L.
@ The ROYAL COLLEGE o
OPHTHALMOLOGISTS

ARTICLE

www.nature.com/eye

W) Check for updates

Myopia prevention and control in children: a systematic review

and network meta-analysis

Guanghong Zhang '3, Jun Jiang"*? and Chao Qu®"***

© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2023

OBJECTIVES: To analyse and compare the efficacy of different interventions for myopia prevention and control in children.
METHODS: We searched CNKI, VIP, Wan-Fang, CBM, Chinese Clinical Registry, PubMed, The Cochrane Library, Web of Science,
Embase and ClinicalTrials.gov from inception to July 2022. We selected randomized controlled trials (RCTs) that included
interventions to slow myopia progression in children. The main outcomes included mean annual change in axial length (AL)

(millimetres/year) and in refraction (R) (dioptres/year).

RESULTS: A total of 80 RCTs (27103 eyes) were included. In comparison with control, orthokeratology (AL, —0.36 [—0.53, —0.20],
P < 0.05; R, 0.56 [0.34, 0.77], P < 0.05), 1%Atropine (AL, —0.39 [—0.65, —0.13], P < 0.05; R, 0.54 [0.31, 0.77], P < 0.05), 0.01%Atropine +
orthokeratology (AL, —0.47 [—0.80, —0.14], P < 0.05; R, 0.81 [0.43, 1.20], P < 0.05) could significantly slow the progression of myopia;
in addition, progressive multi-focal spectacle lenses (PMSL) (0.42, [0.06, 0.79], P < 0.05), bifocal soft contact lenses (0.40, [0.03, 0.77],
P < 0.05), 0.5%Atropine (0.67 [0.25, 1.10], P < 0.05), 0.1%Atropine (0.42 [0.15, 0.71], P < 0.05), 0.05%Atropine (0.57 [0.28, 0.86],

P < 0.05), 0.01%Atropine (0.33 [0.15, 0.52], P < 0.05), 1%Atropine + bifocal spectacle lenses (BSL) (1.30 [0.54, 2.00], P < 0.05), 1%
Atropine + PMSL (0.66 [0.23, 1.10], P < 0.05), 0.01%Atropine + single vision spectacle lenses (SVSL) (0.70 [0.23, 1.10], P < 0.05), 0.01%
Atropine + orthokeratology (0.81 [0.43, 1.20], P < 0.05), BSL + Massage (0.85 [0.22, 1.50], P < 0.05), SVSL + Red light (0.59 [0.06, 0.79],

P < 0.05) showed significant slowing effect on the increase in R.

CONCLUSIONS: This network meta-analysis suggests that the combined measures were most effective in AL and R, followed by

Atropine.
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INTRODUCTION

Myopia is a disease affecting nearly a quarter of the world’s
population, and the prevalence of myopia is expected to double
by 2050 [1]. In addition to decreased visual function due to optical
defocus, myopia is associated with an increased risk of irreversible
blindness, such as myopic macular degeneration [2], retinal
detachment [3], and glaucoma [4]. Moreover, myopia has a
substantial financial burden. For example, the spending
on spectacles and contact lenses in the United States is up to
$2 billion annually [5].

In many East and Southeast Asian countries [6], there is a
tendency for early-onset myopia in childhood under educational
pressure, with over half of school-age chiledren affected. The
myopia rate is about 80% by the end of school [6-9]. Early-onset
myopia often leads to faster progression and a longer duration
of myopia [10]. Thus early-onset myopia increases the risk of high
myopia and sight-threatening complications in later life. There-
fore, it is important to delay myopia progression in childhood.

It can be seen that the widespread prevalence and incidence of
myopia are increasing, resulting in the increase of occurrence of
related diseases affecting vision and the decline of accompanying
quality of life, as well as the increase of huge cost incurred to

correct myopia, which has made myopia a major public health
problem [1].

