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ABSTRACT

Background

Myopia is a common refractive error, where elongation of the eyeball causes distant objects to appear blurred. The increasing prevalence
of myopia is a growing global public health problem, in terms of rates of uncorrected refractive error and significantly, an increased risk
of visual impairment due to myopia-related ocular morbidity. Since myopia is usually detected in children before 10 years of age and can
progress rapidly, interventions to slow its progression need to be delivered in childhood.

Objectives

To assess the comparative efficacy of optical, pharmacological and environmental interventions for slowing myopia progression in children
using network meta-analysis (NMA). To generate a relative ranking of myopia control interventions according to their efficacy. To produce
a brief economic commentary, summarising the economic evaluations assessing myopia control interventions in children. To maintain the
currency of the evidence using a living systematic review approach.

Search methods

We searched CENTRAL (which contains the Cochrane Eyes and Vision Trials Register), MEDLINE; Embase; and three trials registers. The
search date was 26 February 2022.

Selection criteria

We included randomised controlled trials (RCTs) of optical, pharmacological and environmental interventions for slowing myopia
progression in children aged 18 years or younger. Critical outcomes were progression of myopia (defined as the difference in the change in
spherical equivalent refraction (SER, dioptres (D)) and axial length (mm) in the intervention and control groups at one year or longer) and
difference in the change in SER and axial length following cessation of treatment ('rebound’).
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Data collection and analysis

We followed standard Cochrane methods. We assessed bias using RoB 2 for parallel RCTs. We rated the certainty of evidence using the
GRADE approach for the outcomes: change in SER and axial length at one and two years. Most comparisons were with inactive controls.

Main results

We included 64 studies that randomised 11,617 children, aged 4 to 18 years. Studies were mostly conducted in China or other Asian
countries (39 studies, 60.9%) and North America (13 studies, 20.3%). Fifty-seven studies (89%) compared myopia control interventions
(multifocal spectacles, peripheral plus spectacles (PPSL), undercorrected single vision spectacles (SVLs), multifocal soft contact lenses
(MFSCL), orthokeratology, rigid gas-permeable contact lenses (RGP); or pharmacological interventions (including high- (HDA), moderate-
(MDA) and low-dose (LDA) atropine, pirenzipine or 7-methylxanthine) against an inactive control. Study duration was 12 to 36 months. The
overall certainty of the evidence ranged from very low to moderate.

Since the networks in the NMA were poorly connected, most estimates versus control were as, or more, imprecise than the corresponding
direct estimates. Consequently, we mostly report estimates based on direct (pairwise) comparisons below.

Atoneyear, in 38 studies (6525 participants analysed), the median change in SER for controls was -0.65 D. The following interventions may
reduce SER progression compared to controls: HDA (mean difference (MD) 0.90 D, 95% confidence interval (CI) 0.62 to 1.18), MDA (MD 0.65
D, 95% CI 0.27 to 1.03), LDA (MD 0.38 D, 95% Cl 0.10 to 0.66), pirenzipine (MD 0.32 D, 95% Cl 0.15 to 0.49), MFSCL (MD 0.26 D, 95% CI 0.17
to0 0.35), PPSLs (MD 0.51 D, 95% CI 0.19 to 0.82), and multifocal spectacles (MD 0.14 D, 95% CI 0.08 to 0.21). By contrast, there was little or
no evidence that RGP (MD 0.02 D, 95% Cl -0.05 to 0.10), 7-methylxanthine (MD 0.07 D, 95% CI —0.09 to 0.24) or undercorrected SVLs (MD
-0.15D, 95% CI -0.29 to 0.00) reduce progression.

At two years, in 26 studies (4949 participants), the median change in SER for controls was —1.02 D. The following interventions may reduce
SER progression compared to controls: HDA (MD 1.26 D, 95% CI 1.17 to 1.36), MDA (MD 0.45 D, 95% Cl 0.08 to 0.83), LDA (MD 0.24 D, 95%
C10.17 to 0.31), pirenzipine (MD 0.41 D, 95% CI 0.13 to 0.69), MFSCL (MD 0.30 D, 95% CI 0.19 to 0.41), and multifocal spectacles (MD 0.19
D, 95% CI 0.08 to 0.30). PPSLs (MD 0.34 D, 95% CI -0.08 to 0.76) may also reduce progression, but the results were inconsistent. For RGP,
one study found a benefit and another found no difference with control. We found no difference in SER change for undercorrected SVLs
(MD 0.02 D, 95% CI -0.05 to 0.09).

At one year, in 36 studies (6263 participants), the median change in axial length for controls was 0.31 mm. The following interventions may
reduce axial elongation compared to controls: HDA (MD -0.33 mm, 95% CI -0.35 to 0.30), MDA (MD -0.28 mm, 95% CI -0.38 to -0.17), LDA
(MD -0.13 mm, 95% CI -0.21 to —0.05), orthokeratology (MD -0.19 mm, 95% CI -0.23 to =0.15), MFSCL (MD —-0.11 mm, 95% C| —=0.13 to —0.09),
pirenzipine (MD -0.10 mm, 95% Cl -0.18 to -0.02), PPSLs (MD —0.13 mm, 95% CI -0.24 to -0.03), and multifocal spectacles (MD -0.06 mm,
95% Cl -0.09 to -0.04). We found little or no evidence that RGP (MD 0.02 mm, 95% CI -0.05 to 0.10), 7-methylxanthine (MD 0.03 mm, 95%
C1-0.10 to 0.03) or undercorrected SVLs (MD 0.05 mm, 95% Cl -0.01 to 0.11) reduce axial length.

