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Purpose: This systematic review focuses on the effectiveness, safety, and implemen-
tation outcomes of light therapy as an intervention to prevent or control myopia in
children.

Methods: A systematic literature search was performed in PubMed, EMBASE, CINAHL,
SCOPUS, and Web of Science up to January 27, 2024. Effectiveness outcomes included
myopia incidence, and changes in axial length (AL), spherical equivalent refraction (SER),
and choroidal thickness (CT). Safety outcomes relating to retinal health or damage
and implementation outcomes including compliance rates and loss to follow-up were
extracted. ROBINS-I, ROB 2, and ROB-2 CRT were used to assess risk of bias.

Results: Nineteen interventional studies were included. Increased outdoor time (n =
3), red-light therapy (n = 13), and increased classroom lighting (n = 1) had a signifi-
cant effect on myopia incidence, and changes in AL, SER, and CT. Violet-light therapy (n
= 2) was only effective in children aged 8 to 10 years and children without eyeglasses
with less than 180 minutes of near-work time daily. Two studies using red-light therapy
reported adverse effects. For all studies, only compliance rates and loss to follow-up were
reported on implementation effectiveness.

Conclusions: Evidence is compelling for the effectiveness of red-light therapy and
outdoors time; more data are needed to confirm safety. Robust data are still needed to
prove the effectiveness of violet-light and increased classroom lighting. Clearer imple-
mentation strategies are needed for all light therapies.

Translational Relevance: Light therapy has emerged as effective for myopia prevention
and control. This systematic review summarizes the state of knowledge and highlights
gaps in safety and implementation for these strategies.

This work is licensed under a Creative Commons Attribution 4.0 International License. @. BY
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Introduction

Myopia, or near-sightedness, affects approximately
2 billion people globally.! It often begins in child-
hood, progressing throughout adolescence, and is
predominantly caused by a mismatch between the
optical powers of the cornea and the crystalline lens,
and the axial length (AL) of the eye whereby light
entering the eye is focused anterior to the retina,
leading to the inability to see distant objects clearly.”
Although genetics play a role in myopia development,’
the rapid surge in myopia prevalence worldwide, and
especially in Asia, occurring without significant gener-
ational genetic changes, suggests a considerable role of
environmental and lifestyle factors in myopia develop-
ment.*

Compared with individuals with mild or moder-
ate myopia, those with high myopia (refractive error
of <—5 diopters [D]),” are at significantly increased
risk for developing complications that may lead
to permanent loss of vision.® Some complications
include glaucoma, retinal detachment, and cataracts.®’
Current studies suggest that 9.8% of the world popula-
tion will have high myopia by 2050.% Several strate-
gies currently aim to manage myopia incidence and
progression in children, including atropine eye drops’
and orthokeratology.'’ Single vision optical interven-
tions, like glasses and contact lenses, offer correction
but do not necessarily slow progression.!!

Numerous cross-sectional and longitudinal studies
have reported a significant association between
increased time spent outdoors and reduced myopia
prevalence.!>”!> Some of the features of the outdoors
that may be protective against myopia are the level and
spectral compositions of daylight (i.e. high light levels,
broad spectral distribution, and containing infrared
[IR] and ultraviolet [UV] light wavelengths),!6-18
which are currently lacking in most indoor environ-
ments, especially in schools. This, in a way, drove the
development of behavioral interventions to increase
outdoor time but also the development of light therapy
strategies that utilize some of the features of the light
outdoors to treat or prevent myopia.

Although increasing the time outdoors remains
the most affordable approach to get exposed to
daylight,'”2! light therapy interventions in the
form of devices (red-light therapy?3*), violet/UV
light therapy,®>-* or architectural interventions (e.g.
increased classroom lighting®’) are emerging as poten-
tial complementary strategies for myopia prevention
and control in children.

Overall, the field of light therapy remains a novel
and emerging field of study. The majority of light
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interventions, particularly those using violet light, lack
comprehensive reviews on their effectiveness in reduc-
ing myopia progression. While red-light therapy is
relatively more established with various systematic
reviews and meta-analyses*®*! on its effectiveness in
slowing myopia progression, it has yet to be tested
for myopia prevention. Furthermore, there is a lack
of systematic understanding of implementation strate-
gies for red-light therapy, in contrast with successful
implementation strategies for interventions involving
increased outdoor time.*> 44

This systematic review addresses these gaps in the
evidence base. Our primary aim was to provide a
comprehensive overview of effectiveness and safety
of light therapies for myopia prevention and control,
including red light, violet light, outdoor time, and
improved classroom lighting. Our secondary aim was
to synthesize evidence on implementation strategies for
such interventions.

The review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist*> and guidance from the
Cochrane Handbook of Systematic Reviews of Inter-
ventions.*® The protocol of the review was registered
on the International Prospective Register of Systematic
Reviews (PROSPERO) under ID CRD42024513404 on
February 16, 2024.

Literature Search

A literature search on Embase, Medline (PubMed),
Scopus, Web of Science, and CINAHL (latest search
performed on January 27, 2024). The full search
strategy can be found in the online supplementary
material (Supplementary Table S1). Both medical
subject heading (MeSH) terms and general keywords
related to “myopia” and “light” were used as search
terms. This search strategy was developed through
discussions between the authors and consultations with
an expert librarian from the National University of
Singapore, Singapore.

Titles and abstracts of the papers found were
independently reviewed by pairs of reviewers (authors
D.C., PS., and J.J.; Pairs: D.C. and P.S., D.C. and 1.J.,
and P.S. and J.J.) and the relevant papers were identi-
fied. A full text analysis was carried out on all the
relevant papers to identify those that were suitable to
be included in this review. Any disagreements between
the reviewers on the papers included were resolved
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by group discussions with authors Nick Sevdalis and
Raymond P. Najjar and reviews of the papers within
the author group, including the two senior authors
(R.P.N. a visual neurosciences research expert and N.S.
an implementation science expert). Additionally, the
reference lists for each shortlisted paper were also
analyzed to identify papers of relevance to this review.

