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Abstract Myopia is one of the most common human eye

disorders and represents a significant global public health

issue. Severe myopia is particularly concerning because of

its association with vision-threatening co-morbidities such

as retinal detachment, choroidal degeneration, premature

cataract, and glaucoma. Numerous interventions have been

proposed to slow the progression of myopia; however, few

have been validated through randomized clinical trials. The

purpose of this review is to evaluate optical, pharmaco-

logic, and environmental interventions currently available

to clinicians for the control of myopia progression in

children.
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Introduction

Myopia is one of the most common human eye disorders

and its prevalence is increasing in many areas around the

world. In the U.S., myopia typically manifests in elemen-

tary school-aged children [1, 2] and the magnitude

increases throughout childhood, affecting between 20 and

50 % of adults in the United States and Europe [3]. In

Asian countries, particularly in urban settings, the preva-

lence may be even higher with some studies indicating that

up to 90 % of high school children are myopic [3, 4].

While myopia is often considered a benign condition easily

overcome with optical correction, it is an increasing global

public health concern because of its economic, quality of

life, and visual acuity impacts. Epidemiologic studies

indicate that the age of onset of myopia is earlier in recent

birth cohorts, and that the prevalence of moderate and

severe myopia is also increasing [5]. Severe myopia is

particularly concerning because of its association with

vision-threatening co-morbidities such as retinal detach-

ment, choroidal degeneration, premature cataract, and

glaucoma.

Numerous interventions have been proposed to slow the

progression of myopia; however, few have been validated

through randomized clinical trials, making it difficult for

the clinician to make strong recommendations for patients.

The purpose of this review is to evaluate the effectiveness

of available methods to control the progression of myopia

in children.

Optical Interventions

Bifocals

Studies in both animals and humans suggest that increased

retinal defocus may play a role in the pathogenesis of

myopia progression [6–8]. Some studies have suggested

that high accommodative lag, which is the difference

between the accommodative stimulus and the response to

stimulus, causes light to be focused behind the retina

during near work, acting as a further stimulus for eye

growth and thus myopia; however, this link has not been

clearly established [8–10]. Findings from these studies

prompted speculation that the use of bifocal or multifocal

V. Manjunath � L. Enyedi (&)

Departments of Ophthalmology, Duke University Eye Center,

Duke University Medical Center, 2351 Erwin Road,

DUMC 3802, Durham, NC 27710-3802, USA

e-mail: laura.enyedi@duke.edu

V. Manjunath

e-mail: varsha.manjunath@duke.edu

123

Curr Ophthalmol Rep (2014) 2:150–157

DOI 10.1007/s40135-014-0054-4



lenses to provide clear vision at distance, intermediate, and

near without accommodation, might reduce the progression

of myopia.

Early randomized clinical trials performed in the U.S.

demonstrated no clinically significant slowing of myopia

with the use of bifocal lenses. Grosvenor et al. [11] fol-

lowed 124 school-aged children over a 3 year period and

found that the mean rates of progression were 0.34 diopters

(D) for single vision lenses, 0.36 D for ?1.00 add bifocal

lenses, and 0.34 D for ?2.00 add bifocal lenses. The dif-

ferences among the three groups were neither statistically

nor clinically significantly different. Fulk et al. [12]

examined a group of 84 myopic children with near-point

esophoria randomized to single vision or ?1.50 D add

bifocals over 30 months. For the 79 subjects who com-

pleted the follow up, mean progression of myopia was

0.50 D for single vision lenses and 0.40 D for bifocal

lenses. The results suggested that the use of bifocals,

instead of single vision glasses, by children with near-point

esophoria seemed to slow myopia progression to a slight

degree (adjusted p value for age, p = 0.046).

