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MYOPIA: A GLOBAL EPIDEMIC

An overview of the problem and efforts to address it.

BY NEESURG MEHTA, MD; AND ANGIE WEN, MD

yopia is the most common
ocular disorder worldwide, it
is the leading cause of visual
impairment in children, and
its incidence is increasing
rapidly. In 2010, an estimated
1.9 billion people (27% of the world’s
population) were myopic, and
70 million of them (2.8%) had high
myopia. These numbers are projected
to rise to 52% and 10%, respectively,
by 2050 (Figure).!

Myopia is a major public health
concern in many East Asian countries,
where the condition affects 80% to
90% of high school graduates. Of these
individuals, 10% to 20% have sight-
threatening pathologic myopia.??

Vision impairment related to
myopia has a significant economic
impact and a significant effect on
quality of life regarding patients’
physical, emotional, and social
functioning.* Smith et al estimated
the loss in world productivity caused
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by uncorrected myopic refractive
error in 2004 to be 268.8 billion
international dollars and the cost
of addressing this problem to be
US$28 billion.®

Pathologic myopia (prevalence
0.9%-3.1%) is particularly
devastating®’ It confers an increased
risk of cataract development, retinal
detachment, glaucoma, and even
blindness. The prevalence of cho-
roidal neovascularization in affected
individuals is reported to be 5.2% to
11.3%, and macular holes can occur in
6% to 8% of patients.® The peripapillary
regions are distorted by mechanical
stretching of the globe in patients with
increased axial lengths, and this can
lead to glaucoma and visual field loss.2?

The rapidly increasing incidence of
myopia combined with its significant
social and economic burdens have
spurred research on causal factors,
possible treatments, and efforts
at prevention.
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Figure. Current and projected 2050 myopia prevalence by region. (Repraduced with permission of Johnson & Johnson
Vision and Holden BA, Fricke TR, Wilson DA, et al. Global prevalence of myopia and high myopia and temporal trends
from 2000 through 2050. Ophthalmology. 2076;123(5):1036-1042.)
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The exact mechanism of an eye’s
axial elongation is unknown. Genes
alone do not account for the incidence
of myopia, but they may determine
how susceptible a given person is to
environmental factors. Many twin,
sibling, and parental myopia studies
that have been conducted show
a higher prevalence of myopia in
identical versus fraternal twins and an
increased risk of myopia with a higher
number of myopic parents. Genetics
alone also cannot account for the rapid
rise of myopia in East Asia.”® Animal
studies have shown that myopia can
be induced in an eye that is deprived
of proper vision; the longer the period
of visual deprivation, the greater the
induced myopia.’®

The Consortium for Refractive
Error and Myopia (CREAM), the
largest international genome-wide
study of myopia and refractive error
ever conducted, found 24 genomic
variations that were associated with a
10-fold increase in the prevalence of
myopia.’® This suggests that myopia is
multifactorial rather than the result of
a single mechanism.
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Increased outdoor activity has
been shown to prevent the onset of
myopia, with a possible dose-response
relationship between time spent
outdoors and the risk of incident
myopia.'""2 Once someone begins to
develop myopia, however, the time
that he or she spends outdoors does
not seem to halt its progression."’
Interestingly, simply being outside
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""""""" dl TECHNOLOGIES IN DEVELOPMENT

Several companies are racing to develop

innovative treatments to combat the myopia epidemic.

COOPERVISION

CooperVision released 4-year data from its MiSight
1-Day Soft Contact Lens Study in September 2018
The company's dual-focus soft 1-day contact lenses
are specially designed to slow the progression of
juvenile-onset myopia (Figure 1). The lenses were
shown to significantly and progressively reduce myopia
progression and axial elongation over 4 years and even
to have an effect on children who began treatment at
an older age2 MiSight lenses are already available in
Canada and several European and Asian countries.

