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Abstract

Our understanding of the
dynamic interaction between
the eye’s growth and its ability
to adapt to maintain vision has
shown that childhood myopia
is a significant prediction of
progressive myopia and the
potentially severe ocular co-
morbidities associated with
it. Itis important for us to
better understand this process
and its risk factors in order to
better develop a prevention and
treatment strategy. This article
will discuss the epidemiology, risk
factors and current therapeutic
regimens for reducing myopic
progression.

Background

Myopia, or nearsightedness, is a
common eye condition in which the
image seen by the eye is focused prior
to reaching the retina. This produces
an unfocused image on the retina and
is seen by the patient as a blurred
image. In order for an individual to
see an object clearly, the image must be
projected clearly onto the retina of the
eye. Myopia can be optically corrected
with glasses to help provide a clear
image on the retina. See Figure 1.

Myopia can be divided into
two major categories: refractive and
axial. Refractive myopia is due to

the focusing power of the eye being
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abnormally strong and focusing the
image in front of the retina. Axial
myopia, the more common cause, is
due to the axial length of the eye being
too long, measured from the cornea
to the back of the eye. The normally
powered cornea and lens focus the
light but the retina is further posterior
than the focused image. Animal
studies show that the eye is dynamic
in managing axial length and optical
power in order to maintain a clear
image during growth and development.
If this autoregulation process is poorly
controlled, the eye can elongate out of
proportion creating axial myopia. -3
The process and progression of
myopia follows a typical pattern with
normal vision at a young age. Starting
around school age a myopic shift
and rapid increase in myopia begins
which continues until late teenage
years.”> High myopia is associated
with significant increased risks for
retinal degeneration and detachment,
open angle glaucoma, and cataracts at a
young age. These associated conditions
have a significant lifetime risk of severe
visual impairment including blindness.®
Due to the significant risks
associated with the development
of high myopia, pediatric
ophthalmologists have been very
interested in the prevention of myopic
progression. Recent studies involving
drugs and devices have shown that
myopic progression can be modulated.



Figure 1
Hyperopia and Myopia

http://www.jamisonoptical.com/hyperopia-farsighted/

We will discuss published literature on the interventions,

their risks and efficacy data.

Epidemiology
Prevalence and Incidence

Myopia is an extremely common ocular condition
worldwide. See Figure 2. It has been published that the
prevalence in Asian populations approaches the rate of 37-
60%.%° The annual incidence in urban Asian communities
has been greater than 14%.'>"" An Australian study found
a prevalence of 14.4% and 29.6% in children ages 12 and
17 years, respectively. This same study estimated the annual
incidence for the same age groups to be 2.2% and 4.1%,
respectively.'” It is has been estimated that myopia affects
approximately 25-33% of adults in the United States and
Western Europe."'* Vitale S. et al. found a 66% increase in
the prevalence of myopia in the United States over a 30-year
period ending in 2004." The Multi-Ethnic Pediatric Eye
Disease Study found the prevalence of non-hispanic whites
aged 6-72 months in California to be 1.2% while in 3.98%
in Asians of the same population.'® The National Health
and Nutrition Examination Survey showed that myopia was
more common in non-Hispanic whites (35.2%) than in non-
Hispanic blacks (28.6%) or Mexican-Americans (25.1%)."
The annual incidence rates of myopia in the United States
has been reported as 2.6%'” with children of Euro-Caucasian

ethnicity having the lowest odds of incident myopia.'>'®

Risk Factors
Ethnicity

Ethnicity has been looked into as a risk factor for
progression due to the higher prevalences and annual
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incidence rates among Asian populations. Internationally,
the annual rate of myopic progression for Singapore has
been reported at -0.80 diopters per year,'' while European
Caucasian ethnicities report progression rates closer to -0.50
diopters per year.''”* It was shown by Hyman et al. that
African-Americans had the least amount of progression after
three years compared to Asians, Hispanics, Caucasians, and
mixed ethnicities.” The COMET Group also found that
African-Americans stabilized at a younger age (13.82 years)
with less absolute myopia at stabilization (-4.36 D). The
same study showed that Caucasians took the longest to
stabilize (16.32 years) and Asians had the most amount of
absolute myopia at stabilization (-5.45 D).*

