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The Need for Controlling Myopia Pro-
gression
Myopia is a common ocular disorder which usually involves an 
increased axial length of the eye.High myopia of more than -6.00 
diopters is associated with a higher risk of ocular diseases [1]. 
The prevalence rates of myopia are rising rapidly worldwide. 
Currently, every 1 out of 3 adults in the United States is myopic 
[2]. In some Asian countries, 60% - 80% of young adults are my-
opic [3]. Some reports suggest that close to half of the world’s 
population may be myopic by 2050. Of those, about 10% may 
have high myopia, which is linked to pathological myopia [4].

The rising prevalence rate of childhood myopia is thought to 
be linked to changes in the everyday visual environment and 
has become of considerable concern for parents and healthcare 
providers. Therefore efforts to control myopia progression are 
escalating and prevention of myopia has become an internation-
al public health priority [5].

Evidence-Based Strategies for Myopia 
Control
Several strategies, which have been proposed for retarding myo-
pia progression in the past, were either not found to be effective 
at all, or the effects were so small that they are not recommended 
as a routine prescription for myopic children. Among these are 
under corrected single vision spectacle lenses, single vision Rig-
id Gas-Permeable (RGP) contact lenses in alignment fit, single 
vision soft contact lenses, and administration of timolol (0.25%) 
eye drops, which all were ineffective. Weak myopia control ef-
fects were demonstrated by bifocal spectacle lenses, multifocal 
spectacle lenses, and peripheral defocus modifying spectacle 
lenses. Prismatic bifocal spectacle lenses showed moderate ef-
fects.

An increase in outdoor activities seems to reduce the onset of 
myopia and subsequently has a weak impact on myopia progres-
sion [6].

Other myopia control studies show promising results, with the 
most effective methods being orthokeratology, soft bifocal con-
tact lenses, and pharmacologic, antimuscarinic agents, which are 
applied as eye drops [7].

Assessing various myopia control strategies, a robust number 
of Randomized Controlled Trials (RCT) have been conducted 
in recent years. An RCT is considered the gold standard to test 
the efficacy or effectiveness of a particular medical intervention. 
This article briefly summarizes the results of recently conducted 
myopia control RCTs.

A meta-analysis, published 2016 in the journal Ophthalmology, 
analyzed 30 RCT interventions for myopia control in children 
with treatment duration of at least 1 year and compared their 
efficacy [8]. The analyzed studies included 4 main types of in-
terventions: spectacle lenses (13 RCT), contact lenses (9 RCT), 
pharmacologic agents (7 RCT), and more outdoor activities (1 
RCT). When monitoring myopia progression, ideally both re-
fraction and axial length were assessed. While this was done 
by 19 studies, 9 studies only reported refraction, and 2 studies 
reported only axial length. A total of 5422 eyes were involved 
in the analysis. The authors labeled the strength of a particular 
interventive strategy for controlling myopia as strong, moder-
ate, weak, or ineffective in direct comparison with single vision 
spectacle lenses or placebo treatment as shown in table 1. A 
summary of the results is provided in the following sections.
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Table 1: Myopia control effect labeling based on changes of 
refraction and axial length per year, compared to single vision 
lenses or placebo treatment.

Myopia
control effect

Refraction
change per year

Axial length
change per year

Strong More than 0.50 D More than -0.18 mm

Moderate 0.25 D to 0.50 D -0.09 mm to -0.18 mm

Weak 0.00 D to 0.25 D 0.00 mm to -0.09 mm

Ineffective Negative D Positive mm
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Spectacle Lenses
The efficacy of spectacle lenses for myopia control is quite var-
iable, ranging from moderately effective to ineffective, depend-
ing on the type of spectacle lens.

Prismatic bifocal spectacle lenses showed moderate myopia 
control effects. Progressive addition spectacle lenses, bifocal 
spectacle lenses, and peripheral defocus modifying spectacle 
lenses showed weak myopia control effects. In general, chil-
dren with high accommodative lag and/or near-point esophoria 
appeared to benefit most from these interventions. The myopia 
control effect of bifocal and progressive addition spectacle lens-
es is thought to be based on reducing accommodative effort or 
accommodative error [7].

