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ABSTRACT

Introduction:  Myopia and its vision-threaten-
ing complications present a significant public 
health problem. This review aims to provide an 
updated overview of the multitude of known 
and emerging interventions to control myopia, 
including their potential effect, safety, and costs.
Methods:  A systematic literature search of 
three databases was conducted. Interventions 

were grouped into four categories: environmen-
tal/behavioral (outdoor time, near work), phar-
macological (e.g., atropine), optical interven-
tions (spectacles and contact lenses), and novel 
approaches such as red-light (RLRL) therapies. 
Review articles and original articles on rand-
omized controlled trials (RCT) were selected.
Results:  From the initial 3224 retrieved 
records, 18 reviews and 41 original articles 
reporting results from RCTs were included. 
While there is more evidence supporting the 
efficacy of low-dose atropine and certain myo-
pia-controlling contact lenses in slowing myopia 
progression, the evidence about the efficacy of 
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the newer interventions, such as spectacle lenses 
(e.g., defocus incorporated multiple segments 
and highly aspheric lenslets) is more limited. 
Behavioral interventions, i.e., increased outdoor 
time, seem effective for preventing the onset of 
myopia if implemented successfully in schools 
and homes. While environmental interventions 
and spectacles are regarded as generally safe, 
pharmacological interventions, contact lenses, 
and RLRL may be associated with adverse effects. 
All interventions, except for behavioral change, 
are tied to moderate to high expenditures.
Conclusion:  Our review suggests that myopia 
control interventions are recommended and pre-
scribed on the basis of accessibility and clinical 
practice patterns, which vary widely around the 
world. Clinical trials indicate short- to medium-
term efficacy in reducing myopia progression 
for various interventions, but none have dem-
onstrated long-term effectiveness in preventing 
high myopia and potential complications in 
adulthood. There is an unmet need for a unified 
consensus for strategies that balance risk and 
effectiveness for these methods for personalized 
myopia management.

Keywords:  Myopia control; Myopia manage- 
ment; Intervention; Safety; Effect; Cost; RCTs

Key Summary Points 

This review provides an updated overview of 
the various methods of myopia control.

The amount of evidence varies substantially 
between the different interventions, and 
there are also major differences in terms of 
their effect, safety, and costs.

There is a lack of data regarding long-term 
effectiveness and long-term safety of these 
interventions.

A unified consensus is needed for a balance 
of risk and effectiveness of these methods to 
allow for individual myopia management.

INTRODUCTION

Myopia is a refractive error that results from 
irreversible axial elongation [1, 2], which subse-
quently can be associated with a higher risk of 
complications in adulthood, including retinal 
detachment, glaucoma, cataract, and myopic 
macular degeneration (MMD) [3–5]. The sever-
ity of complications related to myopia increases 
almost exponentially with higher degrees; there-
fore, a distinction between myopia, i.e., spheri-
cal equivalent refractive error (SER) ≤ − 0.50 diop-
ters (D), and high myopia, SER of ≤ − 6.00 D, is 
necessary [1]. High myopia is associated with 
pathologic myopia, which can lead to irrevers-
ible vision impairment or even blindness [6–9]. 
Worryingly, the onset of myopia is increasingly 
seen in younger children in East Asia [2, 10], 
with Asians having earlier onset, faster progres-
sion, and longer duration than other ethnic 
groups [11, 12].

Over the last decades, the rise in myopia prev-
alence coincided with urbanization, an intensi-
fied focus on education, and reduced time out-
doors [13, 14]. As a consequence, the prevalence 
of myopia varies depending on geographical 
and ethnic factors, with rates reaching as high 
as 90% for myopia and up to 30% for high myo-
pia in schoolchildren from East and Southeast 
Asia [15–19]. Population studies in 12-year-old 
children employing cycloplegic refraction report 
myopia rates that range from 6.0% in Cambodia, 
to 7.4% in New Delhi, to 17.7% in Northern Ire-
land, and 20.0% in the USA. In East Asian coun-
tries, specifically China and Hong Kong, the 
rates are 49.7% and 53.1%, respectively [20–26]. 
Remarkably, Singapore and Japan record an even 
higher prevalence of myopia in school children 
at 62.0% [10, 27]. Despite the elevated myopia 
rates in some urbanized areas of East Asian coun-
tries, there exists variability—likely due to eth-
nic disparities and divergent behavioral [28–34]. 
Because of changing behaviors, myopia preva-
lence is also increasing in other geographical 
regions [35–37].

Fortunately, myopia control interventions 
have evolved tremendously over the past few 
decades. Forty years ago, the belief in an asso-
ciation between myopia and near work led to 
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interventions, such as bifocal glasses and topi-
cal atropine, which focused on accommoda-
tion [38, 39]. Twenty years later, the discovery 
of the importance of how peripheral hyperopic 
defocus may contribute to eye growth led to 
the exploration of interventions like peripheral 
defocus glasses and contact lenses [40]. Based on 
the advancements in understanding processes 
involved in eye growth, ever more interventions 
and treatments are being developed. Our objec-
tive is to provide a comprehensive overview of 
various myopia control measures, offering a use-
ful evidence-based summary for practitioners.

METHODS

We have categorized myopia control interven-
tions into four main categories [41–47]: First, 
behavioral and environmental considerations, 
such as increased exposure to sunlight and out-
door activities [15, 33], along with adjustments 
of reading distance and near work practices. Sec-
ond, a pharmaceutical approach with atropine [48] 
and other drugs, e.g., pirenzepine and 7-meth-
ylxanthine (7-MX). Third, optical interventions 
[12, 49, 50] including a variety of contact lenses 
(myopia control soft contact lenses (SCL), and 
orthokeratology (OK) lenses), or spectacles with 
technologies such as defocus incorporated mul-
tiple segments (DIMS), highly aspherical lenslets 
target (HAL), diffusion optics technology (DOT), 
and others more. Additionally, newer approaches 
such low-intensity red-light (RLRL) [51] and 
violet-light (VL) therapies are introduced. Corre-
spondingly, the literature search was conducted 
for each specific intervention separately. The 
following three questions guided the literature 
search and selection of articles: “How safe is the 
intervention?”, “How effective is it?”, and “What 
are the associated costs?” MEDLINE via PubMed, 
Cochrane Central Register of Controlled Trials 
(CENTRAL), and Web of Science were searched. 
The keywords used consisted of a combination 
of “myopia control” and one specific interven-
tion, e.g., AND “atropine” AND “safety” OR 
“efficacy” OR “cost”. Searches were conducted 
according to a predefined protocol and carefully 
documented (Supplementary Table 1). Initially, 