Age

The most significant predictor of incident myopia is
having a less hyperopic refraction at a young baseline age.'®
The strongest independent risk factor for myopia progression
is having a myopic refraction of at least -1.25 diopters at a
young age, particularly at the myopic shift transition point
of 6 to 7 years of age. Not only is the endpoint amount of
myopia greater in this group, but the rate of progression
and axial length elongation is faster.” The fact that the
overall amount of myopia would be greater at stabilization
in a young patient with myopia makes intuitive sense but
the reason for the rate being faster remains unknown. The
COMET Group found that the mean age of stabilization
of myopia to be 15.61 years with the average amount of
myopia at stabilization to be -4.87 diopters. It was also
shown that for every year of delayed stabilization, there was
an increase in total amount of myopia (overall 0.27 D more

myopia per year delayed).*

Parental Myopia

Studies have shown us that parental myopia, in even
one parent, leads to an increased risk for juvenile myopia.
It has even been reported that there is greater than a six-
fold increased risk of juvenile-onset myopia if both parents
are myopic.21 In Austrailia, incident myopia in six-year—o]d
children was increased from 7.8% with no parental myopia
to 21.4% and 22.0% with one or both parents having
myopia, respectively. This same study found that European
Caucasian children with parental myopia had increased
incidence of myopia.'®

Parental myopia is not only a risk factor for having
myopia, but is also a risk factor for progressive myopia in
children.” Saw et al. showed children with at least one
myopic parent had increased rates of myopic progression
compared to children with no myopic parent (0.63 diopter/
year vs 0.42 diopters/year, respectively).” This was
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supported by the COMET group who reported parental
myopia was directly related to myopic progression as well as

increases in axial 1ength.22

Gender

There is conflicting data when assessing sex
predilection of myopia. The COMET study showed that
there was no difference between males and females.'*!®
The National Health and Nutrition Examination Survey
showed that women had a higher prevalence than men
for myopia among the 20-40-year-old population (39.9%
and 32.6%, respectively, P < .001) but that this was not
consistent among other age groups.14

The COMET study’s multivariate analysis found that
males have a slower progression rate of myopia than females
do," which supports the previous conflict of an increased
female prevalence of myopia at age 20-39. It is interesting
to note that there was no difference in axial length
elongation between males and females. The female axial
length averaged shorter than males but was compensated by
females having steeper, or strong focusing, corneas.

Environmental Factors

Several studies have bern conducted to examine
different environmental or non-genetic factors that may
factor in the development of myopia. The amount of near
work, such as reading or hand-held electronics, a child
performs during the day has had weak or no association.****
The CLEERE Study Group showed in their longitudinal
study that near work activities in children who became
myopic did not differ from emmetropic children before
myopia, claiming that nearwork cannot be a causative
factor for myopia.”” One of the most popular and impactful
associations is outdoor time. Many studies have found that
outdoor time has a negative, or protective, association with
myopia.*'®** Sherwin et al. performed a meta-analysis
to summarize the published reports on the association
of outdoor time and myopia in children under 20 years.®
Their results not only confirmed that increasing time spent
outdoors reduces the risk of developing myopia, but the
pooled information indicated a 2% reduced odds of myopia
for each additional hour of time spent outdoors per week.
This offers a practical intervention for myopia prevention
with the many other health benefits associated with outdoor
activities.

There has been much work and investigation into the
genetics and inheritance of refractive errors, including
myopia, however, there remains much to be learned. It is
agreed that there is a genetic and environmental interaction
that is involved and our understanding of myopia

inheritance will be better understood as these elements are
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better investigated.”‘29

Interventions

The natural progression of myopia and the risk
factors associated with it have lead to attempted treatment
strategies to not only treat the blurred vision but to
prevent the progression of myopia. There are two major
therapeutic methods: optical therapy and medication
therapy. The following will discuss the more recent
and popular researched therapies within each of these
categories, but should not be considered a completely
inclusive discussion of myopic progression therapy.