Eligibility Criteria

All types of interventional studies, including
randomized controlled trials, non-randomized
controlled trials, and case reports, were included
to allow for a comprehensive analysis of the efficacy,
safety, and implementation aspects of light therapies.
We included studies that used artificial and natural
light exposure as an intervention to prevent myopia
and/or control its progression.

Specifically, studies that investigated the effective-
ness of any form of intervention involving the direct
use of light on myopia prevention and/or control
in children and adolescents aged 5 to 18 years
were included. Studies that conducted similar analy-
ses on the same study population were compared
and the study most relevant to the research question
was selected for inclusion in the systematic review.
Secondary studies, such as reviews of any type or
meta-analyses and observational studies were excluded.
Articles not reporting primary data, such as letters
to the editors or commentaries, papers in languages
other than English, and papers not reporting data
directly related to our research questions or were
available in abstract-only format were also excluded.
Studies that did not involve human subjects, did not
measure or report myopia progression in quantitative
terms (e.g. using measures of SER or AL), and did
not mention prevention or control of myopia were
excluded. Additionally, studies that focused on treat-
ment of myopia symptoms (e.g. refractive surgeries)
and observational studies that did not detail an inter-
vention to prevent myopia progression were excluded.
There was no date restriction applied to the studies we
considered.

Data Extraction and Quality Assessment

Data extraction was carried out by pairs of review-
ers (authors D.C. and P.S. and J.J.; Pairs: D.C. and
PS., D.C. and J.J,, and P.S. and J.J.) and a data extrac-
tion table was crafted in an Excel 2016 (Microsoft,
USA) spreadsheet to extract the relevant data from
the articles. Any disagreements between the reviewers
were resolved by group discussions and reviews of the
papers, including the senior review authors (R.P.N. and
N.S).
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Quality assessment was performed using the Risk
Of Bias In Non-Randomized Studies - of Interven-
tions (ROBINS-I) tool, the Cochrane Risk Of Bias
(ROB 2) tool, and revised Cochrane risk of bias tool for
cluster randomized trials (ROB-2 CRT). Risk assess-
ment was performed independently by pairs of review-
ers (authors D.C. and P.S. and J.J.) with any disagree-
ments being resolved through discussion. ROBINS-I
is an assessment tool designed for evaluating the risk
of bias in estimates of the comparative effectiveness
(harm or benefit) of interventions from studies that
did not use randomization to allocate units (individu-
als or clusters of individuals) to comparison groups.*’
ROB 2 is a tool designed specifically for identifying
the risk of bias in randomized trials,*® whereas ROB-2
CRT is a tool used for cluster randomized trials.*® The
characteristics assessed by the tools used were methods
of randomization, timing of recruitment of partici-
pants, deviations from intended intervention, missing
data, measurement of outcomes, selection of reported
results, and confounding and classification of interven-
tions. The ROB-2 and ROB-2 CRT tools judged studies
overall to be of low risk, having some concerns or high
risk of bias; the ROBINS-I tool judged studies overall
to be of low risk, moderate risk, serious risk, criti-
cal risk of bias, or having no information to base a
judgment of risk of bias. Studies that were assigned a
low risk of bias were considered to have taken appro-
priate measures to minimize bias and its results were
taken to be reliable. Studies with moderate risk of bias
were deemed to have methodological flaws and limita-
tions that could reduce the reliability of the results;
however, these limitations were not severe enough to
invalidate the studies’ findings. A study with a high risk
of bias was one with significant limitations in its study
design, methodology, or analysis which could under-
mine the validity of its results.*® Additionally, a study
with serious risk of bias suggested that the study had
significant concerns that may affect the validity of its
results and a study with a critical risk of bias was one
with the most severe flaws which make its results unreli-
able to make informed decisions.*’ Tabulation and
visual presentation of risk of bias assessment results
for the ROB 2, ROB-2 CRT, and ROBINS-I tools were
made using the ROBvis tool.*’

Data Synthesis and Analysis

A qualitative data synthesis was performed to
summarize and analyze the following study charac-
teristics: details of intervention, primary effective-
ness outcomes (i.e. myopia incidence, and changes in
SER and AL), secondary effectiveness outcomes (i.e.
changes in CT), safety outcomes (e.g. reports of glare,
flash blindness, afterimages longer than 6 minutes
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after treatment, functional damage as indicated by
best corrected visual acuity [BCVA], and no abnor-
malities in the retinal or choroidal structure), and
implementation outcomes associated with the inter-
vention (e.g. compliance rate) extracted as per the
established taxonomy.*® In addition, we also extracted
characteristics of the intervention relating to its imple-
mentability — specifically factors negatively affecting
implementation and strategies to support or optimize
implementation.

Search Results

A total of 8175 papers were identified through the
following search strategy, which can be accessed in full
in the online supplementary material (see Supplemen-
tary Table S1). Following removal of duplicate papers
and untitled papers with no attached abstracts using
Endnote 21 (Clarivate, USA), 5356 papers remained.
After screening by title and abstract, 42 papers were
highlighted for full text review. After screening the full
text of the 42 papers, 19 observational studies*-3!-68
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and one retrospective case series® were excluded.

In addition, two papers conducted similar analy-
ses on the same study populations and offered no
novel insight,’®-”! one paper focused on a population
which did not meet the inclusion criteria,’”> one paper
described an intervention without a control group,”
and four papers did not measure or report myopia
progression in quantitative terms.”*77 A further six
papers were found through searching the citations of
studies which met the inclusion criteria. Out of these
six papers, only one paper was excluded that had a full
text which was not in English.”® At the final screening
stage, 19 interventional studies'’37 were included in
the systematic review. The final PRISMA flow diagram
for the review is shown in the Figure.

