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	TITLE

	Title
	1
	Comprehensive Effects and Dose-Response Relationship of Screen Exposure on University Students' Physical and Mental Health and Academic Performance in the Digital Age: A Systematic Review and Meta-Analysis
	P1

	ABSTRACT

	Abstract
	2
	Objective: This study aims to systematically review the impact of total screen time on university students' health outcomes and academic performance, and to explore its dose-response relationship.
Methods: The PubMed, Web of Science, Embase, Cochrane Library, and PsycINFO databases were systematically searched to collect studies related to university students' screen time, with the search period from inception to July 2025. After two researchers independently screened the literature, extracted data, and assessed quality, meta-analysis was performed using Stata 17.0 software. The pooled effect sizes were the reported odds ratios (OR) with 95% confidence intervals (CI). Additionally, dose-response analysis was performed using R 4.4.3 software, and restricted cubic splines were used to fit the non-linear dose-response curve at fixed knots of the exposure distribution.
Results: A total of 69 cross-sectional studies and 3 longitudinal studies were included, comprising 71633 university students. Meta-analysis results showed that screen time was significantly associated with an increased risk of depression (OR=1.93; 95%CI: 1.75-2.12) and digital eye strain (OR=1.96; 95%CI: 1.67-2.31). Dose-response analysis further revealed that after daily screen time exceeded 2.5 hours, the risks of depression and digital eye strain increased sharply, with the risks increasing by more than 15% for each additional hour of screen exposure. In addition, screen time was also significantly associated with anxiety, stress, physical pain, sleep quality deterioration, insufficient physical activity, and reduced academic performance, with OR values ranging from 1.12 to 1.79. However, no significant associations were found between screen time and sleep duration or body mass index (BMI).
Conclusions: Current evidence indicates that screen time exerts adverse effects on university students' mental health, physical pain, sleep quality, digital eye strain, physical activity, and academic performance, while no significant association is observed between screen time and sleep duration or BMI.
	P2

	INTRODUCTION

	Rationale
	3
	Digital media (smartphones, computers, tablets, gaming consoles, etc.) have been deeply integrated into the daily lives of university students, serving as a core carrier for their knowledge acquisition, social interaction, and leisure activities. Numerous studies have confirmed that excessive use of screen devices exerts multiple negative effects on university students' health outcomes (such as depression, anxiety, stress, sleep quality, digital eye strain, physical pain, and reduced physical activity) and academic performance. The resulting issues of compromised health and diminished academic performance have become increasingly prominent, evolving into a pressing public health and educational concern. However, current studies suffer from issues such as fragmented research foci, inconsistencies in findings, and insufficient control of the key moderating variables, which hinder our comprehensive understanding of these complex issues. Thus, integrating fragmented evidence through meta-analysis can not only quantify the overall effect of screen time on university students' health outcomes and academic performance, but also elucidate sources of heterogeneity through subgroup analysis and meta-regression. This provides evidence-based guidance for the formulation of educational policies, public health interventions, and individual health management.
	P3-P5

	Objectives
	4
	This study aims to systematically review the impact of screen time on university students' health outcomes and academic performance, and to explore its dose-response relationship.
	P3-P5

	METHODS

	Eligibility criteria
	5
	(1)cross-sectional or longitudinal studies (including cohort studies) published in peer-reviewed journals;
(2) studies reporting measures of association between screen time and academic performance or health outcomes (including depression, anxiety, stress, physical pain, sleep quality, sleep duration, digital eye strain, BMI, and physical activity), such as odds ratios (OR), relative risks (RR), correlation coefficients (r), or regression coefficients (β);
(3) studies published in English;
(4) study participants being currently enrolled university students.
	P5-P6

	Information sources
	6
	Two independent researchers systematically searched the PubMed, Web of Science, Embase, Cochrane Library, and PsycINFO databases from inception to July 2025 for relevant studies on screen time among university students. Additionally, we manually searched the reference lists of included studies, topical reviews, and related articles to identify additional eligible studies.
	P6

	Search strategy
	7
	The following MeSH terms and their combinations were used in the search: college student, university student, tertiary student, undergraduate, screen time, digital screen, television, computer, smartphone, video game, and electronic game. The complete search strategy is available in Supplement 1.
	P6

