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Abstract

Nearsightedness, or
myopia, is becoming more
prevalent worldwide. The eye
experiences dynamic growth
throughout adolescence,
but the etiopathogenesis of
myopia progression is not fully
understood. Myopia is associated
with several pathologic eye
conditions, leading to irreversible
vision loss. Treatment for
preventing myopia progression
is reliant on effective screening
and initiating treatment early in
life. This article will review risk
factors for myopia progression
and discuss treatment strategies
that are most effective in halting
its spread.

Background

One of the more staggering
trends in ophthalmic care has been
the rapid global rise of myopia,
also called nearsightedness. The
prevalence of myopia exceeds 28%
globally, and there are projections
that approximately half of the
world’s population, or five billion
people, will have some degree
of myopia by 2050.> With the
increase of myopia worldwide, it
is concerning that an estimated
10% of the world’s population,
or more than 700 million people,
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do not receive adequate therapy.’
Treatment options for myopia
include spectacle correction, contact
lenses, or refractive surgery to
correct a patient’s refractive error
and improve distance vision.
Individuals who are myopic,
especially those who are highly
myopic with a spherical equivalent
of -6.00D or more, have more
than just the need for spectacle
correction as they may also have
chronic pathologic visual changes
that include retinal detachment,
myopic macular degeneration,
glaucoma, amblyopia, and early-
onset cataract. Highly myopic
individuals are 20 times more likely
to have a retinal detachment in
their lifetime than an emmetropic
individual.® Pathologic myopia,
defined as having high myopia with
irreversible retinal atrophy, affects
approximately 1% of Caucasians
and 1-3% of Asians.* An increased
emphasis on slowing myopic
progression with effective childhood
screening has been adopted
by clinicians in primary care,
pediatrics, and ophthalmology.®
Understanding the risk factors
for myopia progression and the
mechanisms controlling the ey¢’s
axial growth are key to developing
therapies for myopia.



Figure 1. Emmetropia versus myopia. When viewing an
object at distance, an emmetropic eye is able to focus
a clearimage on the refinal surface. In myopic eyes, the
image is focused in front of the retinal surface.

The Goal of Emmetropization?

An eye that is focused clearly in the distance (20
feet or >) without correction is said to be emmetropic,
and the regulatory process that achieves this goal is
called emmetropization. In early development, the
globe commonly grows spherically in all directions
prior to beginning axial elongation with respect to the
corneal and retinal axis. The eye experiences dynamic
growth throughout childhood and early adulthood.
Myopia results in a visual focus landing in front of the
retina, caused by either refractive or axial changes to
the eye. A schematic showing the differences in focal
points between emmetropia and myopia is shown in
Figure 1.

This overshoot in eye power or growth, influenced
by both environmental stimuli and genetic factors,
is referred to as “myopization.”” Refractive myopia
is defined as having abnormally strong dioptric (D)
power leading to a misplaced focused image in front
of the retina. Axial myopia, the more common cause
of myopia, also leads to a focused image in front of the
retina due to excessive length of the eye. Therefore,
the majority of preventative myopia therapy targets
slowing the eye’s axial growth during development.

There is evidence to support that myopia
represents a dysregulated state influenced by external
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Figure 2. Myopic correction creating hyperopic defocus in
the mid-peripheral retina. Hyperopic defocus is theorized as
a primary driver for myopic progression.

visual cues. Traditional negative-lens spectacle
correction for myopia, has been shown to significantly
alter ocular growth and refractive power in children.®
When myopia correction is given to a patient, the eye’s
focal point at distance is adjusted more posteriorly

in order to land onto the retinal surface and provide
clarity for distance viewing. This myopic correction of
the central retina incidentally creates hyperopic defocus
in mid-peripheral retina with a focal point lying behind
the retina as shown in Figure 2.

Hyperopic defocus in the mid-peripheral retina
driven by negative lens-induced myopia in turn leads
to posterior scleral remodeling, choroidal thinning,
and eye lengthening. The mid-peripheral retina has
been studied as one of the important locations for the
visually-guided growth of the eye based on peripheral
defocus leading to axial elongation in animal models.’
The mechanisms by which the mid-peripheral retina
modulates axial growth is incompletely understood.
Treatment strategies aimed at creating myopic defocus
at the mid-peripheral retina, meaning to have the eye’s
focal point rest in front of the retina, have proven
successful in reducing myopic progression.>?2»37-4245-46
A comparison of hyperopic defocus versus myopic
defocus is shown in Figure 3.

