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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% CI, 1.13-1.30). 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% CI, 1.01-1.09) to 4 hours (OR, 1.97; 95% CI, 1.56-2.40). The dose-response curve
showed myopia risk increasing significantly between 1 to 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 1 hour 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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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 1 to 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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Table1.CharacteristicsofStudiesIncludedintheMeta-AnalysisExaminingtheDose-ResponseAssociationofDigitalScreenTimeWithMyopia

Source

Myopia
prevalence,
%Studydesign

Participants,
No.

Age,
mean(SD),yCountry

Myopia
definition
(measure)

Screen
exposure

Myopia
related
outcome

Associationofscreenexposurewithmyopia,
OR(95%CI)Adjustedfactors

Damianetal,54

2010a
12.4Cross-sectional5865Children

and
adolescents

11.9(3.3)PolandSE≤−0.5D
(cycloplegic
refraction)

Computeror
television

PrevalencePercentageofmyopiaprevalence:<0.8h/d,
11.45%;>0.8h/d,13.85%

None

Saxenaetal,28

2015a,b
13.1Cross-sectional9884Children

and
adolescents

11.6(2.2)IndiaSE≤−0.5Din
eitherorboth
eyes
(cycloplegic
AR)

Computer,
video,or
mobilegames

Prevalence0h/wk,1[Reference];1-4h/wk,4.50(2.33
to8.98);>4h/wk,8.10(4.05to16.21)

Age,sex,typeofschool,family
historyofglasses,mother’s
education,socioeconomic
status,No.ofh/wkreading/
writingatschoolandhome,No.
ofh/wkwatchingtelevision,
andNo.ofh/wkplayingoutdoor
games

Chuaetal,29

2015b
6.1Cohort572Children3(NR)SingaporeSE<−0.5Din

righteye
(cycloplegic
AR)

Handheld
digitaldevice
orcomputer

IncidenceHandhelddevice:1.04(0.67to1.61);
Computer:0.92(0.31to2.74)

Age,sex,ethnicity,maternal
educationlevel,andparental
myopia

Schusteretal,61

2017aa,b,c
13.3Cross-sectional12884

Children
Range,
3-10y

GermanySelf-reported
(questionnaire)

SmartphonePrevalence<0.5h/d,1[Reference];1-2h/d,1.13(0.84
to1.52);>2h/d,1.23(0.86to1.76)

Age,sex,socioeconomicstatus
(basedonreportedoccupation,
education,andparental
income),andmigration
background

Schusteretal,61

2017ba,b,c
13.3Cross-sectional12884

Childrenand
adolescents

Range,
11-17y

GermanySelf-reported
(questionnaire)

SmartphonePrevalence<0.5h/d,1[Reference];1-2h/d,1.10(0.78
to1.53);>2h/d,1.36(0.96to1.92)

Age,sex,socioeconomicstatus
(basedonreportedoccupation,
education,andparental
income),andmigration
background

Hagenetal,30

2018b
13.4Cross-sectional439School-

aged
adolescents

16.7(0.9)NorwaySE<−0.5D
(cycloplegic
AR)

Smartphone,
tablet,and
computer

Prevalence1.01(0.78to1.31)Sex

Guanetal,31

2019a,b
77.4Cross-sectional19934Primary

school–aged
children

10.6(1.2)ChinaSE≤−0.5Din
atleast1eye
(VAand
(cycloplegic
AR)

Smartphone
andcomputer

PrevalenceComputer:0min/d,0[Reference];1-30
min/d,β=0.017(95%CI,−0.097to0.131);
31-60min/d,β=0.305(95%CI,0.141to
0.468);>60min/d,β=0.032(95%CI,
−0.161to0.226);smartphone:0min/d,0
[Reference];1-30min/d,β=0.025(95%CI,
−0.065to0.115);31-60min/d,β=−0.015
(95%CI,−0.215to0.185);>60min/d,
β=0.161(95%CI,−0.068to0.391)

Age,sex,familywealth,
parentalmigrantstatus,
parentaleducation,andchild’s
residence

Harrington
etal,322019a,b

14.3Cross-sectional1626School-
agedchildren
and
adolescents

Range,6-7y
and12-13y

IrelandSE≤−0.5Din
eithereye
(cycloplegic
AR)