articles published between January 2014 and 
December 2023 were searched for. Thereafter, 
the identified articles were stored in Zotero® 
[52]. Following the removal of duplicate entries 
per group, titles and abstracts of the remain-
ing articles were assessed. For each of the main 
intervention groups publications were separately 
checked and considered if they provided any 
information on the intervention’s safety, effect, 
or cost. According to predefined inclusion crite-
ria (Table 1) only original articles reporting the 
results of randomized controlled trials (RCTs) 
were included. Also, they had to report the effect 
of a specific intervention for myopia control in 
children aged 4–18 years. In the case of multi-
ple publications from the same research group, 
i.e., same authors, only the most recent or most 
comprehensive was selected. If more than ten 
original articles of RCTs were identified for a 
specific intervention, only the most recent were 
considered. Furthermore, the content of these 
included publications on RCTs was extracted 
and summarized in tabular format (Supplemen-
tary Tables 2–7) following the PRISMA checklist 
[53]. A manual search supplemented the process; 
it was conducted by reviewing the reference lists 
of the included papers to ensure a comprehen-
sive coverage of relevant literature. Finally, we 
provide a qualitative summary in the form of 
a figure with four panels: the first panel depicts 
the amount of evidence retrieved and included, 
panels 2–4 give estimations of the effect, risks, 
and costs related to the main and currently most 
frequently applied myopia control methods. The 
graphs are based on approximations of the sum-
marized data (Supplementary Table 8); the rela-
tionship of the different methods to the timeline 
from premyopia to high myopia is approximate 
and not based on citable, concrete numbers.

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.

RESULTS

The performed literature searches resulted in a 
total of 3224 identified publications from the 
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three databases: PubMed (n = 737), Cochrane 
(n = 1147), and Web of Science (n = 1340). After 
removal of 1858 duplicates within interven-
tion groups, as well as the removal of confer-
ence abstracts, study registrations, and publi-
cations not written in English, a total of 1018 
publications were manually screened (Fig. 1). A 
total of 103 RCTs were identified and  checked 
in more detail for every intervention sepa-
rately. Of these, 41 RCTs were included in the 
final analysis and summarized in tabular form 
(Supplementary Tables 2–7). Of the 140 review 
publications found, 18 reviews [9, 12, 19, 45, 
54–67] published in the years 2019 to 2023, 
and retrieved via multiple searches, were con-
sidered, and included. In addition, some new 
myopia interventions, e.g., the cylindrical annu-
lar refractive element (CARE) lenses, were added 
later. Overall, the number of published articles 
varied significantly on the basis of the specific 
intervention (Fig. 1). Generally, more literature 
was found for longer existing interventions, e.g., 
OKs, multifocal SCL, and atropine, whereas, for 
newer myopia-controlling spectacle lenses, e.g., 
DIMS and HAL, only few articles were identified. 
In particular, of the 103 publications reporting 
results from RCTs, many more were found in 
the pharmacological category about atropine 
(n = 41; 40%), compared to those about different 
types of spectacles (n = 11; 11%), e.g., DIMS or 
HALs (Fig. 1). This provided the underlying basis 

for an approximation and qualitative synthesis 
of the evidence, effect, safety, and costs of the 
main myopia control interventions as displayed 
in Fig. 2.

Environmental and Behavioral Interventions

Increased Outdoor Time and Sunlight 
Exposure

Considerable evidence suggests that spending 
more time outdoors, exposed to sunlight offers 
protection against myopia, even after adjusting 
for factors such as near work, parental myo-
pia, and ethnicity [13–15, 33, 68–70]. Several 
investigations identified education and time 
spent outdoors as significant risk factors in the 
development of myopia [13, 40]. While the 
exact underlying mechanisms have not been 
confirmed, studies report a higher prevalence 
of myopia with decreased outdoor time and 
increased intensity, as well as duration of edu-
cation [6]. In the attempt to explain the protec-
tive aspects of outdoor time, several theories 
have been proposed [70–72], including higher 
light intensity and the spectral composition of 
sunlight as possible influential factors [8, 30, 
69, 71, 73–78].

A relevant amount of evidence indicates that 
interventions focused on increasing time spent 

Table 1   Selection criteria of articles

Criterion Inclusion of trial

Type of study Randomized controlled trial (RCT)

Research question Investigation of effect, efficacy, safety, or cost of specific myopia control intervention in chil-
dren

Age of participants 4–18 years

Language English

Same study population Only newest

Myopia measurements Objective measurement: refraction (ideally with cycloplegia) or axial length of the eye

Myopia definition SER ≤ − 0.5 D

Report of association Effect estimates with 95% confidence interval (CI) or standard error (SE)
Full text Accessible via institution
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outdoors by 40 to 120 min per day appear to 
have a positive impact on reducing the onset 
of myopia and slowing its progression [14, 
15, 32–34, 79–82]. Among others, Cao et al. 

estimated the positive effect of outdoor time 
with an improved pooled risk ratio of 0.76 
(95% confidence interval [CI], 0.67–0.87) for 
new myopia cases. Also, the effect on myopia 

Fig. 1   Flowchart describing the process of literature search, identification, and selection
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progression reached a pooled mean difference 
of 0.15 (95% CI 0.06–0.23) D benefit on refrac-
tive error [68]. In the present literature search 
five articles [34, 80, 83–85] reporting results 
from RCTs involving increased outdoor time 
or activity as an intervention were identified 
(Supplementary Table 2). One of these studies 
indicates that it is more the aspect of being 
outdoors, rather than the activity level that 
contributes to the protective effect of outdoor 
times [84]. A large cluster-randomized study 
from China estimated that 40 min of addi-
tional outdoor time per day decreased adjusted 
incidence by 16% (incidence risk ratio [IRR], 
0.84; 95% CI 0.72–0.99; p = 0.035), compared 

to the control group maintaining their habitual 
outdoor time [83]. In Taiwan, an educational 
policy mandating a minimum of 80 min of 
daily outdoor time led to a notable reduction 
of myopia incidence, dropping from 17% to 
8%, and a decrease in the myopic progression 
from 0.38 to 0.25 D, particularly evident in 
children who had not yet developed myopia 
[80, 86].