In addition to hyperopic peripheral defocus, other
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Figure 3. Hyperopic defocus versus myopia defocus.
Hyperopic defocus with focal point resting behind mid-
peripheral retina versus myopic defocus with focal point
resting in front of mid-peripheral retina.

risk factors contributing to increased axial elongation
include genetic factors, less outdoor time, weakened
accommodation, and increased amount of near work.'°

Risk factors
Age

Younger age at onset of myopia is the highest
independent risk factor for myopia progression.
Patients who have at least -1.25D of myopia,
particularly if they are aged 6-7 years old, are at
higher risk for faster progression when compared to
older children."" The COMET study involved 426
ethnically diverse children with a baseline myopic
spherical equivalent of -1.25D to -4.50D."* In this
study, the mean age of myopia stabilization was 15.61
years. At the time of stabilization, the average amount
of myopia was -4.87D. Children who showed myopic
progression at age six to seven, had on average 1.70D
more myopia at stabilization than children who showed
similar progression starting at age eight and older. The
vast majority of study participants (96%) received
myopia stabilization by age 24."> The age to initiate
treatment for myopia progression is still unknown,
although the results of the COMET study helped show
that starting preventative myopic therapy at a younger
age may be advantageous. There are currently ongoing
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studies exploring the treatment of pre-myopic children
with known risk factors for myopic progression in early

childhood.’?

Ethnicity

The prevalence of myopia worldwide varies
greatly based on regional and ethnic differences. The
prevalence of myopia exceeds 80% in some regions in
East Asia, and there is a two-times higher prevalence
of myopia in East Asians than in Caucasians of similar
age.'" In comparison, the estimated prevalence of
myopia in studied African populations in 2020
<10%.? In the COMET study, the African American
participant cohort had an earlier average age of
myopia stabilization (13.82 years) and consequently
the least amount of myopia at stabilization (-4.36D)
when compared to other ethnic groups.'

Environmental Factors

Increased amount of time spent outdoors has
been shown to be protective against the development
of incident myopia.”” Animal studies suggest
ultraviolet light may inhibit axial elongation by
stabilizing the sclera.’® In a recent meta-analysis
review of 25 papers investigating the relationship
between outdoor time and myopia, it was shown
that increased outdoor time was protective in the
incidence of myopia but not effective in slowing
the progression of myopia in eyes who were already
myopic. Based on the study’s dose-response analysis,
spending 76 minutes a day outdoors resulted in a
50% incidence reduction of myopia when compared
to control eyes."”

The association between near work and incidence
of juvenile-onset myopia has been under investigation
for several years. The CLEERE longitudinal study
compared visual activities between emmetropic and
incident myopic subjects.'® This study concluded
that there were little differences in the amount of
near work between both groups before myopia onset.
Following myopia onset, it was hypothesized that
myopic patients adopted more near-work activities
based off of their refractive error.'”® A meta-analysis
of 27 studies found that more time spent doing
near work increased an individual’s odds of myopia.
Specifically, the odds of myopia increased 2% for
every one diopter-hour more near work performed
each week."”



Parental Myopia

Several studies have investigated the association
between parental myopia and their child’s risk for
developing myopia.?**"# A recent meta-analysis of
16 studies reviewing the link between parental myopia
and juvenile myopia reported a statistically significant
increased risk of myopia in children having one
myopic parent (OR = 1.87) and two myopic parents
(OR = 2.40). Environmental influences, such as
children adopting behavioral traits similar to their
myopic parents, have been evaluated as additional risk
factors for myopic development. Several genetic loci
have been linked to ocular axial elongation.” The
complex interaction between an individual’s genes
and behavioral habits with the patient’s risk factor for
myopic progression requires further investigation.

Preventative Therapies

Preventative therapy for myopia progression
currently has three aims: to screen patients with risk
factors for myopia progression, to stabilize myopic
progression, and to provide optical correction
for healthy visual development. There are both
medical and optical therapies available which meet
that preventative goal, while surgical options for
myopia control remain under investigation. In
recent literature, scleral crosslinking using topical
riboflavin and UV-A light have shown promising
results in reducing axial elongation in animal models.”
Posterior scleral contraction surgery with scleral grafts
have successfully reduced myopic and axial length
progression in limited human studies.”® The COMET
study proposed that using progressive addition
bifocal lenses (PALs) in children could help reduce
myopic progression by treating high accommodative
lag seen in myopic patients with near-vision tasks.'*
Unfortunately, myopic progression in the PAL-treated
group was only reduced by a non-significant 0.20D
when compared to single-vision corrective lens (control
group) over a 3-year span.”’ Despite the insignificant
reduction in myopic progression, the COMET study
proved that optical therapies can aid in controlling
axial growth. The following contemporary medical
and optical treatments have shown superiority in
controlling myopic progression.

