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Abstract

Myopia is an increasingly common refractive disorder in children, with growing concern
regarding the potential role of screen time and digital device use in its development and
progression. This systematic review assessed the association between screen-related be-
haviours and myopia in European children and adolescents. A systematic search of Ovid
Embase, Ovid MEDLINE, Scopus, Web of Science and Cochrane/CENTRAL was con-
ducted in accordance with PRISMA guidance. Original English-language studies published
within the last 10 years were included if they involved participants aged <18 years, were
conducted in Europe, and investigated screen time, digital device use, near-work behaviour
or related lifestyle exposures in relation to myopia-related outcomes. A total of 1196 records
were identified across the databases. After duplicate removal, title and abstract screening,
and full-text assessment, 14 studies were included. Overall, the evidence suggested an
association between screen-related behaviours, prolonged near work, reduced outdoor
exposure and myopia-related outcomes in European children. However, findings were
heterogeneous, and screen exposure was often measured using broad or proxy variables,
including total screen time, smartphone use, internet data consumption, computer use,
handheld near-screen use and COVID-19-related lifestyle change. Outdoor activity ap-
peared to be a protective factor, while parental myopia was an important risk factor and
confounder. Most included studies were observational, many were cross-sectional, and
several relied on self- or parent-reported exposure measures, limiting causal inference and
introducing potential recall bias. Overall, the certainty of evidence was low to very low.
Practical advice should therefore be framed around balanced digital device use, regular
breaks from prolonged near work, appropriate viewing distances and increased outdoor
activity, while further longitudinal studies using objective screen-use measures, cycloplegic
refraction and axial length outcomes are needed to clarify causality.

Keywords: paediatric ophthalmology; refractive error; European children; outdoor exposure;
outdoor activity; smartphone use; near work; digital device use; screen time; paediatric myopia

1. Introduction

Myopia (near-sightedness) is a refractive error in which light focuses anterior to the
retina when accommodation is relaxed, resulting in blurred distance vision. It is commonly
caused by excessive axial elongation of the eyeball and/or increased refractive power of
the cornea and crystalline lens [1]. Myopia is typically defined as a spherical equivalent
refractive error of <—0.50 dioptres (D) [2].
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High myopia, defined by the International Myopia Institute (IMI) as <—6.0 D or an
axial length >26 mm, is associated with an increased risk of retinal detachment, myopic
maculopathy, glaucoma, and cataract [1-3]. The prevalence of myopia has increased sub-
stantially worldwide, particularly among children and adolescents, and is projected to
affect approximately 50% of the global population by 2050 [1]. Consequently, the World
Health Organisation (WHO) has recognised myopia as a major public health challenge [4,5].
Since the COVID-19 pandemic, screen exposure has increased substantially owing to the
widespread adoption of remote learning and the growing integration of digital technology
into children’s education and daily lives [6,7]. One proposed mechanism linking screen
exposure to myopia progression is the displacement of outdoor activity and increased
engagement in near-work tasks, which may reduce retinal dopamine release and promote
axial elongation [8-11]. However, evidence from European paediatric populations remains
limited, as most studies investigating the association between screen exposure and myopia
have been conducted in Asia, where myopia prevalence is considerably higher, reaching
80-90% in some adolescent populations [9,12,13]. In contrast, childhood myopia preva-
lence in Europe has been estimated at approximately 7.15% [14]. Variations in prevalence,
educational demands, near-work intensity, urbanisation, and outdoor activity may in-
fluence myopia risk and limit the generalisability of findings from Asian populations to
European children.

In this review, “screen exposure” is used as an umbrella term for several related digital
and near-work behaviours, including smartphone use, tablet use, computer use, television
viewing, internet data use and broader screen-based near work. It should not be interpreted
as a single biologically uniform exposure. Rather, screen exposure may act as a surrogate
for multiple behaviours that could influence myopia risk, including prolonged near work,
shorter viewing distance, sustained accommodation, reduced breaks, increased indoor
time, reduced outdoor exposure and educational demands. This conceptual limitation was
considered when interpreting the findings.

The decision to focus on European populations was made to provide a region-specific
synthesis that may be more applicable to European clinical, educational and public health
settings. Differences in baseline myopia prevalence, ethnicity, educational intensity, urbani-
sation, school routines, outdoor activity and digital-device behaviours may limit the direct
generalisability of findings from high-prevalence Asian populations to European children.
However, this geographical restriction also narrows the evidence base and may limit exter-
nal validity. The findings of this review should therefore be interpreted as complementary
to, rather than a replacement for, wider international systematic reviews. Accordingly, this
systematic review aimed to evaluate the association between digital screen exposure and
myopia in European children and adolescents.

2. Methods

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [15] (Figure 1).
A completed PRISMA 2020 checklist is provided as Supplementary Table S1. The review
protocol was not prospectively registered.
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Figure 1. PRISMA 2020 flow diagram of the updated study selection process, including searches
of Ovid Embase, Ovid MEDLINE, Scopus, Web of Science and Cochrane Library/CENTRAL.
(PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses).