Description of Included Studies

The characteristics of the 19 selected studies and
details of their interventions are summarized in Table
1. Our review included randomized controlled trials,
non-randomized interventional studies, and a post-
trial follow up real world study of a previous random-
ized controlled trial. Studies focused on red-light
therapy (N = 13), violet light therapy (N = 2),

[ Identification of studies via databases and registers }

[ Identification of studies via other methods ]

)

Records removed before
screening:
Duplicate records removed
(n=1631)
Untitled records with missing
abstracts removed (n = 1188)

Records identified from:
Databases (n = 8175;
PubMed - 1430, Embase -
2235, CINAHL - 1478,
Scopus - 536, Web of
Science - 2496)

Registers (n = 0)

v

Identification

Records identified from:
Websites (n = 0)
Organisations (n = 0)
Citation searching (n = 6)

_ l

Records excluded
(n=5314)

Records screened

(n = 5356)

Reports sought for retrieval »| Reports not retrieved

Reports sought for retrieval Reports not retrieved

(n=0)

\d

|

Reports assessed for eligibility Reports excluded:

Full text not in English (n = 1)

v

2| | (=42 "l n=0) (n=6)
=
]
: I
O
(7]
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Refcir;s assessed for eligibility Y Observational Study (n = 19) P
(n=42) Retrospective Case Series (n=6)
(n=1)
Same study population (n = 2)
Population does not fall under
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No control group (n = 1)
v Outcomes measured fall under
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3
= Studies included in review _
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=
Figure. PRISMA flow diagram depicting the screening process for the review.
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increased outdoor time (N = 3), and improved indoor
classroom lighting (N = 1) as interventions for myopia
prevention and control. The majority of studies
measured myopia prevention and control quantita-
tively through measures of AL (N = 16) and SER
(N = 17). A smaller number of studies also measured
changes in CT (N = 11) and differences in myopia
incidence (N = 5). Of the 19 selected studies, 17 studies
measured cycloplegic SER, whereas 2 studies using red-
light therapy measured non-cycloplegic SER.

Summarized Description of Interventions

In studies using red-light therapy, low-level red-light
ranging from 635 to 650 nm was administered twice
daily, 5 to 7 days a week, for 3 minutes per session with
intervals of 4 hours between 2 sessions using a 0.03
to 2.00 mW light source with an illuminance range of
1200 to 1800 lux.?>3*

He et al.’s study in 2022,' involved providing 40 or
80 minutes of additional outdoor time per school day
to participants. Wu et al., in 2013,%! increased the recess
time spent outdoors by emptying classrooms, turning
classroom lights off, and by encouraging all children
to participate in outdoor activities during recess time.
Wu et al.’s study in 2018,%° increased outdoor time by
encouraging students to take a 10-minute break for
every 30 minutes of near work activities, by encour-
aging students to have 11 hours or more of outdoor
time every 7 days, and also by encouraging family
weekend outdoor activities through routine learning
assignments, honor rewards for students, and local
upcoming outdoor family event information to incen-
tivize outdoor activities and near-work breaks.

Mori et al’s study in 2021,% involved partici-
pants wearing violet light glasses that transmitted
360 to 400 nm light for 24 months, compared to a
control group wearing conventional eyeglasses that
did not transmit violet light, whereas the study by
Torii et al., in 2022,%¢ involved participants wearing
violet light emitting eyeglass frames at an irradiance
of 310 pW/cm? compared to a control group wearing
pseudo-placebo eyeglasses for the control group with a
minimal amount of violet light irradiance of less than
10 uW/cm?, with violet light irradiation occurring for
3 hours daily in both groups from 11 AM to 2 PM.

The study by Hua et al. in 2015,% rebuilt light-
ing systems in classrooms to allow for a minimum
average illuminance of 300 lux on desks and 500
lux on blackboards. Eight suspension-mounted grille
luminaires with 16 fluorescent tubes of 6500 K were
hung from the ceiling parallel to the window in two
rows, and a separate blackboard lamp fixture with one
tube was installed over the front blackboard. Further-
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more, fluorescent lights near the interior wall were lit
up on sunny days to avoid relative dimness compared
to the areas beside the windows.

Assessment of Risk of Bias

Ten of the randomized studies included were
judged to have a low risk of bias across all
domains,?!+23:2%.26,28,30,31,33.35.36 However, the study
by Dong et al., in 2023,?* raised some concerns due to
the selection of the reported result: the study report
offered no information regarding data produced being
analyzed in accordance with a prespecified analysis
plan that was finalized before unblinded outcome data
were available for analysis. The studies by Chen et al.,
in 2023,%2 and Tian et al., in 2022,3* were found to be of
high risk of bias due to deviations from intended inter-
ventions. This is because, for both studies, participants,
carers, and people delivering the interventions were
aware of the intervention groups during the trial and
no information was presented about deviations from
the intended intervention because of the trial context.
Furthermore, “naive” per-protocol analysis was used
which was inappropriate to estimate the effect of
adhering to the intervention (Supplementary Fig. S1).

Of the cluster randomized controlled trials, the
studies by Wu et al., in 2018,>° and He et al., in 2022,
had some concerns, whereas Hua et al., in 2015,%” had
high risk of bias due to deviations from intended inter-
ventions. In the studies by Wu et al., in 2018, and
He et al., in 2022,'° the concerns were mainly due to
the presence of non-adherence to the assigned inter-
vention, which would have affected the participants’
outcomes. In the study by Hua et al., in 2015,%7 devia-
tions arose from the trial context with the lighting
condition of blackboards not improving as much as
expected due to physical limitations, combined with the
lack of information as to whether this deviation was
balanced between test groups (Supplementary Fig. S2).