At two years, in 21 studies (4169 participants), the median change in axial length for controls was 0.56 mm. The following interventions
may reduce axial elongation compared to controls: HDA (MD -0.47mm, 95% CI -0.61 to —0.34), MDA (MD -0.33 mm, 95% Cl| -0.46 to -0.20),
orthokeratology (MD —0.28 mm, (95% CI -0.38 to -0.19), LDA (MD -0.16 mm, 95% CI —-0.20 to -0.12), MFSCL (MD -0.15 mm, 95% CI -0.19
to -0.12), and multifocal spectacles (MD —0.07 mm, 95% CI -0.12 to —0.03). PPSL may reduce progression (MD -0.20 mm, 95% CI -0.45 to
0.05) but results were inconsistent. We found little or no evidence that undercorrected SVLs (MD -0.01 mm, 95% CI —0.06 to 0.03) or RGP
(MD 0.03 mm, 95% CI -0.05 to 0.12) reduce axial length.

There was inconclusive evidence on whether treatment cessation increases myopia progression. Adverse events and treatment adherence
were not consistently reported, and only one study reported quality of life.

No studies reported environmental interventions reporting progression in children with myopia, and no economic evaluations assessed
interventions for myopia controlin children.

Authors' conclusions

Studies mostly compared pharmacological and optical treatments to slow the progression of myopia with an inactive comparator. Effects
at one year provided evidence that these interventions may slow refractive change and reduce axial elongation, although results were
often heterogeneous. A smaller body of evidence is available at two or three years, and uncertainty remains about the sustained effect
of these interventions. Longer-term and better-quality studies comparing myopia control interventions used alone or in combination are
needed, and improved methods for monitoring and reporting adverse effects.

PLAIN LANGUAGE SUMMARY
Interventions to slow the progression of short-sightedness in children

Key messages
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« Medications such as atropine, given as eye drops, can slow the progression of short- or near-sightedness (myopia) in children, and also
reduce elongation of the eyeball due to myopia. Higher doses of atropine are most effective. We are uncertain about the effects of lower
doses of atropine.

» Several treatments, including special types of lenses in eye glasses as well as contact lenses, may slow the progression of short-
sightedness, but their effect is still uncertain and there is insufficient information on the risk of unwanted effects.

«Itis also unclear whether the reported benefit of medications or lenses on myopia progression is maintained over the years.
What is short-sightedness?

Short-sightedness (or near-sightedness or myopia) means people struggle to see objects that are far away clearly, while objects that are
near remain clear. It is very common worldwide, and affects more than half of children in China and South-East Asia. Short-sightedness
may impair many aspects of life, including educational and occupational activities. Moreover, short-sighted people have longer eyes, which
means that the retinais stretched. This puts the eye at greater risk of eye diseases such as glaucoma, maculopathy and retinal detachment
later in life.

How is short-sightedness treated?

Although conventional eyeglasses or contact lenses are able to correct short sight, they do not slow its progression. A number of optical
treatments (glasses and contact lenses) and medications are available that aim to slow the progression of short-sightedness. But they need
to be given in childhood, when short-sightedness progresses most quickly. Medications such as atropine eye drops may be effective, but
can cause increased sensitivity to glare and cause problems when reading, especially at higher doses. Special eyeglasses are also available,
that include more than one focus power within the lens (multifocal or peripheral-plus lenses). These can also be provided as soft contact
lenses. Other contact lenses, called orthokeratology, aim to temporarily change the shape of the eye surface and are worn during sleep
and removed during the day. Both soft contact lenses and orthokeratology may increase the risk of infections to the eye surface

What did we want to find out?

We aimed to find out whether medications used as eye drops, and special lenses in eyeglasses or contact lenses, can slow the progression
of myopia, as well as the elongation of the eyeball. We also documented the risk of unwanted effects of such interventions.

What did we do?

We searched for studies that tested medications and lenses aiming to slow progression of short-sightedness in children, compared with
a control group or with other medications and lenses. The control group generally received a placebo (sham) treatment or single vision
eye glasses or contact lenses.

What did we find?

+ Higher doses of atropine may reduce the progression of short-sightedness, but the effect of low-dose atropine could be small and is
uncertain.

+ Based on short-term studies, orthokeratology is the most effective of the optical treatments in slowing elongation of the eyeball. These
lenses were often difficult to tolerate, however, with more than half of children not completing the treatment in some studies.

« Other types of contact lenses, known as multifocal soft contact lenses, may also reduce the progression of short-sightedness, but, again,
we remain uncertain about their beneficial effects.