Atropine Ophthalmic Drops
Atropine reduces accommodation and increases
pupillary diameter. In early studies theorizing the
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link between accommodation and myopia, low
concentration atropine was used to determine if
blocking accommodation could help control myopic
progression.” Several experimental trials have since
shown that there is a non-accommodative mechanism
in the control of myopia and the mechanism of action
of atropine is poorly understood.”3° Despite this
lack of clarity about how atropine therapy works,
comparative studies exploring treatment options

in controlling myopic progression have proven the
efficacy and superiority of atropine versus other
alternative treatments.’’ In the ATOM trials, various
low-dose concentrations of topical atropine proved

to be beneficial in slowing axial elongation and
myopia progression in Asian children with early-onset
myopia.*** The ATOMI studied the effect of 1%
atropine, while the ATOM2 study stratified treated
subjects into receiving 0.01%, 0.1%, and 0.5%. In
the initial two-year treatment period in the ATOM2
study, higher concentrations of atropine were more
effective in controlling myopia progression, with an
average progression of -0.49D, -0.38D, and -0.30D
in the 0.01%, 0.1%, and 0.5% concentration groups,
respectively. In the following one-year washout period
there was less rebound myopic progression in the
0.01% atropine cohort.* Further studies have shown
using 0.01% atropine proved more effective in slowing
myopic progression, prevented less rebound myopia
after cessation of treatment, and reduced visual side
effects.”

The more recent LAMP study compared lower
atropine concentrations of 0.01%, 0.025%, and
0.05% on myopia progression.’® Using a similar
patient demographic as the ATOM study, the LAMP
study found that the 0.05% atropine was doubly
more efficacious as 0.01% atropine, showing -1.12D,
-0.85D, and -0.55D of myopic progression in a two-
year treatment period in the 0.01%, 0.025%, and
0.05% concentration groups, respectively.

Side-effects for atropine therapy include, but
are not limited to, photophobia, poor near visual
acuity, increased pupillary diameter, and headache.?”
Adverse effects to atropine therapy are concentration-
dependent. For example, the incidence of photophobia
is reported as 6.3% in 0.01% atropine therapy as
compared to 43.1% in doses greater than 0.5%.%*
There may be additional side-effects of long-term
administration of antimuscarinic agents on ocular tissue
that have not been reported.”” The side-effect profile
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Figure 4. Orthokeratology remodeling. Orthokeratology
RGP lens temporary remodeling of the corneal epithelium.
The base curve of the central cornea is flattened, leading
to a reduction in corneal power. This change allows for a
fransient reduction in myopia for the user.

of atropine should be considered when monitoring
compliance to atropine therapy in treated patients.

Orthokeratology

Orthokeratology is the use of an overnight rigid
gas permeable (RGP) contact lens for the treatment
of low- to moderate-myopia. During overnight wear
remodeling of the corneal epithelial surface into a
flatter, more oblate and less powerful refractive surface
occurs and creates a transient reduction in myopia
during the day that lasts until the cornea returns to
its natural shape. Following central corneal flattening
the focal point of the eye is shifted onto the retinal
surface. Orthokeratology corneal remodeling is shown
in Figure 4.

Case studies investigating children with myopia
who wore an orthokeratology lens in one eye with
no correction in the fellow eye showed axial length

reduction in the treated eyes when compared to control

eyes.“*! The ROMIO study enrolled 102 myopic
patients aged 6 to 10 years to be in orthokeratology
lenses or single-vision glasses for a two-year study
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Figure 5. Traditional myopic correction versus
orthokeratology correction. Traditional negative-lens
myopia correction stimulating hyperopic defocus (fop eye)
versus Orthokeratology-treated eye reducing hyperopic
peripheral defocus (bottom eye).

period.* On average, the orthokeratology-treated
group had slower increase in axial elongation by
approximately 43% compared to the single vision-
glasses group. A recent meta-analysis reviewing

13 prospective randomized clinical trials found

that orthokeratology was effective in reducing axial
elongation, on average, by 50% over a two-year
period.® In addition to temporarily flattening the
central cornea, orthokeratology also changes the
peripheral refractive status of the cornea resulting in
less hyperopic defocus of the peripheral retina. This
is hypothesized to be a tool in helping control myopic
progression as shown in Figure 5.