2.1. Search Strategy

A systematic literature search was initially conducted in January 2026 using Ovid
Embase and Ovid MEDLINE. The search was subsequently expanded to include Scopus,
Web of Science and the Cochrane Library/CENTRAL. The updated search was conducted
in July 2026 using search terms adapted from the original strategy. Search terms relating
to myopia were combined with terms relating to screen exposure, digital device use and
paediatric populations using the Boolean operators “AND” and “OR”. The search strategy

wr u " ou " ou

included terms such as “myop*”, “near-sightedness”, “short-sightedness”, “refractive er-
adolescent”,

Y/ A

ror”, “screen time”, “smartphone”, “tablet”, “digital device

A ”ou

, “computer use”,
“teenager”, “schoolchildren”, “child”, “paediatric” and “pediatric”. The asterisk (*) was
used as a truncation symbol to search for all words sharing the root ‘myop-" with variable
endings. Searches were limited to English-language studies published between 2016 and
2026 involving participants aged under 18 years, where database filters allowed. The full
search strategy is provided in Appendix B.
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A total of 1196 records were identified across Ovid Embase, Ovid MEDLINE, Scopus,
Web of Science and Cochrane Library /CENTRAL. After duplicate removal, 815 records
remained for title and abstract screening. Seventy-three reports were assessed for eligibility
at full-text review, and 14 studies were included in the final review. Reference lists of
relevant articles and systematic reviews were also manually screened to identify any
additional eligible studies. The review question and eligibility criteria were structured
using a Population, Intervention/Exposure, Comparison and Outcome (PICO) framework.
The full PICO framework is provided in Appendix A.

2.2. Eligibility Criteria

Studies were eligible for inclusion if they were original research studies involving
children or adolescents aged under 18 years, were conducted in European populations,
and investigated the association between screen time or digital device use and myopia-
related outcomes. Eligible exposures included screen time, smartphone use, tablet use,
computer use, handheld digital device use and broader digital near-work behaviours.
Eligible outcomes included myopia prevalence, incidence or progression, refractive error,
spherical equivalent, axial elongation or other reported myopia-related visual outcomes.

Studies were excluded if they were not conducted in European populations, included
adult-only populations, did not assess screen exposure or digital device use, did not report a
myopia-related outcome, were not original research articles, were not published in English,
or were published outside the predefined 10-year search period.

2.3. Study Selection

Following duplicate removal, titles and abstracts were screened independently by two
reviewers against the predefined eligibility criteria. Full texts of potentially eligible studies
were then assessed independently by the same reviewers. Disagreements regarding study
inclusion were resolved through discussion and consensus. The study selection process is
summarised using a PRISMA 2020 flow diagram (Figure 1).

2.4. Data Extraction

Data were extracted using a standardised data extraction approach. Extracted vari-
ables included author, year of publication, country, study design, sample size, partic-
ipant age group, exposure type, myopia-related outcome measures, key findings and
relevant confounding factors such as outdoor activity, physical activity and parental my-
opia. Where available, reported effect estimates, p-values and measures of refractive change
were extracted.

2.5. Risk of Bias Assessment

Risk of bias was assessed using study design-specific appraisal tools. Cohort studies
were assessed using the Newcastle-Ottawa Scale (NOS), with results presented in Table 1.
Cross-sectional studies were assessed using the Joanna Briggs Institute (JBI) Critical Ap-
praisal Checklist for analytical cross-sectional studies, with results presented in Table 2. Risk
of bias assessments were performed independently by two reviewers, with disagreements
resolved through discussion and consensus.

Table 1. Risk of bias assessment of cohort studies using the Newcastle-Ottawa Scale.

Study Study Design  Selection Comparability Outcome/Exposure Total NOS Score
Enthoven et al. (2020) [16] Cohort study 4/4 1/2 3/3 8/9
Hansen et al. [17] Cohort study 3/4 1/2 2/3 6/9
Trovato Battagliola et al. [18] ~ Cohort study 3/4 1/2 3/3 7/9
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Table 2. Risk of bias assessment of cross-sectional studies using the Joanna Briggs Institute (JBI)
analytical cross-sectional checklist.

Exposure Condition Strategies Outcomes

Criteria for Detailed P di Measured Confoundi to Deal di A . o 1

Inclusion Description Meas'ure m Using ontounding - ith Con- Meas.ure mn pRroPrlate vera
Study s a Valid and . O, Factors . a Valid and Statistical Risk of

Clearly of Subjects . Objective and e founding . . .