« Unwanted effects associated with myopia control interventions were not consistently reported. Eye discomfort in bright light and blurred
near vision were the most common treatment-related unwanted effects in studies using atropine. Lower doses of atropine appear to have
fewer unwanted effects.

« Although studies that tested contact lenses did not report any serious unwanted effects, it is unclear what the true rate of unwanted
effects would be for children outside a research study or when wearing contact lenses for longer periods.

What are the limitations of the evidence?

Most of the evidence came from studies conducted in ways that may have introduced errors into their results, and potential unwanted
effects were not well reported. The majority of the studies followed participants up for 2 years or less and therefore there is insufficient
evidence on whether incremental benefits are found over the years and whether the effects are sustained.

How up to date is the evidence?

This review is up-to-date to February 2022.

Interventions for myopia control in children: a living systematic review and network meta-analysis (Review) 3
Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

SUMMARY OF FINDINGS

Cochrane Database of Systematic Reviews

Summary of findings 1. Summary of findings 1: change in refractive error at 1 year

Interventions for myopia control in children: a living systematic review and network meta-analysis

Population: children with progressive myopia (38 studies, 6525 participants in analyses)
Interventions: optical and pharmacological

Comparator: control (36 studies, 2846 participants). Control arms for optical interventions are either single vision spectacles or con-
tact lenses. Placebo eyedrops were the usual comparator for pharmacological interventions

Outcome: progression of myopia (difference in change in spherical equivalent refraction (SER)) at 1 year (dioptres)
Setting: primary eye care
Assumed control risk: median change in SER in control arms at 1 year —0.65D

Equivalence criterion: difference in change in spherical equivalent less than 0.25 D

Number of stud-
iesin the treat-
ment arm (par-

Treatment (vs control) Corresponding interven-
tion risk MD (95%Cl).

Direct estimates from

Corresponding interven-  Certainty of evi-
tion risk MD (95%Cl). dence
Estimates from NMA

ticipants) pairwise MA
High-dose atropine (= 0.5%) 3(512) 0.90 (0.62 to 1.18) 0.89 (0.65t0 1.12) Moderated
Moderate-dose atropine (0.1% 2 (254) - 0.65 (0.27 to 1.03) Moderated
to < 0.5%)
Low-dose atropine (< 0.1%) 4 (497) 0.38 (0.10 to 0.66) 0.43 (0.24 t0 0.61) Very lowb
Pirenzepine 2 (210) 0.32 (0.15 to 0.49) 0.27 (-0.13t0 0.67) Very lowb
7-methyxanthine 1(77) 0.07 (-0.09 to 0.24) 0.07 (-0.33t0 0.48) Low¢
Multifocal soft contact lenses 8(712) 0.26 (0.17 to 0.35) 0.23(0.09t0 0.37) Very lowb
Rigid gas-permeable contact 2 (178) 0.02 (-0.05 to 0.10) 0.17 (-0.12 to 0.46) Very lowb
lenses
Peripheral plus spectacle lenses 5 (480) 0.51 (0.19 to 0.82) 0.28 (0.05 to 0.51) Very lowb
Multifocal spectacle lenses 9 (729) 0.14 (0.08 to 0.21) 0.14 (-0.04 t0 0.32) Lowc¢
Undercorrected single vision 2(72) -0.15 (-0.29 t0 0.00) -0.15(-0.45 t0 0.15) Lowc¢

spectacles

GRADE Working Group grades of evidence

High-certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate-certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of effect,
but there is a possibility that it is substantially different.

Low-certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.
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Explanation

Negative mean differences for changes in refractive error represent faster progression of myopia in the intervention group compared
to progression in the control group. Measurement of refractive error is not an appropriate outcome in orthokeratology (ortho-K) stud-
ies. Overnight wear of ortho-K lenses flattens the central cornea and temporally reduces refractive error. It is therefore not possible
to assess the true progression of refractive error without ceasing lens wear for a period of time to allow the cornea to return to its pre-
treatment state

Cl: confidence interval; MA: meta-analysis; MD: mean difference; NMA: network meta-analysis

Reasons for downgrade

aDowngraded one level for risk of bias, not downgraded for inconsistency since all studies show clinically important effects.
b.Downgraded one level for risk of bias, imprecision and inconsistency.

cDowngraded one level for risk of bias and imprecision

In each case, downgrading due to risk of bias was due to concerns arising from the randomisation process and in the selection of the
reporting of the results; downgrading for imprecision was due to a confidence interval that included small and clinically unimportant
effects or optimal information size not met (using fewer than 400 participants as a 'rule of thumb'); downgrading for inconsistency was
due to substantial heterogeneity.