At present, there is no effective way to prevent the occurrence
of myopia. The main methods to control myopia include
spectacles [11-15], contact lenses [16-18], outdoor activities
[19], pharmaceutical [20] and low-level red light [21] mainly.
These studies were based on clinical observations, myopic animal
models, or both [22-25]. Trials of such interventions provided a
substantial evidence base. However, most studies are of a single
intervention versus control, lacking direct head-to-head compar-
isons. There are many inconsistencies among trials studying a
certain intervention. Conventional meta-analyses enable compar-
isons between two interventions only, do not enable comparisons
between multiple treatments, and most meta-analyses give
statistical advice only on the efficacy of a single intervention. In
clinic, two or more combined measures are often combined to
treat myopia, especially myopia progressing rapidly. Previously,
the additive effect of combined intervention in preventing and
controlling myopia has been proposed; however, its conclusion
still needs to be supported by a large amount of evidence.
Therefore, this network meta-analysis directly or indirectly
compared the efficacy of 37 interventions, including combined
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interventions, and ranked them to provide more comprehensive
and reliable evidence-based medical recommendations for pre-
venting and controlling myopia in children.

METHODS
Literature search
A systematically electronic literature search was conducted using the
databases of PubMed, Cochrane Library, Web of Science and EMBASE and
ClinicalTrials.gov in English and the CNKI (http://www-cnki-net-
s.vpn.uestc.edu.cn:8118/), Wan-Fang (http://www-wanfangdata-com-cn-
s.vpn.uestc.edu.cn:8118/index.html), VIP (http://gikan.cqvip.com/), Chinese
Biomedical Literature Service System (http://www.sinomed.ac.cn/index.jsp)
and Chinese Clinical Registry in Chinese (up to July 2022). The search
strategy is presented in the Supplement (eMethod 1 in the Supplement).
To identify relevant studies, we also examined reference lists from
clinical trials, meta-analyses, and systematic review reports.

Inclusion criteria

(1) Subjects aged 6 to 18 years old. (2) The language of the literature is
limited to Chinese and English. (3) Interventions to delay the progression
of myopia in children. (4) Outcomes: mean annual change in axial length
and spherical equivalent. (5) The follow-up time is at least 1 year, and the
longest follow-up years are taken for those greater than 1 year. (6)
randomized controlled trials (RCTSs).

Literature screening and data extraction

(1) The retrieved literatures were imported into Endnote software, and the
repeated literatures were deleted after checking, and then the unqualified
literatures were deleted by two investigators according to the above
proposed inclusion criteria by reading the titles and abstracts. (2) For the
remaining literatures, the full texts were read in detail by two investigators,
and the literatures that full texts could not be obtained, the follow-up time
was less than 1 year, the subjects’ age was <6 or >18 years old, the study
content or intervention measures did not meet, the data was incomplete,
questionable or repeated were deleted. (3) two investigators extracted
relevant data, mainly including: author, publication year, follow-up time,
country, interventions, sample size, gender ratio, age, baseline and
endpoint, change value and number of lost to follow-up. The data were
integrated and cross-checked after extraction. Any disagreement was
resolved by a joint reevaluation of the article by a third reviewer (CQ). The
judgement result of the third reviewer is the final result.

Literature quality evaluation method

The quality of the included RCTs was assessed using the Cochrane
Collaboration’s  risk-of-bias method and the modified Jadad scale,
respectively, including a description of the method of randomization,
allocation concealment, blinding, completeness of data, selective reporting
of results, and other sources of bias. The Cochrane Collaboration’s risk-of-
bias tool rated each item area as having a ‘low’, ‘high’, or ‘unclear’ bias risk;
a modified Jadad scale total score of 4-7 was assigned to high-quality
studies and 1-3 to low-quality studies. The literature screening and
methodological quality evaluation were independently completed and
checked by two investigators. Disagreements during the screening process
were resolved through negotiation, and if there were differences, they
were decided by the tutor (a third party).

Statistical methods

Data analyses were performed using Review Manager (version 5.3;
Cochrane Collaboration), STATA (version 17.0; StataCorp), and R software
(version 4.2.1; SAS Institute, Inc). Inconsistency tests were used to analyse
global inconsistency between direct and indirect evidence, with P> 0.05
considered no inconsistency, and a consistency model was fitted, whereas
an inconsistency model was fitted. Local inconsistency tests for direct and
indirect comparisons were performed using the node splitting method,
and P > 0.05 was considered no local inconsistency. The heterogeneity test
was analysed using the prediction intervals, and the heterogeneity was
insignificant if the results of the fixed effect model and the random effect
models were consistent. Measurement data were presented as weighted
mean difference (WMD) and its 95% confidence interval (Cl). In statistics,
P<0.05 indicates a significant difference and vice versa. Intervention
efficacy was ranked according to the surface under the cumulative ranking
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area (SUCRA), with a larger area under the curve indicating better
intervention efficacy.

