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Abstract

IMPORTANCE The association of digital screen time with myopia has been documented, but the
dose-response association and safe exposure threshold remain unclear.

OBJECTIVE To evaluate the dose-response association of time spent on digital screens with
myopia risk.

DATA SOURCES PubMed, EMBASE, Cochrane Library databases, CINAHL, and ClinicalTrials.gov
were searched for full-length articles from peer-reviewed journals without restrictions on study
design, publication date, or language from inception to November 25, 2024.

STUDY SELECTION Primary research articles investigating the association of exposure to digital
screen devices (ie, smartphones, tablets, game consoles, computers, or television) with myopia-
related outcomes (ie, prevalent or incident myopia and the rate of myopia progression) were
identified by reviewers.

DATA EXTRACTION AND SYNTHESIS Two independent reviewers extracted data using a
standardized procedure in accordance with the Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) and Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) reporting guidelines. A random-effects, dose-response meta-analysis (DRMA) was utilized
to examine the pattern of the association of screen time with myopia.

MAIN OUTCOME AND MEASURES Increased odds of myopia per hour of daily screen time.
RESULTS In the linear DRMA of 45 studies with 335 524 participants (mean [SD] age, 9.3 [4.3]
years), an additional hour of daily screen time was associated with higher odds of myopia (odds ratio
[OR], 1.21; 95% Cl, 113-1.30). The nonlinear DRMA of 34 studies with 314 910 participants also
indicated higher odds of myopia with increasing screen time, ranging from 1 hour of daily exposure
(OR, 1.05; 95% Cl, 1.01-1.09) to 4 hours (OR, 1.97; 95% Cl, 1.56-2.40). The dose-response curve
showed myopia risk increasing significantly between 1to 4 hours of daily screen time, and then rising
more gradually after 4 hours.

CONCLUSIONS AND RELEVANCE |In this systematic review and DRMA, a daily 1-hour increment in
digital screen time was associated with 21% higher odds of myopia and the dose-response pattern
exhibited a sigmoidal shape, indicating a potential safety threshold of less than 1hour per day of
exposure, with an increase in odds up to 4 hours. These findings can offer guidance to clinicians and
researchers regarding myopia risk.
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ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points

Question What is the dose-response
association of digital screen time with
the risk of myopia?

Findings This systematic review and
dose-response meta-analysis of 45
studies involving 335 524 individuals
revealed a significant dose-response
association, characterized by a sigmoidal
curve, of screen time with the odds of
myopia. Myopia risk increased
significantly from 1to 4 hours of screen
time and then rose more gradually
thereafter.

Meaning These findings can offer
guidance for clinicians and researchers
and underscore the need to refine dose-
response models for digital screen time
and myopia risk to better address the
myopia pandemic.
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Supplement 1). In the sensitivity analyses, the results aligned with those of the primary analysis
(eFigures 7-10 in Supplement 1).

Nonlinear Dose-Response Relationship

Atotal of 34 studies?® 3" 32:34.36-48.50.51.53-62,64.65.6971 (314 910 participants) with 104 dose groups
were included in the nonlinear DRMA (Table 1and eFigure 11in Supplement 1). Table 2 displays the
ORs for myopia across various levels of digital screen time exposure. Higher odds of myopia were

Figure 1. Risk Estimates for the Association of Additional Hour of Daily Digital Screen Time With Myopia