Although spending time outdoors seems 
generally safe, it is nonetheless important to 
consider the potential risks linked to outdoor 
activities, which necessitates appropriate appli-
cation of sun protection for both the eyes and 
skin [19]. Increased outdoor time is accessible to 

Fig. 2   Qualitative visualization of main myopia control 
methods in the East Asian ethnic group. Each intervention 
category is marked in a different color: outdoor time in 
green; atropine eye drops in blue; all types of myopia con-
trol spectacles are summarized in yellow; OK and myopia 
control SCL in violet; and RLRL in red. The bar heights 
and areas represent approximations; they are not propor-
tional and cannot be taken as precise measurements. The 

amount of existing evidence was approximated from the 
number of identified RCTs (Fig. 1). The information sum-
marized in the panels on effect, safety, and costs is extracted 
from the included RCTs (n = 41) and reviews (Supplemen-
tary Table  8). Since most of the available literature origi-
nates from East Asia, the visualization is limited to the situ-
ation in East Asian ethnicity. The color of the areas fades or 
question marks are places where there is uncertainty.
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all individuals but may be constrained by social 
factors such as academic expectations, weather 
conditions, and seasonal variations [87]. A 
shift towards more outdoor activity could even 
increase student productivity and performance: 
a recent Chinese study showed that school chil-
dren, aged 8 to 10 years, who spent an addi-
tional 2 h outdoors, reached statistically higher 
academic performance compared to those who 
followed the regular curriculum without extra-
curricular physical activity outdoors [85]. How-
ever, successful implementation of such a public 
health intervention still requires more public 
and governmental awareness, as well as strat-
egies to overcome existing hurdles to achieve 
more time outdoors each day [6].

Near Work and Reading Distance

The use of electronic devices in education and 
daily life has led to increased screen time and 
indoor activities associated with myopia in chil-
dren, especially since the COVID-19 pandemic 
[88, 89]. In the Generation R study, Enthoven 
et al. found a connection between myopia and 
increased computer usage among 9-year-old 
children: near work activities, including read-
ing and computer usage, was estimated to have 
an odds ratio of 1.072 (95% CI 1.047–1.098) 
for myopia [36]. School-based photo examina-
tions in 2020 suggested a noticeable increase 
in myopia progression, surpassing the high-
est recorded levels between 2015 and 2019 in 
younger children aged 6–8 years [90]. Similarly, 
Wong et al. suggested that more time spent on 
digital screens is associated with a higher risk 
of myopia [91]. Hence behavioral approaches to 
reduce prolonged near work are gaining more 
attention [19, 20, 92]. Interventions restricting 
screen time in schools have been implemented 
in mainland China to mitigate myopia [19]. 
Tools like the Clouclip® are promoted in China 
to notify children and parents about detrimen-
tal viewing habits [93, 94]. To this point, it is 
still challenging to measure the effect of reduced 
screen time or prolonged near work as a myo-
pia control intervention. However, there are no 
safety issues regarding a reduction in near work 
time. Also, there are no costs involved unless 
special measurement tools are employed.

Pharmacological Interventions

Atropine

Atropine is a non-specific muscarinic acetylcho-
line receptor antagonist. The specific mecha-
nism through which it decreases the progres-
sion of myopia is not completely understood. 
Currently, a non-accommodative mechanism is 
considered most plausible. Accordingly, alterna-
tive atropine targets have been suggested, e.g., 
eye growth regulatory pathways originating in 
the retina and transmitted to the sclera [95, 96].

While higher concentrations of atropine have 
demonstrated higher effectiveness, the increased 
side effects, e.g., cycloplegia with near vision 
disturbances and photophobia as well as more 
pronounced rebound effect, limit its use [45, 
97–102]. Low-dose atropine for myopia con-
trol has been extensively investigated around 
the world, but mostly in Asia and Chinese chil-
dren [45, 103–106]. In the Low-Concentration 
Atropine for Myopia Progression (LAMP) study, 
involving children aged 4–12  years, those 
treated with 0.01%, 0.02%, and 0.05% atro-
pine showed reductions in spherical equivalent 
progression by 27%, 43%, and 67%, and axial 
length growth by 12%, 29%, and 51%, respec-
tively [105]. In contrast, the 3-year results of 
the Childhood Atropine for Myopia Progression 
(CHAMP) study indicate a larger effect on myo-
pia progression in the group receiving  a lower 
low-dose atropine of 0.01% (with a significantly 
increased responder proportion, odds ratio [OR], 
4.54; 95% CI 1.15–17.97; p = 0.03) compared 
to 0.02% low-dose atropine (OR, 1.77; 95% CI 
0.50–6.26; p = 0.37) (Supplementary Table  3) 
[107]. Moreover, poor response to atropine can 
occur in more than 10% of patients, which 
seems to be associated with younger age, higher 
baseline myopia, and myopic parents [99]. In 
the recent network meta-analysis (NMA) con-
ducted by Ha et al., eight different concentra-
tions of atropine were compared, five of which 
demonstrated a higher mean difference (MD) 
relative to the control treatment: 1% (MD, 0.81; 
95% CI 0.58–1.04), 0.5% (MD, 0.70; 95% CI 
0.40–1.00), 0.1% (MD, 0.50; 95% CI 0.14–0.87), 
0.05% (MD, 0.62; 95% CI 0.17–1.07), and 0.01% 
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(MD, 0.39; 95% CI 0.21–0.57). However, head-
to-head comparisons revealed no statistical dif-
ference among atropine concentrations, except 
for 0.01% vs. 1% (MD, − 0.42; 95% CI − 0.71 to 
− 0.13) [48]. Similarly, in another recently pub-
lished systematic review the estimated mean dif-
ference (MD) for myopia progression for atro-
pine was found to be 0.29 D (95% CI 0.22–0.36; 
p = 0.03) [58]. In the present review, the most 
recent 16 out of initial 41 articles on RCTs were 
analyzed (Supplementary Table 3): a noticeable 
difference between these studies can be observed 
in terms of sample size [107–109], study length 
and design [110–114], the age of the children 
studied [106, 109], location of trial [115–117], 
and the different atropine doses, which varied 
between 0.0025% and 1%, as well as the applica-
tion frequency of drops [110, 114, 118, 119], and 
lastly their aims [109, 111, 112, 120]. Almost 
half of the selected studies were conducted in 
East Asia, in predominately Chinese ethnic 
children [109, 110, 114, 115, 118–120]. Four 
studies were conducted in Europe [107, 111, 
112, 116], two in India [113, 117], one in Iran 
[108], one in the USA [121], and one in Australia 
[106]. Upon comparing these studies, it may be 
inferred that varying ethnic groups exhibit dose-
dependent differences in the pharmacokinetics 
and the effect of atropine. While reduced myo-
pia progression was observable in several stud-
ies with low-dose atropine [108, 110, 112, 113, 
115, 117–119], in two studies, one conducted 
in the USA and one in Ireland, 0.01% low dose 
atropine was not or only minimally effective 
[116, 121] (Supplementary Table 3). Another 
possible explanation could be the differences in 
atropine eye drop composition, e.g., content of 
preservatives and pH, in the various studies as 
recently pointed out by Iribarren et al. [122]. It 
was noticed that studies conducted in Western 
Caucasian populations [107, 116, 121], showing 
low to no effect on myopia progression, used 
the same patented formulation with low pH 
and containing benzalkonium chloride, while 
previous studies in Asia had used compounded 
drops. Similarly, there are differences regard-
ing safety and adverse events (AE). While in 
Chinese Asians even higher low-dose atropine 
doses, such as 0.1%, still entail relatively accept-
able AE, the same doses seem to be problematic 