Optical Therapies
Bifocals

As discussed previously, the eye can autoregulate its
refraction and axial length to attempt a focussed image
on the retina. If the eye cannot first adjust its refractive
factors, it can elongate to maintain focus.'” Bifocals,
lined or progressive, can provide a clear image for images
at different points, theoretically reducing the need to
elongate. In 2011, Leo and Young performed a review
of literature and found that randomized, clinical trials
in several countries did not show significant slowing of
myopia. Progressive lenses were found in many of the
studies reviewed to have little significance or insignificant
trends slowing progression.! Most recently, Cheng et al.
published a three-year randomized trial that progressive
lenses had a significant reduction in the rate of myopic
progression in children who were progressing at an
already accelerated rate.”” The COMET group did note
significant reductions in progression but after further
analysis concluded that these reductions were clinically
insignificant."

Orthokeratology
Orthokeratology is a corneal refractive therapy in




CMH Pediatric Refractive
Surgery Program

The Pediatric Refractive Surgery Program at
Children's Mercy Hospitals and Clinics in Kansas

City offers 5
. Children’s Mercy
advanced surgical ﬁ HOSPITALS & CLINICS

treatment for Kansas City

children with
debilitating and sight-threatening vision problems.

The program serves children with high refractive
errors in one or both eyes and who are not
developing good vision.

Refractive Surgery Staff
The Pediatric Refractive Surgery Program is

one of only a few programs in the U.S. to feature

a surgeon who is fellowship trained in both

pediatric ophthalmology and refractive surgery.
Services are provided by a team of leading pediatric
ophthalmologists and optometrists at the forefront of
research as well as new techniques and technology to
better treat pediatric vision problems.

Department Highlights
Our program is one of only a few in the ULS.

with a surgeon who is fellowship trained in both

pediatric ophthalmology and refractive surgery.

We provided specialized surgical treatment for a

full range of pediatric vision problems. Our staff

conducts ongoing research to develop new, innovative

approaches to treating pediatric vision problems.
Children's Mercy Hospitals and Clinics will offer

three types of procedures to correct vision problems

in children who meet the clinical research protocols.

Services Offered

Excimer laser procedures, Phakic implantable lenses,
Refractive lens exchange, Secondary intraocular
lenses

Common Conditions

®  Anisometropic Amblyopia
®  Aphakia

® Ectopia Lentis

* Bilateral high-refractive error and inability to
wear glasses or contact lenses due to:
®  Developmental delay
®  Craniofacial disorders
®  Dermatologic conditions
®  Severe muscle weakness
The main determinant of eligibility for these
procedures is documented failure of improvement
with standard therapy.
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which the cornea is reshaped using a specifically made

hard contact lens in an effort to temporarily flatten the
curvature of the cornea, thus lessening the optical power of
the cornea and focusing the image onto the retina. These
lenses are worn at night and removed during the day.”
Until recently there has been no good long-term data on its
effects on myopic progression. Several recent, randomized,
clinical trials have shown that orthokeratology can reduce
the amount of myopic refractive and axial length progression
by 43-63% after two years.””** Sample size is a significant
limitation to these studies and may skew these results. The
smallest study of 28 subjects completing the study had the
highest reduction’” and the largest study of less than 80
subjects completing the study had the lowest reduction.”
There is no follow-up data beyond two years or data for the
progression rates after cessation of therapy. These studies
included children age 6-12 years of age and corrected up to
5 diopters of myopia. The major complications reported

by these studies were irregular corneal epithelium, corneal
inflammation, and ocular intolerance. A report by the
American Academy of Ophthalmology found multiple
sight-threatening risks and complications associated with
orthokeratology including more than 100 cases of corneal
infections.*