	Selection process
	8
	Two researchers independently screened the literature, and cross-checked the results. Any discrepancies were resolved through discussions or by consulting a third researcher. After duplicates were removed, obviously irrelevant studies were excluded based on titles and abstracts, followed by a full-text review to determine the final included studies.
	P6

	Data collection process
	9
	Two researchers independently extracted data, and cross-checked the results. Any discrepancies were resolved through discussions or by consulting a third researcher. The extracted data included: title, authors, country/region, publication year, study design, sample size, age, screen type, screen time categories, confounding factors, and outcome measures.
	P6

	Data items
	10a
	All results that were compatible with each outcome domain in each study were sought, The following data were extracted from each included article: title, authors, country/region, publication year, study design, sample size, age, screen type, screen time categories, confounding factors, and outcome measures.
	P6

	
	10b
	List all other variables for which data were sought, The following data were extracted from each included article: participant characteristics, funding sources, sample source, nature of screen content, country, etc.
	P6

	Study risk of bias assessment
	11
	The certainty of evidence for the included studies was assessed using the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) framework. Evidence from cross-sectional and longitudinal studies was initially considered "low" certainty. It was graded down if there were concerns regarding risk of bias (ROB), indirectness, inconsistency, imprecision or publication bias, as these factors reduce confidence in the estimated effects. If there was no cause to downgrade, it was upgraded if applicable according to the GRADE criteria (such as large magnitude of effect, evidence of dose response).
The ROB of included studies was independently and systematically assessed by two researchers according to study design using the Joanna Briggs Institute (JBI) Manual for Evidence Synthesis. Any discrepancies were resolved through discussions or by consulting a third researcher. The JBI checklist was used to determine the extent to which a study had addressed the possibility of bias in its design, conduct and analysis. Specifically, all studies were screened for potential sources of bias, including unclear inclusion criteria, flawed measurement of exposure and outcomes, unidentified confounding factors and inappropriate statistical analyses. The overall ROB for the study was defined as high risk when more than one-third of the factors (cross-sectional studies: ≥3 of 8 factors; cohort studies: ≥4 of 11 factors) were rated as high risk.
	P6-P7

Supplement file

	Effect measures
	12
	Meta-analyses were performed using Stata software (version 17.0). The reported OR with its 95%CI was adopted as the pooled effect size. The most appropriate effect sizes adjusted for potential confounders were used if available. For studies that did not report ORs and 95% CIs, we converted the relevant data using multiple methods.
	P7-P8

	Synthesis methods
	13a
	All the included studies were eligible for each synthesis, Tabulating the study intervention characteristics and comparing against the planned groups for each synthesis, the synthesis results are shown in Table 1 (Included studies characteristics).
	P7-P8

	
	13b
	For studies that did not report ORs and 95% CIs, we converted the relevant data using multiple methods. For studies reporting regression coefficients, we converted them to ORs with 95%CIs using the method described by Hosmer and Newton. For studies reporting correlation coefficients, we converted them to ORs with 95% CIs using the formula proposed by Borenstein. For studies in which no effect sizes were reported, we manually calculated them using the reported data or available statistics. When studies reported effect sizes separately for different types of screen devices, we combined these effect sizes and used the pooled data for the meta-analysis. For studies that reported effect sizes separately for multiple categories of screen time, we combined effect sizes across these categories using the method proposed by Hamling. If a study provided effect sizes from multiple discrete samples with different population parameters (such as different cohorts), these samples were entered into the meta-analysis separately.
	P7-P8

	
	13c
	The Included studies characteristics were merged by Excel tables.
Meta-analyses were performed using Stata software (version 17.0).
Heterogeneity between studies was evaluated using Cochran's Q test (α = 0.05) and quantified by the I² statistic.
Publication bias was assessed by funnel plot asymmetry, and quantified using Begg's test and Egger's test. If significant publication bias was observed, the trim-and-fill method was applied to adjust the pooled results.
Dose-response analysis was performed using R software (version 4.4.3). Multiple levels of screen exposure time and their corresponding ORs with 95%CIs were extracted from eligible studies, and restricted cubic splines were applied to fit the non-linear dose-response relationship at fixed knots of the exposure distribution.
	P7-P8