Three non-randomized interventional studies were
judged to have serious risks of bias. The studies by
Lin et al., in 2023,>” Wang et al., in 2023,%° and Zhao
et al., in 2023,% had potential biases due to confound-
ing factors such as age, time spent doing near work,
parental myopia, compliance to treatment, gender,
baseline SER, and baseline AL. The study by Lin et al.,
in 2023,%” also had high risk of bias from missing data
due to substantially different proportions of missing
participants across groups (Supplementary Fig. S3).

Current evidence supports the effectiveness of red-
light therapy for myopia control and outdoor time
for myopia prevention. Yet, some adverse events were
associated with red-light therapy, and data on the
implementation of all light therapies are limited. The
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following sections detail the effectiveness, safety, and
implementation findings for all interventions.

Interventional Studies Using Red

Light Therapy

Effectiveness

Thirteen studies used red-light therapy as an inter-
vention and showed a significant reduction in axial
elongation (P < 0.05) between the intervention and
control groups after follow-ups ranging from 4 weeks*
up to 24 months of treatment with the interven-
tion® (Table 2). Evidence of significant axial shorten-
ing compared to baseline measurements was reported
after 3 months,?” 6 months,???*:3* and up to 12 months
of red-light therapy.”® Ten studies showed a signifi-
cantly slower SER progression,?? 26-29-31.33.3% whereas
only one study showed no significant difference in SER
after treatment compared with the control groups?®’
(see Table 2). Nine studies showed a significant increase
in subfoveal CT after red-light therapy,?>23:26-29-34
whereas one study showed no significant changes in
CT 1 hour after red-light therapy’® and one study
reported changes in CT with no associated P value?
(see Table 2).

Only 2 out of 13 studies investigated the rebound
effect of red-light therapy after cessation of treatment.
Chen et al., in 2023, reported that AL and SER signif-
icantly increasing (P < 0.05) by 0.16 mm (95% confi-
dence interval [CI] = +0.11 to +0.22 mm) and —0.20 D
(95% CI = —0.26 to —0.14 D) over an observed period
of 3 months after cessation of treatment, whereas also
reporting that the increase in AL and myopic refrac-
tion was faster after therapy cessation; subfoveal CT
also returned to baseline measurements in the inter-
vention group after treatment cessation.?”> Xiong et al.,
in 2022, reported an axial elongation of +0.42 mm (P
< 0.001) and an SER progression of —0.91 D (P <
0.001) being observed over 12 months after the cessa-
tion of red light treatment. This rate of myopia progres-
sion compared to the control group was reported to
be greater than the observed second year progression
(AL = 40.28 mm, P = 0.005 and SER = —0.54 D,
P = 0.12) but similar to the first-year progression in
the control group (AL = +0.38 mm, P = 1.0 and SER
= —0.71 D, P = 0.93), suggesting a modest rebound
effect after cessation which did not completely oblit-
erate the benefits conferred by the preceding red-light
therapy. A decrease in red-light therapy efficacy in the
second year of treatment compared to the first year was
also reported: the red light treatment efficacy in reduc-
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ing axial elongation dropped from 89.5% in the first
year (repeated low-level red-light therapy for the first
and second year [RLRL—RLRL] = 40.04 mm, control
group [SVS—SVS] =+0.38 mm) to 57.1% in the second
year (RLRL—RLRL = 40.12 mm and SVS—SVS =
+0.28 mm) and similarly for slowing SER progression
efficacy dropped from 84.5% (RLRL—RLRL = —0.11
D and SVS—SVS = —0.71 D) in the first year to 63.0%
(RLRL-RLRL = —0.20 D and SVS-SVS = —-0.54 D)
in the second year (see Table 2).

Lin et al., in 2023, reported that red-light therapy
yielded a significantly greater decrease in AL in
children with a baseline AL of more than 24 mm. In
fact, AL change in participants with an AL greater
than 24 mm at baseline was —0.19 + 0.13 mm, whereas
the AL change in participants with a baseline AL less
than 24 mm was —0.02 + 0.07 mm (P = 0.007)%’
after 60 days of red-light therapy. One study reported
no significant difference in changes in AL and SER
between genders** and three studies reported no signif-
icant difference in changes in AL and SER?*’-* and
myopia incidence?® between different age groups.

Two studies reported potential dose-response
efficacy in myopia control with therapies that emit
red-light at 0.03 mW?* and 0.37 mW,?!' with the study
by Zhou et al., in 2024, finding that among 0.37
mW, 0.60 mW, and 1.20 mW powers of red-light
therapy, all powers have a significant effect on myopia
progression and control with no statistically significant
difference in efficacy between the different powers?!
(see Table 2).

Safety

Eight out of 13 studies®* >>-?°-31:3% reported no
adverse effects after continued red-light therapy. Three
studies did not assess adverse effects related to red-light
therapy.”®-3>3 Two studies reported adverse effects
which resolved spontaneously?®-?’ (Table 2). One study
reported no adverse safety effects after therapy, but
instead reported two participants withdrawing due to
bright light intolerance.?

