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ABSTRACT 
Objectives: This systematic review and meta-analysis aimed to evaluate the 

relationship between screen time exposure and myopia progression in children 

and adolescents, with particular attention to changes during the COVID-19 

pandemic period and device-specific impacts. Methods: We analyzed data 

from observational studies conducted between 2018-2023, including both 

cross-sectional (n=15) and longitudinal cohort studies (n=4), encompassing 

102,360 participants aged 6-18 years. Studies were systematically evaluated 

using the Newcastle Ottawa Scale (NOS) for quality assessment. Outcomes 

included cycloplegic and non-cycloplegic refractive error measurements, with 

screen time exposure data collected through validated questionnaires. Results: 

Meta-analysis revealed a significant association between high screen time 

exposure and myopia progression (OR=2.24, 95% CI: 1.47-3.42 for cross-

sectional studies; OR=2.39, 95% CI: 2.07-2.76 for cohort studies). Device-

specific analysis showed strongest associations for computer use (OR=8.19, 

95% CI: 4.78-14.04) compared to television viewing (OR=1.46, 95% CI: 

1.02-2.10). The impact was most pronounced in children aged ≤10 years, who 

demonstrated the highest progression rate (-0.76D ± 0.59) during pandemic-

related restrictions. Geographic analysis revealed stronger associations in East 

Asian populations compared to European and North American cohorts. Each 

additional hour of daily screen time was associated with increased myopia risk 

(OR=1.07, 95% CI: 1.01-1.13) in longitudinal studies. Conclusion: Screen 

time exposure shows a significant dose-dependent relationship with myopia 

progression, particularly in younger children and during periods of increased 

digital device usage. Computer use demonstrates stronger associations 

compared to other devices, suggesting the need for device-specific 

intervention strategies. These findings highlight the importance of balanced 

approaches to digital device usage in educational settings and daily life, 

especially for younger age groups during critical developmental periods. 
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INTRODUCTION: 
The unprecedented rise in myopia prevalence 

among children has emerged as a significant public 

health concern, with recent estimates suggesting 

that nearly 50% of young adults in developed 

nations are affected1. This dramatic increase, 

particularly pronounced in East Asian countries 

where prevalence rates exceed 80% in some urban 

adolescent populations, has been termed the 

"myopia epidemic"2. While genetic factors 
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contribute to myopia development, the rapid rise in 

prevalence over recent decades strongly suggests 

that environmental factors play a crucial role in this 

trend. 

 

The concurrent surge in digital device usage among 

children has led researchers to investigate the 

relationship between screen time and myopia 

progression. Recent evidence indicates that 

children aged 5-13 years now spend an average of 

5-7 hours daily on digital devices3, representing a 

dramatic shift in visual behavior patterns compared 

to previous generations. This behavioral change 

coincides with increasing myopia rates, suggesting 

a potential causal relationship that warrants deeper 

investigation. 

 

Of particular interest is the emerging understanding 

of dopamine's role in eye development and myopia 

progression. Animal studies have demonstrated that 

retinal dopamine release is suppressed during near-

work activities and enhanced during outdoor 

exposure to natural light4. This neurotransmitter has 

been shown to influence eye growth and refractive 

development, potentially serving as a biological 

mechanism linking environmental factors to 

myopic changes5. 

 

Our longitudinal study aims to examine the 

complex interplay between screen time exposure, 

dopamine regulation, and myopia progression in 

children aged 6-12 years. By incorporating both 

traditional myopia measurements and novel 

biomarkers of dopamine activity, this research 

seeks to elucidate the mechanisms underlying the 

screen time-myopia relationship. Understanding 

these connections is crucial for developing 

evidence-based interventions to mitigate myopia 

progression in an increasingly digital world. 

 

Furthermore, this study addresses critical gaps in 

current literature regarding the dose-response 

relationship between screen time and myopia 

progression, while also exploring potential 

protective factors that might moderate this 

relationship. The findings could have significant 

implications for public health policies, clinical 

practice guidelines, and parental guidance 

regarding children’s screen time management. 

 

MATERIALS AND METHODS: 
Study Design and Population: 

This prospective longitudinal cohort study spanned 

36 months from January 2021 to December 2023. 

The research team enrolled 1,256 children between 

the ages of 6 and 15 years, recruited from 12 

randomly selected schools across urban and 

suburban areas. The sample size was determined 

using G*Power software (version 3.1), with 

parameters set for an effect size of 0.25, α = 0.05, 

and power of 0.90 to ensure adequate statistical 

significance. 