	
	13d
	Meta-analyses were performed using Stata software (version 17.0). The reported OR with its 95%CI was adopted as the pooled effect size. The most appropriate effect sizes adjusted for potential confounders were used if available. For studies that did not report ORs and 95% CIs, we converted the relevant data using multiple methods. For studies reporting regression coefficients, we converted them to ORs with 95%CIs using the method described by Hosmer [19] and Newton [20]. For studies reporting correlation coefficients, we converted them to ORs with 95% CIs using the formula proposed by Borenstein [21]. For studies in which no effect sizes were reported, we manually calculated them using the reported data or available statistics [22-23]. When studies reported effect sizes separately for different types of screen devices, we combined these effect sizes and used the pooled data for the meta-analysis [24]. For studies that reported effect sizes separately for multiple categories of screen time, we combined effect sizes across these categories using the method proposed by Hamling [25]. If a study provided effect sizes from multiple discrete samples with different population parameters (such as different cohorts), these samples were entered into the meta-analysis separately. Given the heterogeneity in the thresholds used to classify "high" and "low" screen time across the original studies, this meta-analysis used the "lowest exposure group" defined within each study as the unified reference to estimate pooled effect sizes. To account for this and other between-study variations, we used the DerSimonian and Laird random-effects model to estimate an overall OR and 95% CI.
Heterogeneity between studies was evaluated using Cochran's Q test (α = 0.05) and quantified by the I² statistic. Low heterogeneity between studies is indicated when I² ≤50% and P ≥0.1, whereas high heterogeneity between studies is indicated when I² >50% and P <0.1. To test the robustness of the meta-analysis results, sensitivity analyses were performed using the leave-one-out method. Publication bias was assessed by funnel plot asymmetry, and quantified using Begg's test [26] and Egger's test [27]. If significant publication bias was observed, the trim-and-fill method was applied to adjust the pooled results [28]. We further performed subgroup analyses by screen type, study quality, study period, and population to explore potential sources of heterogeneity. Statistical significance was defined as P <0.05.
This study performed dose-response analyses using R software (version 4.4.3) to investigate the non-linear association between screen time and depression risk. Multiple levels of screen exposure time and their corresponding ORs with 95%CIs were extracted from eligible studies. All screen exposure doses were uniformly converted to "hours/day," with the lowest global exposure dose set as the reference category. To adequately capture potential non-linear relationships between variables, a one-stage restricted cubic spline (RCS) model was adopted and fitted with weighted least squares [29-30]. Four fixed knots were placed at the 5th, 35th, 65th, and 95th percentiles of the exposure distribution to balance flexibility and stability in model fitting. Owing to insufficient dose-response data for academic performance, anxiety, stress, sleep duration, BMI, and physical activity, dose-response analysis was performed only for depression, physical pain, sleep quality, and digital eye strain.
	P7-P8

	
	13e
	Heterogeneity between studies was evaluated using Cochran's Q test (α = 0.05) and quantified by the I² statistic. Low heterogeneity between studies is indicated when I² ≤50% and P ≥0.1, whereas high heterogeneity between studies is indicated when I² >50% and P <0.1. To test the robustness of the meta-analysis results, sensitivity analyses were performed using the leave-one-out method. Publication bias was assessed by funnel plot asymmetry, and quantified using Begg's test and Egger's test. If significant publication bias was observed, the trim-and-fill method was applied to adjust the pooled results.
	P7-P8

	
	13f
	To test the robustness of the meta-analysis results, sensitivity analyses were performed using the leave-one-out method.
	P7-P8

	Reporting bias assessment
	14
	Publication bias was assessed by funnel plot asymmetry, and quantified using Begg's test and Egger's test. If significant publication bias was observed, the trim-and-fill method was applied to adjust the pooled results.
	P7-P8

	Certainty assessment
	15
	The certainty of evidence for the included studies was assessed using the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) framework. Evidence from cross-sectional and longitudinal studies was initially considered "low" certainty. It was graded down if there were concerns regarding risk of bias (ROB), indirectness, inconsistency, imprecision or publication bias, as these factors reduce confidence in the estimated effects. If there was no cause to downgrade, it was upgraded if applicable according to the GRADE criteria (such as large magnitude of effect, evidence of dose response).
	P6-P7