Summary of findings 2. Summary of findings 2: change in refractive error at 2 years

Interventions for myopia control in children: a living systematic review and network meta-analysis

Population: children with progressive myopia (26 studies, 4949 participants in the analysis)
Interventions: optical and pharmacological

Comparator: control (24 studies, 2282 participants). Control arms for optical interventions are either single vision spectacles or con-
tact lenses. Placebo eyedrops were the usual comparator for pharmacological interventions

Outcome: progression of myopia (difference in change in spherical equivalent refraction (SER)) at 2 years (dioptres)
Setting: primary eye care
Assumed control risk: median change in SER in control arms at 2 years -1.02 D

Equivalence criterion: difference in change in spherical equivalent less than 0.25 D

Treatment (vs control) Number of stud- Corresponding intervention Corresponding inter- Certainty of evi-

ies in the treat- risk MD (95%(Cl) vention risk MD (95%CI) dence
ment arm (par- Direct estimates from pair-  Estimates from NMA
ticipants) wise MA
High-dose atropine (= 0.5%) 2 (428) 1.26 (1.17 to 1.36) 0.74 (0.44 to 1.05) Moderated
Moderate-dose atropine (0.1% 2 (247) - 0.45 (0.08 to 0.83) Lowb
to < 0.5%)
Low-dose atropine (< 0.1%) 2 (249) 0.24 (0.17 to 0.31) 0.31(0.07 to 0.56) Lowb
Pirenzepine 1(53) 0.41 (0.13 to 0.69) 0.41 (-0.05t0 0.87) Lowb
Multifocal soft contact lenses 5 (540) 0.30(0.19t0 0.41) 0.31(0.12t0 0.49) Lowb
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Rigid gas-permeable contact 2 (154) One study showed no differ- 0.22 (-0.09 to 0.53) Very low¢
lenses ence and the other a benefi-

cial effect
Peripheral plus spectacle lens- 2 (188) 0.34 (-0.08 t0 0.76) 0.34 (0.05t0 0.63) Very low¢
es
Multifocal spectacle lenses 8 (696) 0.19 (0.08 to 0.30) 0.19 (0.03 to 0.36) Lowb
Undercorrected single vision 2 (122) 0.02 (-0.05 to 0.09) -0.07 (-0.36 t0 0.22) Very low¢
spectacles

GRADE Working Group grades of evidence
High-certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate-certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of effect,
but there is a possibility that it is substantially different.

Low-certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the
effect.

Very low-certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Explanation

Negative mean differences (MDs) for changes in refractive error represent faster progression of myopia in the intervention group com-
pared to progression in the control group. Measurement of refractive error is not an appropriate outcome in orthokeratology (or-
tho-K) studies. Overnight wear of ortho-K lenses flattens the central cornea and temporally reduces refractive error. It is therefore not
possible to assess the true progression of refractive error without ceasing lens wear for a period of time to allow the cornea to return
to its pre-treatment state

Cl: confidence interval; MA: meta-analysis; MD: mean difference; NMA: network meta-analysis

Reasons for downgrade

aDowngraded one level for risk of bias, not downgraded for inconsistency since all studies show clinically important effects.
bDowngraded one level for risk of bias and imprecision.

¢Downgraded one level for risk of bias, imprecision and inconsistency

In each case, downgrading due to risk of bias was due to concerns arising from the randomisation process and in the selection of the
reporting of the results; downgrading for imprecision was due to a confidence interval that included small and clinically unimportant
effects or optimal information size not met (using fewer than 400 participants as a 'rule of thumb'); downgrading for inconsistency was
due to substantial heterogeneity.

Summary of findings 3. Summary of findings 3: change in axial length at 1 year

Interventions for myopia controlin children: a living systematic review and network meta-analysis

Population: children with progressive myopia (36 studies, 6263 participants) in the analysis
Interventions: optical and pharmacological

Comparator: control (35 studies, 2732 participants). Control arms for optical interventions are either single vision spectacles or con-
tact lenses. Placebo eyedrops were the usual comparator for pharmacological interventions

Setting: primary eye care
Outcome: difference in change in axial length at 1 year (mm)

Assumed control risk: median change in axial length in control arms at 1 year 0.31 mm

Interventions for myopia control in children: a living systematic review and network meta-analysis (Review) 6
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Treatment (vs control) Number of stud- Corresponding interven-  Corresponding interven-  Certainty of evi-
ies in the treat- tion risk MD (95%Cl) tion risk MD (95%Cl) dence
ment arm Direct estimates from Estimates from NMA

(participants)

pairwise MA

High-dose atropine (= 0.5%) 3(512) -0.33 (-0.35 to -0.30) -0.32 (-0.38 to -0.26) Moderated
Moderate-dose atropine (0.1% 1(155) - -0.28 (-0.38 t0o -0.17) Moderated
to < 0.5%)

Low-dose atropine (< 0.1%) 4 (497) -0.13 (-0.21 to -0.05) -0.14 (-0.19 to -0.08) Very lowb
Pirenzepine 2 (210) -0.10 (-0.18 to -0.02) -0.08 (-0.19 t0 0.02) Very lowb
7-methylxanthine 1(35) -0.03 (-0.10 to 0.03) -0.03 (-0.15 to0 0.08) Low¢
Orthokeratology 7 (402) -0.19 (-0.23 to —0.15) -0.18 (-0.24 to -0.12) Moderate@
Multifocal soft contact lenses 8(712) -0.11 (-0.13 to —0.09) -0.11 (-0.14 to -0.07) Low¢

Rigid gas-permeable contact 2 (176) 0.02 (-0.05 t0 0.10) 0.02 (-0.07t0 0.12) Lowc¢
lenses

Peripheral plus spectacle lenses 3 (340) -0.13 (-0.24 to -0.03) -0.14 (-0.20 to -0.07) Very lowb
Multifocal spectacle lenses 4 (445) -0.06 (-0.09 to —0.04) -0.04 (-0.16 to 0.08) Lowc¢
Undercorrected single vision 1(47) 0.05 (-0.01t0 0.11) 0.05 (-0.06 t0 0.16) Lowc¢

spectacles

GRADE Working Group grades of evidence

High-certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate-certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of effect,

but there is a possibility that it is substantially different.