SmartphonePrevalence<1h/d,0.3(0.2to0.5);1-3h/d,0.5(0.3to
0.8);>3h/d,1[Reference]

Age,ethnicity,after-school
activities,reading/writingin
leisuretime,daylightexposure
duringsummer,birthseason,
durationofbreastfeeding,BMI,
andparentalmyopia

Huangetal,62

2019a,d
86.8Cross-sectional968First-year

university
students
(youngadults)

19.6(0.9)ChinaSelf-reported
(questionnaire)

Smartphone
andcomputer

PrevalenceComputer:0h/d,1[Reference];≤1h/d,1.71
(0.90to3.26);1.01-2h/d,1.38(0.78to
2.43);2.01-3h/d,1.24(0.70to2.20);>3
h/d,0.73(0.42to1.27);smartphone:0h/d,
1[Reference];≤1h/d,0.78(0.36to1.69);
1.01-2h/d,1.01(0.47to2.18);2.01-3h/d,
0.72(0.36to1.46);>3h/d,0.63(0.33to
1.20)

None

Alvarez-
Peregrina
etal,332019

19.1Cross-sectional5441School-
agedchildren

6.2(0.8)SpainSE<−0.5D
(objectiveand
subjective
refraction)

Smartphone,
tablet,and
videogame

PrevalencePercentageofmyopiaprevalence:<25%of
timeinnearactivities,24%;25%to50%of
time,23%;>50%oftime,53%

NR

(continued)
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Table1.CharacteristicsofStudiesIncludedintheMeta-AnalysisExaminingtheDose-ResponseAssociationofDigitalScreenTimeWithMyopia(continued)

Source

Myopia
prevalence,
%Studydesign

Participants,
No.

Age,
mean(SD),yCountry

Myopia
definition
(measure)

Screen
exposure

Myopia
related
outcome

Associationofscreenexposurewithmyopia,
OR(95%CI)Adjustedfactors

Singhetal,34

2019a,b
21.1Cross-sectional1234School-

agedchildren
and
adolescents

10.5(3.0)IndiaSE≤−0.5Din
eitherorboth
eyes
(cycloplegic
refraction)

Smartphone
andvideo
game

Prevalence0-2h/d,1[Reference];>2to4h/d,8.33
(3.54to19.58)

Age,sex,familyhistory,
outdoorplayhours,andstudy
hours(reading/writing)

Liuetal,35

2019b
59.2Cross-sectional566Primary

andsecondary
school–aged
children

9.5(2.1)ChinaSE≤−0.5Din
righteye
(cycloplegic
AR)

Smartphone
andtablet

PrevalenceSmartphone:0.90(0.57to1.43);tablet:
1.40(0.86to2.28)

Age,sex,BMI,monthlyfamily
income,parentalmyopia,time
spentoutdoors,timespent
reading/writing,reading/
writingdistance,anddailysleep
duration

Tohetal,63

2019b
83.0Cross-sectional1884Children,

adolescents,
andyoung
adults

Range,
10-18y

SingaporeSelf-reported
(questionnaire)

Smartphone
andtablet

PrevalenceSmartphone:0.97(0.94to0.99);tablet:
0.99(0.94to1.05)

Sex,schoollevel,DASS-21,
PAQ-A,andtotaltechnologyuse
ofotherdevices

Yangetal,64

2020a
2.3Cross-sectional26433

Preschool-and
school-aged
children

Range,2-7yChinaSelf-reported
(questionnaire)

Smartphone,
tablet,or
other
handheld
electronic
screens

PrevalencePercentageofmyopiaprevalence:<60min/d,
1.77%;60-120min/d,2.04%;>120min/d,
3.84%

Age,sex,feedingpatterns,
prematurebirth,parentalageat
childbirth,educationlevel,and
monthlyhouseholdincome

Hansenetal,36

2020a,b
25.0Cohort1443

Adolescents
Median(IQR),
16.6(0.3)y

DenmarkSE≤−0.5Din
righteye
(subjectiveand
objective
refraction)

Smartphone,
tablet,and
computer

Prevalence<2h/donweekdays,1[Reference];2-4h/d,
1.89(1.09to3.28);4-6h/d,1.68(0.98to
2.89);>6h/d,1.89(1.10to3.24)