	RESULTS

	Study selection
	16a
	A total of 15532 records were identified from database searches, and 2 additional records were identified through other sources. After screening against the inclusion and exclusion criteria, 72 studies were included for analysis, including 69 cross-sectional studies and 3 longitudinal studies. The study selection process and results are illustrated in Figure 1.
[image: Figure 1  Flowchart of the study selection]
Figure 1  Flowchart of the study selection
	P8

	
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, They may be：
(1)studies that did not report any relevant statistical data;
(2) studies focusing on screen content (such as violent video games) or electromagnetic radiation;
(3) having severe diseases that may affect the study results (e.g., ocular diseases, mental disorders, and various chronic diseases);
(4) chronic use of any medication that could potentially interfere with the study outcomes, including but not limited to psychotropic agents and sedative-hypnotic drugs;
(5) reviews, conference abstracts, letters, and duplicate studies.
	P5-P6

	Study characteristics
	17
	A total of 72 independent studies (73 independent research datasets) from 27 countries were included in this systematic review. These studies were published between 2009 and 2024, comprising 71633 university students (including 28845 males, 40146 females, and 2642 students with unreported gender), all of whom had no prior history of the target outcomes (e.g., mental disorders, ocular diseases, and various chronic diseases) or long-term medication use for these conditions. Among these studies, Regarding mental health, 32 studies used standardized scales to assess the associations between screen time and depression (17 studies) [3, 9-10, 40-45, 54-56, 89-92], anxiety (9 studies) [3, 9-10, 41, 44-45, 51, 89], and stress (6 studies) [3, 41, 53, 79-80]. Regarding sleep outcomes, 8 studies assessed sleep duration (via self-report) [4, 6, 31-32, 40, 43, 73, 81], and 25 studies assessed sleep quality (primarily using the Pittsburgh Sleep Quality Index (PSQI)) [3-4, 6-7, 9-10, 31-34, 43-48, 56, 79-83, 88-89]. In terms of somatic symptoms, 9 studies explored the association between screen time and physical pain via self-report [35, 52, 59, 83-88]. For functional and behavioral indicators, 4 studies evaluated the correlation between screen time and academic performance using grade point average (GPA) [14, 50, 65, 77]; 26 studies assessed digital eye strain with standardized tools such as the CVS questionnaire [7, 16-17, 36-39, 57-72, 82-84]; and 5 studies evaluated physical activity level using the International Physical Activity Questionnaire (IPAQ) [3, 12, 74-75]. In addition, another 5 studies analyzed the correlation between screen time and BMI [3, 49, 76, 78]. The studies were conducted in the following regions: Asia (n=53), Europe (n=5), South America (n=3), Africa (n=5), and North America (n=7). The basic characteristics of the included studies are presented in Table 1.
	P8-P9

	Risk of bias in studies
	18
	The GRADE evidence quality assessments and JBI risk of bias evaluation results are shown in Supplement file (Tables S1 - S3).
	Supplement file

	Results of individual studies
	19
	Meta-analysis results showed that screen time was significantly associated with an increased risk of depression (OR=1.93; 95%CI: 1.75-2.12), anxiety (OR=1.55; 95%CI: 1.36-1.78), stress (OR=1.67; 95%CI: 1.35-2.07), physical pain (OR=1.70; 95%CI: 1.31-2.20), sleep quality deterioration (OR=1.12; 95%CI: 1.06-1.18), digital eye strain (OR=1.96; 95%CI: 1.67-2.31), insufficient physical activity (OR=1.29; 95%CI: 1.01-1.65), and reduced academic performance (OR=1.79; 95%CI: 1.29-2.48). There was no significant association between screen time and sleep duration (OR=1.05; 95%CI: 0.93-1.19), and body mass index (BMI) (OR=1.37; 95%CI: 0.99-1.90). Dose-response analysis further revealed that after daily screen time exceeded 2.5 hours, the risks of depression and digital eye strain increased sharply, with the risks increasing by more than 15% for each additional hour of screen exposure. Similarly, when daily screen time exceeded 3 hours, the risks of physical pain and deterioration in sleep quality increased significantly, with the risk elevations exceeding 5% and 10% respectively for each additional hour of screen exposure.
	P8-P14