Publication bias was assessed using funnel plots when more than 10
included articles, and publication bias was assessed by visual inspection of
the symmetry of the distribution of each point on funnel plots.

RESULTS

Literature results

Database searches yielded 4122 potentially relevant entries. After
removing duplicated publications by Endnote X9, 3063 articles
remained. Among the remaining articles that qualified for the title
and abstract review, 2530 were excluded because of their
apparent irrelevance. After reading the full text, 80 pieces of
literature were finally included, with a total of 27,103 eyes (Fig. 1).

Basic characteristics and methodological quality assessment
of included studies
The basic information of the included literature is shown in the
Supplement (eTable 1 in the Supplement), and all were RCTs.

The Jadad score of each study is more than or equal to 3 points,
with 11 studies having 7 points, 15 studies having 6 points,
20 studies having 5 points, 12 studies having 4 points, and
22 studies having 3 points. All the studies with 3 points were
unable to achieve double-blind due to the different physical
properties of the interventions. Altogether, the overall quality of
the included articles is acceptable.

Cochrane Risk Bias Assessment is shown in the Supplement
(eFig. 1 in the Supplement).

Network meta-analysis results

Evidence network. Based on direct comparison data, relationships
were formed between all interventions. Each vertex of the
relationship diagram represents different interventions, the vertex
size represents the sample size included in each intervention, the
line between the vertices indicates the direct comparison between
the two interventions, and the width of the line is proportional to
the number of studies of each pair of interventions. There is direct
or indirect evidence between different interventions, and the
basic conditions for performing network meta-analysis are met
(Fig. 2).

Consistency test. Inconsistency model test results for axial length
and refraction showed P>0.05, indicating that the global
inconsistency was insignificant. Thus, a consistency model can
be used to fit.

The node splitting method was used to test for local
inconsistency for the two outcomes of axial length and refraction
separately (eTable 2 in the Supplement). The results of axial length
showed no inconsistency between any two interventions
(P>0.05). The refraction results showed local inconsistency
between “control vs 0.5%Atropine” (P<0.05), “control vs 1%
Atropine + Racanisodamine” (P < 0.05), “control vs 0.01%Atropine
+ single vision spectacle lenses” (P < 0.05) and “1%Atropine vs 1%
Atropine + Racanisodamine” (P < 0.05) and no local inconsistency
between any two remaining interventions (P > 0.05).

Heterogeneity test. Any two interventions of axial length and
refraction were analysed by fixed effect model and random effect
model, respectively, and the results showed that the two models
had consistent results, suggesting that the heterogeneity of the
included studies was insignificant (eTable 3 in the Supplement).

Axial length. Seventy-one studies reported axial length changes,
totalling 35 interventions. Network meta-analysis results showed
that except for progressive addition spectacle lenses, axial length
growth after treatment by other interventions was less than
control. Among them, three interventions such as orthokeratology
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Fig. 1 Literature screening flowchart. Note: RCTs indicate randomized clinical trials.

(—0.36 [—0.53, —0.20], P<0.05), 1%Atropine (—0.39 [—0.65,
—0.13], P<0.05) and 0.01%Atropine + orthokeratology (—0.47
[—0.80, —0.14], P < 0.05) were statistically significant from control
(Fig. 3A). Network meta-analysis results of axial length changes are
presented in the Supplement (eTable 4 in the Supplement).

For slowing axial progression, the cumulative probability
ranking results for each intervention showed that the top ten
were: 1%Atropine + bifocal spectacle lenses (84.8%) >0.01%
Atropine + orthokeratology (80.9%) > 1%Atropine (76.0%) >0.01%
Atropine + single vision spectacle lenses (73.9%) > orthokeratol-
ogy (73.0%) >1%Atropine + progressive multi-focal spectacle
lenses (68.2%) >0.5%Atropine (67.8%) >0.1%Atropine (65.8%)
>0.05%Atropine  (64.7%) >1%Atropine + Racanisodamine
(64.0%), suggesting 1%Atropine + bifocal spectacle lenses may
be the most effective measure to delay axial growth (Fig. 4A).