Age,sex,weight,height,and
physicalactivity

Schusteretal,65

2020a,b
11.4Cross-sectional12826

childrenand
adolescents
(wave2)

9.20(4.81)GermanySelf-reported
(questionnaire)

Gameconsole
andcomputer

PrevalenceGameconsole:none,1[Reference];<1h/d,
1.17(0.98to1.40);1-2h/d,1.06(0.82to
1.38);>2h/d,1.07(0.79to1.45);computer:
none,1[Reference];<1h/d,1.00(0.77to
1.29);1-2h/d,0.97(0.71to1.32);>2h/d,
1.05(0.78to1.43)

Age,sex,socioeconomicstatus
(occupation,education,and
parentalincome),migration
background,andalltypesof
mediause

Enthovenetal,37

2020a,d
11.5Cohort5074children9.78(0.34)NetherlandsSE≤−0.5Din

atleast1eye
(cycloplegic
AR)

ComputerPrevalence<5h/wk,1[Reference];5-10h/wk,1.004
(0.981to1.027);>10h/wk,1.004(0.974
to1.034)

None

McCrannetal,23

2020b
34.0Cross-sectional402Students

(adolescents
andyoung
adults)

16.8(4.4)IrelandSelf-reported
(questionnaire)

SmartphonePrevalence1.026(1.001to1.051)Age,sex,No.ofparentswith
myopia,andbeliefthat
technologynegativelyimpacts
eyes

Liuetal,66

2021b
39.2Cross-sectional3918Primary,

secondary,and
university
students

NRChinaSelf-reported
(questionnaire)

Digitaldevice
(smartphone,
computer,or
television)

Prevalence1.25(1.21to1.30)Age,sex,locationofresidence,
andpre–COVID-19pandemic
myopiacondition

Liuetal,67

2021b
39.9Cross-sectional3405Primary,

lower
secondary,and
upper
secondary
schoolstudents

NRChinaSelf-reported
(questionnaire)

Electronic
learning
devices
including
smartphone,
computer,and
television

Prevalence1.074(1.058to1.089)Age,sex,andlocationof
residence

(continued)
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Table1.CharacteristicsofStudiesIncludedintheMeta-AnalysisExaminingtheDose-ResponseAssociationofDigitalScreenTimeWithMyopia(continued)

Source

Myopia
prevalence,
%Studydesign

Participants,
No.

Age,
mean(SD),yCountry

Myopia
definition
(measure)

Screen
exposure

Myopia
related
outcome

Associationofscreenexposurewithmyopia,
OR(95%CI)Adjustedfactors

Liuetal,68

2021b
36.3Cross-sectional3831

Preprimary,
primary,lower
secondary,or
upper
secondary
schoolstudents

NRChinaSelf-reported
(questionnaire)

Digitaldevice
(smartphone,
computer,and
television)

Progression1.30(1.22to1.38)Age,sex,locationofresidence,
andprepandemicmyopia
condition

Enthovenetal,38

2021a,e
18.9Cohort525Children

and
adolescents

Range,
12-16y

NetherlandsSE<−0.5D
(cycloplegic
AR)

SmartphonePrevalenceβ=−0.09(95%CI,−0.25to−0.07)Age,sex,seasonofapp
measurement,andoperating
system(iOSorAndroid)

Dongetal,39

2022a,b
60.0Cohort14296

Students
(children,
adolescents,
andyoung
adults)

Range,
7-18y

ChinaSE<−0.5D
(VA,AR,and
subjective
refraction)

Online
courses
(smartphone,
tablet,
computer,and
television)

Prevalence<5h/d,1[Reference];≥5h/d,1.40(1.29to
1.53)

Age,sex,province,provincial
socioeconomiclevels,and
urban/ruralareas

Zhangetal,40

2022a
50.2Cross-sectional1401

adolescents
andyoung
adults

19.03(2.78)ChinaSE<−0.5Din
eithereye(AR)

DigitaldevicePrevalenceNotoften(0-2h/d),1[Reference];often(≥2
h/d),1.406(1.028to1.923)

Age,sex,typesofsports,
readingtime,familyhistoryof
myopia,educationlevel,
smoking,alcoholconsumption,
sleepdeficiency,dietarybias,
familyincome,BMI,andstudy
locations