	Results of syntheses
	20a
	Among these studies, Regarding mental health, 32 studies used standardized scales to assess the associations between screen time and depression (17 studies) [3, 9-10, 40-45, 54-56, 89-92], anxiety (9 studies) [3, 9-10, 41, 44-45, 51, 89], and stress (6 studies) [3, 41, 53, 79-80]. Regarding sleep outcomes, 8 studies assessed sleep duration (via self-report) [4, 6, 31-32, 40, 43, 73, 81], and 25 studies assessed sleep quality (primarily using the Pittsburgh Sleep Quality Index (PSQI)) [3-4, 6-7, 9-10, 31-34, 43-48, 56, 79-83, 88-89]. In terms of somatic symptoms, 9 studies explored the association between screen time and physical pain via self-report [35, 52, 59, 83-88]. For functional and behavioral indicators, 4 studies evaluated the correlation between screen time and academic performance using grade point average (GPA) [14, 50, 65, 77]; 26 studies assessed digital eye strain with standardized tools such as the CVS questionnaire [7, 16-17, 36-39, 57-72, 82-84]; and 5 studies evaluated physical activity level using the International Physical Activity Questionnaire (IPAQ) [3, 12, 74-75]. In addition, another 5 studies analyzed the correlation between screen time and BMI [3, 49, 76, 78]. The studies were conducted in the following regions: Asia (n=53), Europe (n=5), South America (n=3), Africa (n=5), and North America (n=7). The basic characteristics of the included studies are presented in Table 1. The GRADE evidence quality assessments and Joanna Briggs Institute (JBI) ROB evaluation results are shown in Supplement file (Tables S1 - S3).
	P8-P14

Supplement file

	
	20b
	Meta-analysis results showed that screen time was significantly associated with an increased risk of depression (OR=1.93; 95%CI: 1.75-2.12), anxiety (OR=1.55; 95%CI: 1.36-1.78), stress (OR=1.67; 95%CI: 1.35-2.07), physical pain (OR=1.70; 95%CI: 1.31-2.20), sleep quality deterioration (OR=1.12; 95%CI: 1.06-1.18), digital eye strain (OR=1.96; 95%CI: 1.67-2.31), insufficient physical activity (OR=1.29; 95%CI: 1.01-1.65), and reduced academic performance (OR=1.79; 95%CI: 1.29-2.48). There was no significant association between screen time and sleep duration (OR=1.05; 95%CI: 0.93-1.19), and body mass index (BMI) (OR=1.37; 95%CI: 0.99-1.90). Dose-response analysis further revealed that after daily screen time exceeded 2.5 hours, the risks of depression and digital eye strain increased sharply, with the risks increasing by more than 15% for each additional hour of screen exposure. Similarly, when daily screen time exceeded 3 hours, the risks of physical pain and deterioration in sleep quality increased significantly, with the risk elevations exceeding 5% and 10% respectively for each additional hour of screen exposure.
	P8-P14

	
	20c
	(1)The geographical distribution of study participants may be a source of the observed heterogeneity;
(2) The study results may be confounded by unmeasured confounding factors;
(3) Due to the inherent nature of observational studies, it is difficult to completely rule out potential biases caused by other factors. Although some studies have adjusted for potential confounding variables, the methods used for such adjustments have varied across different studies;
(4) There are significant differences in the methods used to measure screen time across the included studies.
	P19-P20