Under corrected single vision spectacle lenses were ineffective 
since They appeared to rather stimulate than prevent myopia 
progression.

Except for prismatic bifocal spectacle lenses, clinically mean-
ingful slowing of myopia progression by using either bifocal or 
progressive addition spectacle lenses was not enough to recom-
mend them as routine prescriptions for myopic children [7].

A summary of the different spectacle lens related treatment out-
comes is provided in table 2. 

It is noteworthy, that peripheral defocus modifying spectacle 
lenses were only made for the clinical study and are not availa-
ble in patient care [9].

Intervention Refraction
change (95% CI)

Axial length
change (95% CI)

Myopia control
effect

Prismatic bifocal spectacle lenses 0.34 D (0.22 to 0.46) -0.09 mm (-0.14 to -0.04) Moderate

Bifocal spectacle lenses 0.09 D (0.05 to 0.24) -0.06 mm (-0.10 to -0.02) Weak

Peripheral defocus modifying spectacle lenses 0.12 D (0.06 to 0.30) -0.05 mm (-0.12 to 0.02) Weak

Progressive addition spectacle lenses 0.12 D (0.07 to 0.18) -0.04 mm (-0.07 to -0.01) Weak

Undercorrected single vision spectacle lenses -0.11 D (-0.22 to 0.00) 0.03 (-0.02 to 0.08) Ineffective

Table 2: Spectacle lens modalities for myopia control compared to single vision lenses or placebo treatment, from most to 
least effective with respect to axial length change.

Contact Lenses
Contact lenses used for myopia control have substantial differ-
ences in surface geometry, optical design, material, and wearing 
modalities. This involves single vision RGP contact lenses, sin-
gle vision soft contact lenses, peripheral defocus modifying soft 
contact lenses, and RGP contact lenses used for orthokeratology.

Among these modalities, overnight orthokeratology, which 
involves wearing the lenses during sleep and removing them 
throughout the day, demonstrated the most effective myopia 
control. However, a number of issues limit the widespread use 
of orthokeratology, such as cost, a relatively complicated fitting 
regimen, and a possibly higher risk of infective keratitis [10,11].

Both orthokeratology as well as wearing peripheral defocus 
modifying soft contact lenses induce various amounts of myopic 
defocusing in the retinal periphery, while correcting refractive 
errors centrally. These refractive profiles are considered key fac-

tors to inhibit ocular elongation, myopia development and pro-
gression. According to this theory, an eye grows in axial length 
to bring a hyperopic defocus in its retinal periphery into focus, 
independently of its foveal refractive status. Several studies have 
shown that myopic eyes typically have relatively hyperopic pe-
ripheral refractions, whereas emmetropic and hyperopic eyes 
have relatively myopic peripheral refractions. The authors sug-
gested that peripheral hyperopic defocus could be a cause rather 
than a result of myopia development, and proposed that inducing 
myopic peripheral defocusing in myopic eyes might be desirable 
for controlling myopia progression. [12-16].

When evaluating their potential for myopia control, both ortho-
keratology as well as peripheral defocus modifying soft lenses 
proved to be moderately effective. Single vision RGP contact 
lenses and single vision soft lenses, which typically do not in-
duce myopic defocusing in the retinal periphery, were ineffec-
tive in slowing the progression of myopia. (Table 3).
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Intervention Refraction
change (95% CI)

Axial length
change (95% CI)

Myopia control
effect

Orthokeratology N/A -0.14 mm (-0.19 to -0.10) Moderate

Peripheral defocus modifying soft contact lenses 0.31 D (0.02  to  0.60) -0.12 mm (-0.19 to -0.05) Moderate

Single vision soft contact lenses -0.06 D (-0.10 to -0.02) 0.01 mm (-0.01 to 0.03) Ineffective

Single vision rigid gas-permeable lenses -0.03 D (-0.13 to 0.07) 0.02 mm (-0.04 to 0.08) Ineffective

Table 3: Myopia control interventions involving contact lenses, compared to single vision lenses or placebo treatment, from 
most to least effective with respect to axial length change.