Mukazhanova
etal,412022a,d

28.3Cross-sectional2293
Secondary
school–aged
students
(childrenand
adolescents)

11.2(3.6)
years

KazakhstanSE<−0.5D
(cycloplegic
AR)

SmartphonePrevalenceNone,1[Reference];<1h/d,1.06(0.64to
1.75);1-2h/d,1.23(0.75to2.02);>2h/d,
1.60(0.95to2.67)

None

Wangetal,42

2022a,b
10.7Cross-sectional23930

Kindergarten-
agedchildren

5.15(0.37)TaiwanSE<−0.5D
(cycloplegic
AR)

Smartphone,
tablet,video
game,
computer,and
television

Prevalence<1h/donweekdays,1[Reference];≥1h/don
weekdays,1.20(1.09to1.32)

Sex,durationofexposureto
preventivestrategiesbeforeeye
examination,caregivermyopia,
caregivereducation,andtime
spentonafter-schooloutdoor
activities

Mohanetal,43

2022a,b
Only
patients
with
myopia
included

Longitudinal133Children
and
adolescents

13.4(3.29)IndiaSE<−0.5D
(cyloplegicAR)

Smartphone
useforvideo
game

Progression<1h/d,1[Reference];≥1h/d,3.46(NR)Age,historyofrapid
progressionpriortoCOVID-19,
andsunexposure

Matsumura
etal,442022a,d

2.9Cross-sectional457Children4.77(0.65)JapanSE<−0.5D(VA
andspotvision
screener)

Smartphone,
computer,or
tablet

Prevalence<1h/d,0[Reference];≥1h/d,β=0.08(95%
CI,−0.05to0.20)

None

Makhdoum
etal,692023a,b

57.3Cross-sectional433University
students
(youngadults)

21.3(2.0)SaudiArabiaSelf-reported
(questionnaire)

DigitaldevicePrevalenceNone,1[Reference];<1h/d,1.83(0.05to
63.41);1-2h/d,1.12(0.08to15.34);2-3
h/d,12.46(1.67to92.94);>3h/d,5.47
(0.96to31.20)

Historyofhavinganyeye
disease,usualreadingdistance,
frequencyofperformingvisual
assessment,andlengthoftime
spentoutdoorseveryday

Cuietal,45

2023a,b
57.2Cohort1496Primary

andsecondary
school–aged
students

NRChinaSE<−0.5D(VA
andAR)or
wearing
orthokeratology
lenses

Smartphone,
tablet,
computer,and
television

Prevalence<1h/d,1[Reference];1-2.5h/d,1.021
(0.789-1.322);2.5-4h/d,1.293(0.700to
2.391);≥4h/d,0.790(0.428to1.460)

Age,sex,urbanandruralareas,
city,pooreyehabits,studyingin
abrightenvironment,light
source,sleepquality,eye
exercises,eatingeggs,and
drinkingmilk

(continued)
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Table1.CharacteristicsofStudiesIncludedintheMeta-AnalysisExaminingtheDose-ResponseAssociationofDigitalScreenTimeWithMyopia(continued)

Source

Myopia
prevalence,
%Studydesign

Participants,
No.

Age,
mean(SD),yCountry

Myopia
definition
(measure)

Screen
exposure

Myopia
related
outcome

Associationofscreenexposurewithmyopia,
OR(95%CI)Adjustedfactors

Harrington,46

2023a,b
3.7Cross-sectional723School-

agedchildren
7.08(0.45)IrelandSE<−0.5D

(cycloplegic
AR)

Smartphone,
tablet,video
game,
computer,and
television

Prevalence>2h/d,10.88(4.35to27.24)Age,sex,ethnicity,
socioeconomicstatus,living
environment,andparental
myopia

Althnayan
etal,472023a

Only
patients
with
myopia
included

Longitudinal150Children
and
adolescents

11.0(2.4)SaudiArabiaSE<−0.5Din
eithereye(VA
andcycloplegic
refraction)

Digitaldevice
(phone,
tablet,
computer,and
television)