More recently, Cheng et al. [13••] examined the effect of

bifocal and prismatic bifocal spectacles (near base-in prisms

to reduce exophoria induced by the bifocal add) in 135 Chi-

nese–Canadian children (age 8–13 years, avg. 10.29 years)

with at least 1 D of myopia (mean -3.08 D) and at least

0.50 D of progression of the myopia over the previous year.

The 3 year randomized clinical study showed that bifocal

glasses with or without near prism compared to single vision

glasses reduced the magnitude of both myopia progression

(p \ 0.001) and axial elongation (p \ 0.001), with the

greatest effect in the first year of treatment. The treatment

effect decreased, but was sustained through the second and

third years of the study. Average myopia progression over the

3 years was 2.06 D for the single-vision lens group, 1.25 D

for the bifocal group, and 1.01 D for the prismatic bifocal

group. Axial length in the three groups increased an average of

0.82, 0.57, and 0.54 mm, respectively. The results also sug-

gested that the treatment effect of standard bifocals (1.1 D,

p \ 0.001) was as effective as prismatic bifocals (0.99 D) for

myopic children with high lags of accommodation. In children

with low accommodative lags, prismatic bifocals produced a

greater treatment effect compared to bifocals (0.50 D,

p = 0.03).

Progressive Addition Lenses (PALs)

More cosmetically appealing than bifocal lenses, but also

more expensive, PALs provide clear vision at all distances,

and thus have been hypothesized to reduce myopia pro-

gression by reducing retinal blur. The use of PALs to

reduce myopia progression has produced relatively small

treatment effects [9, 14, 15].

The correction of myopia evaluation trial (COMET) was

a multicenter, randomized, double-masked clinical trial to

evaluate whether PALs slowed the progression of myopia

compared to single vision glasses. The collaborative study

of 469 ethnically diverse American children aged

6–11 years (avg. age at baseline 9.3 years) with 1.25 to

4.5 D of myopia, concluded that the overall adjusted 3 year

treatment effect of 0.20 ± 0.08 D for ?2.00 PALS was

statistically significant (p = 0.004), but not clinically

meaningful. The treatment effect occurred in the first year

and remained similar for the next 2 years [9]. Further

analyses demonstrated that treatment effects were greater

in children with larger lags of accommodation in combi-

nation with near esophoria (0.64 ± 0.21 D), shorter read-

ing distances (0.44 ± 0.20 D), or lower baseline myopia

(0.48 ± 0.15 D). The authors concluded that, although

their results provide some support for the role of defocus

in the progression of myopia, the results were not clini-

cally meaningful and do not support a change in clinical

practice [9].

Furthermore, the rate of myopia progression seems to be

an important factor when examining the effect of PALs.

Leung and Brown demonstrated 0.57 D less myopia pro-

gression following 2 years of PAL wear compared to single

vision lenses among myopic Chinese children between the

age of 9 and 12 with 1.00 to 5.00 D of myopia and with a

high myopia progression rate ([0.4 D/year) [14]. However,

a later study conducted in Hong Kong, which did not use

myopia progression rate as a selection criterion, demon-

strated myopia control of only 0.14 D following 2 years of

PAL wear [15].

The various trials investigating both bifocal lenses and

PALs are heterogeneous and inconsistent, making the

results somewhat inconclusive. Further studies are neces-

sary to determine the clinical effect of these lenses in

myopia progression and characteristics of patients who

may benefit the most. The additional expense and possible

negative social effects of bifocals should be balanced

against the potential mild reductions of myopia progression

with bifocal spectacles.

Contact Lenses

Similar to studies of bifocals and PALs, studies of contact

lens use in myopia progression have demonstrated variable

results.

A randomized clinical trial by Horner, et al. [16],

reported no significant difference in progression between

the use of soft contact lens (SCLs) and single vision

spectacles among a group of 175 adolescents between the

ages of 11 and 14 years. This study has been criticized for

including non-cyclopleged refractive error measurements

and because nearly 1/4 of the randomized subjects were
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dropped from the analysis. Fulk, et al. [17] followed 43

children for 1 year after the end of a clinical trial of bifo-

cals for myopia treatment [12] to examine myopia pro-

gression in children wearing SCL’s versus spectacles. They

found that myopia progressed at an age-adjusted average

rate of 0.74 D in 19 children who switched to SCLs wear

compared with 0.25 D for 24 children remaining in glasses

(p \ 0.0001) [17].