Pharmacologic Agents
Pharmacologic interventions may include atropine in various 
dosages, cyclopentolate, and pirenzepine. In the analyzed RCTs, 
all of them were administered daily at bedtime. While atropine 

and cyclopentolate are available as eye drops, pirenzepine is an 
ophthalmic gel. Timolol, a beta-blocker, was ineffective in con-
trolling myopia progression and should not be used for this pur-
pose. Table 4 summarizes the efficacy of these pharmacologic 
interventions.

Intervention Refraction
change (95% CI)

Axial length
change (95% CI)

Myopia control
effect

High-dose atropine (1% or 0.5%) 0.68 D (0.52 to 0.84) -0.21 mm (-0.28 to -0.16) Strong

Moderate-dose atropine (0.1%) 0.53 D (0.28 to 0.77) -0.21 mm (-0.32 to -0.12) Strong

Low-dose atropine (0.01%) 0.53 D (0.21 to 0.85) -0.15 mm (-0.25 to -0.05) Strong

Cyclopentolate (1%) 0.33 D (0.07 to 0.59) N/A Moderate

Pirenzepine (2%) 0.29 D (0.05 to 0.52) -0.09 mm (-0.17 to -0.01) Moderate

Timolol (0.25%) -0.02 D (-0.31 to 0.27) N/A Ineffective

Table 4: Myopia control interventions involving pharmacologic agents, compared to single vision lenses or placebo treat-
ment, from most to least effective with respect to refraction and axial length changes.

Atropine, a nonspecific muscarinic receptor antagonist, was 
the most potent intervention strategy for controlling myopia 
progression during the time of treatment. In general, the higher 
the atropine dose (up to 1%), the more effective was the myo-
pia control. However, ocular side effects of applying high-dose 
atropine include pupil dilation, light sensitivity, and near blur 
[17,18]. These effects need to be addressed with spectacle lens-
es, for instance photochromic, progressive addition spectacle 
lenses. Furthermore, there was a remarkable myopia rebound 
effect after cessation of high-dose atropine treatment [19].

When directly comparing the myopia control effect of 0.5%, 
0.1%, and 0.01% atropine over a period of five years, the authors 

of one RCT found a dose-related response with a greater effect 
in higher doses during active treatment, but an inverse dose-re-
lated increase in myopia during the washout period.  In addition, 
low-dose atropine also caused minimal pupil dilation, minimal 
loss of accommodation, and no near visual loss. They concluded 
that over a longer period of time, low-dose atropine (0.01%) was 
more effective in myopia control with less visual side effects 
compared with higher doses of atropine [20].

This makes high or moderate doses of atropine less likely to be 
considered as top choices for myopia control interventions in 
clinical practice. Although the side effects of atropine seem to 
prevent eye care practitioners from routinely prescribing it for 
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myopia control, low-dose atropine may provide adequate myo-
pia control with remarkably fewer side effects and a reduced rate 
of myopia rebound after discontinuation of the treatment.

Atropine initially was selected for myopia control based on the 
assumption that accommodation was the causative factor in my-
opia progression, and therefore cycloplegia may help its control.  
Currently, there is increasing evidence that the mode of action 
by which atropine prevents myopia is via interaction with retinal 
muscarinic receptors, although the evidence is not yet conclu-
sive [21,22].

Cyclopentolate, a nonspecific muscarinic receptor antagonist, 
was found to be moderately effective in treating myopia pro-
gression in an older study [23]. It has atropine-like ocular side 
effects and does not have a role for myopia control in clinical 
practice in the United States.

Pirenzepine, an M1-specific muscarinic receptor antagonist, is 
a possible alternative to low-dose atropine. M1 receptors are 
abundantly concentrated in the retina and sparsely distributed 
on ciliary body and iris. Pirenzepine demonstrated a moderate 
myopia control effect, while only minimally influencing pupil 
dilation and accommodation, and having a reduced likelihood of 
causing any atropine-like side effects. Although an effective my-
opia control agent, pirenzepine does not currently have a role in 
clinical practice in the United States, since it is not commercially 
available in an ophthalmic preparation [7].