ProgressionPercentageofmyopiaprogression:<2h/d,
51%;2-4h/d,68%;>4h/d,95%

None

Liuetal,48

2023a
38.6Cross-sectional586ChildrenRange,

6-12y
ChinaSE<−0.5Din

eithereye
(cycloplegic
AR)

Digitaldevice
(electronic
devicesand
television)

PrevalencePercentageofmyopiaprevalence:<7h/wk,
35.1%;7-14h/wk,40.2%;14-21h/wk,
46.0%;>21h/wk,58.3%

None

Pannuetal,49

2023
50.0Case-control60Children

and
adolescents

11.4(Range,
5-15y)

IndiaSE≤−0.5D
(cycloplegic
refraction)

Smartphone
andcomputer

PrevalencePercentageofmyopiaprevalence:<6h/d,
36.7%;≥6h/d,63.3%

None

Singhetal,50

2023a,b
Only
patients
with
myopia
included

Longitudinal200Children,
adolescents,or
youngadults

Range,
10-24y

IndiaSE<−3.0Din
eacheye
(cycloplegic
refraction)

Mobilephone
andcomputer

ProgressionMobilephone:<2h/d,1[Reference];2-4h/d,
1.0(0.4-1.9);5-6h/d,1.2(0.5-2.0);>6h/d,
1.1(0.6-1.9);Computer:<2h/d,1
[Reference];5-6h/d,0.3(0.06-0.9);>6h/d,
1.23(1.1-1.7)

NR

Swetha,51

2023a
45.0Cross-sectional100ChildrenRange,

6-12y
IndiaSE<−0.5D

(refraction)
Smartphone,
tablet,and
computer

PrevalencePercentageofmyopiaprevalence:<2h/d,
48.0%;2-4h/d,42.5%;>4h/d,45.7%

Screenbrightness,continuous
screenusage,outdooractivity,
nutritionalstatus,and
socioeconomicstatus

Zhangetal,52

2023b
Only
patients
with
myopia
included

Cross-sectional96University
students
(adults)

Range,
18-28y

ChinaSE<−0.5D
(AR)

SmartphonePrevalence
(ofhigh
myopia)

1.658(1.264to2.246)Vesseldensityoftheinner
retinaatthemacula,vessel
densityofradialperipapillary
capillaryattheopticdisc,
continuousnearworktime,and
sleepingbeforeorafter
midnight

Siskaetal,70

2023a,b
43.8Cross-sectional96Students

(adolescents)
16.5(0.75)IndonesiaSelf-reported

(questionnaire)
Gadget
(tablet/laptop)
ormobile
phone

Prevalence≤6h/d,1[Reference];>6h/d,9.733(NR)Lightintensity,gadgetusage
position,distance,typeof
gadget,andgeneticfactor

Huetal,53

2024a,b
23.9Cross-sectional792Students

ofgrades1-3
(children)

8.2(1.6)ChinaSE≤−0.75D
(AR)

Digital
devices

Prevalence<2h/d,1[Reference];≥2h/d,2.18(1.18to
4.00)

Age,maternalgestational
hypertension,maternal
education,height,paternal
myopia,andmaternalmyopia

Huangetal,55

2024a,b
71.3Cross-sectional126375

Students
(adolescents)

Range,
12-15y

ChinaSE<−0.5D
(AR)

Smartphone
andcomputer

Prevalence<1hr/d,1[Reference];1-3h/d,1.025(0.996
to1.055);>3h/d,1.061(1.019to1.104)

Age,sex,placeofresidence,
parents’myopiacondition,
frequencyofusingeyeswhile
lyingdownorleaningforward,
frequencyofusingeyeswhile
walkingorridinginthecar,
frequencyofoutdoorexercise
weekly,properposturefor
readingandwriting,distance
fromeyestotelevisionscreen,
distancefromeyestocomputer
screen,dailyhomework
duration,anddailysleep
duration

(continued)
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Table1.CharacteristicsofStudiesIncludedintheMeta-AnalysisExaminingtheDose-ResponseAssociationofDigitalScreenTimeWithMyopia(continued)

Source

Myopia
prevalence,
%Studydesign

Participants,
No.