The contact lens and myopia progression (CLAMP) study

was a 3 year, single-masked randomized clinical trial which

investigated the effect of SCL group versus rigid gas perme-

able lenses (RGPs) on myopia progression in a group of 116

mostly caucasian children with a mean age of 10.7 years and

spherical equivalent -2.30 D ± 0.91 in the RGP group and

-2.48 D ± 0.86 in the SCL group [18]. Results showed a

statistically significant difference in myopia progression in the

RGP (1.56 ± 0.95 D) versus SCL (2.19 ± 0.89 D) group

during the 3 years of the study, with most of the treatment

effect found in the first year (Analysis of covariance

[ANCOVA], p \ 0.001). Corneal curvature steepened sig-

nificantly less in the RGP group compared to the soft lens

group (p = 0.01) [18]. Three-year axial elongation was not

significantly different between treatment groups (p = 0.57).

These results suggest that the slowed myopia progression was

mainly due to corneal flattening, which may be reversible with

discontinuation of RGP lens. In the absence of differences in

axial elongation, the authors concluded that RGP lenses were

not effective for myopia control [18].

These studies do not support a change in clinical practice,

and more rigorous studies need to be performed to draw any

conclusions regarding the effect of contact lens use in myopia

progression. There is little evidence to suggest clinically rel-

evant control of myopia progression with the use of either

SCLs or RGPs.

Orthokeratology

Orthokeratology uses reverse geometry lenses worn overnight

to temporarily flatten the cornea (Fig. 1) by stimulating central

corneal epithelial thinning, and mid-peripheral epithelial, and

stromal thickening [19]. The flattening of the cornea tempo-

rarily reduces myopia, providing clear vision during the day

without corrective lenses.

Though studies have shown that orthokeratology can be

utilized in children for correcting myopia, there is no long-

term data supporting efficacy of orthokeratology in

reducing myopia progression. The longitudinal orthokera-

tology research in children (LORIC) study followed chil-

dren wearing orthokeratology lenses over a 2 year period

[20]. The results of the 35 children, with similar baseline

characteristics, showed that the axial length in the ortho-

keratology group was 0.25 mm less than the control group

at the conclusion of follow-up (p = 0.012). One major

weakness of this study was that the control group was in

fact a historical control group of children wearing single

vision lenses. The authors concluded that due to normal

changes in eye length with age, there is no way to predict

the potential corrective effect for individual subjects.

The corneal reshaping and yearly observation of near-

sightedness (CRAYON) Pilot Study compared the effects

of corneal reshaping contact lenses with an age-matched

control group of SCLs wearers from another myopia con-

trol trial [21]. This small study, which included 40 subjects,

aged 8–11 years with 0.75 to 4.00 D myopia, showed a

statistically significant difference in the annual rate of

change in axial length among the corneal reshaping lens

wearers compared to soft contact lenses (mean difference

in annual change = 0.16 mm, p = 0.0004); however, the

results are limited by the high drop out rate (30 %) and the

choice of soft contact lenses as control group.

Though orthokeratology may be a methodology utilized

by some practitioners to reduce the amount of existing

myopia, a gold standard randomized controlled trial with

sufficient subject numbers is needed to determine whether

orthokeratology is truly effective for slowing myopia pro-

gression. One must also weigh any potential benefits of

orthokeratology against the risk of its known complications

of potentially blinding infections and permanent corneal

scarring. Sleeping in contact lenses is a well-known risk

factor for corneal ulcers, and more than one hundred cases

of severe microbial keratitis related to orthokeratology

were reported between 1997 and 2007 [22].