" . Reliable Identified Reliable Analysis Bias
Defined and Setting Wa Standard Factors Wa
y Criteria Stated Yy

Schuster et al. [19] Yes Yes Unclear No Yes Yes Unclear Yes Moderate
Mccrann et al. [20] Unclear Unclear Yes Yes Unclear Unclear Yes Unclear Moderate
Enthoven et al.
021) [21] Yes Yes Yes Yes Yes Yes Yes Yes Low
Alvarez-Peregrina
etal. (2020) [22] Yes Yes Unclear Yes Yes Yes Yes Yes Moderate
[leiirlngton etal. Yes Yes Unclear Yes Yes Yes Yes Yes Low
Harrington &
O'dwyer [24] Yes Yes Unclear Yes Yes Yes Yes Yes Low
Iyer et al. [25] Yes Yes Yes N/a Yes Yes Yes Yes Moderate
Alvarez-Peregrina
etal. (2021) [26] Yes Yes Unclear Yes Yes No Yes Yes Moderate
Rudnicka et al. [27] Yes Yes Unclear N/a Yes Yes Yes Yes Moderate
[S;gichez—Tena etal. Yes Yes Unclear Yes Yes Yes Yes Yes Moderate
Nieves-Moreno et al. Yes Yes No Yes Yes Yes Yes Yes Moderate

[29]

Risk-of-bias assessments were used to inform the narrative synthesis, with greater
caution applied to findings from cross-sectional studies, studies using proxy or self-reported
exposure measures, and studies with incomplete adjustment for important confounders.

2.6. Data Synthesis

The characteristics and main findings of the included studies are summarised in
Table 3. Due to heterogeneity in study design, exposure definitions, outcome measures,
methods of myopia assessment and adjustment for confounders, meta-analysis was not
performed. The main sources of heterogeneity were considered before deciding on narrative
synthesis. Exposure definitions varied substantially across studies and included total screen
time, smartphone use, internet data consumption, computer use, handheld near-screen
use, near-work behaviours and COVID-19-related lifestyle change. Outcome measures also
differed, including myopia prevalence, refractive error, spherical equivalent, refractive shift,
axial length and myopia progression. In addition, included studies assessed different age
groups and varied in their adjustment for important confounders such as outdoor activity,
parental myopia, socioeconomic status, educational demands and baseline refractive status.
As a result, pooled effect estimates were considered unlikely to be clinically meaningful.

Findings were therefore synthesised narratively. Studies were grouped and interpreted
according to key themes, including overall screen exposure, device type, near-work be-
haviour, outdoor activity, parental myopia, lifestyle factors and COVID-19-related changes
in visual behaviour. Attention was given to whether studies assessed screen exposure
using direct measures or through related proxy behaviours such as near work, reduced
outdoor activity or increased indoor time. Risk-of-bias assessments were considered when
interpreting the findings, with greater caution applied to cross-sectional studies, proxy
exposure measures, self- or parent-reported exposure data and studies with incomplete
adjustment for confounding factors.
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Table 3. Summary of the characteristics of the included studies, including design, country, sample

size, age group, exposure, key confounders considered or adjusted for, and main findings.