Medication Therapies
Atropine

Atropine is a non-selective antimuscarinic with a
wide range of effects on the eye, most notably reduction
of accommodation and causing pupil dilation (mydriasis).
The origin for this treatment of myopia started in the 19th
century."* The exact mechanism of atropine for myopia has
not been identified, but observations to its effects have been
reported through a variety of papers and clinical trials, most
of which were limited with short-term data, poor controls,
lack of masking, and detailed examinations.”” The ATOM
studies’* were performed in an effort to assess the effects
of atropine on myopic progression as well as side effects with
two years of atropine therapy. Children aged 6 to 12 years
with low to moderate myopia were randomized into placebo,
196, 0.5%, 0.1%, and 0.01% atropine. After two years of
therapy the atropine groups significantly decreased the rate
of myopic progression in a concentration related manner:
77%, 75%, 68%, and 59%, respectively. The differences
between the concentrations were considered clinically
insignificant. Axial length elongation was also compared and
found similar findings though not all concentrations were
significant: 100% reduction, 28% reduction, 26% reduction,
and 8% more, respectively.’”*” After the two years, treatment
patients stopped therapy and the groups were monitored for

progression over the following year. Interestingly, a rebound
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length change over the three years
only had a significant change in *Represents one.year results
the 1% atropine group (reduced
elongation) when compared to placebo.***

Significant visual side effects were mydriasis (pupil
dilation), decreased accommodation (ability to adjust
focus), and near vision blur from cycloplegia. These were
concentration specific with higher concentrations of atropine
having more effects and to greater extents than the lower
concentrations. In fact, atropine 0.01% had a minimal
effect on accommodation and mydriasis and no effect on
near vision. All ocular side effects resolved after completion
of therapy. The most common side effect was allergic
conjunctivitis or dermatitis and again, no cases were found
37.40

in the 0.01% atropine group.

Pirenzepine

In an effort to reduce the side effects of atropine, in
particular mydriasis and cycloplegia, pirenzepine 2% gel has
been studied.”™* Pirenzepine is a selective antimuscarinic
with less mydriasis and cycloplegia.** The ULS. Pirenzepine
Study group found that patients randomized to twice daily
pirenzepine slowed the rate of refractive myopia significantly
but had no significant effect on axial length elongation.
This effect was 51% at one year and then 41% after two
years of therapy.""** The Asian Pirenzepine Study group
found the same effect (449 at one year) but with significant
reduction on the rate of axial length elongation.” Significant
side effects from the medication included abnormality
in accommodation, mydriasis, ocular irritation, reaction,
and discomfort, and even some subjective visual acuity
decrease.”™* Though pirenzepine shows potential clinical
therapeutic use to reduce myopic progression, financial and
regulatory obstacles has stopped its further development.'
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Effect of Treatment Modalities on Myopic Progression.

Summary

Myopia is a common condition and if severe, has
potentially severe ocular debilitating associations. There is
much to be learned about its development and progression.
Some risk factors have been identified and while gender,
parental history, and ethnicity cannot be controlled, the
environmental factor of outdoor activities has been shown
to help reduce the odds. For those with myopia and in
particular the young with actively progressing myopia, there
are limited treatment options available.

Discussed in this article were four of the most popular
therapeutic regimens. Figure 3 shows the therapeutic
myopic progression reduction found in the studies
discussed in this article. It is to note that the figure is
for the active therapy results and does not include any
post-therapy results. Bifocals have not shown to be of
any significant benefit. Orthokeratology has shown some
benefit while wearing the lenses but is complicated by
a number of sight threatening complications including
infection. Pirenzepine has shown some benefit but due to
expense and the evolving literature of atropine, will likely
not be further pursued. Atropine has shown in the past as
well as much more recently to be the current therapy of
choice. The ATOM studies have shown great therapeutic
success with minimal side effects.

Though further study and testing is necessary, the
future of myopia progression therapy is looking brighter and
the burden of myopia and its morbidities on the patient and
on our society may lighten.
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