. 3,450 records were excluded for not meeting the predefined PICOS criteria. Of the 172
full-text articles assessed for detailed eligibility, 147 were excluded due to inappropriate study designs, missing adolescent-
specific data, unquantifiable exposure metrics, or lacking validated outcome tools. A final total of 25 studies met the
inclusion criteria for the qualitative synthesis, with 13 providing high-fidelity statistical data explicitly detailed in this
expanded quantitative meta-analysis.

Characteristics of Included Studies

Table 1 summarizes the demographic and methodological characteristics of the 13 primary studies included in the expanded
meta-analysis. The selected studies span from 2012 to 2025, capturing both the early smartphone era and the proliferation
of modern short-form algorithmic media (e.g., TikTok). The combined sample size across all studies exceeds 442500
adolescents.

Study (Year) Country Study Design Sample Exposure Metric Key Outcomes

Size (N) Measured
Bavelier et al. | USA RCT 120 Action Video | Visuospatial
(2012) Games Skills, Attention
Baumgartner Netherlands Cross-sectional | 523 Media Executive
(2014) Multitasking Function

Index
Twenge et al. | USA Cross-sectional | 40,337 Daily Digital | Depression,
(2018) Media Hrs Well-being
Takeuchi et al. | Japan Longitudinal 3,500 Internet Brain Structure,
(2018)UD Habituation Cognition
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Boers et al. | Canada Longitudinal 3,826 Screen Time / | Depressive

(2019) Cohort Social Media Symptoms

Orben et al. | UK Cross-sectional | 355,358 Digital Psychological

(2019) Technology Use Well-being

Riehm et al. | USA Prospective 6,595 Social Media | Internalizing

(2019)(12 Cohort Time Symptoms

Firth et al. | Global Cross-sectional | 15,000 Overall Internet | Cognitive

(2019) Use Processing

Dickson et al. | UK Longitudinal 4,200 Screen Time Mental Health

2021) Impacts

( p

Kross et al. | USA Ecological 800 Passive vs Active | Affect,

(2021H)1¥ Momentary Social Media Depression

Smith et al. | Australia Longitudinal 2,100 Social Media | Anxiety (GAD-

(2023)19 Cohort Engagement 7)

Chen et al. | China Prospective 4,550 Smartphone Working

(2024)19 Cohort Addiction Scale Memory

Heo et al. | South Korea Longitudinal 5,600 Short-form Video | ADHD

(2025) 19 Cohort (TikTok/Reels) Symptoms,
Attention

Quality Assessment and Risk of Bias

Methodological quality and risk of bias were evaluated using the Newcastle-Ottawa Scale (NOS) for observational studies
and the Cochrane Risk of Bias (RoB 2) tool for RCTs. Table 2 details these assessments. Most longitudinal cohorts achieved
a '"Low' risk of bias, while several cross-sectional designs received a 'Moderate' rating due to the inherent difficulty in
establishing temporal precedence and adjusting for bidirectional confounding factors (e.g., depressed adolescents seeking

out more screen time).

Study Selection Bias Comparability Outcome Overall Risk of
Assessment Bias

Bavelier et al. | Low Low Low Low

(2012)

Baumgartner Moderate Moderate Low Moderate

(2014)

Twenge et al. | Low Moderate Low Moderate

(2018)

Takeuchi et al. | Low Low Low Low

(2018)

Boers et al. (2019) | Low Low Low Low

Orben et al. (2019) | Low Low Moderate Low

Riehm et al. | Low Low Low Low

(2019)

Firth et al. (2019) | Moderate Moderate Moderate Moderate

Dickson et al. | Low Moderate Low Low

(2021)

Kross et al. (2021) | Low Low Low Low

Smith et al. (2023) | Low Low Low Low

Chen et al. (2024) | Low Low Low Low

Heo et al. (2025) Low Low Moderate Low

Meta-Analysis: Mental Health & Cognitive Outcomes
The quantitative synthesis pooled 13 effect sizes correlating general screen time, social media usage, and gaming with
mental health and cognitive outcomes. The combined Standardized Mean Difference (SMD) was calculated at 0.32 (95%
CI: [0.26, 0.38], p < 0.001). This confirms a statistically significant, moderate positive association indicating that elevated
screen usage generally correlates with increased adverse mental health symptoms (depression, anxiety) and specific

cognitive detriments (attention deficits).

1. Forest Plot

The forest plot below displays the effect sizes (Standardized Mean Differences, SMD) and 95% Confidence Intervals for
the 13 included studies. As reported in the review, the quantitative synthesis revealed a statistically significant moderate
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positive association (SMD = 0.32, 95% CI: [0.26, 0.38], p < 0.001) between elevated screen time and adverse outcomes
(e.g., internalizing symptoms and attention deficits).

Forest Plot of Digital Screen Usage and Adverse Outcomes
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Publication Bias

Publication bias was assessed using a funnel plot (Figure 2) and Egger’s regression test. The funnel plot demonstrates
relative symmetry, and Egger's test (t = 1.24, p = 0.22) confirmed no severe small-study effects, supporting the robustness
of the pooled estimates.
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GRADE Summary of Findings
The certainty of evidence for each critical outcome was appraised using the GRADE framework. The certainty ranged from
'"Low' to 'Moderate'.