Key Confounders

Author Year Country Study Design Sample Size  Age Group Exposure Consid- Main Findings
ered/Adjusted for
. Age, sex, time
Schuster et al. Cross- Children/ . Y . .
[19] 2020 Germany sectional 17,640 adolescents Time trends sve;r‘ll(;d/ survey Myopia prevalence increased
. Myopes used more
McCrann et al Cross- foﬁ:e ;;;igadwe smartphone data than
) 2021 ITreland X 402 Children Smartphones ’ non-myopes (1130.7 vs.
[20] sectional smartphone data .
613.6 MB/day), suggesting a
use positive association.
A Smartphone use of >20 min
ge, sex, outdoor . 1 linked
Enthoven et al Cross- exposure, continuously was linked |
T2021 Netherlands . 525 Adolescents Smartphones AN with more myopic refraction,
[21] sectional continuous ially with
smartphone use especially witt
low outdoor time.
Myopia prevalence was 19%;
myopic children had more
Alvarez- Cross- Screens/ A td i dl td
Peregrina et al. 2020 Spain ross 7497 Children outdoor 8¢, sex, outdoor screen time and fess outdoor
sectional R time, screen time time (p < 0.01), when
[22] time
compared to
non-myopic children
Age, sex, parental Myopia prevalence was
1 0/ .
Enthoven et al. 2020 Netherlands Cohort 5074 Children Computer myopia, outdoor 11.5%; computer use ;nd
[16] use exposure, near near work increased risk (OR
work 1.005-1.072).
Over half of myopic children
. Age, sex, physical exceeded 2 h/day screen
Harrington 2019 Ireland Cr0§s— 1626 Children Near- activity, screen time,  time, compared with
etal. [23] sectional work/lifestyle . . .
reading/near work  approximately one-third of
the overall population.
Age, sex, screen Higher screen time was
Harrington & Cross- . Screens/ time, reading/near  linked with more myopic
O'Dwyer [24] 2023 Ireland sectional 723 Children reading work, physical refraction and increased odds
activity of myopia
26.0% used near screens
Parental myopia, for >2 h/day; myopic
Iyer et al. [25] 2005 Netherlands Cross- 395 Children Handheld parental awareness, parents showed greater
sectional screens screen-use myopia awareness and were
behaviours more likely to reduce
children’s screen time.
. After COVID confinement,
Age, screen time, . -
Alvarez- Cross- COVID near work. outdoor  Mean refraction shifted from
Peregrina et al. 2021 Spain X 703 Children . .  ou +0.66 D to +0.48 D, with more
sectional confinement  time, confinement-
[26] . near work and less
related behaviour .
outdoor time.
. Myopia prevalence was
Age, sex, physical -
Hansenetal 5050 Denmark  Cohort 1442 Adolescents Screens/ activity, about 25%; >6 h/day screen
[17] activity . use roughly doubled
screen-device use .o,
myopia risk.
Children showed a
Trovato COVID ﬁ)%li;down—rela ted significant myopic shift after
Battagliola 2021 Ttaly Cohort 180 Children . lockdown, suggesting
lockdown lifestyle change, A .
etal. [18] . worsening refractive error
refractive status ¢
post-confinement.
. Childhood myopia varied
Rudnicka AR 2016 UK Cross- Multiple Children Near- ﬁg';’ zzx'r?hﬁlczl globally and increased over
etal. [27] sectional Studies work/outdoor /808P time, with near work and
region, time trends T
low outdoor time implicated.
Parental
myopia, . Myopia prevalence was
Sénchez-Tena Cross- . outdoor Parental myopia, 12.7%; parental myopia
2024 Portugal . 1992 Children .. outdoor activity, . . 4
etal. [28] sectional activity and . increased risk, while outdoor
. lifestyle factors .. -
lifestyle activity was protective.
factors
Myopia prevalence was 6.5%
Age/grade, sex, in second grade and 18.7% in
Screen time, ~ parental myopia, sixth grade. Parental myopia
Nieves- Cross- outdoor outdoor activity, was a significant risk factor,
Moreno et al. 2025 Spain . 2489 Children activity, near work, screen outdoor activity was
sectional . . .
[29] parental time, protective, and screen time
myopia socioeconomic was not independently
status associated with myopia after

multivariate adjustment.
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2.7. Certainty of Evidence

A formal GRADE assessment was considered; however, due to substantial heterogene-
ity in study design, exposure definitions, outcome measures and methods of confounder
adjustment, a full outcome-specific GRADE assessment was not performed. Instead, the
overall certainty of evidence was considered narratively using key GRADE domains,
including risk of bias, inconsistency, indirectness, imprecision and publication bias.

Overall, the certainty of evidence was judged to be low to very low. This was mainly
due to the predominance of observational and cross-sectional study designs, reliance on
self- or parent-reported exposure measures, heterogeneity in definitions of screen exposure,
variation in myopia outcome assessment and inconsistent adjustment for important con-
founders such as outdoor activity, parental myopia, socioeconomic status and educational
demands. Therefore, the findings should be interpreted as evidence of association rather
than causation.

3. Review
3.1. Screen Exposure and Myopia

Across the 14 included studies, evidence generally suggested an association between
screen-related behaviours, near-work exposure, reduced outdoor activity and myopia-
related outcomes in European paediatric populations [16-29]. However, the strength and
consistency of this association varied substantially across studies because of differences in
study design, exposure definitions, outcome assessment and adjustment for confounders.
Importantly, several studies measured proxy or composite exposures, such as smartphone
internet data, total screen time, computer use, near-work behaviour or COVID-19-related
lifestyle change, rather than screen exposure as a single independent biological exposure.
Therefore, the findings should be interpreted as evidence of association within a broader
visual and behavioural environment, rather than as proof that screen exposure alone
causes myopia.

McCrann et al. conducted a cross-sectional study in Ireland involving 402 participants
and found that myopic children used approximately twice as much smartphone internet
data as non-myopic children (1130.71 £ 1748.14 MB/day vs. 613.63 &+ 902.15 MB/day,
p =0.001) [20]. These findings suggest a positive association between smartphone use and
childhood myopia. A notable strength of the study was the use of objectively measured
internet data, reducing reliance on self-reported screen exposure. However, internet data
usage is only a proxy measure and does not capture important factors such as viewing
distance, screen duration, device type, near-work intensity, posture, lighting conditions,
or frequency of breaks. Furthermore, the large standard deviations indicate substantial
variability in usage patterns between participants. Consequently, although the study
supports an association between smartphone use and myopia, it does not establish causality
or provide insight into the underlying mechanisms. In another cross-sectional study
of 7497 Spanish children, Alvarez-Peregrina et al. found that myopic children reported
significantly greater screen exposure and lower levels of outdoor activity than their non-
myopic peers (p < 0.01) [22]. This finding is supported by an Irish cross-sectional study
conducted in 2019 involving 1626 participants, which found that over half of myopic
children exceeded two hours of daily screen time, compared with approximately one-third
of the overall population [23]. Harrington and O’'Dwyer similarly reported that higher
screen time was associated with more myopic refraction and increased odds of myopia in
Irish children aged 67 years [24].