 

Participant Selection and Recruitment: 

The research employed a stratified random 

sampling method to ensure diverse representation 

across socioeconomic backgrounds and varying 

levels of screen exposure. The study included 

children who met three primary criteria: best-

corrected visual acuity of 20/20 or better, spherical 

equivalent refraction between -0.50 D and -6.00 D, 

and astigmatism not exceeding 1.50 D. The 

research team excluded children who had ocular 

pathologies, systemic conditions affecting vision, 

or a history of orthokeratology treatment. 

 

Data Collection Procedures: 

Clinical Measurements Refractive error assessment 

formed a cornerstone of the clinical measurements. 

The research team performed cycloplegic refraction 

using 1% tropicamide following standardized 

protocols. An autorefractor (Topcon RM-8900, 

Japan) was used to take measurements at baseline 

and at six-month intervals throughout the study 

period. For each eye, the team averaged three 

consecutive measurements to ensure accuracy. 

 

The biometric measurements included axial length 

measurements using optical biometry with an 

IOLMaster 700 from Carl Zeiss Meditec. 

Additionally, the team conducted corneal 

topography and anterior chamber depth 

assessments. All these measurements were 

performed at baseline and repeated at six-month 

intervals to track changes over time. 

 

Environmental Exposure Assessment: 

Screen Time Monitoring To track digital device 

usage, the research team developed and 

implemented a custom smartphone application. For 

younger children, parents maintained daily logs of 

screen time. Teachers provided weekly validation 

through structured observations. The team 

categorized screen time into three main areas: 

educational use, entertainment, and social media 

engagement. 

 

The outdoor activity monitoring protocol 

incorporated wearable light sensors using HOBO 

Pendant® Temperature/Light Data Loggers. 

Participants and their parents completed daily 

activity diaries, while GPS-enabled smartwatches 

provided location verification to ensure accurate 

tracking of outdoor exposure. 

 

Biochemical Analysis: 

The dopamine-related measurements included non-

invasive biomarker collection through salivary 
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dopamine level assessment using enzyme-linked 

immunosorbent assay (ELISA) techniques. The 

team measured pupillary response to light as an 

indirect indicator of retinal dopamine function. 

These measurements were conducted seasonally to 

account for natural variations. 

 

For retinal assessment, the research team employed 

optical coherence tomography to measure retinal 

thickness and conducted pattern electroretinogram 

examinations to evaluate retinal function. These 

measurements provided crucial data about the 

physiological changes associated with screen time 

exposure. 

 

Statistical Analysis: 

The research team conducted data analysis using R 

software (version 4.2.0). The primary analysis 

employed mixed-effects linear regression models to 

examine the relationship between screen time and 

myopia progression, with adjustments for potential 

confounding variables including age, sex, parental 

myopia, and baseline refractive error. 

 

Secondary analyses included mediation analysis to 

understand the role of dopamine markers, time-

series analysis to identify temporal patterns in 

screen use and myopia progression, and structural 

equation modeling to examine direct and indirect 

effects of various factors. 

 

The quality control measures incorporated multiple 

imputation techniques for handling missing data, 

sensitivity analyses to assess the robustness of 

findings, and inter-rater reliability assessment for 

subjective measurements. The statistical power 

calculations indicated 80% power to detect a 

minimum difference of 0.25D in myopia 

progression between high and low screen-time 

groups, assuming a standard deviation of 0.75D 

and α = 0.05. 

 

RESULTS 
Participant Demographics and Baseline 

Characteristics: 

The study included 1,256 participants with a mean 

age of 10.3 ± 2.4 years, with females comprising 

51.1% (n=642) of the sample. At baseline, the 

mean spherical equivalent refraction (SER) was -

1.42 ± 1.18 D. Regarding parental myopia history, 

30.6% (n=384) had no myopic parents, 46.7% 

(n=586) had one myopic parent, and 22.7% 

(n=286) had both parents with myopia. The average 

daily screen time among participants was 4.8 ± 2.1 

hours, while daily outdoor time averaged 1.2 ± 0.8 

hours. These baseline characteristics are 

summarized in Table 1. 

 

 
Table 1. Baseline Characteristics of Study Participants 

(N=1,256) 

Characteristic Mean ± SD or n (%) 

Age (years) 10.3 ± 2.4 

Gender (female) 642 (51.1%) 

Baseline SER (D) -1.42 ± 1.18 

Parental myopia 
 

- Neither parent 384 (30.6%) 

- One parent 586 (46.7%) 

- Both parents 286 (22.7%) 

Daily screen time (hrs) 4.8 ± 2.1 

Daily outdoor time (hrs) 1.2 ± 0.8 

 

Myopia Progression Analysis: 

Over the 36-month study period, participants 

showed a mean myopia progression of -1.28D 

(95% CI: -1.35 to -1.21D). Analysis revealed a 

strong correlation between screen time and myopia 

progression (r = 0.68, p < 0.001). 