More Outdoor Activities
Some studies have reported that children and adolescents with 
more outdoor activities tend to have a reduced myopia progres-
sion rate and suggested that outdoor activities were protective 
for myopia development and progression. One meta-analysis of 
seven cross-sectional studies reported a significant protective as-
sociation between increasing time spent outdoors and prevalent 
myopia in children and adolescents. Each increase in hours per 
week of time spent outdoors was associated with a 2% reduced 
odds of myopia, after adjustment for potential confounders [6].

Instead of using cross-sectional data, one RCT, reports a weak 
myopia control effect for more outdoor activities of 14 to 15 
hours per week. The associated mean change in refraction over 
one year was 0.14 D (95% CI: 0.06 - 0.22), which is considered 
a weak effect. No information regarding changes in axial lengths 
of the eyes was available [24].

Other studies report that increased time outdoors was effective 
in preventing the onset of myopia as well as subsequently slow-
ing the myopic shift in refractive error. However, outdoor time 
was not effective in slowing progression in eyes that were al-
ready myopic [25].

Therefore, increasing time spent outdoors may be a simple strat-
egy to reduce the risk of developing myopia in the first instance 
and allow for a weak control effect in its subsequent progression.

Conclusion
A meta-analysis of myopia control RCTs indicates that atropine 
at different dosages was superior to any other interventions. The 
higher the atropine dose, the better the control effect during the 
time of treatment. Disadvantages of higher dose atropine (1%, 
0.5%, and 0.1%) were side effects and accelerated myopia pro-
gression after discontinuation of treatment. Low-dose atropine 
(0.01%) however provided adequate myopia control with re-
markably fewer side effects and reduced myopia rebound effect. 
Additionally, over a longer period of time, low-dose atropine was 
found to be more effective in myopia control compared to higher 
doses of atropine, which makes it a potentially better choice in 
clinical practice. In the United States, atropine doses other than 
1% are only available through compounding pharmacies.  

Cyclopentolate and pirenzepine provided comparable, moderate 
levels of myopia control. While cyclopentolate has a number of 
side effects, pirenzepine is not readily available as an ophthal-
mic preparation. Therefore, these pharmaceutical agents are cur-
rently not used for myopia control.  

Orthokeratology, as well as peripheral defocus modifying soft 
contact lenses demonstrated comparable, moderate myopia con-
trol effects. Since the latter are soft contact lenses, their fitting 
regimen is much less complex as well as less expensive com-
pared to orthokeratology, which renders them an attractive op-
tion in clinical practice. In recent years, this lens modality got 
a good amount of interest, which sparked a variety of design 
modifications. Currently, several clinical studies are underway, 
assessing the myopia control potential of these new generation 
lenses.

For patients who neither will be treated with pharmacologic 
agents nor with contact lenses, prismatic bifocal spectacle lenses 
are an option, providing a moderate level of myopia control. Es-
pecially when used in young and adolescent patients, the target 
group for myopia control, cosmesis with these lenses might be 
problematic though, as well as the permanent presence of the 
add power segment in the lower half of the lenses.

Increased time spent outdoors was effective in preventing the 
onset of myopia and showed a weak myopia control potential, 
once myopia was established.  It therefore can be recommended 
as a simple strategy to reduce the risk of developing myopia and 
its progression in children and adolescents. 

Progressive addition spectacle lenses and bifocal spectacle lens-
es only produced weak myopia control effects and therefore can-
not be recommended as first choice treatment options. Similar 
weak effects were demonstrated by peripheral defocus modify-
ing spectacle lenses, which are not available in clinical practice. 

Undercorrected single vision spectacle lenses, single vision soft 
contact lenses, single vision RGP contact lenses in alignment 
fit, and administration of timolol eye drops were ineffective in 
controlling myopia progression and should not be considered as 
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treatment options.It must be noted, that no intervention is cur-
rently approved for myopia control by the United States Food 
and Drug Administration. Therefore all discussed interventions 
can only be used off-label and patients should be informed about 
this before considering treatment. Since the prevalence of my-
opia is rising, new or modified treatment options are necessary. 
Therefore more RCTs are needed to further confirm the myopia 
control effect by different interventions.
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