Undercorrection

Growth of the primate eye is regulated by an emmetropi-

zation mechanism [23, 24], yet, refractive errors occur in a

significant proportion of the human population. Animal

Fig. 1 Orthokeratology utilizes reverse geometry rigid gas permeable

contact lenses worn overnight to temporarily change the shape of the

cornea
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studies have shown that a myopic defocus can halt axial

elongation [25–27] leading researchers to theorize that

undercorrecting myopia in children may similarly result in

less axial elongation, better emmetropization, and less

progression of myopia. To investigate this question,

a randomized clinical trial was performed comparing

myopic undercorrection with full correction in 94 Malay-

sian children aged 9–14 years with an average initial

refraction of -2.68 D. Children were randomized to un-

dercorrection of myopia by 0.75 D or full correction of

myopia with single vision lenses [28]. Interestingly, the

fully corrected group showed significantly less myopia

progression at 2 years than the undercorrected group

(p \ 0.01). A more recent study [29] confirmed that un-

dercorrecting children by 0.50 D resulted in more pro-

gression of myopia than full spectacle correction in this

randomized prospective study of 48 children aged

6–15 years with 1 to 5 D of myopia. In humans, myopic

defocus may in fact speed up myopia progression rather

than retarding it. Though many parents request that the

clinician undercorrect the spectacles so that their child does

not ‘‘become dependent’’ on the myopia correction, this

practice should be discouraged as it may have unintended

negative consequences and actually cause more progres-

sion of myopia.

Pharmacologic Interventions

Atropine Eye Drops

Several studies investigating atropine eye drops in myo-

pic children have shown a clinical reduction of the pro-

gression of myopia, making atropine a potentially

promising therapeutic option available for slowing myo-

pia progression [30–32]. The mechanism of action of

atropine on the progression of myopia is poorly under-

stood. Atropine, a non-selective muscarinic antagonist

that causes cycloplegia, was anecdotally thought to exert

its effect on myopia progression by blocking excessive

accommodation. Animal models in which accommodation

was prevented by elimination of the Edinger–Westphal

nucleus have demonstrated that axial myopia can occur in

the absence of accommodation [33]. More recently, ani-

mal studies, have suggested that atropine may prevent

myopia progression in the chick model, which lacks a

homolog of the mammalian M1 receptor, through the M4

subtype of muscarinic receptor, most likely located in the

retina [34].

The atropine in the treatment of myopia study (ATOM1)

was a randomized clinical trial based in Singapore

involving 400 children aged 6–12 years with 1.00 to

6.00 D of myopic correction [35]. Only one eye of each

participant was randomized for treatment. The results

showed that use of 1 % atropine eye drops nightly in one

eye over a 2 year period significantly reduced myopia

progression and axial elongation in this group of children.

The differences in myopia progression and axial elongation

between the two groups were 0.92 D (95 % confidence

interval, 1.10 to 0.77 D; p \ 0.001), and 0.40 mm (95 %

confidence interval, 0.35–0.45 mm; p \ 0.001), respec-

tively [36]. After 3 years of participation in the trial (with

2 years on atropine treatment), eyes randomized to atropine

were significantly less myopic. No retinal toxicity was

detected by multifocal electroretinogram testing. Other

randomized clinical trials have also demonstrated that the

rate of progression of myopia is lower in children given

atropine eye drops than in those given placebo [37].

Importantly, atropine administration is associated with

significant side effects including photophobia and decreased

near vision, necessitating the use of bifocal lenses, along

with systemic and local adverse effects. As a result, the use of

atropine has not been widely adopted. However, recent trials

have documented significant reductions of myopia progres-

sion with lower doses of atropine [38••]. In the atropine for

the treatment of myopia two study (ATOM2), Chia, et al.

[38••] examined the effects of 0.5, 0.1, and 0.01 % atropine

drops on myopia progression. This study was conducted over

a 2 year period with 400 children aged 6–12 years with at

least 2.0 D of myopia randomly assigned to the varying

strengths of dilute atropine. The mean myopia progression at

2 years was 0.30, 0.38, and 0.49 D in the atropine 0.5, 0.1,

and 0.01 % groups, respectively.

Differences in myopia progression and axial length

change between groups were small and clinically insig-

nificant. Atropine 0.01 % had a negligible effect on

accommodation and pupil size, and no effect on near visual

acuity, and caused no cases of allergic conjunctivitis. The

authors concluded that 0.01 % atropine has minimal side

effects compared with greater concentrations, and retains

comparable efficacy in controlling myopia progression.