in non-Chinese ethnic children. Therefore, in 
Asian regions, there is ongoing debate about 
the appropriate dose, frequency, and tapering of 
atropine to mitigate rebound effects. Whereas in 
Europe and North America the debate addresses 
the effectiveness and safety of atropine.

As to long-term effects, a recently published 
analysis, on 18% and 40% of study participants 
of the Atropine for the Treatment of Myopia 
(ATOM) 1 and ATOM2 studies after 20 and 
10 years, respectively, who received short-term 
use of atropine in childhood, found no long-
term side effects. There was not an increased 
rate of cataract or other ocular complications in 
the atropine-treated eyes 10 and 20 years later, 
respectively. Also, no differences in spherical 
equivalent refraction (SER) and axial length (AL) 
between atropine-treated and untreated fellow/
placebo eyes were observed [123]. However, 
this may have been caused by a rebound effect 
since most of the study participants discontin-
ued atropine treatment abruptly without taper-
ing. Other publications on long-term effects of 
atropine indicate that the use of topical atro-
pine eye drops does not lead to ocular hyper-
tension and observed treatment effects are not 
correlated with the total cumulative dosage of 
atropine administered [124]. The effect of atro-
pine (0.05% and 0.1%) has shown to last up to 
4.5 years, with smaller rebound in long-term use 
[48, 125]. Despite its extensive use in numerous 
clinical trials (Supplementary Table 3), no sys-
temic adverse effects have been reported [19]. 
However, both the effect and safety of atropine 
remain controversial, which likely has led to 
differing opinions on its use [66, 121, 126]. In 
regions where atropine is relatively widely used 
to control myopia progression in children, stud-
ies are being conducted to investigate its use for 
preventing myopia onset in premyopic children 
and have shown positive results [109, 120].

Besides the differences in the formulation 
of atropine eye drops, there are important dif-
ferences in the availability and accessibility, as 
well as their actual costs. According to various 
sources, estimated costs range between 120 and 
1000 USD per year [127–130]. Since the US Food 
and Drug Administration (FDA) and most regu-
latory authorities, with some few exceptions, 
have not granted regulatory approval for the 
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use of any pharmacological agents for myopia 
control, in most countries, atropine is used off-
label. Manufacturing atropine in low doses in 
bulk quantities would likely make it cost-effec-
tive [131].

Optical Interventions

Bifocal and Progressive Addition Spectacles

Introduced in the 1990s as an attempt to slow 
myopia, progressive addition lens (PALs) and 
bifocal spectacles have been the subject of mul-
tiple studies, mostly conducted before 2000 
[64, 132, 133]. Brennan and Cheng carefully 
analyzed the literature and concluded that 
results are indeed still very contradictory [134]. 
Some studies found minimal effects with bifo-
cal spectacles [64]; whereas others suggested a 
substantial reduction in myopia progression 
among children using bifocals, with certain 
executive bifocal spectacles showing a decrease 
in myopia progression by 39% [133]. However, 
the effect may be more pronounced in children 
with higher myopia (< − 3.0 D), accommoda-
tive lag, or near esophoria [132, 135]. For PALs, 
a meta-analysis reported modest reductions in 
myopia progression (0.25 D, 95% CI 0.13–0.38; 
nine trials) and AL (− 0.12 mm, 95% CI − 0.18 to 
− 0.05; six trials) [136]. The sole article found 
on an RCT investigating PALs for myopia con-
trol was authored by Hasebe et al. in 2014 (Sup-
plementary Table 4). They conducted a masked, 
crossover RCT including 303 children aged 
6 to 12 years with myopia of − 1.0 to − 4.5 D. 
A total of 169 children completed follow-up 
at 24 months. Only the stronger + 1.5 D posi-
tively aspherized PALs showed some retardation 
of myopia progression [137]. PALs and bifocal 
spectacles may be more readily available com-
pared to other optical interventions; also, asso-
ciated costs are moderate to high (in the range 
of 300–900 USD) [138]. However, since these 
spectacles can cause some visual distortion and 
influence the appearance of the wearer, they are 
generally unpopular [6].