The Madrid school-based study provided further European evidence but suggested a
more cautious interpretation of screen time. In this cross-sectional study of 2489 Spanish
primary school children using cycloplegic refraction, myopia prevalence was 6.5% in
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second-grade children and 18.7% in sixth-grade children [29]. Although children with
myopia were more frequently observed in higher screen-time categories, screen time was
not independently associated with myopia after multivariate adjustment. Instead, parental
myopia remained an important risk factor, while outdoor activity, particularly during
weekends, was associated with lower myopia prevalence. This supports the interpretation
that screen time may partly act as a proxy for broader lifestyle and visual behaviours rather
than an isolated independent exposure.

Evidence from cohort studies further supports an association between visual environ-
mental exposures and myopia. In the Generation R cohort, greater combined near-work ex-
posure was associated with increased odds of myopia (OR 1.072, 95% CI 1.047-1.098) among
5074 participants [16]. Similarly, the Myopia App Study assessed smartphone use via an
application. It found that use of the device for 3.7 to 3.8 h per day and continuous use of
more than 20 min was linked with more myopic refraction [19]. Hansen et al. reported that
Danish adolescents with more than six hours of daily screen use had approximately twice
the risk of myopia, with an overall myopia prevalence of around 25% [17]. These findings
suggest that the association between screen exposure and myopia may be more pronounced
at higher levels of exposure or when screen use occurs alongside other near-work activities.

Although several studies reported associations between screen-related behaviours and
myopia-related outcomes, their predominantly observational design precludes conclusions
regarding causality. It remains unclear whether increased screen exposure contributes to
myopia development, whether children with myopia are more likely to engage in screen-
based activities, or whether both are influenced by shared factors such as outdoor activity,
educational demands and near-work intensity. Residual confounding, therefore, cannot
be excluded.

Other included studies examined related lifestyle and environmental factors, including
parental influence, outdoor activity, broader lifestyle behaviours and pandemic-related
changes to daily routines. Iyer et al. assessed handheld near-screen use and parental
influence, reporting that 26.0% of children used near-screens for more than two hours
per day and that parents with myopia had greater awareness and were more likely to
reduce their children’s screen time [25]. Sdnchez-Tena et al. similarly examined parental
myopia, outdoor activity and lifestyle factors, reporting a myopia prevalence of 12.7%
and identifying outdoor activity as protective [28]. Schuster et al. reported increasing
myopia prevalence over time among 17,640 German children and adolescents [19], while
Rudnicka et al. demonstrated global variation and rising childhood myopia trends, with
near work and reduced outdoor exposure implicated as potential contributors [27]. Collec-
tively, these studies suggest that screen exposure is embedded within broader behavioural
and environmental patterns, including near work, indoor activity and reduced outdoor
exposure. The observed associations therefore reflect multifactorial risk rather than screen
use alone.

Two studies examined myopia-related outcomes within the context of the COVID-19
pandemic. These studies suggest that broader changes in children’s visual environment
may influence refractive outcomes, but they should not be interpreted as evidence that
screen exposure alone caused myopic progression. During lockdown, several behaviours
changed simultaneously, including remote learning, near-work duration, outdoor activity,
physical activity, sleep patterns and daily routines. The Italian study reported that refractive
error was stable before the pandemic but shifted significantly towards myopia after lock-
down, while Alvarez-Peregrina et al. reported a significant myopic shift after COVID-19
home confinement [18,26]. These findings support the importance of broader lifestyle and
environmental change, but attribution to screen exposure alone is not appropriate.
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Overall, the included studies support an association between screen-related be-
haviours, near-work behaviour and childhood myopia-related outcomes, but do not estab-
lish causation. Evidence came from studies assessing computer use, screen-device duration,
smartphone data, app-recorded smartphone use, general screen time, COVID-19-related
lifestyle change, parental influence, outdoor activity, population trends and broader en-
vironmental factors. Across the evidence base, screen exposure was rarely isolated from
prolonged near work, increased indoor activity and reduced outdoor exposure. Therefore,
screen-related behaviours may contribute to myopia risk as part of a wider behavioural
and visual environment, rather than acting as an independent causal factor. Further longi-
tudinal studies using standardised exposure definitions, objective screen-use measures and
adequate adjustment for outdoor activity and parental myopia are required.

3.2. Device Type and Near-Work

The relationship between screen exposure and childhood myopia appears to be in-
fluenced by the type of device used and the nature of visual behaviour. The term “screen
time” encompasses activities with different visual demands, as smartphones, tablets, com-
puters and televisions vary in viewing distance, duration of continuous use, posture and
accommodative demand. Consequently, studies using broad measures of total screen
time may dilute device-specific effects and partly explain differences in the strength of
observed associations.