Low-certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the

effect.

Very low-certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the

estimate of effect.

Explanation

For the measurement of changes in axial length, negative mean differencess for changes in axial length represent faster axial elonga-
tion in the control group compared to the intervention group.

Cl: confidence interval; MA: meta-analysis; MD: mean difference; NMA: network meta-analysis

Reasons for downgrade

aDowngraded one level for risk of bias.

bDowngraded one level for risk of bias, imprecision and inconsistency.

cDowngraded one level for risk of bias and imprecision.

In each case, downgrading due to risk of bias was due to concerns arising from the randomisation process and in the selection of the
reporting of the results; downgrading for imprecision was due to a confidence interval that included small and clinically unimportant
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effects or optimal information size not met (using fewer than than 400 participants as a 'rule of thumb'); downgrading for inconsistency

was due to substantial heterogeneity

Summary of findings 4. Summary of findings 4: change in axial length at 2 years

Interventions for myopia controlin children: a living systematic review and network meta-analysis

Population: children with progressive myopia (21 studies, 4169 participants in the analysis)

Interventions: optical and pharmacological

Comparator: control (20 studies, 1894 participants). Control arms for optical interventions are either single vision spectacles or con-
tact lenses. Placebo eyedrops are the usual comparator for pharmacological interventions.

Outcome: median change in axial length in control arms at 2 years

Setting: primary eye care

Assumed control risk: change in axial length at 2 years 0.56 mm

Equivalence criterion: difference in change in axial length less than 0.1 mm

Treatment (vs control)

Number of stud-
ies in the treat-
ment arm

(participants)

Corresponding interven-
tion risk MD (95%Cl)
Direct estimates from
pairwise MA

Corresponding interven-
tion risk MD (95%Cl)
Estimates from NMA

Certainty of evi-
dence

High-dose atropine (= 0.5%) 2 (428) -0.47 (-0.61 to —0.34) -0.36 (-0.46 to -0.26) Moderated
Moderate-dose atropine (0.1% 1(144) - -0.33(-0.46 to -0.20) Moderated
to < 0.5%)

Low-dose atropine (< 0.1%) 2 (249) -0.16 (-0.20 to -0.12) -0.17 (-0.25 to -0.10) Lowb
Orthokeratology 2 (49) -0.28 (-0.38 to -0.19) -0.29 (-0.41 to —0.16) Moderated
Multifocal soft contact lenses 5 (540) -0.15(-0.19 t0o -0.12) -0.16 (-0.22 to -0.10) Moderated
Rigid gas-permeable contact 2 (154) 0.03 (-0.05t0 0.12) 0.03 (-0.08 to 0.15) Lowb
lenses

Peripheral plus spectacle lenses 2 (188) -0.20 (-0.45 to 0.05) -0.23 (-0.33t0 -0.12) Very low¢
Multifocal spectacle lenses 3 (404) -0.07 (-0.12 to —0.03) -0.09 (-0.17 to -0.01) Lowb
Undercorrected single vision 2 (122) -0.01 (-0.06 to 0.03) 0.01 (-0.09 to 0.10) Lowb

spectacles

GRADE Working Group grades of evidence

High-certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate-certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of effect,

but there is a possibility that it is substantially different.

Low-certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the

effect.
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Very low-certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the
estimate of effect.

Explanation

For the measurement of changes in axial length, negative MDs for changes in axial length represent faster axial elongation in the con-
trol group compared to the intervention group

Cl: confidence interval; MA: meta-analysis; MD: mean difference; NMA: network meta-analysis

Reasons for downgrade

aDowngraded one level for risk of bias.

bDowngraded one level for risk of bias and imprecision.

¢Downgraded one level for risk of bias, imprecision and inconsistency.

In each case, downgrading due to risk of bias was due to concerns arising from the randomisation process and in the selection of the
reporting of the results; downgrading for imprecision was due to a confidence interval that included small and clinically unimportant
effects or optimal information size not met (using fewer than 400 participants as a 'rule of thumb'); downgrading for inconsistency was
due to substantial heterogeneity.
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BACKGROUND

Description of the condition

Myopia, or short- or near-sightedness, is a common refractive
anomaly of the eye that occurs when parallel rays of light are
brought to a focus in front of the retina with accommodation at
rest, causing distant objects to appear blurred and near objects to
remain clear (Morgan 2012). Myopia most often results from the
eyeball being too long (i.e. there is excessive axial elongation), but
can also occur when theimage-forming structures of the eye are too
strong (Flitcroft 2019).