Implementation

Four out of the 13 studies focusing on red-light
therapy as an intervention reported compliance rates
(i.e. a form of “fidelity of receipt” assessment) to
red-light therapy,”®~2>>2° with compliance rates ranging
from 60% to 94.5%. The study by He et al., in 2023,
attributed the cause of their low median compliance
rate to be from participants forgetting to bring the red-
light devices home during the coronavirus disease 2019
(COVID-19) lockdown period.>* Strategies to monitor
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translational vision science & technology

Light Therapy for Myopia Prevention and Control

and increase intervention compliance involved linking
the intervention device to the internet accompanied by
an automated diary function which recorded treatment
history,>>-?® tracking the attendance of participants for
treatment sessions, and sending reminders to study
personnel who subsequently contacted the partici-
pants’ parents or legal guardians to facilitate improve-
ments in treatment compliance,>? 3-2%-3% creation of a
WeChat group tracked by a researcher where partic-
ipants were required to upload photographs of their
treatment sessions daily to ensure compliance’” and
training of guardians or parents to supervise the
intervention at home?® (see Table 3). No data were
reported on the effect of these strategies on compliance
rates.

The studies by Wang et al., in 2023, and Jiang
et al., in 2022, reported a significant positive corre-
lation between treatment compliance and treatment
efficacy. The study by Wang et al., in 2023, reported
that as therapy compliance increased from less than
50% to more than 75%, efficacy in delaying AL
growth significantly increased from 37.5% to 188%,
and efficacy in increasing subfoveal CT significantly
increased from 91.9% to 117%, with P values < 0.001.%
Jiang et al., in 2022, reported that with improve-
ments in treatment compliance from less than 50% to
more than 75%, efficacy significantly increased from
44.6% to 76.8% in reducing axial elongation, and from
41.7% to 87.7% in controlling SER progression, with
P values < 0.001.%

We further analyzed loss to follow up as an indica-
tor of intervention implementability, within the trial
context. Across all 13 studies which focused on red-
light therapy as an intervention, the total loss to follow
up ranged from 0% to 26%, with a median loss to
follow up of 14.8%.2>3* Participants were lost to
follow up due to the COVID-19 lockdown,?3:27-2%-31
turning to other myopia treatments,??2>-27:29-31,33.34
deviation from treatment protocol,’>* and no time
for aftercare,® self-reported discomfort,”> segmenta-
tion errors and poor image quality upon outcome
measurement,”® not meeting the study inclusion crite-
ria,?” concern over side effects,’! worsening myopia
leading to withdrawal in the control group,’' devia-
tion from treatment protocol,’** and no time for
aftercare.”® These reasons for loss to follow up were
reported in both the intervention and control groups.
The loss to follow up based on turning to other
myopia treatments in studies ranged from 2.9% to
7.8%, whereas loss to follow up based on concern
over side effects was only reported in one study as
being 1.7%.

No studies investigating red-light therapy reported
any evidence nor described any reliable measure-
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ments regarding any other standard implementation
outcomes — including perceived acceptability, intended
adoption of interventions by stakeholder groups, costs
of implementation, sustainability, or maintenance of
the red-light therapy intervention over time.

Violet/Ultraviolet Light Therapy

Effectiveness

No significant differences in AL and SER were
observed between the intervention and control groups
with violet/UV light therapy (360-400 nm) before
specific subgroup analysis in both studies by Mori
et al., in 2021, and Torii et al., in 2022.3° After
specific subgroup analysis, the study by Mori et al.,
in 2021, found that violet-light transmitting eyeglasses
have a significant effect on axial elongation in children
with no previous history of eyeglasses use and who
have near-work time less than 180 minutes daily.®
In contrast, the study by Torii et al., in 2022,
found that violet/UV light emitting eyeglasses (360—
400 nm) significantly reduce changes in cycloplegic
SER and AL clongation in children aged 8 to
10 years.*®

Safety

Adverse effects, such as abnormalities in retinal or
choroidal structure and dermopathy, were evaluated
in both studies. However, none of the adverse effects
reported were specifically associated with violet light
therapy.

Implementation

The study by Mori et al., in 2021, reported a 19.5%
loss to follow up rate due to familial issues and protocol
deviation.® The study by Torii et al., in 2022, reported
a 18.6% loss to the follow up rate due to personal and
family issues with the eyeglasses — 6.9% (3/43) of the
total participants were lost to follow up due to fragile
eyeglasses. The violet-light emitting eyeglasses trial was
initially suspended due to the fragility of the eyeglass
frame and was resumed after the frame was upgraded
with a stronger material®® (see Table 3). Methods used
to monitor and increase compliance, although compli-
ance rates were not reported, included tracking of
violet light irradiation through recording on software
connected to a cloud server.’® Neither study report
any evidence related to any other implementation
outcome.
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Increased Classroom lllumination

Effectiveness, Safety, and Implementation

The study by Hua et al., in 2015, reported a reduc-
tion in the prevalence of new onset myopia in the inter-
vention group (4%) compared to the control group
(10%; P = 0.03). Among patients without myopia,
in the intervention group compared with controls,
changes in both mean SER (—0.25 £+ 0.40 D vs. —0.47
+ 0.40 D, P = 0.001) and AL (4+0.13 £ 0.17 mm vs.
+0.18 + 0.12 mm, P = 0.02) were significantly reduced.
However, among myopic children between the inter-
vention and control groups, the mean change in SER
between the two groups was not significantly differ-
ent (—0.25 + 0.47 vs. —0.31 £ 0.46 D, P = 0.39),
although the mean axial elongation was significantly
shorter in the intervention group compared with the
controls (+0.20 & 0.11 mm vs. +0.27 + 0.10 mm, P =
0.0001; see Table 2). No safety outcomes were assessed
in this study (see Table 2). Increased classroom light-
ing was reported with the median average illuminance
of desks increased up to 558 lux (interquartile range
[IQR] = 506-603 lux) after the intervention, surpassing
the 300 lux requirement, with the median uniformity
of desk lighting increasing to 0.67 (IQR = 0.64-0.71)
approaching the recommended value of 0.7. However,
due to practical constraints, the median average illumi-
nance of blackboards only increased to 440 lux, 88%
of the recommended level of 500 lux, with unifor-
mity declining to 0.65 (IQR = 0.59-0.71) from a pre-
intervention value of 0.72 (IQR = 0.62-0.75). A loss
to the follow up rate of 13.7% due to participants being
excluded from other simultaneous myopia treatment or
eye disease, lack of eligibility for cycloplegia, and being
unwilling to travel to the hospital for an eye examina-
tion’’ (see Table 3). No data about any other outcome
were reported.