Further investigation will need to be performed to deter-

mine the optimal dose of atropine for children.

The effectiveness of atropine has been shown to decrease

with long-term use, and cessation of drug administration leads

to a partial rebound effect. Chia et al. [38••, 39••] recently

published data 1 year after stopping the administration of

atropine in the above cohort of subjects. The follow up results

demonstrated that myopic progression was greater in the

0.5 % eyes (0.87 ± 0.52 D), compared to the 0.1 % (0.68 ±

0.45 D) and 0.01 % eyes (0.28 ± 0.33 D, p \ 0.001)

following cessation of the drop. Axial length growth was also

greater in the 0.5 % (0.35 ± 0.20 mm) and 0.1 %

(0.33 ± 0.18 mm) eyes, compared to the 0.01 % eyes

(0.19 ± 0.13 mm, p\0.001). These results suggest a myopic

rebound after atropine was stopped that was greater in eyes
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that had received 0.5 and 0.1 % atropine than in eyes that

received the 0.01 % atropine.

Given what is known regarding the effectiveness of atro-

pine in slowing myopia progression, this drug may be an

option for children with rapidly progressive, high myopia, but

must be weighed carefully with other options given the short-

term side effects, such as photophobia, and possible long-term

side effects including ultraviolet light induced damage to lens

and retina. If this treatment is used patients need to be moni-

tored for mydriasis and accommodative effects. Atropine

0.01 % is not as effective as higher concentrations of atropine

for slowing myopia progression, but does show significant

effect with minimal side effects or myopic rebound. Atropine

0.01 % is not commercially available in the US outside of

compounding pharmacies as it is not approved by the Food

and Drug Administration. It is however, widely available in

lower dosages in other parts of the world.

Pirenzepine 2 % gel, a selective M1 antagonist in humans,

is less likely to cause mydriasis and cycloplegia than atropine

[40]. It was shown to be effective in studies both in the US [41]

and Asia [42], slowing myopia progression by up to 50 %.

Though this drug showed promising results, it was not brought

to market and is currently not commercially available.

Vision Therapy and Biofeedback

There are a number of commercially available visual

rehabilitation tools and devices marketed to reduce myo-

pia. Very limited data exists on the use and effectiveness of

such devices [43–45]. The use of these products for the

prevention of myopia cannot be supported without scien-

tific evidence from randomized controlled trials.

Environmental Interventions

Outdoor Interventions

The association between the amount of outdoor activity and the

prevalence of myopia has been investigated by several large

studies in different countries in both a cross-sectional and

longitudinal fashion [46••, 47••, 48]. Sherwin, et al. [47••]

performed a systematic review and meta-analysis of the asso-

ciation between time spent outdoors and myopia in children.

The pooled odds ratio from seven cross-sectional studies of

9,885 ethnically diverse children indicated a 2 % reduced odds

of myopia per additional hour of time spent outdoors per week.

This is equivalent to an odds ratio of 0.87 for each additional

hour of time spent outdoors each day. In one additional large

cross-sectional study, Guo, et al. [46••] performed detailed eye

exams and biometry and administered a detailed parental

questionnaire, including questions on time spent indoors and

outdoors, on 681 children in grades 1 (mean age, 6.3 ±

0.5 years; range, 5–8 years) and 4 (mean age, 9.4 ± 0.7 years;

range, 8–13 years) from urban and rural areas of Beijing,

China. The mean daily time spent outdoors was 1.6 ± 0.8 h

(range, 0.5–5.1 h). In multivariate analysis, axial length was

significantly associated with older age (p \0.001), urban

region of habitation (p\0.001), less time spent outdoors

(p = 0.001), and more time spent indoors studying (p = 0.02).