EYENOVIA

In June, EyeNovia began enrolling patients in
the US-based phase 3 multicenter, randomized,
double-masked CHAPARONE study of MicroPine for
progressive myopia. The study will enroll more than
400 children with the lowest exposure to topical
atropine in a myopia-specific clinical trial to date,
according to the company. Investigators will study
the safety and efficacy of EyeNovia's proprietary
atropine topical microformulation (MicroPine)
delivered by its Optejet dispenser (Figure 2). The
company's system uses piezo-print technology to
allow children to self-administer 8 L of atropine in
order to minimize dose-related side effects.’

HOYA
Hoya is collaborating with a research team on
the Defocus Incorporated Multiple Segments (DIMS)

Courtesy of CooperVision

Il Two Treatment Zones

- Creates myopic defocus with image focus in front of the retina

rather than behind it to slow axial elongation

- Ensure consistent myopic defocus across all prescriptions,
changes in pupil size, and variations in lens centration

Two Correction Zones
- Correct myopia in all gaze positions

Figure 1. MiSight 1-day soft contact lens.

spectacle lens. The DIMS lens features a central
optical zone that corrects refractive error and

an array of microlenses around the central zone

and extending to the midperiphery that produce
constant myopic defocus. The team conducted a
2-year randomized clinical trial involving 183 Chinese
children aged 8 to 13 years who had between

-1.00 and -5.00 D of myopia and 1.50 D or less of
astigmatism, Compared with children wearing
single-vision (SV) lenses, the children wearing DIMS
lenses experienced significantly less (52%) myopia
progression. The DIMS lenses also slowed axial
elongation by 62% compared to SV lenses. Seventeen
of the 79 children (21.5%) in the DIMS group and six
of the 81 children (7%) in the SV group experienced
no myopia progression during the 2-year study.*

JOHNSON & JOHNSON VISION

In November 2018, the Singapore National
Eye Centre, the Singapore Eye Research Institute,
and Johnson & Johnson Vision announced a
U$$26.35 million research collaboration to tackle
the myopia epidemic. The stated goal of this public-
private strategic partnership is to develop a deeper
understanding of how the condition develops and
progresses and how it may be intercepted.

The effort is reportedly focused on creating
predictive tools to identify people who may be at
risk of developing high myopia, researching the
underlying mechanisms of myopia, advancing novel
therapies, and discovering and validating methods
by which to prevent the onset of myopia and halt its
progression.®

Myopic defocus

Courtesy of EyeNovia
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Figure 2. The Optejet dispenser.
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SIGHTGLASS VISION

SightGlass Vision is developing spectacle lenses
to slow myopia progression in children. In January,
the company began enrollment in the CYPRESS
trial, a multicenter, double-masked, randomized
controlled clinical trial at 14 clinical sites in the
United States and Canada. The primary outcome
measure will be myopia progression (changes in
axial length and spherical equivalent refraction)
over the course of 36 months.?

SYDNEXIS

Sydnexis is developing SYD-101, a proprietary
drug for slowing myopia progression in children.
In May, Sydnexis announced that it had dosed
the first patients in the STAAR Study, a phase
3 multicenter, randomized, double-masked,
placebo-controlled trial testing the safety and
efficacy of two dosage strengths of SYD-101in
more than 800 children between the ages of 3
and 14 years.”
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without engagement in a sport or
activity has been shown to reduce the
prevalence of myopia.’ This finding
suggests that exposure to light may

play a major role in myopia prevention.

Light-induced release of dopamine,
nitric oxide, and other neurotransmit-
ters has been shown to inhibit axial
elongation.'®™

There is mounting public concern
that modern society’s dependence
on computers and handheld
technologies may be contributing
to the increasing global incidence
of myopia. Although axial length is
temporarily increased with accom-
modation after just 10 to 30 minutes
of near work,"*'> whether near work
actually contributes to the rising
incidence and prevalence of myopia
remains controversial.'®