Spherical equivalent. Sixty-seven studies reported refractive
changes, totalling 36 interventions. The results of network meta-
analysis showed that except for bifocal spectacle lenses, blue-
violet light filtering spectacle lenses, undercorrected single vision
spectacle lenses, compound tropicamide eye drops, and 1%
Atropine + Racanisodamine, the progress of refraction after
treating by other interventions was less than control; among them
fourteen interventions such as progressive multi-focal spectacle
lenses (0.42 [0.06, 0.79], P < 0.05), bifocal soft contact lenses (0.40
[0.03, 0.77], P < 0.05), orthokeratology (0.56 [0.34, 0.77], P < 0.05),
1%Atropine (0.54 [0.31, 0.77], P <0.05), 0.5%Atropine (0.67 [0.25,
1.10], P<0.05), 0.1%Atropine (0.42 [0.15, 0.71], P<0.05), 0.05%
Atropine (0.57 [0.28, 0.86], P <0.05), 0.01%Atropine (0.33 [0.15,
0.52], P<0.05), 1%Atropine + bifocal spectacle lenses (1.3 [0.54,
2.00], P<0.05), 1%Atropine + progressive multi-focal spectacle
lenses (0.66 [0.23, 1.10], P < 0.05), 0.01%Atropine + single vision
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spectacle lenses (0.70 [0.23, 1.10], P<0.05), 0.01%Atropine +
orthokeratology (0.81 [0.43, 1.20], P<0.05), bifocal spectacle
lenses + Massage (0.85 [0.22, 1.50], P<0.05), single vision
spectacle lenses + Red light (0.59 [0.06, 1.10], P<0.05) were
statistically significant from control (Fig. 3B). Network meta-
analysis results of refraction changes are presented in the
Supplement (eTable 4 in the Supplement).

For slowing refraction progression, the cumulative probability
ranking results for each intervention showed that the top ten
were: 1%Atropine + bifocal spectacle lenses (96.8%) >0.01%
Atropine + orthokeratology (88.6%) > bifocal spectacle lenses +
Massage (87.0%) >0.01%Atropine + single vision spectacle lenses
(81.5%) >0.5%Atropine (80.6%) >1%Atropine -+ progressive multi-
focal spectacle lenses (79.6%) >0.05%Atropine (74.7%) > ortho-
keratology (73.7%) > single vision spectacle lenses + Red light
(73.2%) > 1%Atropine (71.9%), suggesting that 1%Atropine +
bifocal spectacle lenses may be the most effective measure to
slow refraction progress (Fig. 4B).

Cluster analysis for ranking of two outcomes. Cluster analysis of
the cumulative probabilities of 34 common interventions showed
that all interventions fell into 6 categories, with decreasing
effectiveness in delaying myopia progression from top right to
bottom left; there were a total of 11 interventions in the top right
category, of which 5 (45.45%) were combination interventions and
4 (36.36%) were Atropine. This result suggested that combination
interventions may most effectively delay myopia progression
(Fig. 5).

Publication bias. From the funnel plot of axial length and

refraction, it can be found that each point is scattered and
asymmetrical incompletely, suggesting that there may be some
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Axial length

26 27 28 29

Fig. 2 Network meta-analysis of eligible comparisons. Notes: A
is for axial length and B is for refraction. 1 = control; 2 = Bifocal
spectacle lenses (BSL); 3 = Blue-violet light filtering spectacle lenses
(BVLFSL); 4 = Defocus incorporated multiple segments spectacle lenses
(DIMSSL); 5 = Progressive addition spectacle lenses (PASL); 6 =
Prismatic bifocal spectacle lenses (PBSL); 7 = Peripheral defocus
modifying spectacle lenses (PDMSL); 8 = Progressive multi-focal
spectacle lenses (PMSL); 9 = Spectacle lenses with highly aspherical
lenslets (SLHAL); 10 = Spectacle lenses with slightly aspherical lenslets
(SLSAL); 11 = Undercorrected single vision spectacle lenses (USVSL);
12 = Bifocal soft contact lenses (BSCL); 13 = Defocus incorporated soft
contact lenses (DISCL); 14 = Extended depth of focus soft contact
lenses (EDOFSCL); 15 = Orthokeratology (OK); 16 = Progressive
addition soft contact lenses (PASCL); 17 = Progressive multi-focal
soft contact lenses (PMSCL); 18 = Rigid gas permeable contact lens
(RGP); 19 = Positive spherical aberration soft contact lenses (+SASCL);
20 = 1%Atropine (Atr); 21 =0.5%Atr; 22 =0.1%Atr; 23 = 0.05%Atr;
24 = 0.025%Atr; 25 =0.02%Atr; 26 =0.01%Atr; 27 = Compound
tropicamide eye drops (CTED); 28 = Pirenzepine (Pir); 29 = More
outdoor activities (MOA); 30 =1%Atr + BSL; 31 =1%Atr + PMSL;
32 = 1%Atr + Racanisodamine; 33 = 0.01%Atr + SVSL; 34 = 0.01%Atr
+ OK; 35 = BSL + M; 36 = SVSL + OK; 37 = SVSL + Red light (RL).