Increased Exposure to Light Outdoors

Effectiveness

Three studies reported a significant reduction in
myopic SER, AL elongation, and reduced myopia
incidence between the intervention and control
groups.!” 2! However, within the selected studies
in this review, evidence is uncertain whether this effect
is significant in both patients without myopia and
patients with myopia?® or patients without myopia
only'%-?! (see Table 2). The study by Wu et al., in 2018,
also reported in their subgroup statistical analysis that
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participants who had 200 minutes or more of weekly
outdoor time during school and were not myopic
at baseline had significantly less myopic shift when
exposed to moderate light intensity in environments of
1000 lux (+0.18 D, 95% CI = 0.04-0.32, P = 0.01) or
more, 3000 lux or more (+0.22 D, 95% CI = 0.06-0.37,
P = 0.006), or 5000 lux or more (+0.24 D, 95% CI
= 0.14-0.33, P < 0.001). However, when assessing
participants who had 125 to 199 minutes of outdoor
time during school, only those without myopia at
baseline who were exposed to a 10,000 lux or more
had significantly less myopic shift (+0.16 D, 95% CI
= 0.08-0.24, P < 0.001). Thus, the study by Wu et al.,
in 2018, suggested that non-myopic school children
who are exposed to less than 200 minutes of outdoor
time per week may need exposure to environments
with illuminations greater than 10,000 lux to achieve
protective effects against myopia, whereas in those
who have at least 200 minutes of weekly outdoor time,
moderate light intensity environments greater than
1000 lux may be sufficient to protect against myopia.’
The study by Wu et al., in 2013, noted that combined
treatment of outdoor activity and atropine did not
further control myopia progression.?!

Safety

None of these studies assessed or reported any
safety outcomes related to eye health associated with
outdoor time (see Table 2).

Implementation

The study by Wu et al., in 2018, reported a compli-
ance rate of enrolled participants as high as 100%,
however, when excluding participants who did not
attend the final follow-up assessment, they reported
86% and 88% compliance rates in the control and inter-
vention groups, respectively’” (see Table 3). Noncom-
pliance occurred in the intervention groups, with the
control group also potentially receiving the interven-
tion being reported.!®?° The study by He et al., in
2022, reported no compliance rates, however, it was
mentioned that implementation of outdoor time was
achieved for 84.6% of the intervention group with an
extra 40 minutes of outdoor time per school day and
88.0% of the intervention group with an additional
80 minutes of outdoors time per school day! (see
Table 3). The study by Wu et al., in 2013, reported no
implementation outcomes. The studies by He et al., in
2022, and Wu et al., in 2018, reported moderately high
loss to follow up rates (see Table 3) with the reasons for
the loss to follow up generally being due to the design
of the study and external factors (such as transferring
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schools) rather than the implementation of increased
outdoor time. The study by Wu et al., in 2013, reported
no loss to follow up. Methods to monitor and improve
compliance include approval and support from govern-
ment agencies, supervision of intervention at various
levels (e.g. school, district, and municipal), recording
of information using a web-based application, assign-
ment of investigators to monitor intervention compli-
ance, and assignment of a wearable wrist-watch light
sensor!? and self-recorded diary log to participants to
track light exposure?” (see Table 3).

To our knowledge, this is the first systematic review
to not only synthesize effectiveness and safety, but
also implementation evidence for light therapies for
myopia prevention and control in children. Our review
found high quality evidence across multiple random-
ized controlled trials and non-randomized interven-
tional studies showing red-light therapy having signif-
icant effectiveness on the alleviation of AL elongation
and myopic SER increases, in addition to increased CT
in the intervention groups compared with the control
groups, after a therapy period ranging from 4 weeks
to 24 months — a finding consistent with recent meta-
analyses reporting that red-light therapy may be effec-
tive in alleviating myopia progression through reducing
axial elongation and myopic refraction changes,3’*
and through increasing CT.3®7 Nonetheless, despite
the extensive evidence supporting the effectiveness of
red-light therapy, only one study®® investigated its
effects over a period longer than 12 months. Other
studies also report red-light therapy as having a greater
effectiveness compared with other treatments®>7* with
a rebound effect potentially related to its high efficacy.*”
This rebound effect upon cessation may lower the clini-
cal usefulness of red-light therapy through reduced
sustainability of its effects, however, the limited pool
of evidence makes it difficult to draw consistent, defini-
tive conclusions about these effects. Furthermore, with
evidence being uncertain regarding the effectiveness
of red-light therapy between children of different age
groups and with different myopia severities, it can
be concluded that more studies should be conducted
to investigate the effects of red-light therapy over a
period of at least 2 years, its efficacy between differ-
ent age groups and myopia severities, its efficacy
compared with other myopia treatments, and its associ-
ated rebound effect.

Conflicting evidence regarding the safety of red-
light therapy was also found, with two studies reporting

TVST | August 2024 | Vol. 13 | No. 8 | Article 31 | 18

minor adverse effects which resolved spontaneously.
However, the long-term adverse effects of red-light
therapy beyond a continued 2-year treatment period
remains unknown, and safety concerns related to
the intensity and duration of the interventions have
recently been raised by a study by Ostrin et al.,
in 2024.%8 It is worth noting, however, that Ostrin’s
conclusions may not apply to all red-light devices.®!
The uncertain long-term safety evidence for red-light
therapy makes it difficult to definitively conclude
whether the benefits and effectiveness of this therapy
outweigh the risks associated with its administration.
Evidence was, however, found supporting significant
effectiveness of myopia control at lower powers than
the currently adopted red-light therapy regimen. Thus,
whereas further investigations should be conducted to
confirm the long-term side effects of continuous red-
light therapy and ensure the safety of all commer-
cially available red-light therapy devices, a treatment
regimen with a more conservative power can be consid-
ered to both control myopia progression and alleviate
any potential long-term side effects.