Age,
mean(SD),yCountry

Myopia
definition
(measure)

Screen
exposure

Myopia
related
outcome

Associationofscreenexposurewithmyopia,
OR(95%CI)Adjustedfactors

Kusumawardhany
etal,712024a,d

27.5Cross-sectional165
Adolescents

Range,
14-15y

IndonesiaSelf-reported
(questionnaire)

Gadgetor
laptop

Prevalence<6h/d,1[Reference];≥6h/d,1.39(1.04to
1.85)

None

Zengetal,56

2024a,f
2-y
incidence,
26%

Cohort7006Children7.66(1.18)ChinaSE≤−0.5D(AR)ScreentimeIncidence<2h/d,1[Reference];≥2h/d,3.080(2.444
to3.882)

Age,sex,sphericalequivalentat
baseline,schoolsocioeconomic
status,parentalmyopia,
outdoortime,readingtime,
floorarearatio,andnormalized
differencevegetationindex

Hanetal,57

2024a,b
60.2Cross-sectional3072

Adolescents
andadults

Range,
15-59y

KoreaSE<−0.75D
(AR)

Smartphone,
tablet,and
computer

Prevalence<1h/d,1[Reference];1-2h/d,1.35(0.94to
1.93);3-4h/d,1.55(1.08to2.23);>4h/d,
1.75(1.27to2.42)

Age,sex,education,residence
area,occupation,smoking
status,alcoholdrinking
frequency,reading(h/d),
physicalactivities(h/d),sitting
(h/d),hypertension,diabetes,
andophthalmologic
examination

Gusetal,58

2024a,b
17.4Cross-sectional330Children12.74(NR)BrazilSE≤−0.5D

(cycloplegic
AR)

Timeof
electronicuse

Prevalence<4h/d,1[Reference];≥4h/d,2.01(1.31to
3.09)

Age,sex,andskincolor

Husein,59

2024a,d
45.0Cross-sectional300Children,

adolescents,
andadults

Range,12-18IndonesiaSE≤−0.5D
(cycloplegic
AR)

Electronic
devices(eg,
smartphones
and
computers)

Prevalence<4h/d,1[Reference];≥4h/d,2.54(NR)None

Zhaoetal,60

2024a,b
55.3Cross-sectional31880

Childrenand
adolescents

Meanrange,
5.86-16.73y
across
schools

ChinaSE≤−0.5D(VA
andAR)

Computer
game
consoles,and
television

PrevalenceComputergameconsoles:<2h/d,1
[Reference];≥2h/d,0.928(0.647to1.332);
Television:<2h/d,1[Reference];≥2h/d,
1.323(1.026to1.706)

Age,sex,andarea

Abbreviations:AR,auto-refraction;BMI,bodymassindex;DASS-21,Depression,AnxietyandStressScale21;D,
diopters;NR,notreported;OR,oddsratio;PAQ-A,PhysicalActivityQuestionnaireforAdolescents;SE,spherical
equivalent;VA,visualacuity.
aStudieswithmultiplelevelsofexposurethatwereincludedinthedose-responsemeta-analysis.
bMultivariableanalysis.

cBecausethisstudypresentedresultsbyagegroup,itwasincludedinthemeta-analysisas2separategroups.
dUnivariateanalysis.
eLinearregressionanalysesofsmartphoneuse(hr/d)duringschooldaysandSE.
fMixed-effectregressionanalysis.
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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
A total of 34 studies28, 31, 32, 34, 36-48, 50, 51, 53-62, 64, 65, 69-71 (314 910 participants) with 104 dose groups
were included in the nonlinear DRMA (Table 1 and eFigure 11 in 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

0.2 2 5
OR (95% CI)

0.5

Weight,
%

1

logORStudy
Damian et al,54 2010

OR (95% CI)

2.60.0410 0.0070Saxena et al,28 2015 1.04 (1.03-1.06)
1.3
2.3
2.4
2.0
2.3

SE
0.2689 0.1317 1.31 (1.01-1.69) 2.0

0.0390 0.2240Chua et al,29 2015 1.04 (0.67-1.61)

0.0930 0.0790Schuster et al,61 2017a 1.10 (0.94-1.28)
0.1740 0.0640Schuster et al,61 2017b 1.19 (1.05-1.35)
0.0100 0.1320Hagen et al,30 2018 1.01 (0.78-1.31)
0.0850 0.0760Guan et al,31 2019 1.09 (0.94-1.26)