Presence of myopia (defined as refractive error B-1 D) had

statistical significance associated with older age, maternal

myopia, urban region of habitation, with less time spent out-

doors, and with more time spent indoors studying. These results

suggest that less outdoor activity, more indoor studying, older

age, maternal myopia, and urban region of habitation were all

significantly associated with longer ocular axial length and

myopia in grade 1 and grade 4 primary school children in

Greater Beijing. Results of a recent prospective interventional

study [48] of 571 consecutive elementary school students in

Taiwan also suggest that outdoor activities during class recess

at school reduce the onset of myopia and the progression of

myopia. Though few randomized controlled trials are pub-

lished, many published reports suggest that increased outdoor

time decreases myopia onset and progression.

Night–Lights

The disruption of light–dark cycles may influence eye growth

in animal studies with chicks, bringing into question whether

night-light use can affect emmetropization in humans [49]. An

initial study demonstrated a positive relationship between

night and light use and the development of myopia, [50]

however, the results were not reproducible, [51, 52] likely due

to lack of control for confounders, such as parental myopia,

varying methods of refractive error measurements, and

selection biases [53]. Based on the available studies, parents

should not be concerned about causing myopia progression in

their children by using night lights.

Conclusions

As myopia becomes more common and more severe, there

is more interest on the part of patients, families, and phy-

sicians in methods to prevent myopia and control its pro-

gression. Many interventions have been studied with

varying results. Currently, the available interventions that

offer the most potential benefit with the least risk include

bifocal glasses, low-dose atropine, and increased time

spent outdoors. Clinicians may want to consider these

treatments, particularly for children who have early onset

myopia and/or rapid progression of myopia, or for families

who are very motivated to reduce myopia risk and/or

progression even modestly.
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Though bifocals have been shown to reduce myopic

progression in several studies, it is still not clear which

patients have the most potential for benefit and whether the

achieved benefit is clinically significant, particularly when

balanced against the additional cost and social impact of

bifocal glasses.

Daily atropine has repeatedly been shown to reduce myopia

progression with sustained effects after cessation of the drug.

In Chinese children, atropine 0.01 % had a negligible effect on

accommodation and pupil size, and no effect on near visual

acuity, and caused no cases of allergic conjunctivitis. It is

unclear whether low-dose atropine would have as good a side

effect and safety profile in children of other races, particularly

those with light-colored irides who may be expected to be more

susceptible to side effects of atropine. If atropine is used,

parents should be warned of the signs and symptoms of atro-

pine toxicity, and children should be monitored for effects on

accommodation and mydriasis. Clinicians may want to pre-

scribe extra UV and glare protection if atropine drops affect the

pupil size; parents should also be warned that long-term effects

of increased UV exposure to the lens and retina are unknown.

Atropine may not be an appropriate treatment for children with

Down syndrome or any person with impaired accommodation.

Finally, atropine 0.01 % drops are not available in a standard

preparation in the United States and must be compounded,

adding significant cost to the drug. Finally, dilute atropine

preparations do not have FDA approval for prevention of

myopia progression, therefore, considerable parental educa-

tion would need to be performed by the clinician.

Time spent outdoors is a potentially modifiable risk factor

for myopia that may confer a small, but real reduction in the

risks of myopia development and progression. There are a

number of possible mechanisms by which time outdoors may

affect myopia including changes in retinal dopamine in

response to sunlight [54], pupillary constriction increasing

depth of focus and decreasing blur, low accommodative

demands for outdoor activities, and a reduction in near

activities as a substitution effect of increased time outdoors

(i.e., when kids spend more time outdoors, there is less time

for indoor activities). Recommending outdoor playtime

daily is an easy and cost-free recommendation that oph-

thalmologists can make to possibly reduce myopia and

myopia progression. This recommendation also aligns nicely

with guidelines issued by the American Academy of Pedi-

atrics recommending more outdoor play and no more than

2 h daily of ‘‘screen time’’. Proper UV protection must also

be advised to parents [55], due to the known risk of skin

cancer with increased sun exposure.

In the future, there may be new drugs, innovative optical

interventions that manipulate the effective focus of the

peripheral retina [56], or even gene therapies that change

gene-environment interactions that will reduce the current

global myopia epidemic.
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