The most device-specific evidence came from studies assessing handheld digital
devices. McCrann et al. objectively measured smartphone internet data in 402 Irish children
and found that myopic participants used significantly more smartphone data than non-
myopic children (1130.71 & 1748.14 MB/day vs. 613.63 & 902.15 MB/day, p = 0.001) [20].
Similarly, the Myopia App Study used smartphone application-based monitoring and
reported average smartphone use of approximately 3.7-3.8 h/day, with continuous use
of >20 min associated with more myopic refractive error, particularly among adolescents
with lower outdoor exposure [21]. Iyer et al. provided further device-type context, reporting
that 26.0% of children used handheld near-screen devices for more than two hours/day,
and that parents with myopia were more likely to reduce their children’s screen time [25].
Overall, these studies suggest that handheld device use may be particularly relevant to
myopia-related near-work exposure, especially when use is prolonged and uninterrupted.
The strength of this evidence lies in its device-specific focus and, in McCrann et al. and
the Myopia App Study, the use of objective digital monitoring rather than self-reported
screen time. However, the evidence remains observational, and these measures do not fully
capture viewing distance, posture and visual breaks.

In contrast, several studies assessed broader screen exposure without separating indi-
vidual device types. The Generation R cohort assessed computer use as part of combined
near-work exposure, alongside other visually demanding activities such as reading and
other close-work tasks. This aggregated definition of exposure, rather than isolating smart-
phone or tablet use, was associated with increased odds of myopia (OR 1.072, 95% CI
1.047-1.098) among 5074 participants [16]. The Danish study measured overall daily screen-
device use (including television, computers, tablets and smartphones combined) and found
that adolescents with more than six hours of daily screen exposure had approximately
twice the risk of myopia [17]. Similarly, Alvarez-Peregrina’s Spanish study and both studies
from Ireland assessed general screen time pooled across multiple devices. They reported
significantly greater overall screen exposure among myopic children compared with non-
myopic peers and found that screen time was associated with more myopic refraction and
increased odds of myopia in younger children aged 6-7 years [22-24]. However, across
these studies, screen exposure was consistently treated as a composite measure encompass-
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ing multiple devices (smartphones, tablets, computers and television). As a result, it is not
possible to determine whether the observed associations were driven predominantly by
handheld near-screen use, longer-distance screen viewing, or broader indoor near-work
and lifestyle behaviours.

Although handheld devices may be viewed at shorter distances and may involve sus-
tained accommodation, the current evidence does not allow firm conclusions about whether
smartphones or handheld devices have a stronger independent association with myopia
than other screen modalities. Across the included studies, device type was often mixed
with other behaviours, including prolonged near work, reduced outdoor exposure, educa-
tional screen use and indoor activity. Therefore, differences between smartphones, tablets,
computers and television should be interpreted cautiously. Future longitudinal studies
should use objective device-specific measurements and assess viewing distance, break
frequency, continuous screen use, outdoor exposure and baseline refractive status to better
determine whether digital behaviours independently contribute to childhood myopia.

3.3. Outdoor Activity, Lifestyle Factors and Parental Myopia

Outdoor activity appeared to be both a protective factor and an important confounder
in the included studies. Enthoven et al. and Sanchez-Tena et al. found that outdoor
exposure appeared to reduce the negative effect of near work on myopia risk [16,28]. This
was supported by Alvarez-Peregrina et al., who found that myopic children had lower
outdoor activity than non-myopic peers [22]. The Madrid study by Nieves-Moreno et al.
further supported this pattern, finding that outdoor activity, particularly during weekends,
was associated with lower myopia prevalence, while screen time was not independently
associated with myopia after multivariate adjustment [29]. Irish studies also reported that
higher physical activity was associated with reduced myopia risk [23,24]. Together, these
findings suggest that outdoor exposure and physical activity may reduce myopia risk and
should be considered when interpreting studies of childhood visual behaviour.

The protective effect of outdoor activity is biologically plausible. Natural light exposure
is thought to stimulate retinal dopamine release, which may inhibit excessive axial elongation
and help regulate ocular growth [10,30-32]. This supports the idea that outdoor activity is not
simply a confounding variable, but a potentially modifiable protective behaviour. Therefore,
children with lower outdoor exposure may be at higher risk, particularly when combined
with other visually demanding behaviours such as prolonged near work.

The COVID-19 studies further support the importance of environmental and lifestyle
change. The Spanish study reported a significant myopic shift after home confinement, with
mean spherical equivalent changing from +0.66 & 2.03 D in 2019 to +0.48 & 1.81 D in 2020
(p <0.001) [26]. This was supported by Trovato Battagliola’s Italian study which reported
significant myopia prevalence and refractive outcomes among children aged 5-12 years
after lockdown [18]. These findings are consistent with wider evidence of accelerated
myopia-related outcomes during confinement periods [13,33]. However, the value of these
studies is not in isolating one specific exposure, but in showing that refractive outcomes
may worsen when children’s routines shift towards more indoor activity, reduced outdoor
exposure and altered daily behaviour.