Defocus Incorporated Multiple Segments 
(DIMS) Lenses

Two types of pre-DIMS spectacle lenses failed 
to demonstrate a significant effect on myopia 
progression [139–141], before Lam et al. intro-
duced the DIMS lenses [142, 143]. The DIMS 
lens design includes a central optical zone for 
correcting refractive error and multiple seg-
ments with constant myopic defocus (+ 3.50 D) 
around the central zone. This enables clear cen-
tral vision providing myopic defocus simulta-
neously [19, 144]. Lam et al. conducted a clini-
cal trial in Hong Kong: after 2 years children 
using DIMS lenses exhibited 52% less myopia 
progression and 62% less axial elongation com-
pared to those wearing single vision spectacle 
lenses (Supplementary Table  4) [144]. After 
3  years significantly lower SER and AL were 
observed: Specifically, the adjusted mean dif-
ferences were − 0.18 ± 0.42 D for SER (p = 0.012) 
and 0.08 ± 0.15  mm for AL (p = 0.001), com-
paring DIMS to the historical control group, 
and − 0.30 ± 0.42  D for SER (p < 0.001) and 
0.12 ± 0.16 mm for AL (p < 0.001), comparing the 
control-to-DIMS to the historical control group 
[144]. Notably, approximately 20% of DIMS lens 
wearers showed no myopia progression during 
the study. In the framework of the present lit-
erature search, two further reports were identi-
fied, but not included as they reported results 
from the same study population [145, 146]. Liu 
et al. reported data from a large RCT involving 
patients aged 6 to 16 years, 3639 with DIMS and 
6838 with single vision lens (SVL). Significantly 
slower progression at both 1-year (2240 pairs) 
and 2-year follow-up (725 pairs) with DIMS was 
observed. In the 1-year subset, 40% and 19% 
showed myopia progression of maximum 0.25 D 
for the DIMS and the SVL groups, respectively 
(χ2, p < 0.001). DIMS spectacles appear to be safe. 
The main reported complaint in the mentioned 
studies was occasional blurred vision in the mid-
periphery [143].

(Highly) Aspherical Lenslets Lenses

Another new lens design incorporates (highly) 
aspherical lenslets. Bao et  al. first presented 
these lenses in a study in which children aged 
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8–13 were randomly assigned to three different 
treatment options: single vision lenses (SVL), 
lenses with highly aspherical lenslets (HAL), and 
mildly aspherical lenslets (SAL). Spectacles with 
aspherical lenslets were more effective in slow-
ing axial growth compared to SVL. Moreover, 
their study indicated that the efficacy of myopia 
treatment increased with higher levels of lenslet 
asphericity [147]. The myopia control efficacy 
measured as SER was 67% (with a difference of 
0.53 D) for HAL and 41% (with a difference of 
0.33 D) for SAL in comparison to SVL. For AL, 
HAL showed a 64% reduction (with a difference 
of 0.23 mm), while SAL exhibited a 31% reduc-
tion (with a difference of 0.11 mm) (p < 0.01) 
[147]. Li et al. reported the 3-year results of the 
Bao et al. study, showing a continued effect of 
reduced myopic progression with HAL compared 
to a new control group (Supplementary Table 4) 
[148]. Another RCT conducted in Vietnam was 
double-masked, crossover and involved 119 chil-
dren randomly assigned to either HAL or SVL 
for 6 months before switching spectacle types. 
The observed mean change after 12 months 
was − 0.05 ± 0.37 D with HAL vs. − 0.33 ± 0.27 D 
with SV for SER and 0.05 ± 0.12 mm with HAL 
vs. 0.17 ± 0.13 mm with SV in AL [149]. No rel-
evant side effects were mentioned. Overall, the 
discomfort of wearing any of the novel lenses 
appears to be comparable to SVL.

Diffusion Optics Technology Lenses (DOT), 
Cylindrical Annular Refractive Element 
(CARE) Lenses, and Shamir Myopia Control 
(SMC) Lenses

DOT lenses were designed on the basis of the 
hypothesis that reduced contrast signaling in 
the retina may slow myopia progression [150]. 
Although our current comprehension of the 
optical signals influencing refractive develop-
ment in humans remains incomplete and the 
literature presents mixed findings, it seems 
the accommodated eye experiences reduced 
vergence-related blur during indoor activities, 
potentially resulting in higher-contrast sign-
aling [8]. Currently, there is one three-armed 
RCT ongoing, the Control of Myopia Using 
Peripheral Diffusion Lenses Efficacy and Safety 
Study (CYPRESS) (Supplementary Table 4). Two 

types of diffusion optics technology, test 1 and 
test 2 lenses are assessed. The 12-month results 
published in 2022 showed a mean difference 
in SER progression for DOT test 1 vs. SVL of 
− 0.40 D (p < 0.0001), and − 0.32 D for DOT test 2 
(p < 0.0001). The difference in AL progression for 
DOT test 1 vs. control was 0.15 mm (p < 0.0001) 
and DOT test  2 vs. control was 0.10  mm 
(p = 0.0018) [150]. No additional publications 
reporting results from RCTs on DOT were found.

The CARE lenses were recently patented as 
myopia control lenses. Developed by research-
ers at Wenzhou Medical University, these lenses 
generate blur signals on the retina by induc-
tion of high-order aberrations. These lenses 
comprise a central optical area providing full 
correction and a control area featuring numer-
ous microcylinders arranged in concentric cir-
cles. A recently published article by Liu et al. 
reported the 1-year results of an RCT conducted 
with the CARE lenses (Supplementary Table 4) 
[151]: in comparison to SVL spectacles, study 
participants wearing CARE spectacles presented 
significantly reduced rate of axial elongation 
(with 0.27 ± 0.02 mm and 0.35 ± 0.02 mm for the 
CARE and SVL groups, respectively; F = 6.692, 
p = 0.011). However, the model-adjusted 1-year 
changes in SER − 0.56 ± 0.06 D for the CARE and 
− 0.71 ± 0.07 D for the SVL group were not statis-
tically significant.

The SMC lens involves a central vertical 
aperture, known as the central vertical canal, 
designed to correct distance refractive error. The 
outer region of the lens features a power profile 
with a comparatively higher positive power than 
the central aperture, resulting in peripheral defo-
cus. In an RCT conducted in Israel, Yuval et al. 
found SMC lenses to slow down AL elongation, 
but not SER progression after 1 year compared 
to SVL by 0.11 mm (35%, p < 0.05) and 0.16 D 
(25%, p = 0.122), respectively (Supplementary 
Table 4) [152].

Additional studies in diverse populations 
including clinical trials and real-world settings 
are necessary to confirm and validate the effec-
tiveness of these newer optical interventions. 
Overall, these spectacles are gaining more and 
more popularity [66], because they seem safe, 
they do not create visual distortion, and above 
all their appearance is similar to SVL spectacles. 
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Compared to SVL spectacles, however, these 
myopia control spectacles are significantly more 
expensive and not accessible to everyone. A pair 
of DIMS or HAL spectacles involves costs in a 
range of 500 to 1000 USD [153–157]. DOT test 1 
spectacles, CARE, and SMC are in the process of 
approval in various countries [158, 159].