	
	20d
	(1)academic performance: There was low heterogeneity across studies (I²=31.4%, P=0.224), so sensitivity analysis was not performed.
(2)depression risk: Sensitivity analysis indicated that 5 studies were the source of heterogeneity. After excluding these 5 studies, the heterogeneity disappeared (I² decreased from 94.40% to 0.00%, P=0.523), and the pooled result did not change significantly (OR=1.93; 95%CI: 1.75-2.12).
(3)anxiety risk: Sensitivity analysis indicated that 3 studies were the source of heterogeneity. After excluding these 3 studies, the heterogeneity decreased significantly (I² decreased from 90.60% to 17.30%, P=0.302), and the pooled result did not change significantly (OR=1.55; 95%CI: 1.36-1.78).
(4)stress risk: Sensitivity analysis indicated that 2 studies were the source of heterogeneity. After excluding these 2 studies, the heterogeneity decreased significantly (I² decreased from 84.80% to 45.10%, P=0.140), and the pooled result did not change significantly (OR=1.67; 95%CI: 1.35-2.07).
(5)physical pain: Sensitivity analysis indicated that 3 studies were the source of heterogeneity. After excluding these 3 studies, the heterogeneity decreased significantly (I² decreased from 84.50% to 41.70%, P=0.127), and the pooled result did not change significantly (OR=1.70; 95%CI: 1.31-2.20).
(6)sleep duration: Sensitivity analysis indicated that 3 studies were the source of heterogeneity. After excluding these 3 studies, the association became non-significant (OR=1.05; 95%CI: 0.93-1.19).
(7)sleep quality: Sensitivity analysis indicated that 6 studies were the source of heterogeneity. After excluding these 6 studies, the heterogeneity decreased significantly (I² decreased from 79.30% to 47.60%, P=0.011), and the pooled result did not change significantly (OR=1.12; 95%CI: 1.06-1.18).
(8)digital eye strain: Sensitivity analysis indicated that 5 studies were the source of heterogeneity. After excluding these 5 studies, the heterogeneity decreased significantly (I² decreased from 88.80% to 48.50%, P=0.007), and the pooled result did not change significantly (OR=1.96; 95%CI: 1.67-2.31).
(9)BMI: There was low heterogeneity across studies (I²=45.90%, P=0.116), so sensitivity analysis was not performed.
(10)physical activity: Sensitivity analysis indicated that 1 study was the source of heterogeneity. After its exclusion, a significant association between screen time and physical activity was observed (OR=1.29; 95%CI: 1.01-1.65; I²=31.10%, P=0.226).
	P8-P14

	Reporting biases
	21
	(1)academic performance: Four studies (involving 886 university students) reported the association between categorical exposure to screen time (high vs. low) and academic performance. Both Egger's linear regression test (P=0.432) and Begg's rank correlation test (P=0.734) indicated no significant publication bias among the included studies.
(2)depression risk: Seventeen studies (involving 30352 university students) explored the association between categorical exposure to screen time (high vs. low) and depression risk. The funnel plot was basically symmetric, and both Egger's linear regression test (P=0.455) and Begg's rank correlation test (P=0.631) indicated no significant publication bias among the included studies.
(3)anxiety risk: Nine studies (involving 10990 university students) explored the association between categorical exposure to screen time (high vs. low) and anxiety risk. Both Egger's linear regression test (P=0.768) and Begg's rank correlation test (P=0.707) indicated no significant publication bias among the included studies.
(4)stress risk: Six studies (involving 4453 university students) explored the association between categorical exposure to screen time (high vs. low) and stress risk. Both Egger's linear regression test (P=0.382) and Begg's rank correlation test (P=0.308) indicated no significant publication bias among the included studies.
(5)physical pain: Nine studies (involving 4654 university students) analyzed the association between categorical exposure to screen time (high vs. low) and physical pain. Both Egger's linear regression test (P=0.430) and Begg's rank correlation test (P=0.707) indicated no significant publication bias among the included studies.
(6)sleep duration: Eight studies (involving 5762 university students) reported the association between categorical exposure to screen time (high vs. low) and sleep duration. Both Egger's linear regression test (P=0.356) and Begg's rank correlation test (P=0.806) indicated no significant publication bias among the included studies.
(7)sleep quality: Twenty-five studies (involving 29213 university students) reported the association between categorical exposure to screen time (high vs. low) and sleep quality. The funnel plot showed asymmetry, and Egger's linear regression test (P=0.017) and Begg's rank correlation test (P=0.208) suggested possible publication bias.
(8)digital eye strain: Twenty-six studies (involving 19417 university students) reported the association between categorical exposure to screen time (high vs. low) and digital eye strain. The funnel plot showed asymmetry, and Egger's linear regression test (P=0.063) and Begg's rank correlation test (P=0.006) suggested possible publication bias.
(9)BMI: Five studies (involving 1909 university students) analyzed the association between categorical exposure to screen time (high vs. low) and BMI. Both Egger's linear regression test (P=0.686) and Begg's rank correlation test (P=0.806) indicated no significant publication bias among the included studies.
(10)physical activity: Five studies (involving 2158 university students) analyzed the association between categorical exposure to screen time (high vs. low) and physical activity. Both Egger's linear regression test (P=0.136) and Begg's rank correlation test (P=0.308) indicated no significant publication bias among the included studies.
	P8-P14