The prevalence of myopia shows significant age, ethnic and
regional variation (Rudnicka 2016). Currently, 30% to 50% of adults
in the USA and Europe have myopia (Dolgin 2015). Myopia is
already reaching 'epidemic' proportions in children and young
adults in urban areas of East and South East Asia, with over 80% of
children being myopic by the time they complete their high school
education (Dolgin 2015). If current trends continue, it is estimated
that by 2050 there will be approximately 5 billion (5000 million)
people with myopia (i.e. about 50% of the world's population),
with around 10% having high myopia (when defined as a spherical
equivalent of -5.00 dioptres (D) or worse) (Holden 2016).

The aetiology of myopia involves a complex interaction between
environmental and genetic factors. Although genetic inheritance
is a well-established predisposing factor for myopia, genetic
factors cannot explain the rapidly rising prevalence of the
condition (Williams 2019). A Mendelian randomisation study,
using the UK Biobank cohort, provided strong evidence for the
cumulative effect of additional years in education on myopia
development (Mountjoy 2018). Mendelian randomisation is a
statistical approach that uses genetics to provide information
about the relationship between an exposure and outcome. This
study estimated that for each additional year in education,
myopic spherical equivalent increased by -0.27 D. Evidence from
a number of observational studies further supports the causal
association between environmental and social factors and myopia
development (Morgan 2018).

Epidemiological studies have shown that myopia is an established
risk factor for a number of ocular pathologies, including cataract,
glaucoma and retinal detachment (Flitcroft 2012). Although
myopia-related complications can occur irrespective of age and
degree of myopia (Dhakal 2018), the excessive axial elongation
associated with higher degrees of myopia causes biomechanical
stretching of the outer coat of the eye, increasing the risk of
sight-threatening pathologies such as posterior staphyloma and
myopic maculopathy (Saw 2005; Verkicharla 2015). A meta-analysis
of population studies reporting blindness and visual impairment
due to myopic maculopathy (Fricke 2018), estimated that in
2015, approximately 10 million people had visual impairment
due to myopic macular degeneration, of whom three million
were blind. Although the sight-threatening pathologies associated
with myopia usually occur later in life, the underlying myopia
develops during childhood and therefore interventions to reduce
the progression of myopia have the potential to reduce future visual
impairment.

Description of the intervention

Most cases of myopia develop during childhood and the prevalence
of myopia begins to increase noticeably after the age of six years
(McCullough 2016). Progression rates vary significantly, with rates
in Asian children being approximately 0.20 D per year faster than
their age-matched European counterparts (Donovan 2012). Since
myopia tends to stabilise in late adolescence, interventions to slow
myopia progression need to be delivered in childhood.

Interventions to slow progression of myopia can be grouped
into three broad categories: optical, pharmacological and
environmental (Wildsoet 2019). Optical interventions include a
variety of spectacle and contact lens designs. Spectacles are the
least invasive and most accessible method for potentially slowing
myopia progression. Spectacle options include refractive under-
correction, bifocal and progressive addition lenses and, more
recently, specialised 'myopia control' designs. Soft multifocal and
approved myopia control contact lenses are increasingly being
used for myopia management in children (Efron 2020). Centre-
distance soft multifocal lens designs incorporate a central zone
that contains the distance refractive correction, with peripheral
regions of the lens having relatively increased positive power
(myopic defocus). This is achieved by either a gradual increase
in power towards the periphery or using concentric peripheral
zones of alternating myopic defocus and distance correction.
Orthokeratology involves the use of specialised rigid contact lenses
that are worn during sleep to change the topography of the cornea
to reduce myopic refractive error and also manipulate peripheral
retinal defocus. Safety remains a concern because of the greater
risk of sight-threatening microbial keratitis with overnight wear
compared with daily contact lens wear modalities (Dart 2008).

The most commonly used topical pharmacological intervention
for myopia control is atropine, a non-selective muscarinic
antagonist, which has been widely used in clinical trials in
concentrations ranging from 0.01% to 1.0%. Although higher
atropine concentrations have been shown to be effective in
retarding myopia progression in children, the higher incidence of
side effects with higher doses, including cycloplegia (inhibition
of accommodation) and pupil dilation (which causes blur for
near vision and photophobia) limits its use. Furthermore, a
rebound effect (involving more rapid myopia progression) after
discontinuation of therapy is more pronounced with higher
concentrations of atropine (Chia 2014). More recent studies have
evaluated the efficacy of lower concentrations to reduce side
effects and lessen the likelihood of rebound. The results of these
studies have led to a renewed interest in the clinical application
of low-dose atropine (i.e. 0.01% to 0.05%) for myopia control (Wu
2019). Other pharmacological agents that have been evaluated for
myopia control include topical tropicamide, cyclopentolate and
pirenzipine (a selective M1 muscarinic antagonist) and the oral
adenosine antagonist, 7-methylxanthine.