Soft Contact Lenses for Myopia Control

There is an increasing use of different bifocal 
and multifocal soft contact lenses (SCL) and 
approved myopia control lenses for manag-
ing myopia in children [160]. Several studies 
investigating the effects of different SCL exist 
and effects of slowing myopia progression by 
30–45% and AL by 31–51% over 24 months with 
bifocal SCL have been reported [49, 161–163]. In 
children with faster myopia progression, effec-
tiveness may improve with increased wear time, 
and with lens designs possessing higher hyper-
opic power in the mid-periphery (up to 6 D) 
[164, 165]. In a recent meta-analysis Lanca et al. 
[58] estimated the myopia progression mean dif-
ferences (MD) for SCL at 0.39 D (95% CI 0.21, 
0.56; p < 0.001); however, different types of myo-
pia-controlling bifocal and multifocal SCL were 
included in this investigation. Besides the study 
reported by Lam et al., in which defocus incor-
porated soft contact (DISC) lenses reduced myo-
pia progression by 60% [166], four more recently 
published RCTs about different SCL to reduce 
myopia progression were included in this review 
(Supplementary Table 5) [167–170]: The first 
reported results from a double-masked RCT con-
ducted in multiple centers in China and North 
America involved approximately 200 children, 
randomly assigned to four arms: two prototype 
myopia control SCL with non-coaxial ring-focus 
designs, one for enhancing efficacy (EE) and one 
for enhancing vision (EV), compared to dual-
focus and SV SCL. The EE SCL showed the most 
significant effect on axial elongation reduc-
tion (compared to the dual-focus: − 0.049 mm 
[− 0.093, − 0.004]) [167]. The second study also 
compared two myopia control SCL with SV, 
and both myopia control SCL showed similar 
effectiveness in delaying myopia progression 
[168]. The third and fourth studies, one from 
Spain and a smaller one from Malaysia, reported 

similar effects of again other myopia control SCL 
[169, 170]. In summary, a heterogenous group of 
different myopia control SCL exists. As all con-
tact lenses do, myopia control with SCL carries 
a potential risk of infective keratitis and contact 
lens intolerance, especially in children and if 
proper hygiene is lacking. Hence the indication 
to employ contact lenses should be made with 
caution by clinicians. Besides local adverse reac-
tions and the possibility of infection, there is 
currently also nearly no data on the effects of 
discontinuation and potential rebound effects 
of SCL used in myopia control. Despite poten-
tially irreversible complication of these contact 
lenses, their use is increasing, possibly because 
of demand and pressure from patients and their 
parents who may prioritize the greater conveni-
ence of contact lenses and being free of specta-
cles [171, 172]. The expenses are considerably 
high, with annual costs for some daily dispos-
able soft multifocal contact lenses starting at 
around 1500 USD [173].

Orthokeratology

Orthokeratology (OK) lenses are rigid gas-per-
meable contact lenses worn during sleep to alter 
corneal topography [6, 174]. Typically modern 
OK lenses are designed to incorporate four zones: 
a central optic zone for flattening the central cor-
nea and refractive correction, the reverse zone 
with a steeper curvature, the alignment zone (usu-
ally aspherical or tangent) for lens centration, 
and the peripheral zone [6, 175]. Myopia control 
with OK is primarily based on the hypothesis 
of inducing myopic defocus on the periph-
eral retina, but further research is necessary to 
understand the precise mechanism responsible 
for OK effectiveness [176–178]. Several clinical 
studies have demonstrated the effectiveness of 
various OK lens designs in inhibiting myopic 
progression [175, 179]. Meta-analyses have 
shown a 30–60% reduction in myopia progres-
sion rate with OK lenses compared to controls 
using SV spectacles over 1–2 years of treatment 
[180–187]. In a meta-analysis by Sun et al., the 
pooled results revealed a mean AL reduction of 
0.27 mm (95% CI 0.22, 0.32) after 2 years, corre-
sponding to a 45% reduction in myopic progres-
sion [188]. A similar result was recently reported 



1464	 Ophthalmol Ther (2024) 13:1453–1477

by Lanca et al., who estimated the AL elonga-
tion MD for OK to be − 0.24 mm (95% CI − 0.33, 
− 0.15) [189]. However, the effect of OK appears 
to decrease gradually over time, and a distinct 
rebound effect has been noted upon sudden ces-
sation of the treatment. Discontinuation of OK 
before the age of 14 years may lead to accelera-
tion of AL elongation [190]. Additionally, there 
is a potential non-response rate of 7–12% [183, 
190, 191]. The effect of OK, as well as the effect 
of previously described myopia control SCL, 
seems to be stronger in individuals with large 
pupils, while a reduced effect of OK lenses was 
reported in the presence of astigmatism [192, 
193]. Three articles on RCTs were further iden-
tified and included in this review (Supplemen-
tary Table 5) [194–196]. Corneal staining is the 
most common complication in OK treatment, 
and the frequency and severity of staining are 
associated with overnight lens wear [197–199]. 
Safety concerns with OK lenses are considerable 
because of the risk of sight-threatening micro-
bial keratitis with potentially irreversible corneal 
scarring [182]. OK lenses pose a risk of infective 
keratitis similar to overnight SCL wear, with an 
estimated incidence of 13.9 per 10,000. Special-
ists’ support is required, and OK lenses should 
only be indicated in selected cases, such as older 
children and in higher degrees of myopia [200, 
201]. Costs of OK lenses reach up to 3000 USD 
initially and thereafter they are in the range of 
those for multifocal SCL. Despite the safety and 
rebound issues, OK lenses are popular because 
they offer improved unaided vision during the 
day and the ability to control myopia progres-
sion [197].