Parental myopia was another important factor because it may influence risk through
both genetic and behavioural pathways. A Portuguese study showed myopia prevalence
of 12.7% among 1992 children and found that parental myopia increased its risk [28].
Iyer et al. also showed that parents with myopia had greater myopia awareness and were
more likely to reduce their children’s near-screen use [25]. This suggests that parental my-
opia may influence not only biological susceptibility, but also parental attitudes, monitoring
and prevention behaviours [34].
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Broader epidemiological studies provide useful context for these findings. Schuster et al.
reported increasing myopia prevalence among 17,640 children and adolescents, high-
lighting the growing public health importance of childhood myopia [19]. Rudnicka et al.
similarly described variation and increasing trends in childhood myopia prevalence, with
environmental factors such as near work and reduced outdoor exposure implicated as con-
tributors [27]. Although these studies do not directly assess individual lifestyle behaviours
in detail, they support the wider interpretation that childhood myopia is multifactorial and
influenced by both environmental and familial factors.

Overall, outdoor activity, physical activity and parental myopia are important when
interpreting myopia risk, as they reflect the interaction between environment, lifestyle
and genetic susceptibility [10,30,31,35]. Studies that do not account for these factors may
overestimate the independent effect of near work. Prevention should therefore focus on
increasing outdoor time, promoting breaks from near work and identifying children at
higher familial risk.

4. Discussion

Taken together, the evidence suggests that screen-related behaviours are associated
with childhood myopia in European populations, but the relationship is complex, hetero-
geneous and likely multifactorial. Screen exposure should not be interpreted as a single
independent causal exposure, but rather as part of a broader visual and behavioural envi-
ronment that may include prolonged near work, close viewing distance, limited breaks,
reduced outdoor exposure, indoor lifestyle patterns and genetic susceptibility. This in-
terpretation aligns with international evidence linking near work, digital device use and
reduced outdoor exposure with myopia [8,11,14]. However, the certainty of evidence in
this review was low to very low, and causal conclusions cannot be drawn.

Recent systematic reviews and meta-analyses have examined myopia prevalence and
digital device exposure more broadly. For example, Martinez-Perez et al. recently analysed
myopia prevalence across European populations, while other reviews have focused on
digital smart device use [14] or global risk factors for myopia [27,34]. However, these
reviews either focused primarily on prevalence, included non-European populations,
or considered broader age groups and exposure definitions. In contrast, the present
review specifically synthesises evidence on screen-related behaviours and myopia-related
outcomes in European children and adolescents. This regional and exposure-focused
approach is intended to complement, rather than replace, wider international evidence [36].

The findings have practical implications for paediatric eye health, but recommenda-
tions should be framed cautiously. Since digital devices are now embedded in education
and daily life, advice focused solely on reducing screen time may be unrealistic and in-
sufficient. A more balanced approach would promote regular outdoor activity, breaks
from prolonged near work, appropriate viewing distances and avoidance of prolonged
uninterrupted handheld device use. In European settings, this could support school-based
education, parental guidance and early identification of children at higher risk, particularly
those with parental myopia or early refractive change.

Several limitations should be considered. Although the search was expanded
to include Ovid Embase, Ovid MEDLINE, Scopus, Web of Science and Cochrane Li-
brary/CENTRAL, the review was restricted to English-language studies, which may have
introduced language bias. The review protocol was not prospectively registered, which
reduces methodological transparency and should be acknowledged as a limitation. Restrict-
ing the review to European paediatric populations provided a region-specific synthesis but
also narrowed the evidence base and limits external generalisability.
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The included studies were also methodologically heterogeneous. Most were obser-
vational, and many were cross-sectional, limiting causal inference. Screen exposure was
inconsistently defined, with studies assessing total screen time, smartphone use, internet
data consumption, computer use, handheld near-screen use or broader near-work be-
haviour. Many studies relied on self- or parent-reported exposure data, increasing the risk
of recall bias and misclassification. Adjustment for confounders, including outdoor activity,
parental myopia, socioeconomic status, educational intensity and baseline refractive status,
was inconsistent. Therefore, the findings should be interpreted cautiously as evidence of
association rather than causation.

Future research should use standardised screen exposure definitions and separate
handheld near-screen use, computer use, television viewing and educational screen use.
Objective measures of screen duration, viewing distance, break frequency and outdoor ex-
posure would improve accuracy. Longitudinal studies using cycloplegic refraction and axial
length measurements are needed to determine whether digital device use independently
contributes to myopia onset or progression.