Our review found that implementability of light
therapies for myopia is overall under-researched.
Fidelity of therapy receipt, in the form of compli-
ance, was the most reported implementation measure.
This was found highly variable across studies — for
example, ranging from very low (14.1%) to very high
(112.1%) for red-light therapies, with little data explain-
ing the reasons behind this range. Possible strategies
to support or enhance implementation with users (i.c.
children and their families/guardians) were reported
but without direct evidence on how effective these
were in maintaining or increasing compliance with red-
light therapy delivery. The small and solely descrip-
tive amount of implementation data makes it difficult
to draw definitive conclusions on the fidelity of red-
light therapy. Furthermore, considering evidence for a
positive adherence-response relationship was reported,
we conclude that strategies to improve compliance and
possible barriers to compliance of red-light therapy
should be investigated systematically. To support the
widespread adoption of red-light therapy as a treat-
ment for myopia prevention and control in children,
future studies researching red-light therapy should plan
in their protocols to record compliance rates, assess the
effect between different methods to increase compli-
ance, and also confirm the positive adherence-response
relationship identified by this review.

Some indirect implementation evidence for red-
light therapy can be deduced from reported loss
to follow-up rates. Even within the study context
(i.e. not the usual setting for these children or
their parents/guardians), such evidence informs the



translational vision science & technology

Light Therapy for Myopia Prevention and Control

adoption and/or reach potential of red-light therapy.
Participants that withdrew specifically from self-
reported discomfort caused by the red-light therapy or
concern over associated side effects explained a small
proportion of the total loss to follow up in the respec-
tive studies. Studies that reported participants turning
to other myopia treatments reported no data about
whether this was due to the red-light therapy interven-
tion or for unrelated reasons — more detailed reporting
of reasons for loss to follow up in future studies could
help identify factors affecting the perceived accept-
ability and intended adoption of red-light therapy. It
should also be noted that the reported loss to follow-
up rates also included methodological factors specific
to the individual study design rather than the red-light
intervention which can result in overestimation of its
effect on implementation.

There is existing evidence to suggest that red-light
therapy is less cost effective than other existing myopia
treatments which may be a barrier to its implemen-
tation.®” However, this study did not account for the
potential of rebound when calculating the cost effec-
tiveness of treatments, with red-light potentially being
even more costly with its potentially greater relative
rebound effect.

Compared to red-light therapy, this review found
very limited evidence supporting a significant effect
of violet/UV light therapy on myopia prevention and
control. Specific subgroup analysis undertaken by the
violet light studies should be taken with caution due
to the small sample size used in both studies’ analy-
ses and should be confirmed with studies with a larger
sample size. A previously published case report has
also described axial shortening and choroid thicken-
ing in a 4-year-old child after 24 months of wearing
violet light transmitting eyeglasses and having 2 hours
of outdoor activities daily, with no adverse effects
being observed,®® still indicating potential for violet
light to be a significantly effective treatment for myopia
control.

None of the included studies investigating violet
light reported any adverse effects from violet-light
exposure, nonetheless, researchers and clinicians
should still note the risks of excessive ultraviolet light
exposure namely immunosuppression,® premature
skin aging,®® and macular degeneration.?®-3” Addition-
ally, some studies suggested a link between violet light,
and potential retinal damage,®® such as chorioretinal
atrophy and visual loss.®

Both violet light studies failed to report compli-
ance rates and provided limited reasons behind loss to
follow-up rates, making it difficult to draw any conclu-
sions about the fidelity of delivery of violet-light
interventions. Nonetheless, as violet-light transmitting
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eyeglasses need a minimum outdoor time to work
effectively, this could represent a potential barrier to
implementation in environments where children have
limited outdoor time. At the same time, there is poten-
tial to complement outdoor time treatment regimens
with the use of violet-light emitting eyeglasses indoors
to improve myopia treatment efficacy, however the
fragility of the currently proposed design for violet-
light emitting eyeglasses presents a moderate concern
and barrier to its implementation. The cost effective-
ness of violet-light transmitting eyeglasses has yet
to be and should be investigated to further support
implementation discussions. Evidence regarding use
of violet light to control and prevent myopia is still
in its infancy thus more studies should be conducted
to confirm the efficacy, safety, and rebound of violet
light, as well as to enable discussions about perceived
acceptability and sustainability of violet-light
therapy.

Regarding the effect of improved indoor classroom
lighting on myopia prevention and control, only one
cluster randomized controlled trial reported signifi-
cant effectiveness — similar to a previous observa-
tional study”® — however, this effectiveness was reported
to be varied between patients without myopia and
patients with myopia. The study by Hua et al., in
2015, noted decreased illuminance at blackboards due
to practical constraints, highlighting an important
barrier to feasibility. No loss to follow up related to
the implementation of indoor classroom lighting was
also found, which may be due to the institutional,
group-based, and noninvasive nature of the inter-
vention generally raising light levels for all students
and not specifically increasing light exposure to an
individual, reducing the risk of both adverse effects
and implementation challenges. Data regarding rates
of compliance to the intervention were not reported,
however, the regimented nature of school attendance
as opposed to implementation of interventions at
home may have allowed for higher compliance rates
to the improved indoor classroom lighting environ-
ment. Further research is warranted to replicate and
directly test these observations for indoor classroom
lighting.