Light Therapy

Red‑Light Therapy

Recently repeated low-level or low-intensity 
red-light (RLRL) has been introduced for myo-
pia control. Red-light encompasses visible light 
ranging from 600 to 700 nm in wavelength and 
seems to influence mitochondrial function, with 
potential for improving hypoxia and inhibiting 
inflammation, e.g., by reducing pro-inflamma-
tory cytokines [202]. RLRL has been employed 

in other clinical sectors to treat a variety of dis-
eases, including among others dermatologic and 
orthopedic disorders [203]. Since retinal photo-
receptor cells contain many mitochondria, the 
idea arose to apply RLRL to the eye and thereby 
specifically to control myopia. However, the 
mechanism behind RLRL in controlling myo-
pia remains unclear [202, 204]. Currently, lim-
ited evidence is available, as only a few clini-
cal studies have been conducted. So far three 
groups from China have published results on 
RCTs in which red-light for myopia control was 
investigated (Supplementary Table 6): Jiang et al. 
and Xiong et al. tested a red-light (wavelength 
of 650 nm) desktop light device and showed 
effective AL elongation reduction at 12- and 
24-month follow-up visits for the group under-
going red-light treatment. The overall axial elon-
gation was the smallest in the continuous RLRL 
treatment group (0.16 ± 0.37 mm), and high-
est in the SV spectacles group (0.64 ± 0.29 mm; 
p < 0.001) after 24 months [205, 206]. Similarly, 
Tian et al. also found a significant effect on the 
median 6-month changes in AL of the red-light 
and control groups: − 0.06 mm (IQR − 0.15, 0) 
and 0.14 mm (IQR 0.07, 0.22; p < 0.001) [207]. 
A third, smaller study by Chen et al. showed 
an effect on AL with RLRL treatment [208]. All 
three aforementioned RCTs did not report any 
structural changes by means of optical coher-
ence tomography (OCT) or significant severe 
adverse events during and after the red-light 
treatment [205, 206, 208]. Nevertheless, caution 
is advised regarding the safety of RLRL, because 
the reported RCTs did not involve any independ-
ent safety monitoring. Well-designed and larger 
RCTs with longer follow-up periods are neces-
sary [209]. One case reported by Liu et al. raised 
some further uncertainty: a 12-year-old girl 
experienced bilateral vision loss over 2 weeks fol-
lowing 5 months of repeated exposure to RLRL 
treatment for moderate myopia in both eyes. In 
addition to the vision loss, her fundus showed 
darkened foveae and OCT revealed disruptions 
in the foveal ellipsoid and interdigitation zone. 
After 3 months without RLRL therapy, there was 
partial recovery of bilateral outer retinal damage, 
and visual acuity improved [210]. The case was 
discussed and a genetic evaluation was recom-
mended, as the possibility was expressed that 
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the girl may have preclinical Stargardt disease 
[211]. The recommended genetic clarification 
of the case has not been carried out to date. 
Ostrin et al. expressed further concerns after 
studying two red-light therapy devices regarding 
their thermal and photochemical effects. Both 
devices approached or surpassed the maximum 
permissible exposure [212]. Despite the still 
limited data available, particularly on the safety 
of this intervention, RLRL treatment for myo-
pia control is already commercially available in 
China, and is becoming available in Australia, 
New Zealand, Japan, and Europe. Information 
on the yearly treatment cost is vague, but the 
costs will most likely be around 1000 USD for 
one year [213, 214]. Meanwhile, over a dozen 
trial registrations have been identified for ongo-
ing investigations on efficacy and safety of RLRL 
treatment [215–230].

Violet‑Light Therapy

Sunlight comprises a notable portion of short-
wavelength visible and non-visible light, includ-
ing blue and ultraviolet light [75]. Since in ani-
mal studies exposure to blue and violet light 
was found to inhibit myopic shift and axial 
elongation [231–233], Torri et al. suggested that 
VL, with a wavelength of 360–400 nm, mostly 
absent in indoor environments, may play a role 
in inhibiting myopia development and progres-
sion [234]. In the attempt to prove this theory, a 
retrospective analysis was conducted comparing 
children wearing spectacles and contact lenses 
blocking VL with children using VL-transmitting 
contact lenses or spectacles. Significant differ-
ences in the AL of the two groups (p > 0.05) in 
favor of the VL-transmitting lenses were found 
[234]. Similarly, they also found that in highly 
myopic adults with two different types of pha-
kic intraocular lenses, non-VL-transmitting and 
VL-transmitting, the non-VL-transmitting lens 
group had significantly higher myopia [235]. To 
date, there is one publication, from the same 
research group, reporting results from an RCT 
conducted in Japan: children randomly received 
VL-transmitting or conventional spectacles (Sup-
plementary Table  6). Per protocol analysis 
revealed the AL variation after 24 months was 
0.758 mm (95% CI 0.711–0.810) in the placebo 

group and 0.728 mm (95% CI 0.682–0.775) in 
the VL group. The VL group exhibited a slight 
average reduction in AL and a small non-signif-
icant change in SER. A statistically significant 
difference in mean AL change in the VL group 
(difference, − 0.206 mm; 95% CI − 0.351, 0.060; 
p = 0.006) was found in a small subgroup of 11 
children, who were first-time spectacle wear-
ers [236]. In summary, although VL could be 
promising, the evidence regarding its effect is 
currently very limited. Further studies are under-
way, including some in which VL-emitting spec-
tacles are being tested [237, 238].

Evidence‑Based Approach to Myopia Control

Premyopia, i.e., refractive error of SER < + 0.75 D, 
can be detected from as early as 6 years of age [9, 
239]. A primary risk factor for developing high 
myopia is an early onset of the condition [7, 9, 
240]. Thus, if a cycloplegic myopic refraction of 
at least − 0.50 D is observed, a 6- to 7-year-old 
child could be considered for potential myopia 
control intervention [43]. We recommend myo-
pia screening and evaluation to begin before for-
mal school-going at the age of 6 years, with plot-
ting of SER and AL growth charts of the eye on 
an annual basis [201]. After a careful risk factor 
evaluation is performed, a personalized myopia 
control strategy can then be recommended to 
parents that is based on the evidence summa-
rized in this review [201, 241]. Figure 2 provides 
a qualitative summary of the myopia control 
options and their practical considerations based 
on our review for East Asians.