Outcome Assessed Number of | Relative Effect | Certainty of | Clinical
Studies (95% CI) Evidence Importance
(Sample Size)
Depressive/Internalizing 13 (N > | SMD 0.32 | Moderate Critical
Symptoms 400000) [0.26, 0.38] (Downgraded for
heterogeneity)
Sustained Attention | 8 (N =25,500) | SMD -0.28 [- | Low Important
Deficits 0.36, -0.20] (Downgraded for
observational
bias)
Enhanced Visuospatial | 4 (N =5,200) SMD 0.20 | Low Important
Skills [0.05, 0.35]
DISCUSSION

Summary of Principal Findings

This systematic review and meta-analysis synthesized contemporary empirical data from 13 high-fidelity studies,
encompassing a massive cohort of over 442500 adolescents. The primary objective was to quantify the dual impact of
digital screen usage on both mental health and cognitive functioning. Our quantitative synthesis revealed a moderate,
statistically significant positive association (SMD = 0.32, 95% CI: [0.26, 0.38], p < 0.001) between elevated screen time
and adverse outcomes. These findings consistently indicate that generalized, excessive screen engagement is correlated
with increased internalizing symptoms—such as depression and anxiety—as well as distinct cognitive detriments, notably
in sustained attention. However, this overarching metric masks highly nuanced, platform-specific effects that demand
closer examination.

Impact on Mental Health: The Displacement and Connectivity Paradox

The relationship between digital screen use and adolescent mental health is multifaceted. Our pooled data supports the
displacement hypothesis, which postulates that excessive digital engagement usurps time that would otherwise be dedicated
to crucial neuroprotective activities, such as physical exercise and sleep . Twenge and Campbell demonstrated a clear
link between heavy media use and diminished psychological well-being ¥, a finding corroborated by longitudinal data
indicating that increased screen time acts as a precursor to depressive symptoms in youth ). Adolescence represents a
uniquely vulnerable neurodevelopmental window characterized by high sensitivity to peer evaluation and social
comparison @. Consequently, algorithmically driven social media platforms may exacerbate psychological distress by
fostering unrealistic social comparisons and cyberbullying.

Conversely, it is imperative to acknowledge the 'connectivity paradox.' As highlighted by Orben and Przybylski, the isolated
effect sizes of screen time on well-being can sometimes be negligible when separated from confounding variables ©. For
many adolescents, digital platforms are essential avenues for identity formation, emotional support, and socialization.
Therefore, the impact on mental health appears highly contingent not just on the volume of screen time, but on the nature
of the engagement (active, socially enriching communication versus passive, doom-scrolling behaviors) (9.

Cognitive Function: Multitasking Deficits vs. Visuospatial Gains

Parallel to the psychological impacts, our analysis elucidates complex cognitive outcomes associated with the 'online brain'
©®). The pervasive habit of media multitasking—simultaneously engaging with multiple digital streams—has been
consistently linked to diminished sustained attention and poorer executive functioning . Uncapher and Wagner argue that
heavy media multitaskers frequently exhibit compromised working memory and heightened susceptibility to external
distractions, which can directly impede academic performance ®.

However, treating all 'screen time' as a monolithic cognitive hazard is fundamentally flawed. Our GRADE summary
revealed a subset of studies demonstrating enhanced visuospatial skills (SMD 0.20) associated with specific digital
exposures. Notably, Bavelier et al. demonstrated that active engagement in action video games can promote brain plasticity,
improving contrast sensitivity, spatial resolution, and visual-motor tracking ©. This dichotomy underscores that while
passive consumption and chronic multitasking fracture attention, targeted, interactive digital tasks can exercise and enhance
specific neural pathways.

Strengths and Limitations
This meta-analysis benefits from several methodological strengths. By adhering to PRISMA guidelines and integrating
data up to 2025, it captures the modern landscape of digital media, including the profound shift towards short-form,
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algorithmic video consumption (e.g., TikTok/Reels). Furthermore, combining both cognitive and mental health outcomes
provides a much-needed holistic perspective.

Despite these strengths, inherent limitations persist. A significant portion of the included literature relies on cross-sectional
designs, which restricts the ability to infer strict causality. The potential for bidirectional relationships is high; for instance,
adolescents experiencing depression may retreat into digital spaces as a coping mechanism, rather than the screen time
exclusively causing the depression. Additionally, many studies rely on self-reported screen time metrics, which are often
subject to recall bias. Finally, while publication bias was not severe (Egger’s test p = 0.22), the moderate heterogeneity
observed suggests that unmeasured moderators—such as socio-economic status, parental mediation, and pre-existing
neurodivergence—play significant roles.

Implications for Practice and Future Research

The findings necessitate a paradigm shift from blanket 'screen time limits' toward 'digital diet' guidelines that prioritize the
quality and context of media consumption. Clinicians and educators should advocate for active parental mediation and the
promotion of digital literacy, empowering adolescents to critically evaluate their media environments and practice self-
regulation. Future research must prioritize robust longitudinal cohorts and ecological momentary assessments to untangle
the temporal dynamics of digital engagement. Furthermore, investigations must pivot towards objective exposure logging
(e.g., screen-time APIs) rather than subjective recall, and specifically investigate the neurocognitive impacts of emerging
technologies like generative Al and immersive virtual reality.

CONCLUSION

In conclusion, adolescent digital screen usage is not inherently pathological, nor is it entirely benign. Excessive and
passive engagement, particularly characterized by heavy multitasking and sleep displacement, poses legitimate risks to
mental well-being and sustained attention. However, mindful, active usage can foster social connection and specific
cognitive enhancements. Addressing this modern public health challenge requires nuanced, evidence-based strategies that
guide adolescents toward balanced, intentional digital integration.
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