The rate of rebound myopia and axial elongation
after discontinuation of orthokeratology treatment is
underreported in orthokeratology literature.*

The safety profile of orthokeratology is reassuring;
however, the risk of microbial keratitis with overnight
wear or improper handling leading to contamination of
a contact lens in children can be visually devastating.”
There is a higher risk of corneal infection with
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Figure 6. MiSight dual-focus optical design. The correction
zones (yellow) allow for clear distance viewing for myopia.
The treatment zones (red) have higher add-powers to
stimulate myopic defocus.

orthokeratology-wear with improper lens or hand
hygiene, using expired contact solution, and exposure
to a nonsterile solution.* Other possible adverse effects
of orthokeratology include contact lens irritation, dry
eye, and corneal epithelial iron deposition.

Contact Lenses (MiSight)

Over the past decade, multifocal, aspheric optics,
and bifocal contact lenses have all shown modest
potential in the treatment for myopia.” In 2019,
the FDA approved MiSight as the first contact lens
available in the treatment for myopia progression.*
The MiSight lens design has “dual-focus optics” in
which there is are two zones of myopia correction
for all gaze positions and two neighboring concentric
treatment zones to eliminate peripheral hyperopic
defocus.” This novel lens design ensures for proper
distance visual acuity and normal accommodation
for near work in the central corrective zone while
simultaneously eliminating hyperopic defocus with
plus-powered peripheral rings in the peripheral

Intermediate Vision

Near Vision

Figure 7. Multifocal concentric ring contact lens design.
Central vision correction followed by concentric rings
helping with intermediate- and near-vision.

corrective zone. The MiSight design and optical
schematic is shown in Figure 6.

In comparison to other soft contact lenses,
including bifocal contact lenses, used in the treatment
for myopia control, MiSight has shown superiority
in slowing myopic progression and slowing axial
elongation. In a three-year randomized double-masked
clinical trial comparing the MiSight lens to control
lens, MiSight showed less myopic progression by
0.40D, 0.54D, and 0.73D at 12 months, 24 months,
and 36 months, respectively.”® Additionally, there
was an average of 0.32mm less axial elongation in the
MiSight treated group.

Similar risks apply to MiSight treatment for
preventing myopia as orthokeratology lenses, including
microbial keratitis and noncompliance with lens
maintenance or usage. The preliminary safety profile
of MiSight lenses is encouraging and further long-term
studies are needed to determine the viability of this
treatment for myopia control.*

Multifocal Contact Lenses

There are several multifocal contact lens designs,
each engineered to provide a spectrum of clear vision
for both near- and distance-vision tasks. With the
multifocal concentric ring design, the center circle
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of the lens provides distance clarity with neighboring
concentric rings offering intermediate and near clarity
in a stepwise fashion dependent on the add-power of
the respective lens. An example of this contact lens
design is shown in Figure 7.

Recently, the BLINK trial aimed to determine
whether soft concentric multifocal contact lenses can
slow myopic progression in children and whether the
strength of the add-power in the multifocal lens was
of importance.”® Similar to MiSight, the central tenet
in the BLINK study was using peripheral add-power
in the multifocal lens to reduce hyperopic defocus to
control axial growth. Over a 3-year investigative period
using an ethnically diverse American study population,
high add-power (+2.50D) slowed myopic progression
by 0.45D and reduced axial length by 0.23mm

compared to single-vision contact lenses (control

group).

Conclusions

Several pathologic eye conditions are associated
with myopia, many of which are related to the eye’s
dysregulated axial lengthening. Preventative therapies
for myopia progression are aimed at screening at-risk
patients at a young age in order to halt axial growth, in
return reducing one’s degree of myopia.

Successful treatments for reducing myopia
progression have targeted reducing the amount of
hyperopic defocus, in which light focused behind the
peripheral retina. This article described therapeutic
regimens — orthokeratology, atropine ophthalmic
drops, multifocal contact lenses, and dual-focus optical
contact lenses — which are commonly used and have
shown success in treating myopia progression.

Understanding myopia and selecting patients who
are at high-risk for myopic progression for treatment
is a shared responsibility by primary care providers,
opticians, and ophthalmologists. As we continue
to move forward with newer treatments and more
sophisticated screening, there is hope for a reduction,
or reversal, of this optical pandemic.

Editor's Addendum

As the Journal went to press another article was
published about myopia during the pandemic. It
found major increases in children age 6 to 13 years
during COVID-19 “owing to substantially decreased
time spent outdoors and increased screen time at
home.” Interested readers are referred to: Wang J et al.
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Progression of Myopia in School-Aged Children After
COVID-19 Home Confinement. JAMA Ophthalmol.
2021:139(3):293-300
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