5. Conclusions

This systematic review identified observational evidence suggesting an association
between screen-related behaviours and myopia-related outcomes in European children
and adolescents. However, the available evidence is heterogeneous and of low to very
low certainty, with most included studies being observational and many relying on self- or
parent-reported measures of screen exposure. Consequently, the current evidence does not
support causal conclusions or allow firm comparisons between different screen modalities.

The findings suggest that screen-related behaviours should be considered alongside
other established risk factors, including outdoor activity, parental myopia and broader
near-work behaviours. Practical advice should therefore focus on promoting balanced
digital device use, reducing prolonged uninterrupted near work and encouraging regular
outdoor activity rather than concentrating on screen time alone.

Future longitudinal studies using standardised definitions of screen exposure, objec-
tive exposure measures, cycloplegic refraction and axial length outcomes are required to
better understand the independent contribution of digital device use to childhood myopia.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/vision10030043/s1, Table S1: Completed PRISMA 2020 checklist [15].

Author Contributions: Conceptualisation, H.K.; methodology, H.K.; investigation, HK. and A.IL;
data curation, HK. and A.I; formal analysis, H K. and A IL; writing—original draft preparation, H.K,,
Al and M.A_; writing—review and editing, HK., A.I. and M.A_; visualisation, H.K.; supervision,
H.K.; project administration, H.K. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analysed in this study.

Acknowledgments: Artificial Intelligence (Al) tools ChatGPT (GPT-5.3 Instant, OpenAl, https://chat.
openai.com) were used solely for language refinement, including grammar and clarity. All scientific
content and conclusions are the authors” own work.

Conflicts of Interest: The authors declare no conflicts of interest.

https:/ /doi.org/10.3390/vision10030043


https://www.mdpi.com/article/10.3390/vision10030043/s1
https://www.mdpi.com/article/10.3390/vision10030043/s1
https://chat.openai.com
https://chat.openai.com
https://doi.org/10.3390/vision10030043

Vision 2026, 10, 43

13 of 15

Abbreviations

The following abbreviations are used in this manuscript:

Al Artificial Intelligence

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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WHO World Health Organisation
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Appendix A

Table A1l. PICO table.

PICO Element

Description

P (Population)

Children and adolescents (<18 years) living in European countries

I (Intervention/Exposure)

Digital screen exposure, including screen time, smartphone use, tablet use, computer use, and other

digital device use

C (Comparison) Lower screen exposure, reduced digital device use, or no reported exposure
O (Outcome) Development or progression of myopia, including refractive error (spherical equivalent), myopia
prevalence/incidence, axial elongation, or worsening visual outcomes
Appendix B
Table A2. Full Search strategy.

Database Date of Search Search Terms Filters Results
(myop* OR near-sightedness OR short-sightedness OR “refractive Laneuage: Enelish:
error”) AND (“screen time” OR smartphone* OR tablet* OR “digital guage: ENgUst;

OVID Embase January 2026 - an p , publication years: 425
device*” OR “computer use”) AND (adolescent* OR teenager* OR 5016-2026 Ae < 18
schoolchildren OR child* OR paediatric OR pediatric) &

(myop* OR near-sightedness OR short-sightedness OR “refractive Laneuage: Enelish:

OVID January 2026 error”) AND (“screen time” OR smartphone* OR tablet* OR “digital bic;i g n gr o 298

MEDLINE anuary device*” OR “computer use”) AND (adolescent* OR teenager* OR }2)(1)11 6_C2%22 AY e:<s.1 3
schoolchildren OR child* OR paediatric OR pediatric) &

TITLE-ABS-KEY (myop* OR “near-sightedness” OR
“short-sightedness” OR “refractive error”) AND TITLE-ABS-KEY English language;
Scopus July 2026 (“screen time” OR smartphone* OR tablet* OR “digital device*” OR  publication years 282

“computer use”) AND TITLE-ABS-KEY (adolescent* OR teenager*
OR schoolchildren OR child* OR paediatric OR pediatric)

2016-2026; article
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Table A2. Cont.

Database Date of Search Search Terms Filters Results

TS = (myop* OR “near-sightedness” OR “short-sightedness” OR
“refractive error”) AND TS = (“screen time” OR smartphone* OR English language;

Web of Science July 2026 tablet* OR “digital device*” OR “computer use”) AND TS = publication years 219

(adolescent* OR teenager* OR schoolchildren OR child* OR 2016-2026; article
paediatric OR pediatric)

Cochrane Li- “refractive error”) AND (“screen time” OR smartphone* OR tablet*
brary/CENTRAL

£ OR “menrci " OR i ”
(myop* OR “near-sightedness” OR “short-sightedness” OR Publication years

2016-2026; 42
CENTRAL/trials

July 2026 OR “digital device*” OR “computer use”) AND (adolescent* OR

teenager* OR schoolchildren OR child* OR paediatric OR paediatric)

Note: The asterisk (*) was used as a truncation symbol to retrieve all terms sharing the same word root but with
different suffixes.
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