CONTACT LENSES

It is theorized that visual input
to the peripheral retina regulates
adjacent scleral growth, and the
relative peripheral hyperopic defocus
in myopic eyes that remains despite
wearing corrective myopic spectacles
may be associated with elongation of
the globe.””"® Some have proposed
using contact lenses that emphasize
peripheral myopic defocus—and thus
minimize hyperopic defocus—to
help decrease myopic progression.
In orthokeratology regimens, rigid
contact lenses are used to flatten the
central cornea, temporarily reducing
myopic refractive error and inducing
corneal swelling in the periphery,
resulting in peripheral myopic defo-
cus. A meta-analysis report by the
AAO issued in April determined that
orthokeratology may slow myopic
progression in children and adoles-
cents, with a potentially greater effect
when treatment is initiated in patients
who are 6 to 8 years of age." Serious
safety concerns are associated with
orthokeratology, however, such as
the potential for blinding microbial
keratitis associated with overnight
contact lens wear.'92°
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A study conducted in Hong Kong
demonstrated 25% slower progression
of myopia with specialty bifocal
defocus-incorporated soft contact
lenses than with single-vision soft
contact lenses. Treatment effect
correlated positively with the amount
of time that the defocus-incorporated
soft contact lenses were worn (see
Technologies in Development).!

SPECTACLES

Another area of interest is children’s
use of bifocal glasses to slow myopia
by reducing accommodative lag and
hyperopic defocus (see Technologies
in Development).” A 2002 study
found that undercorrecting myopia
enhanced rather than inhibited
myopia progression, likely because
image blur induces axial elongation.??
Some studies, including the 5-year
results from the Correction of
Myopia Evaluation Trial (COMET),
have been unable to show a
statistically significant difference
in the effects of progressive addi-
tion versus single-vision lenses on
myopia progression.>> Another
study, however, demonstrated a
57% reduction in the rate of myopia
progression after 3 years of using
executive bifocals with a 1.50 D
addition and 3.00 D base-in prism.2®

ATROPINE

One area of great research interest is
the use of atropine for myopia preven-
tion (see Technologies in Development).
This cycloplegic medication dilates the
pupil and limits accommodation. The
exact mechanism by which atropine
works for myopia control is unclear, but
the drug's effect on muscarinic recep-
tors in scleral fibroblasts is thought to
slow axial elongation.?”-°

In the Atropine for Treatment of
Childhood Myopia (ATOM1) study,
eyes treated with atropine 1% expe-
rienced reductions in refractive error
change (-0.28 £0.92 D) and axial
elongation (-0.02 £0.35 mm) over a
2-year period.?> The follow-up ATOM2

study showed similarly effective
dose-dependent results with lower
concentrations of atropine (0.5%,
0.1%, and 0.01%) and reductions in
the side effects of glare and discom-
fort.2® Importantly, phase 2 of ATOM2
showed a rapid rebound increase in
myopia when atropine was stopped
for 12 months after the 24 months of
study treatment; the group receiving
the lowest concentration of atropine,
0.01%, had the least rebound effect.
In phase 3 of ATOM2, children who
experienced a rebound effect and
whose myopia continued to progress
were restarted on atropine 0.01%.
Ultimately it seems that, because
patients in the 0.01% treatment arm
had the lowest rebound effect, it may
be the most effective dose for limiting
overall myopia progression and axial
elongation, according to Chia and
colleagues.” Based on their data, the
authors suggested that a promising
approach might be to use a stronger
0.5% concentration of atropine in the
first year of treatment, followed by
0.01% the second year, to potentially
limit rebound myopia progression.
The Low-Concentration Atropine
for Myopia Progression (LAMP) study
evaluated the safety and efficacy of
eye drops containing atropine at
0.05%, 0.025%, and 0.01% compared
to placebo over a 1-year period. All
concentrations of the drug reduced
myopia progression, but there was a
concentration-dependent response.
The 0.05% concentration was the most
effective at controlling spherical equiva-
lent progression and axial elongation.*

CONCLUSION

The incidence and prevalence of
myopia are certainly on the rise, and
increasing time spent indoors and
on near work during childhood both
may play a part. Fortunately, intense
research efforts on prevention are
ongoing, and several treatments
hold promise for slowing or halting
the progression of this potentially
devastating condition. m
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