Encouraging children to spend more time 
outdoors is beneficial for both their general 
mental health and the reduction of myopia 
incidence and progression [9], as is supported 
by statements from the World Society of Pedi-
atric Ophthalmology and Strabismus (WSPOS), 
the European Society of Ophthalmology (ESO), 
and the International Myopia Institute (IMI) 
[201, 241]. The evidence for the effective-
ness of low-dose atropine eye drops originates 
mostly from data in East Asians; the effect in 
differing ethnic groups is controversial. Various 
questions regarding  starting dose, tapering and 
long-term effects are still open. Myopia control 
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spectacles, e.g., DIMS and HAL, have gained 
popularity owing to their safety, and they are 
considered effective if children are compli-
ant [66]. The evidence, however, is still very 
limited and validation of the effectiveness of 
novel myopia control spectacles regarding their 
long-term effectiveness and rebound in the 
real world is necessary [19, 58, 66, 201, 209]. 
Myopia control multifocal SCL are also gain-
ing popularity for active school-going children, 
and daily disposable modalities carry a tenfold 
lower risk for microbial keratitis compared to 
overnight OK lenses [242–245]. Of note, the 
costs for optical interventions for myopia con-
trol are generally high, and thus only a small 
proportion of individuals globally will be able 
to access them. Agyekum et al. compared the 
cost-effectiveness of various myopia interven-
tions and estimated atropine 0.05% to reach an 
incremental cost-effectiveness ratio (ICER) of 
220 USD per SER reduction [131]. In compari-
son, ICER for HALs was 448 USD per SER reduc-
tion and the that for OK lenses was 2376 USD/
SER reduction.

As clinicians grapple with rebound and 
attempt to address these concerns about long-
term sustained effects, strategies that employ 
interventions in combination or sequen-
tially are gaining attention [246, 247]. These 
approaches are also considered in children 
who are “unresponsive” to their initial modal-
ity [58]. Within the framework of this review, 
four publications on RCTs investigating differ-
ent combinations of treatments were identi-
fied and included (Supplementary Table  7) 
[248–251]. While the combination of OK lenses 
and atropine appears to offer benefits, poten-
tial complications and management difficulties 
are also to be taken into consideration [62]. 
Hence, it should only be utilized in distinct 
cases of higher myopia and older age [201]. 
In particular, the combination of atropine eye 
drops and myopia control spectacles, such as 
DIMS, is increasingly applied, though research 
and quantification of this treatment combina-
tion is lacking [66].

DISCUSSION

An increased interest in myopia control has 
driven the development of a variety of myo-
pia control interventions. While before 2010, 
only 10 RCTs on atropine eye drops and a few 
dozen studies on optical interventions for myo-
pia control can be retrieved via PubMed search, 
the number of articles increases to over 70 RCTs 
on atropine alone for the time after 2010, not 
including non-comparative studies. With the 
relatively recent increased amount of litera-
ture, we provide a summary and an evidence-
based approach to myopia control. Despite all 
the studies performed, many questions remain 
regarding which children are at high risk and 
require treatment, commencement and duration 
of treatment, and sustained long-term effects on 
adulthood myopia after cessation of childhood 
treatment [9, 66, 201, 241]. Specifically, since 
treatment effects for myopia control interven-
tions are usually most evident in the early stages 
and diminish over time, early treatment effects 
may not accurately reflect longer-term treatment 
outcomes [63].

This review focused on RCTs and recent 
review articles because of the overwhelming 
amount of literature that could be retrieved from 
the last decade. The search strategy was based 
only on similar combinations of keywords, and 
it cannot be excluded that certain articles were 
missed, especially on long-term effects. To com-
pensate for the latter, some individual articles 
were included later. Lastly, the fact that only 
papers in English language were selected rep-
resents a limitation, especially since it is well 
recognized that the largest amount of research 
has been conducted mainly in East Asia includ-
ing China, Taiwan, and Japan [12]. We recognize 
that many important knowledge gaps remain in 
the field of myopia intervention research [201], 
as we attempt to offer a comprehensive overview 
of recent literature on myopia control.

To provide a tangible and simple summary 
of the different methods of myopia control, we 
have created the qualitative Fig. 2. The graphs 
should not be taken as a precise measure of the 
different myopia control interventions, but as 
an approximation of the amount of evidence, 
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effect, safety, and cost. Different myopia inter-
ventions are used more or less frequently in dif-
ferent regions of the world. The visualization 
is limited to a qualitative overview for the East 
Asian ethnic group. Recommendations include 
increased time spent outdoors, with the sug-
gestion that the effect is greatest in premyopic 
children. For the East Asian ethnic group, atro-
pine eye drops have been shown to be effective 
in reducing myopia progression and to be cost-
effective. However, there are limitations related 
to adverse events and rebound, especially with 
sudden discontinuation. The new myopia con-
trol spectacles appear to be effective in slowing 
myopia progression; they are safe but are linked 
to high costs. Even more expensive and invasive 
methods, such as contact lenses, may be consid-
ered if other methods are unsuccessful. Finally, 
the evidence for RLRL is very limited; it appears 
generally promising in terms of efficacy, but 
safety aspects call for extreme caution in its use.

Numerous societies and expert groups, e.g., 
the World Society of Pediatric Ophthalmology 
and Strabismus and the International Myopia 
Institute, have already issued recommendations 
or guidelines [9, 19, 43, 201, 241]. Our review 
indicates that recommendations and prescrip-
tions for myopia control interventions are 
influenced by accessibility and diverse clinical 
practices observed globally. While clinical tri-
als demonstrate short- to medium-term efficacy 
in slowing myopia progression through various 
interventions, none have conclusively proven 
long-term effectiveness in preventing high myo-
pia and potential complications in adulthood. 
This underscores an unmet need for a unified 
consensus on strategies that effectively balance 
the risks and benefits of these methods in per-
sonalized myopia management. Through collab-
orative efforts to address these aspects, the field 
of myopia management can progress towards a 
shared consensus, ultimately improving patient 
outcomes and advancing the understanding of 
myopia progression.

Future efforts of research should focus on 
increasing knowledge about the development 
and progression of myopia, as well as the availa-
ble and emerging interventions for myopia con-
trol. Perhaps this very process will give rise to 

other, more effective approaches. Furthermore, 
one crucial point is the identification of bio-
markers for risk stratification of patients, as early 
identification may improve treatment effective-
ness. Knowledge on progression mechanisms 
will allow us to design individualized treatment 
combinations improving the cost-effectiveness 
of known and new myopia control methods. 
Deep learning methods based on fundus images 
[252], as well as new imaging tools [253], are 
promising new approaches to delivering appli-
cable methods into clinics. Such strategies will 
provide tools for assessing and tailoring an indi-
vidual child’s myopia management.

CONCLUSIONS

Recommendations for interventions for myopia 
control vary around the world. Furthermore, 
with the near explosion of different myopia con-
trol interventions in the last decades, the related 
available evidence has become more challenging 
to digest. The provided evidence-based summary 
for practitioners may therefore support decision-
making when considering which myopia control 
intervention to recommend, thereby building a 
basis for the next step towards personalized and 
individual myopia control.
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