Evidence that more time spent on near work activities is associated
with higher odds of developing myopia (Huang 2015), and the
observation that increased time spent outdoors is protective
against myopia, after adjusting for near work, parental myopia
and ethnicity (Rose 2008), have raised the possibility that
environmental or behavioural interventions could be effective for
myopia control. Trials of school-based programmes that promote
outdoor activities, conducted in East Asia, have reported a lower
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incidence of myopia onset but have limited impact on progression
following onset of myopia (Dhakal 2022).

How the intervention might work

Animal studies have shown that optically-induced changes to the
effective refractive status of the eye can regulate eye growth and
influence refractive development (Troilo 2019). Specifically, the
observation that imposed relative myopic defocus (image focused
in front of the retina) can slow axial elongation has been the
impetus for the development of novel multifocal spectacles and
contact lenses that provide clear central vision, whilst at the same
time presenting myopic defocus over a large proportion of the
visual field. The critical area ratio required for these simultaneous
competing defocus signals to dominate eye growth is currently
unclear. However, the relative treatment effects reported for
different optical treatment regimens suggest that there appears to
be an eccentricity-dependent decrease in the efficacy of myopic
defocus beyond the near periphery (Smith 2014; Smith 2020).

Orthokeratology involves corneal reshaping lenses that are worn
overnight to flatten the central cornea and reduce its dioptric
power. The geometry of these lenses also creates a corneal profile
that produces relative myopic defocus.

The precise mechanism by which anti-muscarinic agents reduce
myopic progression is not fully understood. A non-accommodative
mechanism is thought to be the most likely, and alternative targets
have been proposed, including eye growth regulatory pathways
that arise in the retina and are relayed to the sclera via the retinal
pigment epithelium and choroid (McBrien 2013; Upadhyay 2020).

The protective effect of increased time outdoors on myopia
development is thought to be related to the higher light intensity
of sunlight and possibly its spectral composition (French 2013).
Light levels have been shown to influence refractive development
in animal models (Smith 2012). Higher light intensities stimulate
retinal dopamine production, which is thought to inhibit axial
elongation (Feldkaemper 2013).

Why it is important to do this review

As a result of its increasing global prevalence and association
with sight-threatening pathologies, myopia is emerging as a major
public health concern. Myopia is predicted to affect almost half of
the world’s population by 2050, and the pathologic consequences
of high myopia increase the risk of irreversible visual impairment
and blindness. There has been considerable interest in the
development of strategies to delay the onset of myopia and slow
its progression. Myopia control interventions are increasingly being
used in routine clinical practice (Efron 2020; Wolffsohn 2016).
Evidence from randomised controlled trials (RCTs) indicates that
the progression of myopia can be slowed by differentinterventions,
although treatment efficacy is highly variable.

There is a broad consensus that the primary endpoints for judging
efficacy in clinical trials of myopia control interventions should
include change in axial length, in addition to change in refractive
error (Brennan 2020; Walline 2018; Wolffsohn 2019). Myopia
development and progression usually occur due to abnormal
axial elongation. Therefore, axial length may be a better predictor
of future progression and consequent risk of posterior pole
complications (Brennan 2020). In terms of a minimal clinically
important difference of the key efficacy outcomes in myopia control

studies, an expert panel concluded that a mean difference between
intervention groups of 0.25 D per year would be regarded as
clinically significant (i.e. 0.75 D over the course of a three-year
study) (Walline 2018). This would correspond to a difference in axial
length of approximately 0.3 mm.

An updated Cochrane systematic review, published in January 2020
(Walline 2020), evaluated the efficacy of a number of interventions,
including spectacles, contact lenses and pharmaceutical agents,
for slowing the progression of myopia in children. Walline 2020
concluded that topical anti-muscarinic medication was effective in
slowing myopia progression. Multifocal lenses, either spectacles or
contact lenses, also conferred a small benefit. Although the update
was published in 2020, the review only included evidence published
up to the end of 2018. In this rapidly moving field, the results of
additional important trials have subsequently been reported.

Eye care professionals often find it difficult to assimilate potentially
conflicting evidence to inform their clinical decision-making
(Douglass 2020). It is therefore important that practitioners
can access high-quality and up-to-date evidence to inform
practice. Moreover, parents of myopic children also need reliable
information to help them to understand and interpret research
findings. Given the large number of different interventions
available for myopia control and the large number of completed
and ongoing RCTs on this topic, there is an urgent need to
evaluate the comparative effectiveness of different interventions.
A network meta-analysis (NMA) offers an advantage over a
standard pairwise meta-analysis in that it provides both direct
comparisons of individual trials and indirect comparisons not
directly evaluated in trials across a network of studies, thus
generating the comparativeness of all interventions in a coherent
manner. A NMA can also provide relative rankings of interventions
to inform clinical decision-making.