SPRINGER NATURE

publication bias. Some scattered points are distributed at the
bottom of the funnel plot of each study indicator, indicating a
small sample effect (eFig. 2 in the Supplement).

DISCUSSION

Our study is a network meta-analysis to investigate the efficacy of
different interventions in slowing myopia progression in children.
In addition, this study updates and extends previous evidence-
based reviews to some extent. Adding more high-quality clinical
trials into this network meta-analysis could provide some clinical
recommendations on myopia prevention and control.

The main findings of this study are as follows:

1. In general, the efficacy in slowing myopia progression was
in the order of combined measures [21, 26-29] > Atropine
[30-40] >orthokeratology [16, 41-44] > spectacles
[11-14, 45-54] or contact lenses [5, 55-63] > other single
measures [64-66].

2. Compared with control, orthokeratology [16, 41, 44]
(P<0.05), 1%Atropine [67] (P<0.05), 0.01%Atropine -+
orthokeratology [26-28, 68] (P<0.05) could significantly
slow the progression of myopia.

3. In the comparison of different groups of interventions, most
of the combination interventions were more effective than
other types of interventions, with 1%Atropine + bifocal
spectacle lenses [69] and 0.01%Atropine + orthokeratology
[26-28, 68] being significantly more effective than progres-
sive addition spectacle lenses [11, 47] for myopia prevention
and control (P < 0.05; P < 0.05). In spectacles groups, under-
corrected single vision spectacle lenses [54] was less
effective in slowing the increase in refraction than the other
interventions. In contact lenses, the orthokeratology was
significantly more effective than progressive addition
spectacle lenses in delaying myopia progression (P < 0.05)
and significantly more effective than bifocal spectacle
lenses (P < 0.05), blue-violet light filtering spectacle lenses
(P <0.05), peripheral defocus modifying spectacle lenses
(P <0.05), progressive addition spectacle lenses (P < 0.05),
undercorrected single vision spectacle lenses (P<0.05),
compound tropicamide eye drops (P < 0.05), more outdoor
activities (P<0.05) and 1%Atropine + Racanisodamine
(P<0.05) in delaying refraction progression. In addition,
different concentrations of Atropine showed good effects in
slowing myopia progression, second only to combination
interventions; compound tropicamide eye drops and
Pirenzepine were less effective than most of the
interventions.

The main strengths of our current network meta-analysis are as
follows: firstly, the included studies and the resulting sample size
are very large; secondly, many combination interventions
contribute to the analysis of the additive effects of two
interventions; thirdly, although some interventions have been
compared in multiple studies, others have only been performed in
one trial or have never been performed. Thus, the network meta-
analysis allowed us to validate prior empirical evidence for direct
comparisons and provide evidence for comparisons without direct
empirical evidence.