0.3440 0.0560Harrington et al,32 2019 1.41 (1.26-1.57)
–0.1050 0.0790Huang et al,62 2019 0.90 (0.77-1.05)

1.0890 0.0190Peregrina et al,33 2019 2.97 (2.86-3.08)
1.0600 0.2180Singh et al,34 2019 2.89 (1.88-4.43)
–0.1050 0.2350Liu et al,35 2019 0.90 (0.57-1.43)
–0.0300 0.0130Toh et al,63 2019 0.97 (0.95-1.00)

0.1230 0.1360Yang et al,64 2020 1.13 (0.87-1.48)
0.0410 0.0330Hansen et al,36 2020 1.04 (0.98-1.11)
–0.0080 0.0580Schuster et al,65 2020 0.99 (0.89-1.11)
0.0040 0.0100Enthoven et al,37 2020 1.00 (0.98-1.02)

0.0300 0.0120McCrann et al,23 2020 1.03 (1.01-1.05)
0.2230 0.0180Liu et al,66 2021 1.25 (1.21-1.29)

0.0710 0.0070Liu et al,67 2021 1.07 (1.06-1.09)
0.2620 0.0310Liu et al,68 2021 1.30 (1.22-1.38)

0.3426 0.2554Enthoven et al,38 2021 1.41 (0.85-2.32)
0.0670 0.0090Dong et al,39 2022 1.07 (1.05-1.09)

0.1700 0.0800Zhang et al,40 2022 1.19 (1.01-1.39)
0.1850 0.0970Mukazhanova et al,41 2022 1.20 (0.99-1.46)
0.1820 0.0490Wang et al,42 2022 1.20 (1.09-1.32)
1.2410 0.4320Mohan et al,43 2022 3.46 (1.48-8.07)

0.0800 0.0530Matsumura et al,44 2022 1.08 (0.98-1.20)
0.1110 0.1050Makhdoum et al,69 2023 1.12 (0.91-1.37)

–0.0090 0.0570Cui et al,45 2023 0.99 (0.89-1.11)
0.5050 0.1030Harrington,46 2023 1.66 (1.35-2.03)
0.6800 0.1610Althnayan et al,47 2023 1.97 (1.44-2.71)
0.0950 0.0890Liu et al,48 2023 1.10 (0.92-1.31)

0.1820 0.0900Pannu et al,49 2023 1.20 (1.01-1.43)
0.0240 0.0450Singh et al,50 2023 1.02 (0.94-1.12)
–0.0160 0.1300Swetha,51 2023 0.98 (0.76-1.27)
0.5060 0.1470Zhang et al,52 2023 1.66 (1.24-2.21)

0.3792 0.1871Siska et al,70 2023 1.46 (1.01-2.11)
0.3890 0.1560Hu et al,53 2024 1.48 (1.09-2.00)

0.0169 0.0059Huang et al,55 2024 1.02 (1.01-1.03)
0.3262 0.1461Kusumawardhany et al, 71 2024 1.39 (1.04-1.85)
0.5625 0.1038Zeng et al,55 2024 1.75 (1.43-2.15)

0.1192 0.0400Han et al,57 2024 1.13 (1.04-1.22)
0.1745 0.0653Gus et al,58 2024 1.19 (1.05-1.35)

0.2331 0.0754Husein,59 2024 1.26 (1.09-1.46)
–0.0374 0.0894Zhao et al,60 2024 0.96 (0.81-1.15)

2.5
2.3
2.6
1.4
1.3
2.6
1.9
2.5
2.4
2.6
2.6
2.6
2.6
2.6
1.2
2.6
2.3
2.2
2.5
0.6
2.5
2.2
2.4
2.2
1.7
2.3
2.3
2.5
2.0
1.8
1.6
1.8
2.6
1.9
2.2
2.5
2.4
2.3
2.3

1.21 (1.13-1.30) 100Overall

The size of the box representing the point estimate for
each study is in proportion to the contribution of that
study’s weight estimate to the summary estimate. The
horizontal lines indicate the 95% CIs. The diamond
denotes the pooled odds ratio (OR), and the lateral tips
of the diamond indicate the associated CIs. Because
Shuster et al61 presented results by age group, it was
included in the meta-analysis as 2 separate groups.
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