There are significant resource implications associated with myopia
for both individuals and healthcare systems. This includes
both corrected and uncorrected myopic refractive error. Lim
2009 estimated the mean direct costs of managing myopia
in school-aged children in Singapore. These costs included
optometrist visits, spectacles, contact lenses and travel costs. The
mean cost was estimated as USD 148 (median SGD 83.33) per year
in 2006. In addition, Zheng 2013 estimated the lifetime costs for
a person with myopia over an 80-year lifespan to be USD 17,020
in 2011. There are also associated costs and quality-of-life impacts
associated with uncorrected refractive error. Tahhan 2013 found
a significant reduction in health state utility (a preference-based
quality-of-life measure) associated with uncorrected refractive
error. Fricke 2012 estimated that the direct costs of correcting
all cases of uncorrected refractive error globally would be
approximately USD 28 billion (USD 28,000 million; price year not
stated). Given these cost estimates, understanding the current
evidence base for myopia control is key for both individuals and
healthcare decision-makers.

We plan to maintain this review as a living systematic review.
This will involve searching the literature every six months and
incorporating new evidence as it becomes available. This approach
is appropriate for this review since it addresses an important
clinical topic and there is currently significant uncertainty as to
the most effective intervention. It is therefore important that
consumers and healthcare providers have access to the most up-
to-date evidence to make informed decisions. The review authors

Interventions for myopia control in children: a living systematic review and network meta-analysis (Review) 11
Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

are aware of several relevant ongoing trials that will be important
to incorporate in a timely manner.

OBJECTIVES

To assess the comparative efficacy of optical, pharmacological
and environmental interventions for slowing myopia progression
in children using network meta-analysis (NMA). To generate a
relative ranking of myopia control interventions according to their
efficacy. To produce a brief economic commentary, summarising
the economic evaluations assessing interventions for myopia
control in children. To maintain the currency of the evidence using
a living systematic review approach.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs) of optical,
pharmacological and environmental interventions used alone orin
combination for slowing the progression of myopia in children.

Types of participants

This review considered studies that included children 18 years
old and younger. We excluded studies in which the majority of
participants were older than 18 years at the start of the study.
We also excluded studies that included participants with spherical
equivalent myopia less than -0.50 D at baseline. The spherical
equivalent s calculated by the sum of the spherical power plus half
the cylindrical power of the refractive error.

We included studies that compared interventions of interest and
reported having measured the relevant outcomes, irrespective of
whether data for the outcomes were available.

Types of interventions

We included studies that compared any of the interventions listed
below with a control group, or with each other. For the purposes of
the analysis, we defined a control group as a placebo intervention
or single vision spectacles or contact lenses.

« Undercorrection of myopia with single vision spectacle lenses

« Multifocal (bifocal or progressive addition) spectacle lenses,
peripheral defocus spectacle lenses

« Multifocal soft contact lenses (MFSCL; concentric ring or
progressive designs), rigid gas-permeable contact lenses or
corneal reshaping (orthokeratology) contact lenses

« Atropine (stratified according to dosing regime as high (= 0.5%),
moderate (0.1% to < 0.5%) and low (< 0.1%)

o Other pharmaceutical agents (e.g.
methylxanthine)

« Environmental interventions (e.g. time spent outdoors,
modifications to the performance of near work)

pirenzepine, 7-

Types of outcome measures
Critical outcomes
Progression of myopia

Progression of myopia was assessed by:

« mean change in refractive error (spherical equivalent in D) from
baseline for each year of follow-up and measured by any method
(e.g. objective or subjective refraction); and

« mean change in axial length for each year of follow-up in
millimetres (mm) from baseline for each year of follow-up and
measured by any method (e.g. ultrasound or optical biometry).

Change in refractive error and axial length following cessation of
treatment ('rebound')

Rebound was evaluated when children in the treatment group were
switched to the control treatment and then followed fora minimum
period of one year.

Important outcomes
Risk of adverse events

We described adverse events relating to the interventions
as reported in the included studies, irrespective of severity.
These included but were not limited to blurred vision,
photophobia, hypersensitivity reactions, corneal infiltrative events
and infections. In studies that graded clinical signs using standard
anterior eye grading scales from normal to severe, we recorded
the number of clinically significant signs (grade 3 or 4) that would
usually require a clinical action.

Where data were available we documented withdrawals due to
adverse events and number of 'serious' events.

Quality of life

We documented vision-related or health-related quality of life
when reported, measured by any validated questionnaire (e.g.
National Eye Institute (NEI) Visual Function Questionnaire 25 (NEI
VFQ-25), or EuroQol questionnaire, EQ-5D).

Treatment adherence

Studies evaluated adherence with the prescribed treatment
regimen using a variety of compliance measures, including daily
wearing time with contact lenses and spectacle interventions as
reported by parents or children, or both, or the proportion of
participants in pharmacological studies following the required
dosing regime.

Follow-up

We have reported outcomes at one year, two years and as available
for the duration of the study. We imposed no restrictions based on
the length of follow-up.

Brief economic commentary

We present evidence regarding relevant economic evaluations, as
a brief economic commentary.

Search methods for identification of studies
Electronic searches

The Cochrane Eyes and Vision Information Specialist searched the
electronic databases below for RCTs and controlled clinical trials.
There were no restrictions to language or date of publication.
Given the similarity in the PICO and corresponding search strategies
between the current review and a previous Cochrane Review on
interventions for myopia control in children (Walline 2020), and
the likelihood that studies included in Walline 2020 would meet
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