There have been few studies on the prevention and control of
myopia by multi-focal glasses in recent years, and the conclusions
are usually relatively conservative. Most of the subjects are
patients with non-simple myopia. Cheng's study showed that
bifocal lenses modestly slowed myopia progression in children
with a high rate of myopia progression after 24 months [12]. Fulk’s
study suggested that children with myopic esotropia using bifocal
glasses rather than single vision glasses appear to somewhat slow
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Fig. 3 Forest plots of axial length and refraction comparing control. Notes: A is for axial length and B is for refraction. 1 = control; 2 =
Bifocal spectacle lenses (BSL); 3 = Blue-violet light filtering spectacle lenses (BVLFSL); 4 = Defocus incorporated multiple segments spectacle
lenses (DIMSSL); 5 = Progressive addition spectacle lenses (PASL); 6 = Prismatic bifocal spectacle lenses (PBSL); 7 = Peripheral defocus
modifying spectacle lenses (PDMSL); 8 = Progressive multi-focal spectacle lenses (PMSL); 9 = Spectacle lenses with highly aspherical lenslets
(SLHAL); 10 = Spectacle lenses with slightly aspherical lenslets (SLSAL); 11 = Undercorrected single vision spectacle lenses (USVSL); 12 =
Bifocal soft contact lenses (BSCL); 13 = Defocus incorporated soft contact lenses (DISCL); 14 = Extended depth of focus soft contact lenses
(EDOFSCL); 15 = Orthokeratology (OK); 16 = Progressive addition soft contact lenses (PASCL); 17 = Progressive multi-focal soft contact lenses
(PMSCL); 18 = Rigid gas permeable contact lens (RGP); 19 = Positive spherical aberration soft contact lenses (+SASCL); 20 = 1%Atropine (Atr);
21 = 0.5%Atr; 22 = 0.1%Atr; 23 = 0.05%Atr; 24 = 0.025%Atr; 25 = 0.02%Atr; 26 = 0.01%Atr; 27 = Compound tropicamide eye drops (CTED);
28 = Pirenzepine (Pir); 29 = More outdoor activities (MOA); 30 = 1%Atr + BSL; 31 = 1%Atr+PMSL; 32 = 1%Atr + Racanisodamine; 33 = 0.01%
Atr + SVSL; 34 =0.01%Atr + OK; 35 = BSL + M; 36 = SVSL + OK; 37 = SVSL + Red light (RL).

myopic progression [70]. From our findings, bifocal glasses have a
limited role in myopia prevention and control.

Orthokeratology slows the progression of myopia by providing
reasonable mechanical compression of the central corneal region,
which flattens the corneal curvature while reducing hyperopic
defocus in the peripheral retina. Many studies have shown that
orthokeratology significantly slows myopia progression and has
become one of the main means of myopia prevention and control.
However, orthokeratology is not widespread because of various
possible issues, such as the cost, difficulty in regularly going to the
hospital for rechecking, intolerable and the risk of corneal
infection [71]. Some specially designed soft contact lenses may
become a means of myopia prevention and control because they
can produce additional myopic defocus on the retina. Our results
suggested that specially designed contact lenses are more
effective than corresponding spectacles for myopia prevention
and control. Because relatively few studies were included, this
conclusion still needs to be supported by evidence with larger
sample sizes.

As a non-selective M cholinergic receptor antagonist, Atropine
has been the first-line drug for myopia prevention and control.
Many previous studies have shown that the myopia prevention
and control effect of Atropine and its side effects (photophobia,

Eye (2023) 37:3461 - 3469

blurred vision, glare) are concentration-dependent; the higher the
concentration, the better the effect, and the greater the side
effects. Our results did not show a statistically significant
concentration dependency, but this suggested that low concen-
trations of Atropine may be a better choice if the effects are
similar.

So far, the mechanism of more outdoor activities slowing
myopia progression is not well understood. However, many
studies have shown that outdoor activity time of more than 2 h
per day can effectively delay the occurrence and progression of
myopia [64-66]. Unexpectedly, our study suggested that more
outdoor activities played a weak role in myopia prevention and
control.

The greatest feature of this study is the inclusion of multiple
combination interventions, and the results showed that almost all
combination interventions were significantly more effective than
others. Thus, in clinic, flexible use of two or more interventions for
myopia prevention and control is of great interest.

Low-level red light gradually attracts scientists’ interest because
of its good effect and operability [21]. The results of a multicentre,
randomized, parallel-group, single-blind clinical trial evaluating
the efficacy of repeated low-level red light in the treatment of
myopia in children showed that after 12 months of intervention,
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the axial length and spherical equivalent of the single vision
spectacle lenses group increased 0.26 mm (95% Cl, 0.20~0.31 mm)
and - 0.59 D (95% Cl, —0.72 to —0.46 D) respectively than the red
light group. However, the red light only showed moderate efficacy

SPRINGER NATURE

for myopia in our study. The network meta-analysis showed that
single vision spectacle lenses + red light was more effective than
bifocal spectacle lenses (P < 0.05) and control (P<0.05) only in
slowing refraction progression.