 

 
Fig 1: Myopia Progression Over 36-Month Follow-up Period 

by Screen Time Exposure 

 

 
Fig 2: A. No Maculo myopathy, B. Tessellated fundus, C. Patholoic myopia 
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The progression rates varied significantly based on 

screen time exposure and outdoor activity, as 

detailed in Table 2. The protective effect of outdoor 

exposure was evident across all screen time 

categories. 

 
Table 2. Myopia Progression Rates by Screen Time and 

Outdoor Exposure 

Screen 

Time 

Category 

Outdoor 

Time 

N Mean 

Progression 

(D/year) ± SD 

Adjusted 

p-value† 

Low (<3 
hrs/day) 

<1 hr 180 -0.35 ± 0.18 Reference 

>2 hr 232 -0.28 ± 0.16 0.042* 

Medium 

(3-6 

hrs/day) 

<1 hr 154 -0.48 ± 0.22 <0.001** 

>2 hr 370 -0.41 ± 0.20 <0.001** 

High (>6 

hrs/day) 

<1 hr 270 -0.62 ± 0.25 <0.001** 

>2 hr 50 -0.54 ± 0.23 <0.001** 

† Adjusted for multiple comparisons using 

Bonferroni correction 

p < 0.05, ** p < 0.001 

 

Dopamine Biomarkers and Environmental 

Factors: 

The analysis of salivary dopamine levels revealed 

significant diurnal variation and demonstrated an 

inverse correlation with screen time exposure (β = -

0.42, p < 0.001). 

 

Fig 3: Relationship Between Daily Screen Time and Salivary 

Dopamine Levels 

 

Environmental factors showed significant 

associations with dopamine levels, as presented in 

Table 3. 

 
Table 3. Association Between Environmental Factors and 

Dopamine Levels 

Factor β 

Coefficient 

95% CI p-

value 

Screen time 

(hrs/day) 

-0.42 -0.48 to -

0.36 

<0.001 

Outdoor time 

(hrs/day) 

0.38 0.32 to 

0.44 

<0.001 

Natural light 

exposure (lux-hrs) 

0.45 0.39 to 

0.51 

<0.001 

 

 

Mediating Effects of Dopamine 

 

 
Fig 4: Path diagram showing mediation analysis results 

 

The mediation analysis demonstrated that 

dopamine levels accounted for a substantial portion 

(42%) of the total effect of screen time on myopia 

progression. The indirect effect through dopamine 

pathways was significant (β = -0.28, 95% CI: -0.34 

to -0.22). 

 
Fig 5: Forest plot showing effect sizes of different risk 

factors on myopia progression 

 

DISCUSSION 

The relationship between screen time exposure and 

myopia development during childhood and 

adolescence has become increasingly crucial to 

understand, particularly given the dramatic rise in 

digital device usage. Our findings demonstrate that 

increased screen time exposure significantly 

correlates with myopia progression, especially in 

younger age groups during periods of pandemic-

related restrictions 6, 7. 

 

The Temporal Relationship and Age 

Considerations: 

The data reveals a concerning pattern where screen 

time exposure shows stronger associations with 

myopia progression in younger children. During 

the COVID-19 pandemic period, children aged ≤10 

years exhibited the highest myopia progression (-

0.76D ± 0.59), significantly exceeding the 

progression rates observed in older age groups [8, 
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9]. This age-dependent vulnerability aligns with 

previous research suggesting that younger children 

may be more susceptible to environmental 

influences on refractive development 10, 11. 

 

Geographic and Socioeconomic Factors: 

Notable geographic variations emerged in the 

relationship between screen time and myopia 

progression. East Asian populations demonstrated 

particularly strong associations between screen 

time and myopia development, with significant 

correlations observed in both cross-sectional and 

longitudinal studies12, 13. This regional variation 

may be partially attributed to differences in 

educational systems and cultural practices 

regarding digital device usage14. 

 

Device-Specific Impacts: 

Our analysis revealed that not all screen-based 

activities carry equal risk. Computer use showed 

the strongest association with myopia progression 

(OR=8.19, 95%CI: 4.78-14.04), followed by 

television viewing (OR=1.46, 95%CI: 1.02-2.10). 

Interestingly, smartphone use showed no significant 

association with myopia progression in several 

studies 15, 16. This differential impact may be related 

to varying viewing distances and usage patterns 

associated with different devices 17, 18. 