Weight,
Study logOR SE OR (95% CI) %
Damian et al,54 2010 0.2689 0.1317 1.31(1.01-1.69) —— 2.0
Saxena et al,28 2015 0.0410 0.0070 1.04(1.03-1.06) .E 2.6
Chua et al, 222015 0.0390 0.2240 1.04(0.67-1.61) —I—;— 1.3
Schuster et al,8" 2017a 0.0930 0.0790 1.10(0.94-1.28) ]Er 2.3
Schuster et al,8' 2017b 0.1740 0.0640 1.19(1.05-1.35) * 2.4
Hagen et al, 392018 0.0100 0.1320 1.01(0.78-1.31) 4.—:L 2.0
Guan et al,3' 2019 0.0850 0.0760 1.09(0.94-1.26) *.i 2.3
Harrington et al,32 2019 0.3440 0.0560 1.41(1.26-1.57) : 3 2.5
Huang et al,62 2019 -0.1050  0.0790 0.90 (0.77-1.05) R B 2.3
Peregrina et al,33 2019 1.0890 0.0190 2.97(2.86-3.08) [ | 2.6
Singh et al, 342019 1.0600 0.2180 2.89(1.88-4.43) —a— 1.4
Liuetal,3>2019 -0.1050 0.2350 0.90(0.57-1.43) — 1.3
Toh et al,53 2019 -0.0300 0.0130 0.97 (0.95-1.00) | ] 2.6
Yang et al,4 2020 0.1230 0.1360 1.13(0.87-1.48) 4‘* 19
Hansen et al,3¢ 2020 0.0410 0.0330 1.04(0.98-1.11) | | 2.5
Schuster et al,%5 2020 -0.0080 0.0580 0.99(0.89-1.11) E 3 2.4
Enthoven et al,37 2020 0.0040 0.0100 1.00(0.98-1.02) | ] 2.6
McCrann et al,23 2020 0.0300 0.0120 1.03(1.01-1.05) | | 2.6
Liu et al,6 2021 0.2230 0.0180 1.25(1.21-1.29) I. 2.6
Liu et al,67 2021 0.0710 0.0070 1.07(1.06-1.09) .E 2.6
Liu et al,68 2021 0.2620 0.0310 1.30(1.22-1.38) . 2.6
Enthoven et al,38 2021 0.3426  0.2554 1.41(0.85-2.32) *‘%.7 1.2
Dong et al, 39 2022 0.0670  0.0090 1.07 (1.05-1.09) .i 2.6
Zhang et al, 40 2022 0.1700 0.0800 1.19(1.01-1.39) : = 2.3
Mukazhanova et al,*! 2022 0.1850 0.0970 1.20(0.99-1.46) * 2.2
Wang et al,42 2022 0.1820 0.0490 1.20(1.09-1.32) ll 2.5
Mohan et al,*3 2022 1.2410 0.4320 3.46(1.48-8.07) ——® > g
Matsumura et al,#4 2022 0.0800 0.0530 1.08(0.98-1.20) E J 25
Makhdoum et al %9 2023 0.1110 0.1050 1.12(0.91-1.37) - 22
Cuietal, %> 2023 -0.0090 0.0570 0.99(0.89-1.11) - 2.4
Harrington,46 2023 0.5050 0.1030 1.66(1.35-2.03) — 22
Althnayan et al,%” 2023 0.6800 0.1610 1.97(1.44-2.71) —— 1.7
Liu et al, %8 2023 0.0950 0.0890 1.10(0.92-1.31) : 3 23
Pannu et al, % 2023 0.1820  0.0900 1.20(1.01-1.43) s 23
Singh et al,%0 2023 0.0240 0.0450 1.02(0.94-1.12) n 2.5
Swetha,51 2023 -0.0160 0.1300 0.98(0.76-1.27) —— 20
Zhang et al,>2 2023 0.5060 0.1470 1.66(1.24-2.21) —il— 1.8
Siska et al,70 2023 0.3792 0.1871 1.46(1.01-2.11) —— 16
Hu et al,53 2024 0.3890 0.1560 1.48 (1.09-2.00) 1 18
Huang et al, %5 2024 0.0169 0.0059 1.02(1.01-1.03) [ ] 2.6
Kusumawardhany etal, 7' 2024 0.3262  0.1461 1.39(1.04-1.85) —— 1.9
Zeng etal*® 2024 05625 0.1038 1.75(1.43-2.15) el 22 The size of the box representing the point estimate for
Han et al,55; 2024 0.1192 00400 1.13(1.04-122) 1 25 each study is in proportion to the contribution of that
Gus ?t al>" 2024 0.1745 0.0653 1.19(1.05-1.35) i 24 study's weight estimate to the summary estimate. The
Husein,*? 26224 02331 00754 1.26(1.09-1.46) l:l 23 horizontal lines indicate the 95% Cls. The diamond
Zhao etal2 2024 00374 0.0894 0.96(081-1.15) <:> 23 denotes the pooled odds ratio (OR), and the lateral tips
Overall 121 (1.13-1.30) 100 of the diamond indicate the associated Cls. Because
02 05 1 2 5 Shuster et al®' presented results by age group, it was
OR (95% Cl) included in the meta-analysis as 2 separate groups.
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