Eye (2023) 37:3461 - 3469



G. Zhang et al.

Fig.4 Cumulative probability ranking results for axial length and refraction. Notes: A is for axial length and B is for refraction. Atr, Atropine;
BSCL, bifocal soft contact lenses; BSL, bifocal spectacle lenses; BVLFSL, blue-violet light filtering spectacle lenses; CTED, compound
tropicamide eye drops; DIMSSL, defocus incorporated multiple segments spectacle lenses; DISCL, defocus incorporated soft contact lenses;
EDOFSCL, extended depth of focus soft contact lenses; M, Massage; MOA, more outdoor activities; OK, orthokeratology; PASCL, progressive
addition soft contact lenses; PASL, progressive addition spectacle lenses; PBSL, prismatic bifocal spectacle lenses; PDMSL, peripheral defocus
modifying spectacle lenses; Pir, pirenzepine; PMSCL, progressive multi-focal soft contact lenses; PMSL, progressive multi-focal spectacle lenses;
Rac, Racanisodamine; RGP, rigid gas permeable contact lenses; RL, red light; SLHAL, spectacle lenses with highly aspherical lenslets; SLSAL,
spectacle lenses with slightly aspherical lenslets; SVSL, single vision spectacle lenses; USVSL, undercorrected single vision spectacle lenses;

+SASCL, positive spherical aberration soft contact lenses.
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Fig. 5 Cluster analysis results of co-interventions for axial length
and refraction. Note: Atr, atropine; BSCL, bifocal soft contact lenses;
BSL, bifocal spectacle lenses; BVLFSL, blue-violet light filtering
spectacle lenses; CTED, compound tropicamide eye drops; DIMSSL,
defocus incorporated multiple segments spectacle lenses; DISCL,
defocus incorporated soft contact lenses; EDOFSCL, extended depth
of focus soft contact lenses; MOA, more outdoor activities; OK,
orthokeratology; PASCL, progressive addition soft contact lenses;
PASL, progressive addition spectacle lenses; PBSL, prismatic bifocal
spectacle lenses; PDMSL, peripheral defocus modifying spectacle
lenses; Pir, pirenzepine; PMSCL, progressive multi-focal soft contact
lenses; PMSL, progressive multi-focal spectacle lenses; Rac, racaniso-
damine; RGP, rigid gas permeable contact lenses; RL, red light; SLHAL,
spectacle lenses with highly aspherical lenslets; SLSAL, spectacle
lenses with slightly aspherical lenslets; SVSL, single vision spectacle
lenses; +SASCL, positive spherical aberration soft contact lenses.

Limitations

This network meta-analysis has some inherent limitations and
should be emphasized. (1) We only focus on the difference in
concentration of Atropine but ignore the frequency and time of
administration; (2) due to the physical properties of the interven-
tions, double-blind cannot be achieved in many studies; therefore,
all the studies with 3 points which were unable to achieve double-
blind due to the different physical properties of the interventions
were included; (3) due to the lack of safety data in the included
literature, we cannot provide information on the safety of different
treatment; (4) the range of subjects included is wide, and the
potential bias caused by race/ethnicity, parental myopia and
environmental factors (such as near work time and outdoor time)
was not discussed; (5) the compliance to treatment was not
assessed specifically in the risk of bias tool. Clinical decision-making
for any intervention requires information about efficacy, short-term/
long-term benefits, and risk of side effects, so it is important to
perform additional tests on the safety of these interventions.

CONCLUSIONS
Despite these limitations, our network meta-analysis provides
valuable evidence-based guidelines for analysing the effectiveness

Eye (2023) 37:3461 - 3469

of myopia prevention and control measures. (1) Combined
measures can not only reduce the side effects of a single
intervention but also produce greater effective sizes, which is
worth recommending; (2) in addition, Atropine (1%, 0.5%, 0.1%,
0.05%, 0.01%) and orthokeratology are also effective in myopia
prevention and control; (3) progressive addition spectacle lenses,
undercorrected single vision spectacle lenses, compound tropica-
mide eye drops are ineffective in children; (4) low-level red light
had a role in myopia control, but a more evidence-based rationale
is still needed to support it.

SUMMARY

What was known before

® At present, there are many ways for myopia prevention and
control, but it is impossible to compare the effectiveness
between every two interventions directly and indirectly.

® The additive effect of combined intervention in preventing
and controlling myopia has been proposed; however, its
conclusion still needs to be supported by a large amount of
evidence.

What this study adds

® The combined measures were most effective, followed by
Atropine, and the least effective were progressive addition
spectacle lenses, undercorrected single vision spectacle
lenses, compound tropicamide eye drops, and Pirenzepine.

DATA AVAILABILITY
The authors confirm that the data supporting the findings of this study are available
within the article [and/or] its supplementary materials.
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