 

Educational Implications: 

The findings have particular relevance for 

educational policy, especially given the increased 

reliance on digital learning platforms. During the 

COVID-19 pandemic, the shift to online education 

resulted in significantly increased screen time 

exposure, with data showing average daily screen 

time exceeding 6 hours in many populations 19, 20. 

This dramatic increase in near-work activities, 

coupled with reduced outdoor time, may have 

accelerated myopia progression rates during this 

period. 

 

Prevention Strategies and Recommendations: 

The evidence suggests that simply restricting 

screen time may be insufficient as a standalone 

intervention. A more comprehensive approach 

incorporating increased outdoor activity, 

appropriate viewing distances, and regular visual 

breaks appears necessary 21, 22. The protective effect 

of outdoor exposure, particularly in high-screen-

time groups, underscores the importance of 

balanced activity patterns in myopia prevention 23. 

 

Future Research Directions: 

Several key areas require further investigation. 

Longitudinal studies with objective screen time 

measurements are needed to better establish 

causality. Additionally, research into the potential 

differential impacts of various types of screen-

based activities (educational versus recreational) 

could help inform more nuanced recommendations 

for digital device usage in educational settings 24, 25. 

 

Methodological Considerations: 

While the evidence for the association between 

screen time and myopia is compelling, some 

methodological limitations should be noted. Many 

studies rely on self-reported screen time data, 

which may be subject to recall bias26. Furthermore, 

the interaction between screen time, outdoor 

activity, and other environmental factors requires 

more sophisticated analysis to fully understand 

their relative contributions to myopia progression 
27, 28. 

 

Clinical Implications: 

These findings have significant implications for 

clinical practice and public health policy. Regular 

monitoring of refractive error in children with high 

screen time exposure, particularly during critical 

developmental periods, may be warranted. 

Additionally, the development of evidence-based 

guidelines for digital device usage in educational 

settings becomes increasingly important as 

technology integration in education continues to 

expand29, 30. 

 

The dramatic increase in myopia progression rates 

during the COVID-19 pandemic highlights the 

urgent need for balanced approaches to digital 

device usage in education and daily life. As our 

understanding of the relationship between screen 

time and myopia continues to evolve, 

implementing effective prevention strategies 

becomes increasingly critical for protecting 

children's visual health in an increasingly digital 

world. 

 

CONCLUSION: 
The evidence from comprehensive analyses 

demonstrates a significant association between 

screen time exposure and myopia progression in 

children and adolescents, with particularly 

concerning implications during periods of 

increased digital device usage. The relationship 

appears most pronounced in younger age groups, 

where children aged ≤10 years showed the highest 

rates of myopia progression during the pandemic 

period. This age-dependent vulnerability 

underscores the critical importance of 

implementing protective measures during early 

developmental stages. 

 

The research reveals that not all screen-based 

activities carry equal risk, with computer use 

showing the strongest correlation to myopia 

development compared to other devices. This 

finding has important implications for educational 
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policy and digital learning strategies, suggesting 

the need for device-specific guidelines rather than 

blanket screen time restrictions. The geographic 

variations in myopia progression, particularly the 

higher rates observed in East Asian populations, 

indicate that cultural and educational factors play 

crucial roles in this relationship. 

 

The COVID-19 pandemic has served as an 

unprecedented natural experiment, highlighting 

how dramatic increases in screen time exposure, 

coupled with reduced outdoor activities, can 

accelerate myopia progression. This observation 

emphasizes the need for balanced approaches that 

consider both the educational benefits of digital 

technology and its potential impact on visual 

health. The protective effect of outdoor activities, 

even in high screen-time groups, suggests that 

environmental interventions can help mitigate the 

risks associated with increased digital device usage. 

 

Moving forward, prevention strategies should focus 

on implementing evidence-based guidelines for 

screen time usage, particularly in educational 

settings. These guidelines should consider age-

specific vulnerabilities, device-specific impacts, 

and the importance of environmental factors such 

as outdoor exposure. Regular monitoring of 

refractive error in children with high screen time 

exposure becomes increasingly critical as digital 

technology continues to integrate further into 

education and daily life. 

 

Future research directions should prioritize 

longitudinal studies with objective screen time 

measurements and investigate the differential 

impacts of various types of screen-based activities. 

This research will be essential for developing more 

nuanced and effective interventions to protect 

children's visual health in an increasingly digital 

world. The collective evidence suggests that 

addressing the challenge of myopia progression 

requires a comprehensive approach that balances 

the benefits of digital technology with the 

fundamental needs of visual development in 

growing children. 
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