Corroborating previously published literature, our
systematic review found that increased outdoor time
had significant effectiveness in myopia prevention and
control. However, conflicting evidence emerged regard-
ing the significant effects of increased outdoor time
on changes in SER and the effect of outdoor time
on patients with myopia and patients without myopia.
Nonetheless, current meta-analyses show that outdoor
time significantly reduces SER change in interven-
tion groups compared with controls®’-*> and that
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outdoor time is more effective in patients without
myopia, but still generally beneficial for myopia control
in patients with myopia.* No outdoor time studies
included in this review recorded adverse effects related
to increased outdoor time, however, the risks of
outdoor exposure are well documented and should be
recognized by researchers and clinicians alike. These
risks include sunburns®® and increased risk of skin
cancers.”* In children specifically, exposure to danger-
ous creatures, poisonous plants, allergens, and irritants,
such as bug bites, are some risk factors associated
with increased outdoor time.”>-°® These naturally exist-
ing risks should be considered in conjunction with
the benefit of increased outdoors time for myopia
control.

Evidence on implementation of outdoor time was
sparse. The study by He et al., in 2022, that did
report on those identified some challenges, despite the
regimented nature of schools which might be expected
to aid implementation. Challenges could have been due
to the implementation of increased outdoor time being
hindered by physical space availability, opportunity
for structured activities, weather, and logistical issues
involving short break times and transitions between
outdoors and classrooms, differing daily regional
sunlight hours and cultural attitudes on sun exposure
and academic performance.!” A high compliance rate
was found for outdoor time in the sole relevant study
included in this systematic review indicating potential
for successful implementation, whereas also pointing
toward a need for more studies which focus on outdoor
time to report compliance rates.

Limitations

Our review has limitations. First, implementation
evidence was sparse and limited in nature when
available, precluding firm conclusions about scala-
bility and sustainability of the review therapies.
Second, only studies in English were included in this
review, which may have omitted potentially relevant
research.

Novel Ideas and Extensions (Limitations of
Research Space)

Behavioral light therapy strategies to prevent and
control myopia in children, such as increased outdoor
time, have been well documented and researched,
however, research into the effectiveness and implemen-
tation of technical light therapies (red-light and violet
light emitting devices, and improved indoor classroom
lighting) is still in its infancy. Current scientific liter-
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ature shows that red-light therapy has been proven
to have significant effectiveness at myopia prevention
and control, but few studies have explored strate-
gies to improve implementation of red-light therapies
and monitored the degree of implementation success,
unlike outdoor time. Similarly, research surrounding
the effectiveness of red-light therapy after periods of
treatment longer than 2 years is still underdeveloped,
along with evidence showing effectiveness of red-light
therapy in different subgroups of children. Violet light
therapies and improved indoor classroom lighting have
the potential to be used for myopia prevention and
control, but more research should first be conducted to
determine their effectiveness and potential for success-
ful implementation in larger populations. Other light
therapies which have potential to control myopia but
have yet to be explored in an interventional study
that includes the use of a novel bright classroom to
generate a greater light intensity environment®® and
the effect of exercise supplementing the myopia control
effect of outdoor time.”” As more research is to be
conducted on the impact of light delivery devices
and ambient light on myopia, these should consider
the standardization in reporting of protocol and
light intervention to allow for better replication and
meta-analyses.”’

Evidence exists to show that combining increased
outdoor time with atropine treatment did not have a
synergistic effect,”! however, existing research has yet
to show the combined effect of different light therapy
regimens. A similar approach can also be taken toward
investigating the combining of light therapies with
other existing non-light strategies to control myopia
— given the reduced efficacy of red-light therapy in
the second year of therapy and potential rebound
effects of existing myopia treatments, the possibility
exists for combinations of light therapies and tradi-
tional myopia control strategies in children to achieve
maximum efficacy of myopia control.

It is important to note that all light therapies
discussed in this review impose different levels of treat-
ment burden on both children and their families. This
burden, which may involve significant time commit-
ments or logistical planning, could pose a barrier to
widespread implementation. The extent to which this
burden affects the overall effectiveness and benefits of
these therapies remains unclear and warrants further
investigation. Future studies should focus on exploring
feasible implementation approaches for light therapies
aimed at controlling and preventing myopia progres-
sion.

Most of the studies included in this review involved
Chinese participants, with the exception of two studies
that focused on Japanese children, underlining a need
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to carry out similar studies with other nationalities.
Large-scale, multiethnic studies with planned subgroup
analysis should be conducted in order to fill in these
research gaps.

Implications for Policy and Practice

Although evidence exists showing the significant
effectiveness red-light therapy has on preventing and
controlling myopia progression, with a very limited
number of studies showing the significant effective-
ness over a treatment period greater than 2 years, red-
light therapy may not yet be suitable to be recom-
mended for widespread use, especially because myopia
can continue to develop from ages 5 to 16 years.”® 1%
Similarly, the potential modest rebound effect upon
cessation of red-light therapy shows a potential lack of
sustainability and potential futility if children or their
parents/guardians are unable or unwilling to pursue
red-light treatment, hence opt to stop it prematurely.
To minimize this rebound effect, a gradual reduc-
tion in treatment sessions over time are likely benefi-
cial, as has been suggested for atropine.®* Switch-
ing children into alternative therapy strategies may
also alleviate the rebound effect. Existing approaches
currently reported by studies included in this review
can be used as a reference for strategies to aid imple-
mentation of red-light therapy. However, with safety
concerns, moderately high but wide-ranging compli-
ance rates, and other more cost-effective alternatives,
red-light therapy has some evidence to suggest poten-
tial challenges in scaled implementation. In contrast,
strategies to control myopia by increasing outdoor time
have already been implemented in primary schools in
Singapore,*> Taiwan,'?! and China!® with successful
effects.
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