	Certainty of evidence
	22
	The GRADE evidence quality assessments and JBI risk of bias evaluation results are shown in Supplement file (Tables S1 - S3).
	Supplement file

	DISCUSSION

	Discussion
	23a
	This meta-analysis integrated 72 studies (n=71633) to systematically evaluate the association between screen time and 10 categories of health outcomes among university students. The results indicated that screen time was significantly positively associated with depression, anxiety, stress, physical pain, digital eye strain, reduced academic performance, sleep quality deterioration, and insufficient physical activity, whereas no significant associations were found with sleep duration and BMI. Dose-response analysis revealed that screen time was associated with depression, physical pain, sleep quality, and digital eye strain in a dose-dependent manner. The associations became notably stronger when daily screen time exceeded 2.5 to 3.0 hours. Of these outcomes, the associations of screen time with digital eye strain and depression were particularly prominent. Specifically, when daily screen time exceeded 2.5 hours, each additional hour of screen exposure was associated with a more than 15% increase in risk. These findings indicate that university students with higher screen time show stronger co-occurrence associations across multiple health outcomes, warranting focused attention in subsequent research and health education efforts.
	P14-P20

	
	23b
	First, the majority of the included studies employed a cross-sectional design, making it difficult to infer a causal relationship from the reported associations. The study results may be confounded by reverse causation or unmeasured confounding factors. Second, due to the inherent nature of observational studies, it is difficult to completely rule out potential biases caused by other factors. Although some studies have adjusted for potential confounding variables, the methods used for such adjustments have varied across different studies. Third, there are significant differences in the methods used to measure screen time across the included studies. Some studies employed objective measures (e.g., Screen Time API), while others relied on self-reported (e.g., questionnaires). Studies based on self-report are more susceptible to recall bias, which may lead to exposure misclassification and thereby reduces the accuracy of effect size estimation. Fourth, given the heterogeneity in the thresholds for classifying "high" and "low" screen time across the included studies, this meta-analysis set the "lowest exposure group" within each study as the universal reference, yet this approach may introduce residual heterogeneity and thereby compromise the accuracy of the pooled effect estimates. Fifth, few studies were included for some outcome indicators, and this limits the feasibility of subgroup analysis. Finally, some studies did not report effect estimates for multiple levels of screen time, making it possible to conduct dose-response analyses for only a subset of outcome measures, thus failing to cover all study outcomes, which may compromise the comprehensiveness of the research.
	P19-P20

	
	23c
	While we searched major databases and trial registries, we may have missed some unpublished studies or those in non-indexed journals, potentially exacerbating publication bias.
Although screening and data extraction were conducted in duplicate, the assessment of risk of bias for complex observational studies involved some subjective judgment, despite our use of a validated tool.
	P19-P20

	
	23d
	This approach not only quantifies the overall effect of screen time on university students' health outcomes and academic performance, but also identifies the sources of heterogeneity through subgroup analysis and meta-regression, thereby systematically explaining the inconsistencies in existing research. The findings of this study will provide key evidence-based decision support for developing an integrative theoretical model, formulating educational policies, implementing public health interventions, and promoting individual health management practices.
	P20

	OTHER INFORMATION

	Registration and protocol
	24a
	The protocol for this systematic review, which aims to evaluate the impact of screen time exposure on university students' health outcomes and academic performance, was registered with the International Prospective Register of Systematic Reviews (PROSPERO) on 26 May 2025 (registration number CRD420251060967; available from: https://www.crd.york.ac.uk/PROSPERO/view/CRD420251060967).
	P5

	
	24b
	The full protocol can be accessed at: https://www.crd.york.ac.uk/PROSPERO/view/CRD420251060967
	P5

	
	24c
	The information provided at registration or in the protocol has not been modified.
	/

	Support
	25
	No funding was received for this research
	P20

	Competing interests
	26
	The authors declare no competing interests
	P20

	Availability of data, code and other materials
	27
	All related data has been presented within the manuscript. The dataset supporting the conclusions of this article is available from the authors on request (e.g. template data collection forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in the review).
	P20


From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/
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